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Abstract – This paper investigates the effectiveness of 
using dynamic mathematics software that supports 
multiple representations in teaching absolute value 
concepts within a distance learning setting. The study 
examines whether integrating graphical and algebraic 
representations can improve students’ performance in 
solving absolute value equations and inequalities, 
including tasks involving parameters. The research was 
conducted with 158 high school (gymnasium) students, 
who were divided into an experimental group and a 
control group. The experimental group participated in 
instruction supported by dynamic mathematics 
software, while the control group was taught using 
traditional, algebra-based methods. Analysis of the 
results indicates that students exposed to the dynamic, 
multi-representational approach demonstrated higher 
levels of achievement than those in the control group, 
with particularly notable differences on more complex 
parameter-based problems. The results indicate that 
incorporating dynamic software, including GeoGebra, 
may support students’ conceptual understanding and 
contribute to more effective learning outcomes in 
distance mathematics education. 
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1. Introduction

The global shift toward distance learning, largely 
accelerated by the COVID-19 pandemic, has 
profoundly reshaped educational practices, prompting 
educators to adapt their instructional strategies to 
digital environments. As noted by [1], virtual learning 
contexts can produce both positive and negative 
outcomes for students. 

In mathematics education, distance learning can 
entail difficulties for students’ conceptual 
understanding when technological and pedagogical 
support is not effectively aligned with instructional 
goals. The concept of absolute value is recognized as 
a challenge for students at different levels of 
mathematics education [2]. More broadly, the concept 
of functions is widely recognized in the literature as 
challenging for learners, which is why it represents a 
frequent focus of educational research [3], [4]. 
Research suggests that engaging students with 
multiple representations can support deeper 
understanding of abstract mathematical concepts and 
positively influence learning outcomes. 

As a result, many researchers emphasize the 
importance of incorporating diverse representations in 
mathematics instruction, particularly for fostering 
conceptual understanding and developing problem-
solving skills [5]. This approach becomes especially 
critical in distance learning contexts, where the 
absence of physical interaction can further complicate 
the learning process. 

Dynamic and interactive mathematics learning 
environments, including tools such as GeoGebra, 
allow students to explore and visualize mathematical 
relationships by linking multiple representations in 
real time. These tools support more meaningful 
engagement with mathematical ideas, offering both 
visual and interactive dimensions to mathematical 
content [6]. 

This study involved 158 high school students from 
the Gymnasium “Jovan Jovanović Zmaj” in Novi Sad, 
Serbia.  
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The main objective of this study was to investigate 
how the use of dynamic mathematics software, with 
particular emphasis on graphical representations, 
influences students’ conceptual understanding of 
absolute value concepts. This study adds to existing 
research on technology-supported mathematics 
education by examining the role of dynamically linked 
representations in fostering conceptual understanding, 
especially in distance learning contexts. 

 
2. Theoretical Background and Research 

Question 
 
This section presents the theoretical background 

and research framework for the study. It outlines the 
principles of distance learning, the role of multiple 
representations in mathematics education, and the use 
of dynamic software like GeoGebra to support 
conceptual understanding. The section concludes with 
the research question, focusing on whether GeoGebra 
enhances students’ achievement in learning absolute 
value equations and inequalities in a synchronous 
distance learning environment. 

 
2.1. Distance Learning  

 
Distance learning, both in practice and theory, has 

a long-standing tradition [7], and its popularity has 
grown alongside the advancement of technology and 
communication media. Numerous studies in the field 
of education compare students’ perceptions of face-to-
face and online education [8], [9], [10], and explore 
various aspects of the online learning experience [11], 
[12]. Although students generally report satisfaction 
with distance learning [13], [14], research suggests 
that this satisfaction is more pronounced when 
instruction includes structured guidance and digital 
resources that support the comprehension of complex 
subjects such as mathematics [15]. 

Contemporary studies suggest that the educational 
benefits of digital technologies depend on their 
alignment with key pedagogical principles, including 
active engagement, collaboration, timely feedback, 
and real-world relevance [16]. In mathematics 
education, these principles are particularly important 
given the abstract character of mathematical content 
and the necessity of representational support. 
Moreover, studies emphasize the role of dynamic tools 
like GeoGebra in improving conceptual understanding 
and representational fluency, particularly in 
mathematics education [17], [18]. 

While distance learning and modern technologies 
provide significant opportunities, their practical 
implementation can also pose challenges. More 
importantly, technology alone does not guarantee 
improved instructional quality; its effectiveness 
depends on how well it is integrated into the 
instructional design and delivery.  

Research highlights that the design and structure of 
lessons are especially important when incorporating 
digital tools [19], and that educators play a central role 
in this process. 

The shift to fully online learning has required 
teachers to modify their lesson planning, instructional 
approaches, and assessment practices, while students 
have had to adapt to new modes of learning. This 
transition has brought about several practical and 
technical challenges for educators at all levels [20], 
particularly with regard to the development of 
pedagogical content knowledge [21], a key 
component for the successful implementation of 
online teaching. Teachers often encounter obstacles in 
designing lessons that fully exploit the capabilities of 
new technologies, whether due to insufficient training, 
limited access to resources, or time constraints. 
Addressing these challenges through appropriate 
support systems can assist educators in integrating 
technology more effectively and improving overall 
teaching and learning processes. 

Successful distance learning depends on creative, 
knowledgeable, and committed educators [22], who 
are capable of selecting effective strategies for lesson 
planning, developing teaching materials, and 
managing the instructional process [23]. Therefore, 
adequate teacher training is essential for applying 
professional knowledge and skills in alignment with 
technological capabilities. 

