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Abstract

Due to the sudden closure of the university following a major earthquake, a mathematics education course
was rapidly transformed into a fully online, technology-enhanced learning environment, offering a unique
opportunity to examine how pre-service middle school mathematics teachers engage with mathematical
modeling tasks within a flipped learning framework. Adopting a phenomenological approach, the research
involves 51 pre-service middle school mathematics teachers enrolled in a mathematical modeling course
in mathematics education. Data were collected through assignments, videos, reports from the Academic
Learning Management System, GeoGebra records, and semi-structured interviews. The data obtained
from the Academic Learning Management System and GeoGebra were analyzed via descriptive analysis,
whereas the semi-structured interviews were examined via content analysis. Pre-service middle school
mathematics teachers experienced difficulties in modeling competencies, particularly in applying
subject matter knowledge effectively and integrating technology into the modeling process. Technology-
enhanced learning environments emerged as a critical support mechanism for fostering the use of content
knowledge and promoting mathematical modeling as a problem-solving approach. Structured guidance
and the integration of interactive digital tools within flipped learning environments proved to be effective
in addressing the challenges encountered during the modeling tasks.
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Introduction

In today’s educational landscape, the increasing frequency of unexpected events has
accelerated the integration of technological innovations in mathematics education. To preserve
educational continuity, educators have been compelled to adopt flexible models and alternative
learning environments in university courses (Jummai, 2021; Viju, 2021). Consequently, the
functional use of technology in course design has become indispensable (Al-Khasawneh &
Obeidallah, 2015; Jung & Lee, 2019; Okai et al., 2014). One prominent response to these
changing conditions is the flipped learning model (FLM), which transforms traditional teaching
and learning methods (Bergmann & Sams, 2012).
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The FLM enables students to access theoretical content outside class through videos
and digital materials, allowing in-class time to focus on interaction, creativity, and discussion
(Bergmann & Sams, 2012; Bui & Nguyen, 2023; Truong & Diep, 2023). Its capacity to integrate
various technologies enhances its instructional impact (Kozikoglu, 2019). This approach
supports student autonomy, enabling them to learn at their own pace, take responsibility for
learning, and develop independent learning skills (Effendi et al., 2024; Fulton, 2012; Yang &
Chen, 2020). As a result, engagement and motivation increase (O’Flaherty & Phillips, 2015),
fostering more productive learning environments (Strayer, 2012).

This study examines the abrupt transformation of a mathematical modeling course,
initially designed with FLM, into an online format due to the earthquake in Tiirkiye. Such
emergencies necessitate swift shifts from traditional models, compelling educators to restructure
instruction with flexible and tech-integrated approaches (Effendi et al., 2024). The FLM, in
this context, enhances students’ individual learning responsibility, supports the integration of
in- and out-of-class activities, and proves effective for online learning. Especially in problem-
solving-oriented courses such as mathematical modeling, students grasp core concepts outside
class and reinforce them through active engagement during sessions, making FLM a viable
model in online settings.

Mathematical modeling is critical in helping students make sense of mathematics and
relate it to real life (Blum & Leif, 2007). Modeling is a powerful teaching tool that allows
mathematical concepts to be associated with real-world problems by moving beyond the
abstract plane (Wilkins, 2010). In this process, the use of technology, in particular, enables
students to develop more complex models, switch between different representations, and gain a
deeper understanding of these representations (Siller & Greefrath, 2010). Such course models,
where technology is actively used, allow students to access theoretical information offline and
use class time for more creative and problem-solving-focused activities.

Despite the increasing emphasis on mathematical modeling in teacher education, little
is known about how pre-service middle school mathematics teachers (PSTs) engage with this
process in technology-supported, flipped learning environments.

Flipped Learning and Its Use in Mathematics Education

The FLM has gained significant momentum in mathematics education because of its
potential to increase student engagement and learning outcomes. This model enhances student
engagement, comprehension, and academic performance while also fostering collaboration,
autonomy, self-regulation, and positive attitudes toward mathematics (Abeysekera & Dawson,
2015; Fernandez-Martin et al., 2020; Kiem & Keodavan, 2024). In addition, technology-enabled
course materials help students visualize challenging concepts and make abstract information
more understandable (Chen et al., 2014).

While abstract mathematical concepts are often directly conveyed in traditional classroom
settings, the FLM encourages active learning, allowing students to engage more deeply with
mathematical concepts during face-to-face interactions with teachers and peers (Huesca et al.,
2024; Khanova et al., 2015). Priyaadharshini and Sundaram (2018) have emphasized that active
participation in learning activities before and during class improves students’ critical thinking
and problem-solving skills. The model also supports collaborative learning. Through discussion
and group work, students reinforce their understanding and retention of mathematical ideas
(Leary et al., 2021). Its interactive structure increases motivation (Love et al., 2014), fosters
autonomy (Fernandez-Martin et al., 2020), enhances learning outcomes (Brown et al., 2022),
and promotes critical thinking (Pattimukay et al., 2023) and academic achievement (Sulaimon
& Manditereza, 2024).
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Despite its advantages, the implementation of FLM also presents challenges. Lundin
et al. (2018) reported that some students are dissatisfied with the flipped classroom structure,
emphasizing that the model requires careful planning and implementation to achieve educational
goals effectively. In addition, the success of FLM largely depends on students’ self-regulation
and motivation, as students must take responsibility for their learning outside of the classroom
(Yoon et al., 2020). Therefore, educators must provide adequate support and resources to help
students successfully implement this model. High-quality materials and well-structured teacher
guidance increase the contribution of this model to student success (Chen et al., 2014).

