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Abstract

This paper explores the impact of using the Excel software package in teaching Financial
Mathematics. The research aims to achieve more accurate results and facilitate a more
comprehensive approach to solving complex computational problems. Additionally, the study
examines how Excel influences the overall problem-solving process, particularly in analyzing
solutions and interpreting financial models. The research was conducted with two groups of
students: a control group and an experimental group. The control group followed a traditional
problem-solving approach without computers, while the experimental group used Excel software.
The teaching content focused on cash flows, specifically determining interest rates, calculating loan
installments, determining cash flows' present and future value over various time intervals, and
conducting a detailed analysis of potential alternative financial scenarios. The experimental group
demonstrated significant improvement in problem-solving, especially in areas requiring complex
financial formulas, multiple computational operations, and decision-making. The findings highlight
the advantages of Excel’s functionalities, such as formula automation and data visualization, which
reduce computational complexity and allow greater emphasis on interpreting the results. These
results align with contemporary educational methods based on Computer-Supported Collaborative
Learning (CSCL).
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1. Introduction

Financial mathematics represents one of the key subjects linking mathematics and its application
in real-world contexts. The field of finance is nearly inconceivable without the use of advanced
mathematics. Financial mathematics plays a significant role in developing skills necessary to
understand complex economic and financial processes. When combined with related disciplines
such as optimization and operations research, it yields significant results.

The traditional approach to solving problems in financial mathematics faces several obstacles.
One major challenge is the computational complexity involved, as real-world models often require
dealing with large numbers and intricate calculations. While the classical approach is essential for
developing the foundational structure of models, it does not always yield optimal results.
Specifically, in the context of this study, the traditional method often leads to computational errors,
which subsequently affect decision-making and the interpretation of results. Additionally, the
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complexity of formulas can hinder understanding and complicate their practical application,
negatively impacting students' motivation to solve problems.

On the other hand, Microsoft Excel has emerged as one of the most popular tools for addressing
various financial mathematics problems. Particularly when integrated with other tools like Python
or MATLAB, Excel enables easy enhancement and adaptation of problems to higher levels. Its
functionality in working with tables and advanced mathematical functions makes it highly
applicable in practical scenarios and education for solving specific financial mathematics problems.
A notable advantage of Excel is its ability to provide a tabular representation of problems, which is
especially useful in dealing with cash flows. Features such as drag-and-drop, auto-fill, and cell
anchoring significantly accelerate processes that, using traditional methods, would require much
more time. This allows students to focus on the core aspects of tasks - understanding the problem's
concept and analyzing the results - rather than on technical details.

Functions like PMT (payment value), PV (present value), FV (future value), RATE (interest),
and NPER (time) facilitate the manipulation of cash flows in Excel. They are used to solve problems
such as analyzing the time value of money (present/future value), financial planning for loans,
determining repayment periods, and calculating different interest rates. Combined with visual
representation capabilities, these functions offer a major advantage, as visualization improves the
interpretation of conclusions and the analysis of the entire problem-solving process. For instance,
Excel simplifies tasks such as analyzing the impact of interest rate changes on loan payments,
comparing loan plans under different rates, and observing how loan payments, outstanding
balances, and interest change with variations in input parameters.

Key elements of financial mathematics, various models, and numerous examples used in
teaching are extensively covered in the literature.

2. Theoretical background

In recent years, Computer-Supported Collaborative Learning (CSCL) has gained significant
popularity in educational processes, where computer technology plays a crucial role in shaping
collaboration. The concept of CSCL has been explored since the 1990s, with numerous foundational
studies demonstrating its positive impact on the quantity and quality of social interactions in
teaching (Amigues & Agostinelli, 1992; Lamon et al., 1996; McConnell, 1994). Recent research,
specifically in Serbia, has also found that CSCL methods lead to better outcomes in learning
mathematics at the higher education level (Milenkovi¢ & Vucicevic, 2024).

Chen et al. (2018) concluded that the integration of CSCL positively affects skill development
and knowledge acquisition among students. Similarly, D'Souza & Wood (2002) compared CSCL-
based teaching with traditional methods, focusing on collaborative learning using tables, and
reported significant differences in student outcomes and the benefits of applying CSCL. Gunawan
etal. (2019) highlighted the advantages of CSCL environments in integrated science courses, noting
that most students demonstrated excellent proficiency in using tools like MS Word, PowerPoint,
and Excel. Goodyear et al. (2019) reviewed several important CSCL studies, emphasizing the need
for improved research methodologies and innovative techniques, such as collaborative scripts and
content visualization.