In the context of this study, distance learning is 
understood as an instructional approach in which 
students engage in learning activities through online 
classes, video conferencing, or other audiovisual 
technologies, without physical presence in the 
classroom. For the purposes of this research, 
synchronous learning was employed as a mode of 
distance education, based on a prearranged schedule 
of live online classes. In this context, synchronous 
learning means that students attend online classes 
simultaneously with their teacher, following a weekly 
timetable. 

Within a distance learning framework, this study 
examines the contribution of dynamic mathematics 
software to students’ conceptual understanding of 
absolute value. 

 
2.2. Multiple Representation 

 
Effective mathematics education is based on 

students’ ability to meaningfully understand 
mathematical concepts through the use of multiple 
representations. Over the past few decades, numerous 
researchers have emphasized the importance of using 
different representations in mathematics instruction 
[24], [25]. The implementation of multiple 
representations is essential for creating conditions that 
foster effective learning and promote deeper 
conceptual understanding [26].  
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Empirical studies indicate that learning 
environments which incorporate multiple 
representations can substantially support students’ 
conceptual understanding of mathematical ideas [27], 
[28]. 

The ability to connect and transition between 
different representations is crucial for meaningful 
mathematical understanding [29], [30]. When students 
learn to represent and integrate mathematical ideas 
across various representations, they not only develop 
a more profound comprehension but also improve 
their problem-solving skills [31], [32]. The integration 
of graphical, tabular, algebraic, verbal, and symbolic 
representations contributes to students’ understanding 
of mathematical concepts [33] and supports more 
effective expression of mathematical thinking [34]. 

Students’ ability to work across different 
representational domains and move between them is 
considered an important indicator of mathematical 
proficiency. Difficulties in mathematics learning are 
frequently associated with traditional teaching 
methods that provide limited support for multiple 
representations [35]. When instruction places primary 
emphasis on algebraic representations, students may 
have difficulty identifying connections between 
algebraic and graphical representations, which can 
hinder deeper conceptual understanding of 
mathematical concepts [36]. Additionally, students’ 
reluctance to engage with visual aspects of 
mathematics is a significant obstacle to their learning. 

Therefore, teachers face the important challenge of 
designing lessons that incorporate rich, multiple 
representations and effectively leverage technology to 
support representational transitions. Among available 
tools, GeoGebra has been widely recognized for its 
capacity to dynamically link graphical and algebraic 
representations in real time. In this study, multiple 
representations, supported by dynamic mathematics 
software, are employed to enhance students’ 
conceptual understanding of equations and 
inequalities involving absolute value. 

 
2.3. Computer-Based Learning Environment 

 
The COVID-19 pandemic accelerated the 

transition to online learning environments, where 
digital tools became integral to the planning and 
execution of teaching and learning activities. 
Numerous studies have emphasized the importance of 
carefully designing digital activities and integrating 
dynamic software, including GeoGebra, aimed at 
supporting students’ conceptual understanding and 
promoting meaningful engagement [37], [38], [39]. 

Dynamic mathematics software (DMS) like 
GeoGebra allows students to visualize, manipulate, 
and explore mathematical objects using multiple 
representations - algebraic, graphical, and numerical - 
that can be viewed simultaneously and adjusted in real 
time.  

Such affordances provide opportunities to deepen 
conceptual understanding and develop 
representational fluency [40], [41]. 

However, the mere presence of dynamic tools does 
not guarantee improved learning outcomes. As argued 
by [42] and [43], effective didactical planning of 
learning activities, together with the teacher’s capacity 
to scaffold students’ interaction with software, is 
essential for realizing its pedagogical potential. 

This study adopts a theoretical lens grounded in 
Vygotsky’s notion of semiotic mediation, in which 
artifacts such as GeoGebra are viewed as tools that 
facilitate transitions from concrete to abstract forms of 
thinking. The concept of pivot signs [44] emphasizing 
that the semiotic potential of tools is realized only 
when they are integrated into well-structured activities 
and supported by appropriate teacher mediation. 

In this study, pivot signs are understood as 
transitional cues - visual, verbal, or symbolic elements 
(e.g., a graph, a teacher’s sentence, or a formula) that 
support students in shifting from concrete or visual 
activity (such as plotting graphs or observing 
intersections) to abstract mathematical understanding 
(such as identifying solution structures or general 
principles). 

In this context, the teacher’s role is central. 
Through verbal scaffolding, visual cues, and well-
timed feedback, the teacher supports students’ 
interpretation of representations and links them to 
underlying mathematical structures. This includes 
prompting students to reflect, guiding exploration, and 
helping them recognize connections among 
representations. 

In this framework, students’ interactions with 
mathematical representations are not passive. Instead, 
they actively construct meaning by coordinating 
algebraic and graphical information. GeoGebra, with 
its real-time linking of representations, becomes a tool 
for fostering such semiotic activity, enabling students 
to make transitions between different representational 
domains. 

Research supports the view that technology-
enhanced mathematical representations positively 
impact the learning process [37], [45]. Tools like 
GeoGebra and Mathematica are increasingly used in 
mathematics education to support this integration 
[46], [47]. Dynamic learning environments have also 
been shown to promote student engagement and 
exploration, contributing to their understanding of 
complex mathematical concepts [48]. 

Although numerous studies have reported positive 
effects of GeoGebra on student achievement [41], its 
role in distance learning settings has not been 
extensively explored. This study examines the role of 
GeoGebra in supporting students’ understanding of 
absolute value concepts within a synchronous distance 
learning environment. 
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In summary, dynamic software like GeoGebra has 
the potential to enhance conceptual understanding 
when combined with effective instructional strategies, 
teacher mediation, and tasks that encourage students 
to move flexibly between multiple mathematical 
representations. The theoretical framework of this 
study is based on the interaction of these components, 
emphasizing the use of graphical representations in 
fostering abstract reasoning within a digital learning 
environment. 

