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1. Introduction 
 

In the contemporary educational landscape, envisioning effective pedagogy across various disciplines without the 
incorporation of modern software tools seems increasingly improbable (Shishov et al 2021; Li 2023; Salas-Pilco et al 2022). This 
observation is particularly salient in the realm of advanced mathematics education. Today's market is replete with diverse 
software programs, engineered to streamline complex calculations, enabling expanded opportunities for detailed analysis and 
specialized problem resolution (Paolella 2021). Beyond merely facilitating problem-solving, these technological tools 
significantly amplify students’ professional knowledge and skills. 

In the current era, economists are inevitably faced with the need for robust graph construction, statistical modeling, 
and extensive data processing. The burgeoning domain of big data and machine learning underscores this exigency (Zine et al 
2023). Moreover, addressing the disparity between academic research and practical application in finance is paramount 
(Brooks et al 2019). This context emphasizes the urgent need for robust, versatile software tools capable of enhancing the 
development, testing, and deployment of diverse and adaptable models. Advanced computational software thereby facilitates 
a more extensive exploration and analysis, potentially augmenting the real-world applicability of academic research in finance 
and economics. Many U.S. and European institutions of higher education, especially those with strong economics programs, 
emphasize the importance of quantitative skills. As a result, software like MATLAB, Mathematica, STATA, R, and SAS are 
commonly integrated into the curriculum. So, there is a consensus that prominent software ecosystems such as Mathematica 
(Wolfram Research n.d.), Maple (Maplesoft n.d.), MATLAB (MathWorks n.d.), and MathCAD (PTC n.d.) are essential for 
executing precise mathematical calculations. Their intrinsic capabilities facilitate symbolic computations, along with thorough 
visualization of processes and the ensuing data, fulfilling the diverse needs of students and educators across varied fields. The 
integration of such advanced software transcends the conventional boundaries of life sciences and engineering, offering 
substantial benefits in disciplines including economics and the humanities. 

Despite their undeniable utility, the affordability of software tools like Mathematica, Maple, MATLAB, and MathCAD 
remains contingent upon individual, institutional, or national financial capacities. Although potentially expensive, more 
affordable options for students, educators, and academic institutions often exist, ensuring broader accessibility.  

In pursuit of a universal and accessible program for widespread university use, this work concentrates on the application 
of the GNU Octave package, which encompasses gnuplot functionality. As a freely distributed program, GNU Octave is adept 
for constructing and analyzing graphs, offering a financially viable solution for institutions worldwide. 
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Gnuplot, a robust graphing software integrated within GNU Octave, boasts a comprehensive interpreter designed for 
simultaneous function construction, supporting both explicit and implicit functions with parameters, polar coordinates, and 
integral curves. 

Given this backdrop, this study endeavors to assess the efficacy of employing the GNU Octave software, and by 
extension gnuplot, in enhancing the learning experience related to further mathematics topics, specifically the study of 
functions. The study posits the hypothesis that the integration of freely distributed computer mathematical programs will 
foster enhanced learning outcomes for future economists. 

The research objectives delineated for this study include: 
- Theoretical analysis of mathematical package applications in solving mathematical problems. 
- Execution of a pedagogical experiment to assess the utility of free software for graphing and data analysis in 

teaching further mathematics. 
- Evaluation and documentation of the learning outcomes dynamics of economics students studying further 

mathematics using GNU Octave. 
In conclusion, this study stands as a methodical effort to elucidate the tangible benefits of employing GNU Octave and 

gnuplot in the academic journey of economics students, aiming to bolster their educational experience and practical skills in 
mathematics. 

 

2. Materials and Method 
 

A comprehensive case study was conducted to analyze the efficacy and feasibility of employing gnuplot in the study of 
functions within further mathematics. This investigation sought to scrutinize the practicalities and potentials of engaging 
gnuplot in exploring extensive mathematics topics pertinent to the study of functions. 

During the preparation phase, participants were selected from a cohort of first-year economics students. The selection 
adhered to a principle of diversity, striving to comprise a varied group of students with disparate levels of acquaintance with 
advanced mathematical topics and the gnuplot software. The study encompassed 60 participants, evenly distributed across 
three academic groups. This research was executed during the first semester of the 2022/2023 academic year at the Elabuga 
Institute of KFU Kazan Federal University. 

Data collection encompassed interviewing students to obtain insights into their perspectives on utilizing gnuplot for 
studying functions within further mathematics. Additional data were gathered through methodical classroom observations, 
concentrating on the deployment of gnuplot. Observations were focused on discerning its impact, benefits, and potential 
constraints in augmenting comprehension and problem-solving abilities. 

Adhering to this robust methodology, the study aspired to furnish a profound, comprehensive insight into the practical 
implications, efficiency, and potentiality of gnuplot usage. This exploration delved into the expansive mathematical topics 
pertinent to function studies within the educational context, particularly among economics students, thereby contributing to 
an enriched understanding and practical knowledge of the relevant mathematical domains. 
 