Overall, FLM emerges as an effective pedagogical approach for deepening conceptual
understanding and improving mathematical problem-solving. Within this broader context, it
offers significant promise for addressing instructional challenges in complex domains such as
mathematical modeling.

Flipped Learning, Technology Integration, and Institutional Support in
Mathematical Modeling

The mathematical modeling is a powerful tool that enables the analysis and prediction
of complex systems (Wilkins, 2010). It enhances students’ critical thinking skills and provides
opportunities to relate mathematics to real-world problems (Blum & Niss, 1991). The
modeling process involves multiple iterative stages, such as translating a real-life problem
into a mathematical model, solving the model, and interpreting the results (Berry & Nyman,
1998; Haines & Crouch, 2007). This cyclical structure supports the development of problem-
solving skills and fosters the perception of mathematics as a dynamic and applicable discipline
(Borromeo Ferri, 2007).

The integration of technology has significantly enriched the modeling process by
enabling visualization, exploration, and validation of models (Galbraith et al., 2007). Digital
tools improve students’ mathematical thinking and make modeling processes more interactive
and effective (Greefrath et al., 2018; Hidiroglu, 2015). These tools help students bridge the gap
between abstract mathematical concepts and practical applications, allowing them to verify and
refine models through iterative processes (Jablonski et al., 2023). Research indicates that the
incorporation of computational tools in classrooms deepens mathematical understanding and
promotes the development of multiple mathematical connections (Silva et al., 2021).

Despite its advantages, mathematical modeling presents significant challenges for both
students and educators. The abstract nature of mathematical concepts often makes it difficult
for students to grasp key ideas (Blum & Niss, 1991). Additionally, transforming real-world
problems into mathematical models requires a combination of mathematical knowledge,
creativity, and critical thinking skills, which can be particularly demanding for learners (Hiebert
& Grouws, 2007). Many PSTs may struggle with fully understanding mathematical concepts,
which in turn reduces their confidence in teaching mathematical modeling (Blomhej & Jensen,
2003). Furthermore, a lack of experience in planning and implementing modeling activities
poses additional challenges for PSTs, making instructional design more complex (Frejd, 2012;
Guerrero-Ortiz & Borromeo Ferri, 2022).

Another significant challenge is students’ tendency to rely on familiar mathematical
tools, such as continuous functions, even when alternative approaches like discrete modeling
might be more suitable (Kaiser et al., 2011). This inclination can result in the superficial use
of models and a reluctance to engage with more complex or irregular structures (Edgar, 2008).
While some students demonstrate flexibility in adopting varied modeling approaches, many
require explicit and structured support to broaden their strategy repertoire (Greefrath et al.,
2022).
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Flipped learning (FL) has emerged as an instructional approach that can address some of
these challenges by restructuring traditional classroom teaching. By shifting theoretical content
delivery to pre-class activities, FL frees up classroom time for active problem-solving, hands-on
exploration, and collaborative engagement (Bergmann & Sams, 2012). Within this framework,
explanatory videos (EVs) have emerged as crucial tools, providing structured and accessible
learning resources that facilitate students’ understanding of mathematical concepts (Cevikbas et
al., 2025). FL has been shown to enhance student engagement, promote self-regulated learning,
and support conceptual understanding, while its integration with mathematical modeling and
real-world applications further strengthens students’ mathematical reasoning and problem-
solving abilities (Fernandez-Martin et al., 2020; Kiem & Keodavan, 2024; Lee & Shin, 2022;
Ozen Unal et al., 2023). In mathematical modeling, FL provides structured learning experiences
where students first engage with theoretical content through online videos and then apply these
concepts in in-class technology-supported activities, such as GeoGebra-based modeling tasks
(Silva et al., 2021).

Nevertheless, implementing FL effectively involves overcoming several practical and
pedagogical challenges. These include difficulties in content creation, technical limitations,
and concerns about feasibility (Cevikbas et al., 2023; Zhang, 2023). While technology offers
considerable opportunities for enriching mathematical modeling, effective integration depends
on strong pedagogical foundations and technological competence. Many PSTs and in-service
teachers lack sufficient experience with digital learning environments, resulting in difficulties
managing and delivering technology-enhanced instruction. In the absence of proper training
and support, these challenges may lead to suboptimal implementation of FL (Lo, 2024).

Additionally, infrastructure limitations present another major barrier to effective FL
implementation. Unstable internet access, insufficient digital tools, and inadequate institutional
investment in technology can disrupt learning continuity, particularly in regions with lower
technological accessibility (Mhlanga et al., 2022; Ndibalema, 2022). The COVID-19 pandemic
furtherunderscored these challenges, as educators and students struggled to maintain engagement
and access learning materials in remote settings (Izagirre-Olaizola & Morandeira-Arca, 2020).