 
2.4. Research Question 

 
This study explores the potential of teaching 

absolute value concepts in a distance learning 
environment using dynamic mathematics software 
that supports multiple representations. In this 
research, GeoGebra was used, with particular 
emphasis on graphical representations. The aim is to 
examine whether this approach can significantly 
enhance students’ achievement in solving absolute 
value equations and inequalities, including those 
involving parameters. 

The research question is: Does the use of dynamic 
mathematics software improve students’ achievement 
in learning absolute value concepts, compared to 
traditional instruction in a distance learning 
environment? 

 
3. Materials and Methods 
 

This section presents the study on using GeoGebra 
to teach absolute value equations and inequalities to 
high school students. It describes the participants, 
instructional methods, and test tasks, comparing the 
experimental group, which used dynamic graphical 
representations, with the control group, which 
followed traditional algebraic instruction. The section 
also analyzes students’ post-test solutions, 
highlighting how graphical tools supported deeper 
conceptual understanding. 

 
3.1. General Background and Participants 

 
The study included 158 high school students 

enrolled in an academically oriented gymnasium in 
Novi Sad, Serbia, during the 2021/2022 academic 
year. Both the experimental and control groups had 
completed instruction on absolute value equations and 
inequalities before the COVID-19 pandemic. 

To assess students’ knowledge, a pre-test was 
administered before instruction, followed by a post-
test upon completion of the teaching sessions. During 
distance learning, the experimental group engaged 
with the content using GeoGebra, with a particular 
focus on graphical representations.  

 

In contrast, the control group received instruction 
through traditional methods, based primarily on 
algebraic representations and without the use of 
dynamic software tools. 

The choice of software was guided by previous 
research recommendations [49], [50], [51], [52] and 
by the authors’ teaching experience. GeoGebra was 
selected due to its dynamic features, accessibility, and 
its established effectiveness in supporting students’ 
conceptual understanding of mathematical content 
[53]. 

 
3.2. Instruments and Procedures 

 
All participants had prior instruction in solving 

absolute value equations and inequalities, which they 
studied through traditional classroom teaching before 
the COVID-19 pandemic. At the start of the study, 
students completed a pre-test designed to assess their 
knowledge of solving absolute value equations and 
inequalities, including those involving parameters 
(Appendix A). 

The pre-test included three tasks, and students 
were given a time limit of one hour to complete them 
using the Moodle platform. 

Based on their pre-test results, students were 
allocated to either the experimental or control group 
to ensure comparable average performance between 
the groups. The same set of tasks was subsequently 
revisited across three 45-minute instructional 
sessions. 

Students were not provided with individual 
feedback or their pre-test results. To encourage 
motivation, the teacher highlighted the overall low 
success rate on the parameter-based task and its 
importance for university entrance exams. The teacher 
guided students in both groups through each task 
during the instructional sessions. 

In the experimental group, instruction was 
delivered using GeoGebra, with an emphasis on 
graphical representations of functions. The approach 
integrated both algebraic and graphical forms to 
support conceptual understanding. Instruction began 
with a review of the classical definition of absolute 
value, followed by demonstrations of solving 
equations and inequalities. 

Next, the teacher manually plotted the graphs point 
by point to reinforce students’ understanding of 
function graph construction and its connection to the 
mathematical conditions defined in the tasks. The 
same problems were then explored within the 
GeoGebra environment. Algebraic expressions were 
entered into the input field, and students observed the 
corresponding graphs in the graphical view through 
the GeoGebra interface.  
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This enabled students to determine where the 
graphs of functions corresponding to different sides of 
the equality (or inequality) intersect, while 
simultaneously observing the algebraic 
representations in the algebraic view. Varying the 
parameter values made it possible to observe changes 
in the solutions, thereby supporting deeper conceptual 
understanding through the connection of algebraic and 
graphical representations.  

In contrast, the control group received traditional 
instruction focusing solely on algebraic 
representations based on the formal definition of 
absolute value, without the use of GeoGebra or other 
dynamic visualization tools. 

After completing the two instructional sessions in 
which the teacher explained and solved the pre-test 
tasks with the students, the class transitioned to a 
practice phase in both groups. Following this, a new 
set of equivalent tasks with modified coefficients was 
given to both groups. In the instructional sessions, 
GeoGebra was used on students’ computers to explore 
the problems and visualize solutions, whereas 
equivalent tasks in the control condition were solved 
using traditional paper-and-pencil methods. 

During this phase, students were encouraged to 
present their findings by sharing their screens, 
allowing for collaborative discussion and peer 
feedback. The teacher actively supported the process 
by answering questions and providing additional help 
to students. 

Both groups actively participated during the 
instructional sessions by asking questions, engaging in 
discussions, and collaborating in problem solving. 

After the sessions, all students individually 
completed a post-test (Appendix B) via the Moodle 
platform, within a one-hour time limit. The post-tests 
were graded by the course teacher, and the results are 
presented in the Results section. 

Students were allowed to use any form of 
representation when solving the test tasks. 

To compare the results of the experimental and 
control groups, a two-tailed t-test was conducted at a 
significance level of p = 0.05. This statistical 
procedure was used to determine whether the 
observed differences between groups were 
statistically significant. 

 
3.3. Test Tasks and Instructional Design 

 
Each test consisted of three tasks aimed at 

evaluating students’ knowledge of absolute value 
equations and inequalities. Tasks 1 and 2 each 
included two subtasks focused on fundamental 
absolute value equations and inequalities, while Task 
3 consisted of three subtasks involving more 
structurally complex expressions.  

Each subtask was assigned a maximum of 10 
points, resulting in a total possible score of 70 points 
on both the pre-test and post-test. 