Excel is one of the most widely used tools for mathematical calculations, data analysis, and
advanced functions. Comprehensive guidance on using Excel can be found in publications by
Albright & Fox (2019), Benninga (2014), Guerrero & Guerrero (2019), and McFedries (2013).
Zhang (2014) emphasized Excel’s effectiveness in teaching financial concepts, preparing students
for market demands, and its applications in analyzing financial statements, stock valuation, capital
budgeting, and financial derivatives.

Lusardi (2019) addressed the global issue of financial illiteracy, even in some of the most
developed financial markets. He designed three key questions to measure financial literacy,
providing a benchmark for identifying gaps in understanding fundamental financial concepts.
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Wagner (2015) examined how financial education affected a person’s financial literacy score, as
well as short- and long-term financial behaviors. He found that, in general, a financial education
course positively affected long-term behaviors to a higher degree than short-term behaviors. Also,
in the paper by Zhou et al. (2023), the results indicated that education significantly improved basic
financial literacy and provided valuable insights into ways to enhance financial literacy in the
broader population. Recently, a particular connection between young adults’ general intelligence
and financial literacy has been examined. The work by Gignac & Stevens (2024) showed a strong
correlation between general intelligence and financial literacy (with a correlation coefficient of
around 0.76), which is higher than previously reported. Additionally, attitude toward numbers and
the need for cognition were found to be significant predictors of financial literacy, with attitude
toward numbers having a unique predictive significance. The paper by Kumar et al. (2023) explored
how digital financial literacy, financial autonomy, and impulsivity influenced financial decision-
making and perceived financial well-being. The findings (Kumar et al., 2023) showed that skills
and financial literacy directly impacted decision-making, while financial capability and autonomy
played a key role as mediators, with impulsivity having no significant effect.

In Serbia, previous reports on teaching financial mathematics analyzed the shortcomings of
traditional methods and proposed Excel functions to solve financial models effectively within the
subject of Financial Mathematics (Vucicevic, 2024).

3. Research question

The main research question of this study focuses on the impact of using the Excel software
package in teaching Financial Mathematics to achieve more precise results, as well as its influence
on enabling a more comprehensive approach to solving tasks that require complex calculations.
Additionally, the study examines the effect of Excel usage on the complete problem-solving
process, including the final analysis of solutions, the interpretation of financial models, and
decision-making outcomes.

4. Methodology

4.1. Participants

Our study included 103 students from the Faculty of Science, University of Kragujevac,
Kragujevac, Serbia. They were divided into two groups:

1. The control group consists of 55 mathematics and computer science students from the
2021/2022 academic year.

2. The experimental group consists of 48 mathematics and computer science students from the
academic year 2023/2024.

4.2. Instruments & Procedures

In the control group, students studied the course material in a traditional classroom setting
without using computers. The classical approach involved deriving formulas and performing
calculations using basic calculators. Students could also engage in discussions about the problem-
solving process, the formulas applied, and the solutions obtained. After obtaining the results,
students analyzed the solutions to the models based on their manual calculations.

In the experimental group, the exercises were conducted in a computer lab using computers and
students’ collaboration. The materials were pre-prepared and included the same problems as those
selected in the control group. The teaching process followed these steps: for a given topic,
specifically cash flows, the models were first introduced, and the formulas were derived.
Subsequently, the formulas were demonstrated in Excel, with a detailed interpretation of the
variables and a mapping of the parameters to the variables in the formulas. Students worked
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individually but were grouped into teams of three or four members to encourage interaction and
discussions about problem-solving, fostering an environment aligned with the CSCL learning
approach.

During the sessions, both students and the instructor used Microsoft Excel. In the example
presented (Fig. 1), students first determined interest rates in Excel using the "equalization rule" and
then calculated the loan installment based on the problem's setup.
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Fig. 1. Calculating Loan Installments Using Excel

At the end of the task, students discussed the conclusions from the results together, analyzed the
solution, and considered alternative outcomes based on changes in the annual interest rate. They
collaboratively discussed various possibilities for applying different models using the obtained
solution.

In Financial Mathematics classes, students utilized formulas to calculate loan installments as
well as the formula for the present value of money based on loan installments

1-(14+r)™ Z-r
A(T) = R T ’ T1-1 4

The Excel equivalents of these formulas are the PV (Present Value) and PMT (Payment Value)
functions. Other functions, such as FV (Future Value) and Nper (Number of Periods), can also be
utilized. Fig. 2 shows an example of these formulas, as demonstrated during the lectures.