Institutional support is essential for addressing the challenges associated with FL.
Research highlights that successful FL implementation depends on a robust digital infrastructure,
comprehensive faculty training, and institutional policies that encourage sustainable technology
integration (Polat & Karabatak, 2021). Institutions that invest in learning management systems,
high-quality video hosting platforms, and well-structured faculty development programs
tend to achieve greater success in adopting FL (Chou et al., 2020; Koh, 2019). Moreover,
structured orientation programs for students and ongoing technological support for educators
can significantly enhance the effectiveness of FL (Cevikbas & Kaiser, 2022; Yorganci, 2025).

As educational methodologies and digital technologies continue to evolve, FL presents
a valuable framework for enhancing mathematical modeling. However, its success hinges on
prioritizing institutional investment, educator training, and pedagogically sound technology
integration (Yong et al., 2015).

Purpose of the Study

Given both the challenges and opportunities surrounding modeling education, this
study aimed to explore how PSTs engage with technology-supported mathematical modeling,
particularly within the context of FL. While previous research has examined the role of EVs in
modeling education (Cevikbas et al., 2025) and the impact of FL on mathematical thinking (Lee
& Shin, 2022; Ozen Unal et al., 2023), limited attention has been paid to how PSTs navigate
the integration of FL and mathematical modeling, and how they develop competencies in doing
so effectively.
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This study focuses specifically on the concept of functions within mathematical modeling,
aiming to identify key difficulties and strategies for enhancing the teaching and learning
experience. By addressing these aspects, this study contributes to a deeper understanding of
how FL and technology integration can improve mathematical modeling and better prepare
PSTs for real-world teaching scenarios.

Accordingly, this study sought to answer the following research question:
What challenges do PSTs face while engaging in mathematical modeling tasks within a flipped
and technology-enhanced learning environment?

Research Methodology
General Background

In this study, a phenomenology design was adopted. Phenomenology is a research design
that reveals the essence of individuals’ experiences with a particular phenomenon (Creswell,
2020). A phenomenological research design was employed to explore the difficulties faced by
PSTs regarding mathematical modeling in a learning environment they encountered for the first
time (Van Manen, 1990).

Participants

The study was conducted with fourth-year students enrolled in the mathematics education
program at a state university during the spring semester of the 2022—-2023 academic year. The
participants consisted of 51 PSTs (36 females and 15 males) whose data were determined
via the purposive sampling method (Christensen et al., 2015). Accordingly, volunteer PSTs
taking the “Modeling in Mathematics Teaching” course were included in the study. To ensure
confidentiality, each participant was assigned a pseudonym (e.g., S1, S2, ..., S51) in the
reporting of findings.

Data Collection

While the training program for PSTs spanned 12 weeks and provided general insights,
this study offers a detailed analysis of the second week. Originally planned as a face-to-face
course, the training was transitioned to an online format following the earthquake in Tiirkiye
on February 6, 2023.

In the first week, information was provided about the learning process and organization,
and the PSTs’ duties and responsibilities in the process were explained. The following cycle was
followed in each subsequent week: 1. Video lessons, 2. lesson tasks, 3. Geogebra applications,
and 4. Studies were conducted using the Academic Learning Management System (ALMS).

The cycle began with out-of-class instructional videos on mathematical modeling,
followed by task submissions through the ALMS platform. During synchronous online sessions,
PSTs collaboratively solved mathematical modeling problems using GeoGebra, following the
modeling process. Afterward, they worked on project tasks asynchronously and uploaded their
work to ALMS. In the final stage, participants reflected on their experiences through peer
discussions via WhatsApp, allowing for deeper engagement and insight into the challenges
encountered (see Figure 1).
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Figure 1
Mathematical Modeling Processes in Online and Flipped Classroom Integration
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To create the out-of-class video content of the study, the content of the Modeling in
Mathematics Teaching course included in the primary school mathematics teaching program
of the Board of Higher Education (2018) was used. In this context, mathematical modeling
and problem-solving were the focus, and models and modeling processes in mathematics
teaching were examined in detail. In addition, the modeling cycle, model development stages,
and principles were conveyed to the PSTs. These videos were prepared in a modular structure,
lasted 15-20 minutes, and were made accessible on the ALMS platform.

After watching the course videos, the PSTs were responsible for completing homework
consisting of three tasks to reinforce the theoretical knowledge they learned and uploaded it to
the system within a day.

Modeling problems were solved via GeoGebra software under the supervision of the
academician for two hours every week, and the academician provided support to the students via
Zoom and the ALMS platform. During this process, the PSTs had the opportunity to experience
the mathematical modeling process in practice through authentic problems structured in
GeoGebra.

The mathematical modeling problems were regularly solved using GeoGebra and
uploaded to the ALMS system. PSTs were given a 36-hour period to re-evaluate the problems,
review the data, and repeat the modeling cycle. During this time, they were encouraged to
critically reflect on their solutions and make necessary revisions.

The PSTs shared their solution process and the difficulties they experienced on the
WhatsApp platform. During this process, the PSTs, who did not have mathematical modeling
experience, shared their ideas and perceptions with other PSTs, contributing to modeling
learning and developing a deep understanding of the problem. The discussions allowed PSTs to
provide feedback on the process and share their experiences.