The tests were designed to assess students’ The 
tests assessed students’ knowledge of absolute value 
equations and inequalities across different structural 
forms. These tasks were generally expressed in the 
form: 

 

𝑓𝑓(𝑥𝑥) = 𝑝𝑝, 𝑓𝑓(𝑥𝑥) > 𝑝𝑝, 𝑓𝑓(𝑥𝑥) < 𝑝𝑝, (∀𝑝𝑝 ∈  𝑅𝑅) (1) 
 

The function f(x) appeared in two distinct forms: 
 

• In Task 1 and 2, the function was defined as: 
 

𝑓𝑓(𝑥𝑥) = |𝑎𝑎𝑎𝑎 +  𝑏𝑏| +  𝑐𝑐𝑐𝑐, (∀𝑎𝑎, 𝑏𝑏, 𝑐𝑐 ∈  𝑅𝑅) (2) 
 

• In Task 3: 
 

𝑓𝑓(𝑥𝑥) = |𝑎𝑎1𝑥𝑥 +  𝑏𝑏1|  ±  |𝑎𝑎2𝑥𝑥 + 𝑏𝑏2| ±  |𝑎𝑎3𝑥𝑥 + 𝑏𝑏3| 
(∀𝑎𝑎𝑖𝑖,  𝑏𝑏𝑖𝑖𝑖𝑖, 𝑐𝑐𝑖𝑖𝑖𝑖  ∈  𝑅𝑅, 𝑖𝑖 = {1, 2, 3}) (3) 

 

This third form combined multiple absolute value 
expressions, increasing both structural and cognitive 
complexity. 

To ensure diversity, the teacher prepared multiple 
task combinations (by modifying only the 
coefficients), some of which are provided in Appendix 
A and Appendix B. 

The tasks included in this study can be solved 
without relying on function graphs. The tasks were 
intentionally designed not to privilege any single 
representational mode. Each task could be 
successfully solved using algebraic representations, 
graphical representations, or a combination of both, 
depending on students’ preferences and the context of 
the task. 

The knowledge tests were conducted outside 
regular classes via the Moodle platform. The practice 
sessions were conducted through synchronous e-
learning, which involves online learning in real-time. 
Communication was facilitated through chat, instant 
messaging, video conferencing, and interactive 
screen-sharing functionalities. The learning 
environment was structured as a virtual classroom, 
enabling real-time questioning and feedback through 
digital communication tools, while also fostering 
peer-to-peer interaction during classes. The Microsoft 
Teams platform, specifically tailored for distance 
learning, was used for this purpose. Additionally, the 
Whiteboard application, a digital whiteboard tool, 
provided an unlimited workspace for typing and 
drawing, thereby enhancing the instructional 
experience. 

GeoGebra was used to explore interconnected 
algebraic and graphical representations of functions. 
The Slider tool allowed for dynamic manipulation of 
parameter values, facilitating real-time visualization 
of function transformations.  
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This interactivity helped students immediately see 
how changes in parameters affected the shape and 
position of graphs, thereby strengthening the 
conceptual connection between graphical 
representations and the underlying algebraic structure 
of equations and inequalities.  

Figure 1a presents the screen view from the control 
group’s distance learning sessions, whereas Figure 1b 
displays the screen view in the experimental group.  

As illustrated in Figure 1a, students in the control 
group received instruction through traditional 
methods, with a focus on algebraic representations 
without the support of dynamic visualizations or 
interactive tools. This approach was based on applying 
the definition of absolute value and performing a 
series of algebraic computations. 

 
 
 

 
a) Control group 

 
b) Experimental group 

 

Figure 1.  Screenshots from distance learning 
 
As previously mentioned, both groups followed the 

same instructional structure. During the first two 
lessons, the teacher provided detailed explanations 
and solved the pre-test tasks, while students actively 
participated in discussing the proposed solutions. 
Afterwards, students worked on analogous tasks with 
modified coefficients. Discussions continued via 
video conferencing, supported by the collaborative 
features of the online platform.  

During the practiced phase, several students in the 
control group shared their handwritten solutions via 
screen sharing to support group discussion. The 
teacher offered assistance and clarifications upon 
request, ensuring that all students had access to timely 
support during the problem-solving process. 

In contrast, students in the experimental group 
interacted with the GeoGebra interface displayed on 
their screens.  
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By manipulating parameter values using the Slider 
tool, they observed real-time changes in the graphs of 
functions and their corresponding algebraic 
expressions, which helped them understand the 
connection between the two representations. 
Moreover, students identified the points of 
intersection between the graphs of functions on either 
side of the equation or inequality sign and discussed 
how the number of solutions varied with changes in 
parameter values. 

Although the parameter-based tasks were more 
complex, students remained actively engaged in 
discussion and idea exchange. The teacher observed a 
high level of interest in the dynamic features of 
GeoGebra. Interestingly, several students who had 
prior experience with the software applied its more 
advanced functionalities during instruction. 

For example, one student used the CAS (Computer 
Algebra System) feature to algebraically solve an 
equation, which led to a class-wide discussion 
comparing the symbolic result with the corresponding 
graphical representation. Another student enabled the 
Trace option for a line parallel to the x-axis, similar to 
what is shown in Figure 2, and activated the 
Animation tool. As the parameter changed, multiple 
horizontal lines appeared on the screen, creating a 
dynamic visual effect that captured the class’s 
attention. 

While students found these features engaging, the 
teacher encouraged them to reflect on what happens to 
the solution when the graphs do not intersect, 
prompting recognition that, in such cases, the equation 
has no real solution. 