3. Results 
 

The responses from students underscored the enhancement in their educational experience through the integration of 
technology. This finding was corroborated through interviews, which revealed a significant increase in mathematical skills, 
especially among those with high initial academic standings. The use of gnuplot proved to be a catalyst, promoting a deeper 
understanding and mastery over complex mathematical concepts. 

An increased level of engagement and interest in exploring further mathematics was also noted. The practical 
experience of using this advanced computational tool for visualizing and resolving mathematical problems made the learning 
process more interactive and enjoyable, fostering a more optimistic academic perspective among students. 

However, the interviews also highlighted a variety of learning outcomes. While some students quickly adapted to 
gnuplot, improving their academic performance, others initially faced challenges, particularly those unfamiliar with such 
advanced tools. Despite these obstacles, persistent use of gnuplot, supplemented with sufficient academic support, helped to 
overcome these hurdles, leading to enhanced academic accomplishment. 

The study also revealed an expansion in the students’ exploration of mathematical concepts. Empowered by the diverse 
features of gnuplot, many expressed increased confidence in tackling advanced mathematical issues. This confidence 
translated into discernible improvement in their problem-solving abilities, analytical skills, and overall academic performance. 

Nonetheless, not all student groups adapted uniformly to gnuplot. Some seamlessly incorporated the software into 
their learning, while others met it with initial resistance. Despite this, consistent use and support led the majority to realize the 
significant academic advantages offered by gnuplot. 

In terms of academic scores, a notable enhancement was observed as students honed their skills in utilizing gnuplot for 
various mathematical tasks and analyses. This trend was particularly prominent among those who initially had average or 
below-average performances, highlighting gnuplot’s role in narrowing academic gaps. 
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The study further emphasized the vital need for ongoing support and guidance for the successful integration of gnuplot 
into the curriculum. Particularly for students who found it challenging to navigate this new technological aspect, dedicated 
training and personalized assistance emerged as essential, ensuring comprehensive benefits from gnuplot integration, and 
subsequently enriching their overall academic and learning experience in further mathematics. 
 

4. Discussion 
 

The obtained results emphasize the importance of integrating tools like Gnuplot in university courses for economics 
students, showcasing an array of benefits. The unassailable significance of adept data visualization in economics is fulfilled by 
Gnuplot’s exceptional graphical capabilities. It provides an efficient mechanism for generating clear and precise plots from 
complex data, making the interpretation process more intuitive and accessible to students, ensuring a comprehensive 
understanding of economic data. 

Furthermore, the financial constraints associated with acquiring advanced computational software are neutralized with 
Gnuplot’s open-source and cost-free nature. This characteristic assures uninterrupted access to essential data plotting and 
visualization tools for students, eliminating additional financial strain on educational institutions or the students. 

The smooth visualization of economic models by Gnuplot strengthens students' understanding and analytical abilities 
related to these models. This enhancement in visual representation augments students' grip on theoretical concepts, fostering 
an enriched educational experience. Furthermore, the practical applicability of Gnuplot in academic settings strategically 
empowers students with concrete skills in data and model visualization, bolstering their readiness for real-world economic 
analysis and decision-making scenarios. 

In addition, the broad compatibility of Gnuplot with various operating systems and its integration capabilities with other 
software tools ascertain its versatility and applicability in diverse academic and research contexts within the economics field. 
Moreover, Gnuplot's extensive support for various data formats streamlines data engagement, allowing students to effectively 
interact with a wide range of economic data without the need for cumbersome data conversions. 

In summation, the incorporation of Gnuplot into economics courses emerges as a prudent and advantageous endeavor. 
It offers a conglomerate of benefits including advanced visualization, financial feasibility, and robust support for diverse data 
formats and models, culminating in a comprehensive academic enhancement for economics students. This integration 
symbolizes a significant advancement towards aligning academic learning with practical industry demands. 

Expanding on this, the field of economics is fundamentally tied to the analysis of extensive datasets like GDP, 
employment rates, and inflation (Rab, Anjum 2010; Matvienko et al 2022). The detailed scrutiny of these extensive datasets 
indispensably relies on robust software tools like Gnuplot, MATLAB, and Mathematica, which assist in adeptly interpreting 
complex datasets, fostering informed decision-making. 

Exploring deeper into economics highlights the vital need for proficient modeling and simulation for predicting future 
economic trends, robustly analyzing diverse economic scenarios, and meticulously testing various economic hypotheses 
(Akhmetshin et al 2019; Eskerkhanova et al 2023). The seamless creation and simulation of intricate economic models in these 
software environments ensure a practical and tangible grasp of multifaceted economic theories and principles, bridging the 
theoretical and real-world divide (Denisova et al 2023). 