Data Collection Tools
In this study, data were collected through assignments uploaded by the PSTs to ALMS,
GeoGebra recordings and edited versions of modeling problems, WhatsApp dialogs, and semi-

structured interviews reflecting the PSTs’ views on the process. The study focused only on the
Mushroom Problem:
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A cultivated mushroom producer measures the average diameter of the mushrooms as
4 mm on the first day and 20 mm on the fourth day. If this producer should pick the
mushrooms when their average diameter is 60 mm, on which day should the producer pick
the mushrooms?

The design of the mathematical modeling problem in GeoGebra included the following
components: (1) an introductory article, (2) preparatory questions (tasks 1-2), (3) the mushroom
problem, and (4) tasks and solution tools reflecting the mathematical modeling process (tasks
3-8). For instance, Task 5 asked, “How would you create a model to solve the problem?
Explain.” PSTs participated in the process of using at least one of their mobile phones, tablets,
or computers. They were able to organize their solutions more effectively and upload them to
the ALMS system. A total of 51 records related to the mushroom problem were created during
this phase.

Data obtained from semi-structured interviews and WhatsApp correspondence were used
in the research. Semi-structured interviews were created to understand the participants’ views
and experiences on certain topics in depth (Patton, 2015), and the questions were prepared in line
with the main themes stated in the literature and the difficulties in the mathematical modeling
process. WhatsApp correspondence was preferred to reflect the participants’ experiences in
their natural environments more authentically (Mann & Stewart, 2000).

Data Analysis

The modeling processes of the PSTs were examined through descriptive analysis.
Data sources included their GeoGebra activity records and solution uploads on the ALMS
platform. The analysis employed a rubric developed by Hidiroglu et al. (2014), grounded in the
frameworks of Borromeo Ferri (2006) and Berry and Houston (1995).

The modeling process was evaluated across six core competencies: (1) understanding
the problem, (2) selecting variables and making assumptions, (3) mathematization, (4)
performing the mathematical solution, (5) interpreting solutions, and (6) verifying the model.
Each competency was assessed using a three-level scale: no evidence of an approach, partially
appropriate approach, and appropriate approach.

To ensure reliability, all data were systematically examined, and differing interpretations
were discussed until consensus was achieved. The rubric criteria are presented in Table 1.
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Table 1

Modeling Competency Rubric (Hidiroglu et al,, 2014)
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Competency

No Evidence

Partially Appropriate

Appropriate

C1: Understanding

Not understanding the

Shows partial understanding with

Demonstrates full

the Problem Problem minor errors. understanding by identifying
given and required elements.

C2: Choosing Fails to identify relevant  Identifies some variables; Fully identifies variables and

Variables variables or make assumptions are limited or assumptions

and Making assumptions. vague.

Assumptions

C3: Lacks or misuses Identifies concepts and partially Accurately identifies and

Mathematization mathematical explains their use. applies mathematical

concepts. concepts.

C4: Implementing
the Mathematical
Solution

Provides no solution or
incorrect procedure.

Partial solution with errors or no
conclusion.

Carries out a complete,
accurate mathematical
solution.

C5: Interpreting
Solutions

Draws no or incorrect

conclusions.

Interprets results superficially or
with limited real-world relevance.

Draws, interprets, and applies
conclusions to real life.

C6: Validating the
Model

Provides no validation or
incorrect validation.

Attempts partial validation with
limited evidence.

Effectively tests and justifies
the model in varied situations.

The data obtained from the interview forms were analyzed using the deductive content
analysis method (Mayring, 2014), as the categories had been predefined based on the theoretical
framework and relevant literature. Content analysis, as described by Miles et al. (2014),
involves systematically coding and organizing textual data to identify meaningful patterns. In
this study, the analysis process began with the coding of interview and correspondence data
according to predetermined categories, followed by the grouping of emerging themes under
these categories. Finally, thematic interpretation was conducted by examining the relationships
among the categories to construct broader themes that reflect the participants’ experiences and
challenges within the context of mathematical modeling and flipped learning. Themes were
determined via an inductive approach in the content analysis process, the data were grouped
according to their similarities and common codes were created. Two researchers independently
performed the coding, and then consensus and disagreements were evaluated. Disagreements
were resolved through discussion, and the reliability of the evaluators was calculated at 95%
confidence intervals (Miles & Huberman, 1994). Codes and themes were presented visually
with tables and interpreted in the findings section. In addition, statements from PSTs supporting
the findings are also included.

Validity and Reliability

To ensure the validity and reliability of this research, credibility, transferability,
consistency, and confirmability strategies were employed (Lincoln & Guba, 1985). To enhance
the credibility of the study, the research environment, participant profiles, and emerging themes
were described in detail, ensuring that the results accurately reflected the real situation (Shenton,
2004)

To ensure transferability, visuals taken from the written solutions of the PSTs were
presented directly, and these visuals supported the PSTs’ competencies with concrete examples
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(Miles & Huberman, 1994). Consistency was achieved by presenting the findings directly and
without interpretation. This approach allows readers to develop interpretations (Patton, 2015).
The raw data and coding obtained during the research process were preserved for confirmability.
Thus, relevant people can examine the accuracy and transparency of research (Yin, 2018).

Ethical Consideration

Ethical approval for this study was granted by the Ethics Committee of Van Yuzuncu Yil
University (Meeting Date: 23.02.2023, Decision No: 2023/04-13). The instruments used in the
research were reviewed and approved for compliance with social and human sciences ethical
standards. Participants were informed about the purpose of the study, and informed consent
was obtained. Confidentiality and participant well-being were prioritized throughout the study.
Furthermore, this study was derived from the master’s thesis of the third author, conducted
under the supervision of the first author and the co-supervision of the second author.