In this context, the teacher deliberately emphasized 
the connection between graphical and algebraic 
representations through the use of visual cues and 
verbal explanations. For example, students were 
encouraged to determine the number of solutions to 
equations of the form |ax+b|+cx=d by identifying the 
x-values at which the graph of function (2) intersects 
the horizontal line y=d. In the case of inequalities such 
as |ax+b|+cx<d or |ax+b|+cx>d, solution sets were 
visualized as shaded intervals along the x-axis. 

These graphical representations helped students 
conceptualize solutions as continuous intervals rather 
than as isolated values. 

Teacher utterances such as “the intersection points 
between the graph of f(x) and the horizontal line y=d 
indicate the solutions” or “the solutions are all x-
values for which the graph of f(x) lies below the line 
y=d,” combined with GeoGebra’s dynamic 
visualizations, served as pivot signs [44], mediating 
between students’ concrete manipulations and abstract 
mathematical meanings. This pedagogical approach 
reflects the view that digital tools like GeoGebra 
possess semiotic potential; however, their 
effectiveness depends on thoughtful instructional 
design and purposeful teacher mediation [42], [43]. 

3.4. Analysis of Students’ Post-Test Solutions  
 

Prior to the experiment, all students were provided 
with training on the effective use of the e-learning 
platforms, specifically Moodle and Microsoft Teams. 

The first and second tasks were designed to 
reinforce students’ understanding of basic absolute 
value equations and inequalities, while the third task 
posed a greater challenge due to the inclusion of a 
parameter and the presence of multiple absolute value 
expressions. 

Graphical representations proved particularly 
helpful when solving parameter-based tasks, as 
algebraic approaches in such cases often require 
extensive calculations, which increases the likelihood 
of computational errors. The complexity of such 
calculations may lead to mistakes, such as omitting 
valid solutions or performing in-correct operations. 

Below, selected student responses to the post-test 
tasks are presented, followed by an analysis of their 
use of different mathematical representations. 

The findings suggest that students in both groups 
predominantly relied on algebraic representations 
when solving the first and second tasks. However, in 
the experimental group, there were isolated cases 
where students used function graphs to sup-port their 
reasoning when solving the second task. 

As an illustration, a student successfully used the 
graph of the function to solve a simple absolute value 
inequality (Figure 2). 

 

 
 

Figure 2.  Solution by Student A from the experimental 
group for Task 2 

 
Figure 2 shows that the student demonstrates an 

understanding of the behavior of function graphs on 
both sides of the equality (or inequality) sign. The 
student applies the definition of absolute value and 
constructs the function graphs point by point, carefully 
taking into account the corresponding conditions for 
each case. At first glance, solving the inequality using 
a graphical method may seem more complex to 
students than using an algebraic one. However, this 
approach reflects a deeper conceptual understanding, 
facilitated by the visual interpretation of function 
graphs. In contrast, Student B from the control group 
approached Task 2 exclusively using an algebraic 
method, relying solely on the definition of absolute 
value. The student’s work is shown in Figure 3. 
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Figure 3. Solution by Student B from the control group for 
Task 2 

 
Similar to Student B from the control group, most 

students approached the second task exclusively by 
applying the formal definition of absolute value, 
without utilizing function graphs. This method proved 
effective for solving simpler problems.  

However, the third task, which required more 
complex computations, challenged students to 
demonstrate both advanced computational proficiency 
and a deeper level of conceptual understanding in 
order to arrive at a correct solution. Given the 
considerable cognitive demands involved, only a few 
students managed to complete the task success-fully 
and provide an accurate answer. Figure 4 illustrates 
the solution to the third task by Student C from the 
control group. 

As shown in Figure 4, Student C successfully 
solved the task using a step-by-step algebraic 
approach based on the formal definition of absolute 
value. However, the process involved extensive 
algebraic computation, illustrating how such methods, 
while effective, can become cognitively demanding 
and prone to errors in more complex cases, especially 
when not complemented by graphical representations. 

Students in the experimental group used function 
graphs to solve the problem, particularly in subtask 
3.c. As expected, graphical representations proved 
helpful in solving absolute value equations and 
inequalities involving parameters. 

  

 
 

Figure 4. Solution by Student C from the control group for Task 3 
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Figure 5 presents the work of a student from the 
experimental group on subtask 3.c. 

Student D sketched the graphs of the functions 
appearing on opposite sides of the equation and 
identified their points of intersection. The use of 
graphs in this solution points to the influence of earlier 
visual reasoning activities conducted with GeoGebra.  

Through prior exposure to dynamic changes in 
graphs via sliders and parameter manipulation, the 
student may have developed a stronger intuitive 
understanding of the relationship between algebraic 
and graphical representations, which likely supported 
the reasoning applied in this task. 

 
 

 
 

Figure 5.  Solution by Student D from the experimental group for Subtask 3.c 
 

4. Results 
 
The post-test performance of both the experimental 

and control groups is summarized in Table 1. 
Table 1 presents the mean scores for each post-test 

task, providing a clear comparison of the groups’ 
performance across different types of tasks. 

 
Table 1.  Mean scores for each post-test task  
 

Group/Task
 

1.a 1.b 2.a 2.b 3.a 3.b 3.c 
Experiment

 
9.53 8.49 8.58 7.78 4.07 2.91 2.07 

Control 9.14 7.99 7.51 6.77 3.01 1.82 0.87 
 
As shown in Table 1, students in the experimental 

group consistently achieved higher scores across all 
tasks. While Task 3 resulted in the lowest average 
scores over-all, it also revealed the most substantial 
difference between the two groups. This gap was 
particularly evident in subtask 3.c, suggesting that the 
experimental group made the most significant 
progress on the task perceived as the most cognitively 
demanding. 

 

4.1. Data Analysis 
 

The collected data were analyzed using mean 
scores and standard deviations. In accordance with the 
methodology presented in [54], an independent 
samples t-test was employed to compare the 
arithmetic means between the experimental and 
control groups, while a paired samples t-test was 
conducted to examine differences within each group. 
All statistical analyses were performed using a 
significance level of 0.05. 