(1)

Fv
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Pmt

PV
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Returns the future value of an investment based on periodic, constant payments and a constant interest rate.

Rate is the interest rate per period. For example, use 6%/4 for quarterly payments at 6% APR.

Formula result =

Help on this function Cancel

Fig. 2. Formulas used in Excel in Financial Mathematics classes.

The following example presents a task related to loan amortization, where the goal is to create a
clear table containing information about the remaining debt, current interest, repayments, and loan
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installments (Fig. 3). The task can be solved using a table, where Excel offers significant advantages
beyond just using formulas, as it also provides options for cell fixing and automation when filling
in tables. Alternatively, the task can be solved manually by calculating all parameters, with students
able to use the previously mentioned formulas and others as needed.
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Fig. 3. Example of loan amortization.
4.3. Data Analysis

The statistical data analysis was conducted using the IBM SPSS Statistics 20 software package.
Descriptive statistics were obtained, and normality tests, the Mann-Whitney test, and the Chi-square
test of independence were used during the research.

5. Results

During the research planning, a pre-test was created for students in both groups to determine
whether they approached the acquisition of content from Financial Mathematics with the same prior
knowledge, which was necessary for understanding the subject matter. At the beginning of the
semester, students solved four tasks: one related to the application of percentage calculations (8
points), another to the use of direct proportion (7 points), a third to the formula for the general term
of an arithmetic progression, along with the determination of the initial term and the common
difference of the sequence to find the requested term (10 points), and the last is related to
determining the sum of a geometric sequence with a given number of terms (10 points).

Since the total score distribution on the pre-test did not follow a normal distribution for either
the control group (p = 0.04 < 0.05,df = 55) or the experimental group (p = 0.002 < 0.05,df =
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48), the total score distribution on the pre-test was compared using the Mann-Whitney test. As the
differences were not statistically significant (Z = —0537, p = 0.591) in the scores achieved by the
control group (M = 21.49,SD = 9.92) and the experimental group (M = 22.79,SD = 8.52), the
research continued as planned.

After completing the lessons, students from both groups solved three tasks. As in the practical
classes, students in the control group solved these tasks using paper, pencil, and a calculator, while
students in the experimental group solved problems on a computer using Microsoft Excel. In Excel,
students from the experimental group were able to use functions introduced during the lessons,
along with creating appropriate variables beforehand. All three tasks were related to cash flows.
The first task involved loan amortization, requiring students to create a loan plan, analyze the
results, and discuss how the solution would be interpreted under different conditions. The second
task involved cash flow with the determination of the present value of debt, combining several parts
to determine the total amount of money, while the third task was a classic cash flow problem but
with the determination of both the present and future values of cash flows for specified time
intervals.

Analysis of the results from the first task (Fig. 4) reveals significant differences between the
control and experimental groups in terms of accuracy in solving the task and drawing conclusions,
i.e., decision-making based on the obtained results. To solve this example using the traditional
approach, it was essential to create a table, and after all calculations, the crucial decision was to
determine whether the loan was worth it for the consumer.

group
[l control group
] experimental group

40

Count

Mot exact solution Exact solution
First task

Fig. 4. Students' success in solving the first task on the test in both groups.

Unlike the control group, where only 21 out of 55 students (38.2%) successfully solved the task
and made the appropriate decision; in the experimental group, 32 out of 48 students (66.67%)
solved the task accurately and made the correct decision based on the obtained result. These
differences in the number of correct and incorrect answers were statistically significant (y2 =
8.33,df = 1,p = 0.007 < 0.05), leading to the conclusion that students in the experimental group
were statistically significantly more successful in solving this problem.

A similar conclusion was reached for the second task. There was a significant difference in the
accuracy of solving the problem between the two groups of students (Fig. 5). A careful analysis of
the experimental group’s work revealed that while they encountered difficulty with the complexity
of formulas during the computational process, they overcame this challenge using Excel, which
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allowed for simple calculations and enabled them to focus on interpreting the results and making
decisions for the corresponding models. The percentage of students in the control group who solved
the task correctly was identical to that in the first task (38.2%) while the percentage of correct
answers in the experimental group was nearly double compared to the control group (68.8%). Once
again, the differences in the students' success rates between the two groups were statistically
significant, with the experimental group performing significantly better (y2 = 9.60,df = 1,p =
0.004 < 0.05). Therefore, students who used Excel in their work significantly improved their

ability to determine cash flows, calculate the present value of debt, and combine multiple elements
to determine the total sum of money.

a0 group

W cortrol group
] experimental group

Count

Mot exact solution Exact solution
Second task

Fig. 5. Success of students from the two groups in solving the second task on the test.