Research Results
Pre-Classroom Engagement in the FLM

The pre-classroom engagement of PSTs with the video content and tasks uploaded to the
ALMS system is presented in Figure 2.

Figure 2
PSTs’ Engagement with Video Materials and Tasks
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As shown in Figure 2, PSTs demonstrated high levels of participation in pre-classroom
activities, suggesting strong engagement with the theoretical foundations of mathematical
modeling within the FLM framework. The online FLM supported PSTs’ active engagement
through flexible access to content and timely feedback. It enabled learning continuity during
post-earthquake disruptions and promoted self-regulation and real-world problem-solving
via GeoGebra-based tasks. These results suggest that FLM contributed positively to PSTs’
conceptual understanding and modeling competencies.
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However, the findings also revealed several challenges. Although ALMS ensured
access to instructional materials, infrastructure limitations occasionally impeded participation.
Inconsistent academic support and varying levels of student engagement in online discussions
were also noted. Furthermore, while digital tools enhanced learning, the abundance of content
sometimes made it difficult for PSTs to monitor their progress. These findings underscore the
importance of a robust digital infrastructure, equitable mentoring systems, and strategies to
enhance active participation and the effective use of feedback in technology-supported learning
environments.

PSTs’ Mathematical Modeling Competencies in the Mushroom Problem

Table 2 presents PSTs’ competencies across the stages of the mushroom modeling task.

Table 2
Participants’ Competence in the Mushroom Problem

Competence None (%) Partially (%) Suitable (%)
c1 0 0 100
C2 0 0 100
C3 8 84 8
C4 12 80 8
C5 14 78 8
Cé 90 8 2

All participants successfully demonstrated competence in understanding the problem
(C1) and defining variables/assumptions (C2). However, a sharp decline was observed in
mathematization (C3), solution implementation (C4), and interpretation (C5), with the majority
showing only partial competency. Notably, model validation (C6) emerged as the most
challenging stage, with 90% of participants unable to demonstrate relevant skills.

Theseresults indicate that while PSTs could initially engage with the problem context, they
encountered difficulties transitioning into formal mathematical representations and validating
their models. The first critical gap was observed at the mathematization phase. Despite diverse
modeling attempts, the study emphasized identifying a crystallized model representative of the
overall problem-solving process (see Figure 3).

Figure 3
Main Models Used by Participants in the Mushroom Problem
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Figure 3 illustrates the mathematical models utilized by PSTs for the mushroom problem.
Proportional reasoning, closely associated with slope and the concept of a proportionality
constant, emerged as the most frequently adopted model. Within the broader category of
function models, the linear function was the dominant choice, whereas only a few participants
interpreted the growth pattern as exponential.

Figure 4
Examples of Models in Mathematization Competence
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Most PSTs, like S19, represented mushroom growth using a proportional model,
overlooking the more appropriate exponential nature of the phenomenon. Only four PSTs
(S7, S18, S37, S41) demonstrated appropriate modeling within this competency. Notably, S41
correctly employed an exponential model using GeoGebra (rounding the function to ) and
validated it through a differential equation, exemplifying a high level of modeling competence.
However, most participants exhibited only partially appropriate approaches, often implementing
flawed models without adequately questioning their validity.

The second critical difficulty emerged in model validation. Many PSTs, despite modeling
errors, displayed overconfidence and failed to reflect critically on their solutions. S1 stated, “/
believe the best relationship can be established through a linear function,” while S6 and S9
expressed confidence in their models based on the given data. This reflects a lack of critical
engagement with the modeling process. Although S2 acknowledged data limitations— “We
cannot determine the validity of this relationship in daily life with our limited data ”—no further
attempts were made to overcome these constraints. S5 noted: “In fact, I tried to do it but 1
could not,” indicating awareness of alternative models but difficulty in implementation. These
findings suggest a need for further development in validation skills, critical thinking, and the
integration of technology to enhance model evaluation and refinement.
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Figure 5
Actions of S7 and S41 During the Model Validation Process
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In Figure 5, participant S7 realized that the exponential function could be a correct model
by saying, “There is a close relationship between mushroom growth and mathematics because
what we call growth is functional... For example, we found the result to be 6.018. We can
say it is day 6 by commenting...” However, this attempt could not go beyond interpretation.
Participant S41 successfully applied the exponential function model, expressed the model
graphically, symbolically, and verbally, and reached the same conclusion with the differential
equation:

dx dx dx
—=mx:—=mdtﬁf—=fmdt$lnx=mt+c
dt x x

Inx = mt + ¢ = ell* = gM+c = x = gMt+c

After determining the constants 2 and ¢ by substituting the given values, the PSTs obtained
an exponential function representing mushroom growth. In this function, = 6.045 corresponds
to x = 60. Since this value lies between 6 and 7, it was concluded that the mushrooms should be
collected on the 7th day. This approach illustrates how mathematical models can yield results
compatible with real-life contexts when the modeling process is deeply understood. However,
other participants failed to demonstrate appropriate strategies during the model verification
phase. Despite the use of technology, the results should be supported by field knowledge or
cross-verified with alternative technologies.