 
4.2. Statistical Analysis of the Pre-Test Results 

 
The analysis of the pre-test results indicated no 

statistically significant difference between the 
experimental and control groups at the 0.05 
significance level (t(156) = 0, p = 1), as presented in 
Table 2. 

These results confirm that the students were 
appropriately divided into two groups (experimental 
and control), with no statistically significant 
differences between them. 

Table 2.  Statistical results of the pre-test 
 

Group 
Number of students Arithmetic means Standard deviation Test of difference between arithmetic 

means 
n M SD t p(2-tailed) 

Experimental 79 34.19 20.443 0 1 Control 79 34.19 18.540 
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4.3. Statistical Analysis of Pre-Test and Post-Test Results 
Within Both Groups 

 
The difference between the pre-test and post-test 

results in the experimental group was found to be 
statistically significant at the 0.05 level (t(78) = 4.551, 
p = 0.00002), as shown in Table 3. 

The statistical results suggest that the experimental 
group exhibited a statistically significant 
improvement following the instruction that 
incorporated the use of GeoGebra during distance 
learning. 

 

 
Table 3.  Statistical analysis of pre-test and post-test results within the experimental group 
 

Group 
Number of students Arithmetic means Standard deviation Test of difference between arithmetic 

means 
n M SD t p(2-tailed) 

Experimental 79 34.19 20.443 4.551 0.00002 Control 79 42.58 18.208 
 
In contrast, the difference between the pre-test and 

post-test results in the control group was not 
statistically significant at the 0.05 level (t(78) = 1.903, 
p = 0.06), as shown in Table 4. 

The control group showed an 8.5% improvement 
in post-test results compared to pre-test results; 
however, this improvement did not reach statistical 
significance at the 0.05 level. 

 
Table 4.  Statistical analysis of pre-test and post-test results within the experimental group 
 

Group 
Number of students Arithmetic means Standard deviation Test of difference between arithmetic 

means 
n M SD t p(2-tailed) 

Experimental 79 34.19 18.540 1.903 0.06078 Control 79 37.11 16.474 
 
In both groups, algebraic representations 

predominated in the first and second tasks. Only four 
students from the experimental group used graphical 
representations when solving the second task, while 
no students from the control group employed function 
graphs for this purpose. 

As anticipated, students in the experimental group 
relied more on graphical representations in the post-
test, with this shift being most pronounced in the third 
task. 

Although the overall proportion of students using 
graphical representations remained relatively small, a 
clear improvement was observed - particularly in Task 
3.c. In the experimental group, the number of students 
who used function graphs increased from two on the 
pre-test to eleven on the post-test. Notably, the 
experimental group achieved the greatest 
improvement in Task 3.c, with a progress rate of 
126.83%. 

In contrast, no significant changes were observed 
in the control group regarding the use of 
representations between the pre-test and post-test. 
Most students consistently relied on algebraic 
methods to solve the tasks, with only two students 
employed graphical representations in the third task, 
both during the pre-test and post-test. 

 
 

Furthermore, almost all students from the 
experimental group who achieved the maximum score 
on the post-test (eleven out of thirteen) used graphical 
representations to solve the third task. In comparison, 
only two out of six students in the control group who 
achieved the maximum score relied on graphs. These 
results suggest that students in the experimental group 
made significantly greater use of graphical 
representations than their counterparts in the control 
group when solving the most complex task. This trend 
indicates that students in the experimental group relied 
significantly more on function graphs than their 
counterparts in the control group when solving the 
third task. 

 
4.4. Statistical Analysis of the Post-Test Results 

 
Students in the experimental group correctly 

solved 60.83% of the tasks (mean score = 42.58 
points), while students in the control group correctly 
solved 53.02% (mean score = 37.11 points). Both 
groups included students who achieved both the 
minimum and maximum possible scores. The highest 
concentration of scores in both groups was observed 
within the range of 31 to 40 points. 
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Figure 6 illustrates the distribution of post-test 
scores. The x-axis represents the number of points 
(ranging from 0 to 70, in intervals of 10), while the y-
axis shows the number of students who achieved each 
corresponding score. 

As shown in Figure 6, the blue line representing the 
experimental group lies below the red line 
representing the control group within the score range 
of 11 to 40 points. Beyond 41 points, however, the red 
line falls below the blue line.  

  
 

Figure 6.  Score distribution of students 
 
The difference in post-test results between the 

experimental and control groups was found to be 
statistically significant at the 0.05 level (t(166) = 
1.979, p = 0.0495), as presented in Table 5.  

 
Table 5.  Statistical analysis of pre-test and post-test results within the experimental group 
 

Group 
Number of students Arithmetic means Standard deviation Test of difference between arithmetic 

means 
n M SD t p(2-tailed) 

Experimental 79 42.58 18.208 1.979 0.0495 Control 79 37.11 16.474 
 
Based on the previously presented findings, it can 

be concluded that instruction sup-ported by 
GeoGebra, with an emphasis on graphical 
representations, results in enhanced learning 
achievement compared to traditional instruction. 

The within-group analysis confirmed a statistically 
significant improvement in post-test scores relative to 
pre-test scores for the experimental group, suggesting 
that students’ achievement in learning absolute value 
equations and inequalities was significantly enhanced 
through the use of GeoGebra software. 

Task 3 emerged as the most challenging for all 
students, as it involved multiple absolute value 
expressions and a parameter. Notably, the greatest 
difference in mean scores between the groups was 
recorded in this parameter-based task, in favour of the 
experimental group. 