20 group

[l control group
] experimental group

Count

Mot exact solution Exact solution
Third task

Fig. 6. Success of students from the two groups in solving the third task on the test.

In solving the third task (Fig. 6), a statistically significant difference in success rates between the
two groups was observed (y? = 4.92,df = 1,p = 0.007 < 0.05). In the control group, almost half
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of the students (47.30%) solved the task successfully, while in the experimental group, the success
rate was much higher, with an average of 70.80%. Analysis of the control group students' work
revealed that although the formulas for solving this task (compared to the previous two tasks) were
much simpler, difficulties arose in adapting the formulas to a specific time interval, where the
formula's degree changes.

group
[l control group
] experimental group

a0

40

30

Count

20

o
Mot exact solution Exact solution

All three exact solutions

Fig. 7. Success of students from both groups in solving all three tasks on the test.

What was particularly interesting to us was the difference between the control and experimental
groups when analyzing the overall success rate across all three tasks (Fig. 7). The differences were
most noticeable here, as, unlike the experimental group, where 20 out of 48 students solved all
three problems correctly; in the control group, only 9 out of 55 students managed to do so. The
differences in the number of students who correctly solved all three tasks were statistically
significant (y? = 8.11,df = 1,p = 0.009 < 0.05). We can conclude that the approach of solving
problems using Excel was effective, as a greater number of students accurately performed the
necessary calculations, correctly interpreted the results, and based their decisions on them.

6. Conclusion

The results of this research show that using Excel in Financial Mathematics teaching in a CSCL
environment with students of Mathematics and Computer Science significantly contributes to the
accuracy and efficiency of problem-solving, as well as the development of skills in analyzing
results, interpreting them, and making decisions based on the given outcomes. Compared to
traditional teaching methods, the experimental group demonstrated a higher success rate in solving
tasks, particularly those requiring complex calculations and analytical approaches.

The use of Excel allowed students to focus on understanding the models and interpreting the
results while the computational processes were automated, reducing the likelihood of calculation
errors. Moreover, through practical examples and collaborative learning, students developed better
competencies in applying mathematical models to real-world financial situations.

In conclusion, this study confirms that integrating software tools like Excel into the teaching
process can significantly improve the quality of education in Financial Mathematics. This approach
enables implementing more complex mathematical models and further connections with
optimization techniques, potentially improving the models used in education and later in practical
applications. Future research could focus on enhancing mathematical models in Financial
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Mathematics and the simultaneous use of optimization techniques, emphasizing integrating more
complex mathematical models into the field.

References

AMIGUES, R., & AGOSTINELLI, S. (1992). Collaborative problem-solving with a computer: How can an
interactive learning environment be designed? European Journal of Psychology of Education, 7, 325-
337.

ALBRIGHT, B., & Fox, W. P. (2019). Mathematical modeling with Excel. Chapman and Hall/CRC.

BENNINGA, S. (2014). Financial modeling. MIT press.

CHEN, J., WANG, M., KIRSCHNER, P. A., & TSAI C. C. (2018). The role of collaboration, computer use,
learning environments, and supporting strategies in CSCL: A meta-analysis. Review of Educational
Research, 88(6), 799-843. https://doi.org/10.3102/0034654318791584

D'Souza, S. M., & WooD, L. N. (2002). Using CSCL methods in secondary mathematics. In Mathematics
Education in the South Pacific (pp. 244-251). MERGA.

GIGNAC, G. E., & STEVENS, E. M. (2024). Attitude toward numbers: A better predictor of financial literacy
and intelligence than need for cognition. Intelligence, 103, 101808.
https://doi.org/10.1016/j.intell.2024.101808

GUERRERO, H., GUERRERO, R., & RAUSCHER. (2019). Excel data analysis. Springer International
Publishing.

GUNAWAN, K. D. H., LILIASARI, S., & KANIAWATI, 1. (2019). Investigation of integrated science course
process and the opportunities to implement CSCL learning environments. In Journal of Physics:
Conference Series (Vol. 1157, No. 2, p. 022051). IOP Publishing. https://doi.org/10.1088/1742-
6596/1157/2/022051

GOODYEAR, P., JONES, C., & THOMPSON, K. (2014). Computer-supported collaborative learning:
Instructional approaches, group processes and educational designs. In Spector, J.M., Merrill,
M.D., Elen, J., & Bishop, M.J. (Eds.) Handbook of Research on Educational Communications and
Technology. [4th ed.]. Springer, New York; London, pp. 439-451.