Conceptual Errors of PSTs in the Modeling Process

Some PSTs, unlike others, misused mathematical objects in the modeling process of the
mushroom problem. These errors mainly concerned the concepts of proportion and function.
First, S1’s error regarding the concept of proportion in solving the mushroom problem is given
in Figure 6.
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Figure 6
Errors Related to the Concept of Proportion for S1 and S16
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S1 approached the mushroom problem using proportionality and outlined her steps
in Figure 6. However, Figure 6 reveals an error in her use of mathematical terminology
related to direct proportionality. She incorrectly symbolized the problem as “4=20, 1=7"—
a misrepresentation of the unitary ratio between time and the mushroom radius. While she
verbally articulated the problem (“If there is a 20 mm extension in 4 days, how much will it be
in 1 day?”) correctly, her symbolic expression was flawed. This suggests that S1 struggled to
conceptualize and accurately express proportional relationships mathematically.

Similarly, S16 approached the mushroom problem as the mushroom diameter, initially 4
mm on February 25, 2023, increased by 5 mm daily, reaching 24 mm by March 1. However, S16
mistakenly focused on growth multipliers rather than daily increments, saying, “The average
diameter increased 6 times in 4 days, meaning 5 mm daily; it would need to be 15 times to
reach 60.” As shown in Figure 6, S16 correctly applied proportion but created a new unit by
misinterpreting variable relationships. These findings indicate that S16 did not fully internalize
the conceptual meaning of proportion, highlighting the importance of PSTs developing both
procedural and conceptual understanding in mathematics.

Second, Figure 7 presents the errors made by S21 in constructing the linear function
graph for the mushroom problem.

Figure 7
S21’s Errors in Assuming that the Linear Function Passes through the Origin
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Although the graphs initially appeared correct, they contained significant contextual
errors. In the mushroom problem, the diameter increased from 4 mm (25.02.2023) to 24 mm
(01.03.2023), and PSTs were asked to estimate when it would reach 60 mm. Many assumed
linear growth but misapplied this assumption. A key issue was failing to evaluate whether the
graph should pass through the origin. For instance, S21 drew the graph starting at the origin,
despite no data prior to 25.02.2023. This led to unitless axes, inaccurate representations, and a
lack of technological verification. S21, for example, assumed a 5 mm daily growth but did not
validate the intercept, which should have been (0, -1), not the origin.

Figure 8
S5’s Quadratic Function Model Error for Mushroom Growth
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Finally, S5 used a parabolic model to represent the average radius growth of mushrooms,
as shown in Figure 8. The date 25.02.2023 was defined as day 0 in GeoGebra, and the axes
were labeled as time (days) and growth (mm). The equation f{x) = (5/4)x? + 4 was constructed
using the points (0,4) and (4,24). However, the exponential nature of mushroom growth—
emphasized in many models—was overlooked.

These errors were mainly due to limited conceptual understanding, particularly regarding
proportion and function. The findings underscore the importance of both procedural and
conceptual knowledge in mathematical modeling.

Reflections from WhatsApp Conversations of PSTs

Primary school mathematics PSTs’ WhatsApp discussions provided insights into their
experiences and challenges in mathematical modeling.

PSTs displayed varied levels of engagement with mathematical modeling, particularly
in distinguishing “mathematical modeling” from “modeling in mathematics”. S37 expressed
uncertainty: “Professor Ibrahim [on modeling on YouTube]... clearly separates this in her
video, but I was also curious about your opinions.” Similarly, S18 associated mathematical
modeling with real-life problems: “For a situation to be defined as mathematical modeling,
there must be a problem that exists in real life.” S26 reflected on encountering real-life
applications for the first time, asking, “Is what we call interpretation meaningful for real life?”
These reflections reveal that while PSTs are familiar with problem-solving, connecting it to
real-world applications remains relatively new.

PSTs also expressed confusion about what modeling entails and how to apply theoretical
concepts in practice. For example, S37 asked, “Does using a material or model constitute
mathematical modeling, or not? If not, what does mathematical modeling mean?” S26
admitted that peer discussions only added to her confusion: “My mind was already confused,
friends, and it got even more confused after reading; I would be grateful if you could clarify.”
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S36 highlighted the challenge of differing assumptions: “When you make solutions based on
assumptions here, the results also change... everyone has their own truth.” PSTs questioned the
necessity of strict theoretical distinctions, as S37 remarked, “I do not think it makes much sense
to define concepts so theoretically.”

These discussions suggest that while PSTs are actively engaging with mathematical
modeling, they struggle to distinguish theoretical ideas from practical applications, highlighting
the need for more targeted support in linking theory to real-world contexts.

Challenges Related to the Mathematical Modeling Process Based on PSTs’ Views
PSTs reported facing challenges in the modeling process regarding their modeling
competencies, subject matter knowledge, and use of technology. PSTs’ responses concerning

whether they experienced difficulties in each modeling competency are presented in Figure 9.

Figure 9
Challenges in the Modeling Competencies of PSTs
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Figure 9 illustrates that PSTs faced challenges at various stages of the mathematical
modeling process. Specifically, 58% struggled with understanding the problem, 61% with
simplifying it, and 69% with mathematization—the stage where they encountered the most
difficulty. In contrast, fewer challenges were reported in mathematical work (25%) and model
validation (28%).