The experimental group showed the highest 
progress in the parameter-based task. Conversely, the 
control group exhibited the greatest advancement in 
solving less complex absolute value equations. 

Post-test results further revealed that the number of 
students achieving the maximum score was 
significantly higher in the experimental group 
compared to the control group, whereas no such 
difference was observed at the beginning of the study. 

Regarding the use of representations, students from 
the experimental group employed graphical 
representations significantly more frequently in 
parameter-based tasks.  

Although a few students used graphical 
representations to solve simpler inequalities, algebraic 
representations remained predominant across both 
groups when solving equations and inequalities 
without parameters. 

The ability to visualize functions involving 
absolute values and parameters using GeoGebra 
appears to be a key factor contributing to the superior 
post-test performance observed in the experimental 
group compared to the control group. 

 
5. Discussion 
 

The findings of this study indicate that the 
integration of GeoGebra into synchronous online 
instruction had a positive impact on students’ 
achievement of absolute value equations and 
inequalities. Students in the experimental group, who 
engaged with dynamic visualizations and explored the 
content under teacher guidance, demonstrated 
significantly greater achievement compared to 
students in the control group, who learned through 
traditional methods. Furthermore, statistical analysis 
confirmed that the experimental group demonstrated a 
significant progress from pre-test to post-test (p < .01), 
whereas the control group showed minor progress that 
did not reach statistical significance. This finding 
reinforces the effectiveness of the dynamic software 
environment combined with teacher mediation in 
fostering measurable conceptual advancement. 

0
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The improvement was particularly evident in the 
parameter-based task, where students who practiced 
with the support of dynamic software employed 
graphical representations of functions to find 
solutions. This suggests a deeper understanding of the 
problems through the connection between algebraic 
equations and their graphical representations. 
However, despite this progress, certain challenges 
remain. Only 8% of students correctly solved 
problems involving multiple absolute value 
expressions with parameters, highlighting the 
persistent difficulty of such complex algebraic 
structures. This finding is consistent with previous 
literature that highlights the inherently challenging 
nature of such tasks [55]. 

The results of this study can be interpreted within 
the framework of semiotic mediation theory, which 
emphasizes the role of didactic tools and teacher 
guidance in supporting students’ transition from 
concrete to abstract mathematical thinking. The 
significant progress observed among students in the 
experimental group, particularly in parameter-based 
tasks suggests that the integration of GeoGebra 
supported the development of deeper conceptual 
understanding by actively connecting algebraic and 
graphical representations. For example, the number of 
students who used function graphs to solve the most 
demanding task (3.c) in the post-test increased from 
two to eleven, indicating a shift in their problem-
solving approach. In addition, several students 
explicitly referred to graphical features, such as points 
of intersection or the graph’s position relative to the x-
axis, when explaining their reasoning during the post-
test. The fact that function graphs were most 
frequently used in the parameter-based task suggests 
that students consciously selected representations that 
reduced cognitive load, adapting their problem-
solving strategies for greater simplicity and efficiency.  

Through dynamic visualizations and carefully 
structured, teacher-guided activities, students were 
exposed to so-called “pivot signs” [44] visual, verbal, 
and symbolic elements that helped them move from 
empirical exploration toward formal mathematical 
reasoning. For instance, the teacher’s statement, “The 
solutions are all x-values where the graph lies below 
the line y = c,” served as a crucial bridge between the 
visual representation and the abstract interpretation of 
the solution set. The teacher further facilitated 
representational transitions by posing questions such 
as, “What do you notice on the graph when the 
equation has no solution?”, prompting students to 
connect symbolic conditions with visual patterns. 
According to [43], students often struggle with verbal 
representations, which require additional mediation 
by the teacher to facilitate deeper understanding of 
abstract mathematical meanings.  

In this study, teacher interventions, such as clear 
verbal explanations and guiding questions - played a 
crucial role in supporting students’ interpretation of 
symbolic and graphical features. By hearing accurate 
mathematical formulations and participating in 
discussions, students were exposed to meaningful 
verbal representations, which may have contributed to 
the development of their representational fluency. 
This highlights how teacher guidance, through verbal 
cues and structured discourse, not only facilitated the 
interpretation of graphical and symbolic features but 
also strengthened students’ ability to articulate 
mathematical ideas clearly. 

These findings are consistent with previous 
research highlighting the potential of dynamic 
mathematics software to improve students’ 
understanding of abstract mathematical concepts 
through the use of multiple representations [38], [39]. 
Similar to the results reported by [40] and [41], this 
study observed the development of representational 
fluency, reflected in students’ ability to move between 
graphical and algebraic forms when solving problems. 
The results also align with studies by [42] and [43], 
which emphasize that meaningful student engagement 
in digital learning environments depends on the 
quality of instructional design and teacher mediation. 
In this study, student progress was particularly evident 
in the context of well-structured, teacher-guided 
activities, confirming the importance of intentional 
pedagogical scaffolding. In contrast to studies 
suggesting that students often engage with dynamic 
tools in a superficial or exploratory manner without 
deeper conceptual understanding (e.g., [56]), the 
findings in this study indicate that, with appropriate 
instructional support, digital tools can contribute to the 
development of conceptual knowledge, especially in 
complex parameter-based tasks. Moreover, the 
integration of equations, inequalities, and functions 
encouraged students to perceive these concepts not as 
isolated entities, but as interconnected tools for 
solving mathematical problems. 

This study contributes to the theoretical 
understanding of learning processes in digital 
environments by providing empirical support for the 
role of pivot signs in fostering conceptual 
understanding. By using dynamic software as a 
mediator between graphical and algebraic 
representations, students were given the opportunity 
to master transitions across different forms of 
mathematical expression, an essential aspect of 
semiotic mediation in the Vygotskian tradition. The 
teacher’s role in directing students’ attention to 
relevant signs: visual, verbal, or symbolic - proved 
crucial in bridging the gap between concrete 
interaction with the software and abstract 
mathematical generalization. 