KUMAR, P., PILLAI, R., KUMAR, N., & TABASH, M. L. (2023). The interplay of skills, digital financial literacy,
capability, and autonomy in financial decision making and well-being. Borsa Istanbul Review, 23(1),
169-183. https://doi.org/10.1016/j.bir.2022.09.012

LAMON, M., SECULES, T., PETROSINO, A., BRANSFORD, J., & GOLDMAN, S. (1996) Schools for thought:
overview of the project and lessons learned from one of the sites. In L. Schauble & R. Glaser (Eds.)
Innovations in learning. New environments for education. (pp. 243-288). Mahwah, NJ: Erlbaum.

LUSARDIL, A. (2019). Financial literacy and the need for financial education: evidence and implications. Swiss
Jjournal of economics and statistics, 155(1), 1-8.

https://doi.org/10.1186/s41937-019-0027-5

MCCONNELL, D. (1994). Managing open learning in computer supported collaborative learning
environments. Studies in higher education, 19(3), 341-358.

MCFEDRIES, P. (2013). Excel 2013 Formulas and Functions. Que Publishing.

MILENKOVIC, A., & VUCICEVIC N. (2024). Advancing students’ achievements in multivariable calculus
education through CSCL. [International Electronic Journal of Mathematics Education,
19(2),:em0776. https://doi.org/10.29333/iejme/ 14472

WAGNER, J. F. (2015). An analysis of the effects of financial education on financial literacy and financial
behaviors. The University of Nebraska-Lincoln.

VUCICEVIC, N. (2024). Advanced Functions and Software Tools in Financial Mathematics: Impact on
Accuracy and Modeling in Education. TEMATCOM, The First Conference on Mathematics and
Computer Science Teaching, August, 29-30, 2024 Kragujevac, Serbia.

ZHANG, C. (2014). Incorporating Powerful Excel Tools into Finance Teaching. Journal of Financial
Education. 40, 87-113.

ZHOU, Y., YANG, M., & GAN, X. (2023). Education and financial literacy: Evidence from compulsory
schooling law in China. The Quarterly Review of Economics and Finance, 89, 335-346.
https://doi.org/10.1016/j.qref.2022.09.006

71


https://doi.org/10.3102/0034654318791584
https://doi.org/10.1016/j.intell.2024.101808
https://doi.org/10.1088/1742-6596/1157/2/022051
https://doi.org/10.1088/1742-6596/1157/2/022051
https://doi.org/10.1016/j.bir.2022.09.012
https://doi.org/10.1186/s41937-019-0027-5
https://doi.org/10.29333/iejme/14472
https://doi.org/10.1016/j.qref.2022.09.006

Vucicevi¢, N. & Milenkovi¢, A.

Appendix
TEST

1.
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Ivan took out a loan of 24000 euros to purchase an apartment. The loan is amortized over 12
years with semi-annual equal annuities and a 5.5% annual interest rate, compounded semi-
annually. After 15 paid annuities, the bank changed the loan terms, reducing the annual interest
rate by 1%, and extended the repayment period by 2 years. Create an amortization plan for
Ivan's loan. How much interest did Ivan pay in the last two years of loan repayment? How many
years would the loan have been repaid if the monthly payment had been the same as after the
change in terms?

When buying a car, the buyer immediately pays 3000 euros, while the remaining debt is repaid
over the next 3 years at 250 euros per month at the end of each month. The seller charges an
annual interest rate of 8% and capitalizes monthly. Determine:

a) The price of the car if the entire payment was made immediately.

b) The amount the buyer must pay in the 20th installment if they missed the first 19 payments
and want to continue with the agreed terms.

c¢) The amount the buyer must pay at the 15th installment if they wish to pay off the entire
debt and have made all previous 14 payments on time.

Employees receive a subsidy from the bank at the beginning of each semester for the next 3
years: 15000 dinars for non-teaching staff and 25000 dinars for teaching staff. It is known that
there are 25 non-teaching staff members and 120 teaching staff members. Determine the total
amount of the deposits at the end of the third year and the present value of the invested amount.
The interest rate is 4%, with monthly capitalization.