Challenges in understanding stemmed largely from unfamiliarity with such problem
types. As S23 remarked, “The reason I struggled was that I hadn 't encountered such problems
before.” Simplifying the problem was hindered by uncertainty about which data were essential;
S17 stated, “I had trouble because I could not decide whether some data were necessary or not.”
The mathematization stage, particularly model creation, proved most demanding: “Finding the
model was the hardest part... it required very creative thinking and good reasoning,” noted
S14.

In the mathematical work stage, concerns arose over the reliability of the model and
the risk of calculation errors. S27 shared, “I was worried about making calculation errors... if
my model was not solid, this part became extremely difficult.” Model validation was similarly
challenging due to its iterative and time-consuming nature. S16 reflected, “The validation stage
was challenging... revisiting the steps was also difficult. Every time I checked, I felt as if I had
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made a mistake.” Additionally, interpreting results in real-life contexts presented difficulties.
As S26 explained, “Examining the consistency of my results with real life... was the hardest
stage.”

These challenges were particularly evident in the initial modeling competencies:
understanding the problem, selecting variables, and mathematization. The absence of feedback
led PSTs to consider partially correct or incorrect models as accurate. For instance, most
PSTs assumed mushroom growth followed a linear or proportional pattern, which influenced
subsequent stages of the modeling process. Despite having access to time and resources, they
did not adequately verify or validate their solutions. As a result, misconceptions rooted in
superficial reasoning remained uncorrected.

This highlights the need for PSTs to develop not only technical modeling skills but also
the ability to question and validate their models critically. Errors in early stages negatively
impacted later steps, and a lack of evaluative thinking perpetuated inaccurate conclusions.
Therefore, providing structured opportunities for validation and reflection is essential for
fostering deeper modeling competencies.

PSTs faced notable challenges related to subject matter knowledge, particularly in
connecting mathematical concepts, recalling relevant knowledge, and linking mathematics to
real-life contexts.

Connecting mathematical concepts was a common difficulty. As S49 noted, “Even
though I knew which mathematical knowledge I needed, I often had a hard time connecting the
concepts.” Recalling mathematical knowledge also posed a barrier during problem-solving.
S15 stated, “Sometimes I encountered minor problems due to having forgotten some topics.”
Relating mathematics to real life emerged as another significant challenge. S12 admitted, “/ did
not know how to translate real-life events into mathematics... I did not have enough knowledge
to establish the connection.” Similarly, S37 emphasized the interdependence between problem
understanding and concept recall: “When you do not understand the problem, no mathematical
concept comes to mind. When concepts do not come to mind, you cannot form a model or
formula.” These findings reveal that gaps in conceptual understanding and application hinder
PSTs’ ability to effectively engage in modeling tasks.

PSTs encountered challenges related to technology use during the modeling process,
primarily due to hardware limitations and insufficient technological proficiency.

Hardware deficiencies impeded modeling efficiency. As S34 stated, “The difficulty 1
experienced while solving the problems was related to the inadequacy of my technological
equipment,” highlighting how the lack of essential tools affected their performance.
Technological inadequacy was another barrier. S37 noted, “We received GeoGebra training
online, and at that time, I did not have a computer, so I couldn t practice and reinforce the skills,”
indicating that limited access and practice opportunities hindered their ability to use digital
tools effectively. These findings suggest that improving both access to technological resources
and the development of digital competencies is essential for enhancing the effectiveness of the
mathematical modeling process.

Discussion

This study aimed to examine the challenges and learning experiences of PSTs within
a technology-supported online learning environment that integrates FL and focuses on
mathematical modeling. The findings provide evidence regarding both the potential benefits
and the limitations of this instructional model, particularly in fostering problem-solving
competencies and enhancing engagement with technology.

The integration of FL and mathematical modeling appears to positively influence
PSTs’ participation and learning. However, transitioning to a fully online format presents new
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limitations, including decreased interaction and difficulty in accessing learning materials.
While PSTs demonstrated high participation levels, many encountered technical problems—
especially during real-time activities involving GeoGebra—which negatively impacted their
modeling processes. These results resonate with previous research indicating that technological
infrastructure issues and disparities in digital literacy levels among both students and teachers
hinder the success of online FL environments (Lepkova et al., 2024).

The study also underscores the need for institutional support. Effective implementation
of FL requires not only strong digital infrastructure but also teacher training and well-
established institutional policies (Polat & Karabatak, 2021). In line with the literature, studies
conducted during the pandemic emphasized the importance of structured institutional guidance
and professional development programs for effective adoption of the FLM (Chou et al., 2020).

In terms of modeling competencies, the findings revealed a discrepancy between PSTs’
self-assessments and their actual performance. While participants perceived themselves to be
successful in the mathematical modeling process, objective data indicated underperformance
in critical stages such as model creation and validation. This mismatch may be attributed
to limited feedback mechanisms, which hinder PSTs’ ability to recognize their errors and
contribute to an overestimation of their skills. These observations align with previous studies
reporting significant difficulties during the mathematization and validation phases of modeling
(Anhalt et al., 2021; Guerrero-Ortiz & Borromeo Ferri, 2022; Sahin et al., 2023) and emphasize
the importance of structured support systems in helping PSTs develop modeling competencies
(Asempapa & Sturgill, 2019; Hidiroglu et al., 2014). Furthermore, Viseu et al. (2020)
reported that PSTs struggle with identifying appropriate proportional constants, evaluating
the plausibility of model-generated results, and designing graphs based on experimental data.
Similarly, our study revealed that PSTs often use linear functions or parabolas instead of
exponential functions, suggesting the need for stronger support in the development of accurate
mathematical representations.