In addition to this, the substantial aspect of statistical analysis in economic research and study is amplified with the 
infusion of advanced software packages (Beni et al 2022). This enhancement equips both students and professionals in 
economics with a reinforced framework for informed, accurate exploration, and understanding. 

Addressing frequent optimization issues, such as profit maximization or cost minimization, in economics underscores 
the critical role of computational software like Gnuplot. The deployment of these tools assists in the efficient resolution of 
complex optimization problems, offering optimal solutions to diverse economic queries and challenges. 

Lastly, the essential role of effective data visualization in economics is met with advanced software tools, facilitating the 
construction of comprehensive and clear visual representations of intricate economic data. This advanced visualization 
significantly elevates the interpretation and presentation of crucial economic data and insights, contributing to an enriched 
and holistic understanding of economic concepts and theories (Ahrens, Chapman 2006). 

As we proceed to examine the long-term impacts of integrating tools like Gnuplot into economic education, it's essential 
to recognize the potent influence it can exert on students' overall academic trajectory and future professional endeavors. The 
multitude of functionalities offered by Gnuplot and similar software enhances students' technical proficiencies, preparing them 
for diverse roles in the contemporary economic landscape. The skills gained in utilizing such sophisticated tools for data 
analysis, visualization, and model simulation are in high demand across various sectors of the economy, thereby significantly 
enhancing students' employability and career prospects. 

In the era of Big Data, the ability to analyze and interpret large and complex datasets is a critical skill for economists 
(Bobkov et al 2020). The use of software tools for such purposes during academic training equips students with practical, hands-
on experience, reinforcing their data analytical skills and ensuring they are well-versed in employing advanced technological 
solutions to tackle real-world economic issues. This proficiency further assists in making precise and informed economic 
projections, vital for effective policymaking and strategic economic planning. 
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Beyond the academic and professional realms, the integration of Gnuplot and similar tools into economics education 
contributes substantially to fostering a culture of innovation and critical thinking among students. As they navigate the 
multifaceted functionalities of these software platforms, students are encouraged to approach economic problems with a 
fresh, analytical perspective. They gain insights into the intricate interplay of various economic factors, enhancing their capacity 
for innovative thinking and problem-solving. This cognitive development is paramount in nurturing a new generation of 
economists equipped with both theoretical knowledge and practical skills, capable of steering economic growth and innovation 
in the evolving global landscape. 

In essence, the strategic infusion of Gnuplot into economics courses is not just a short-term investment in enhancing 
educational experience but a long-term investment in shaping knowledgeable, skilled, and innovative future economists. This 
forward-thinking approach in education paves the way for sustained economic advancement, underpinned by a workforce 
adept in leveraging cutting-edge tools and technologies to navigate the complexities of the global economic ecosystem. By 
ensuring students are well-acquainted with the practicalities of such essential software, educational institutions play a crucial 
role in bolstering the future of economic research, analysis, and policy development, contributing meaningfully to global 
economic progress and stability. 
 

5. Conclusions 
 

In light of the gathered evidence and ensuing discussion within this study, the integration of computational tools like 
Gnuplot into the educational curriculum for economics students emerges as not only beneficial but essential. The multifaceted 
advantage of such integration is palpable, ranging from enhanced data visualization and analysis capabilities to the bolstered 
understanding and application of intricate economic models and theories. 

Navigating the academic and practical spheres of economics necessitates a robust grasp over data interpretation, model 
simulation, and analytical reasoning. The implementation of advanced software tools significantly amplifies these skills among 
students, preparing them to adeptly confront and resolve complex economic challenges in their future professional roles. This 
proficiency is not merely a supplementary advantage but a critical requirement in today’s data-driven economic landscape. 

The findings of this study substantiate the hypothesis that the use of computational software like Gnuplot substantially 
enhances the academic experience in economics, leading to improved learning outcomes, enriched understanding, and 
heightened preparedness for real-world economic analysis and decision making. The utilization of these tools transcends 
traditional learning methods, equipping students with practical and applicable skills that will serve them and the broader 
economic community in the long run. 

The importance of continuing and expanding this integration is underscored by the study’s future research directions. 
The development of a comprehensive methodology for students to explore and employ free mathematical packages holds 
promising potential to further enrich their academic journey and professional readiness. The ongoing creation of additional 
tasks, extending beyond the standard curriculum, aims to challenge and hone students’ mathematical and computational skills 
further, ensuring their robust preparedness for diverse and complex economic scenarios. 

In conclusion, the amalgamation of advanced computational tools within the economics educational framework stands 
as a significant and strategic step toward fostering a well-rounded, skilled, and innovative future workforce. This integration 
holds the key to navigating the intricate terrains of global economics, ensuring informed, insightful, and effective economic 
solutions and advancements in the coming years. The commitment to this educational enhancement will undeniably yield long-
standing benefits, substantiating the pivotal role of technological integration in modern economic education and practice. 
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