TEM Journal. Volume 15, Issue 2, pages 1619-1634, ISSN 2217-8309, DOI: 10.18421/TEM152-56, May 2026. 
 

TEM Journal – Volume 15 / Number 2 / 2026.                                                                                                                             1631 

From a practical perspective, the findings indicate 
that digital tools such as GeoGebra, when combined 
with carefully designed tasks and targeted 
instructional interventions, can significantly enhance 
the quality of distance mathematics education. Rather 
than being seen as replacements for traditional 
methods, these tools should be integrated as means for 
active exploration, visualization, and reflection on 
mathematical relationships. Teachers who encourage 
students to connect different representations, ask 
guiding questions, and use visual cues to support 
abstract reasoning can play a key role in fostering 
deeper mathematical understanding—even in virtual 
classroom settings. Moreover, the findings may be 
extended to face-to-face learning environments, 
indicating that the benefits of dynamic software tools 
are not limited to online instruction. The study further 
demonstrates that distance learning can provide 
positive educational experiences when grounded in 
established scientific, pedagogical and 
methodological principles [16]. 

This study has several limitations. It was 
conducted in a single secondary school, which limits 
the generalizability of the findings. The relatively 
small sample size reduces statistical power and the 
broader applicability of the results. Additionally, the 
intervention’s limited duration prevents the 
assessment of long-term effects of GeoGebra in 
instruction. Although the teacher’s role in the 
experimental group was structured, subjective factors 
may have influenced the outcomes, and these were not 
fully controlled. Furthermore, the inability to control 
for the use of external tools (e.g., mathematical 
software, calculators, or other assistive applications) 
during the post-test in the online environment may 
have influenced students’ performance in both groups. 

Future studies should include larger and more 
diverse student samples, along with longer 
intervention periods to examine long-term effects. It 
would also be valuable to further investigate the 
teacher’s role and specific forms of pivot signs in 
digital environments, as well as students’ strategies in 
selecting representations. Moreover, the findings of 
this study may serve as a foundation for applying 
dynamic software tools in face-to-face instruction, not 
only in distance learning contexts. 

 
6. Conclusion 

 
This study provides empirical evidence that the 

integration of GeoGebra into synchronous online 
instruction can significantly enhance students’ 
conceptual understanding of absolute value equations 
and inequalities.  

 
 
 
 

The findings emphasize the importance of 
connecting algebraic and graphical representations, 
demonstrating that dynamic software environments, 
when supported by deliberate teacher mediation, can 
foster meaningful learning in distance education 
settings. Through the theoretical framework of 
semiotic mediation, this study offers a nuanced 
interpretation of how digital tools function as cognitive 
and didactic instruments. These results contribute to 
the growing body of research advocating for the 
thoughtful integration of dynamic mathematics 
software into instructional practices, not just to 
enhance engagement but also to promote deeper 
mathematical reasoning. 

The primary research objective was to investigate 
whether the integration of dynamic mathematics 
software into distance learning improves students’ 
achievement in solving absolute value equations and 
inequalities. These findings confirm that dynamic 
environments, when combined with intentional 
instructional strategies, can effectively promote 
conceptual understanding in online mathematics 
education. The observed achievement appears to be 
closely linked to students’ gains in conceptual 
understanding, particularly in tasks involving 
parameters. 

Nevertheless, the complexity of parameter-based 
tasks continues to present challenges for many 
students, highlighting the need for additional 
instructional support and guidance. 

Based on these findings, it is recommended that 
teachers incorporate dynamic mathematics software 
such as GeoGebra into their instructional practices, not 
as a substitute for traditional methods, but as a tool for 
exploration, visualization, and conceptual 
development. Special emphasis should be placed on 
fostering connections between algebraic and graphical 
representations, particularly in tasks involving 
parameters, where visual reasoning can support 
abstract understanding. Furthermore, teacher 
mediation remains essential: carefully designed verbal 
prompts and guiding questions can help students 
interpret digital representations meaningfully and 
transition from empirical observations to formal 
mathematical reasoning. Given the symmetrical nature 
of the absolute value function, dynamic visualizations 
in tools like GeoGebra further support students’ 
intuitive understanding through graph-based 
exploration. 

These findings highlight that meaningful 
mathematical understanding often arises not from 
procedures alone, but from opportunities to observe, 
explore, and connect ideas across different 
representations. 
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Appendix A 
 

Tasks for the Pre-Test 
 

1. Solve the equations: 
 

a) |2x-1| = 9  
b) |2-x|+2x = 3 
 

2. Solve the inequalities: 
 

a) |2x-1| < 9 
b) |2-x|+2x ≥ 3  
 
3. Given the function f(x) = |x + 2| - |x| + |x – 2| , 
 

a) Solve the equation f(x)=4 ; 
b) Solve the inequality f(x)<4 ; 
c) Find the real values of parameter a such that the 

equation f(x)=a has two solutions. 
 

Appendix B 
 

Tasks for the Post-Test 
 

1. Solve the equations: 
 

a) |1 – x /2 | = 4  
b) |2x – 1| + x = 2 
 

2. Solve the inequalities: 
 

a) |1 – x /2 | ≤ 4  
b) |2x – 1| + x > 2    

 

3. Given the function f(x) = |3x + 1| - |3x| + |1 – 3x|  
 

a) Solve the equation f(x) = 2  
b) Solve the inequality f(x) > 2  
c) Find the real values of parameter a such that the 

equation f(x)=a has two solutions. 
 

Note. To prevent predictability and enhance assessment validity, different 
coefficients were used across task versions. 

 
 