Another challenge identified was the integration of technology in the modeling process.
While some PSTs used digital tools such as GeoGebra effectively for analyzing models,
others encountered barriers such as hardware limitations, lack of software proficiency, and
technological infrastructure issues. These findings are consistent with prior studies showing that
although technology has the potential to enhance mathematical modeling processes, it can also
be a source of difficulty for individuals unfamiliar with it (Altuntas et al., 2024; Hidiroglu et al.,
2018). Nevertheless, it was observed that PSTs were able to quickly test and evaluate different
model types using software tools, even with limited data. This demonstrates that effective use
of technology can strengthen modeling skills, particularly when supported by targeted training
on tools like MATLAB and GeoGebra (Cevikbas et al., 2022).

The study also revealed that the success of FL depends heavily on institutional backing.
Although FL promotes flexibility, active learning, and student responsibility (Johnston, 2017;
Lepkova et al., 2024), its effectiveness is often limited by inadequate support structures
and digital inequalities (Cevikbas et al., 2025). While student engagement is encouraged, it
should go beyond verbal participation to include active involvement in decision-making, peer
discussions, and technological engagement in modeling activities. Guerrero et al. (2015) noted
that FL enhances student-centered interactions, but its effectiveness over traditional methods
depends significantly on how the model is implemented. As Lo (2024) and Johnston (2017)
emphasized, student feedback—informed adaptations, such as revising video content or adding
supplementary tutorials, can improve engagement. However, in the absence of comprehensive
institutional policies and resources, such adaptations may not be sustainable.

A further finding relates to the conceptual understanding of PSTs. Many participants
demonstrated difficulties in connecting mathematical concepts or recalling relevant knowledge
when needed, especially in the context of real-life problems. This deficiency often led to
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inaccurate or inappropriate modeling decisions and limited their ability to interpret real-world
phenomena mathematically. These challenges are linked to insufficient subject-matter knowledge
and a shallow understanding of fundamental mathematical concepts, which are critical for
constructing and validating models (Aruna et al., 2022; Erbas et al., 2014; Zulkarnaen, 2018).

Moreover, PSTs often exhibited a tendency to prioritize obtaining final answers over
engaging with the modeling process itself. Combined with limited experience and time
constraints, this focus hampered the development of robust modeling strategies (Sen Zeytun
et al., 2023). Yong et al. (2015) highlighted that interactive learning environments have the
potential to strengthen students’ conceptual understanding; however, this potential may remain
limited in the absence of in-class interaction.

Cognitive errors, such as using irrelevant procedures or having incomplete schemas,
highlight fundamental misunderstandings of mathematical concepts (Zulkarnaen, 2018). These
errors often stem from deficiencies in algebra, geometry, and trigonometry, which are essential
for constructing and interpreting models. Many studies emphasize the need for PSTs to develop
a deeper understanding of these areas (Ikeda et al., 2025; Sen Zeytun et al., 2023).

Despite these challenges, the study underscores the potential for PSTs to enhance
their modeling abilities through targeted educational interventions. Structured professional
development opportunities, workshops, and coursework focused on the practical application of
mathematical knowledge can support PSTs in bridging the gap between theoretical understanding
and real-world problem-solving (Sahin et al., 2023). Furthermore, leveraging technology and
recognizing individual cognitive differences may further support PSTs in developing effective
modeling and reasoning skills (Gonzales & Arnal-Bailera, 2020).

Conclusions and Implications

This study demonstrates that a technology-supported online mathematical modeling
environment, integrated with the FL model, holds considerable potential for enhancing PSTs’
modeling competencies. Nevertheless, its effectiveness is limited by structural challenges
such as reduced interaction in online settings, difficulties in accessing learning materials, and
technical shortcomings.

The effectiveness of the FL model was found to be closely associated with institutional
infrastructure, teacher training, and the availability of digital equipment. Variations in PSTs’
levels of technological literacy and disparities in access to digital tools hindered the integration
of technology into the modeling processes.

A notable discrepancy emerged between PSTs’ self-perceptions and their actual
performance in modeling tasks. Specifically, deficiencies were evident during model
construction and validation phases. Moreover, PSTs often struggled to connect fundamental
mathematical concepts to real-world contexts, showing a tendency to prioritize outcomes over
processes. This process-oriented gap hindered the development of effective modeling strategies
and limited their ability to interpret real-life situations mathematically.

While integrating FL into mathematical modeling tasks fosters engagement and
problem-solving, challenges related to self-regulation and digital fluency must be addressed to
fully leverage its potential. It is important to acknowledge that the study’s scope—Ilimited to a
specific cohort of PSTs—may affect the generalizability of the findings. Furthermore, individual
cognitive differences and contextual influences were not directly examined.

Future research should consider longitudinal designs to better capture the progression
of PSTs’” modeling skills. Comparative investigations exploring diverse instructional designs
within FL environments may also offer valuable insights for optimizing teacher education
practices.
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