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Figure 10 { Development of the interest rate when using normally distributed random numbers

However, their response turned out to be rather short, see Figure 11.

Figure 11 { Student response 8 - worksheet 2, task 4 (see Dorner, 2017, p. 276, translated)

The participating students had mixed feelings about the idea of using random numbers.
Many students complained about the possibility of getting a negative interest rate. Some wrote
that in most cases, one would agree on a fixed interest rate, so random numbers make no sense.
Four students emphasized its usefulness considering the impossibility of forecasting. Moreover,
they put themselves in the position of a borrower and argued that, by using random numbers,
they are able to consider many eventualities and are therefore better prepared in advance, see
for example Figure 12.

Figure 12 { Student response 9 - worksheet 2, task 5 (translated)

The teacher of this class wrote in his feedback about the worksheets that he appreciates
that only few prerequisites are needed for these worksheets, specifically, that there is needed
no specific knowledge about loans and that students can work individually. Also, there were
a few questions concerning technical issues with GeoGebra. Due to the fact that the students
did not have much experience with modelling tasks, some students posed questions about the
non-realistic assumptions in worksheet 1 task 5 and some students did not have the courage to
set the size of the interval on their own, see worksheet 2 task 4. They asked the teacher to give
them suitable numbers, but he always responded: “Choose the number that makes sense from
your point of view”.

5. Discussion

The goal was for the two worksheets to contribute to the development of financial literacy
and mathematical modelling skills. In order to confirm the successful achievement of these
goals, the two topics will be considered separately.
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Both worksheets focus, above all, on the sub-competencies interpreting and validating. The
modelling of loan repayments initiated through the instructions on the worksheets seems to be
suitable for this intention. The outcomes of the teaching trial show that this environment puts
students in a position that allows them to interpret fairly complex relations between interest
rates and repayments. While some responses turned out rather short or not precise enough,
most students considered the important issues of each task. Furthermore, students were quite
critical and recognized flaws in the modelling process, such as negative interest rates, growing
debt although installments were being paid, as shown in more detail in section 4. Interestingly,
the teacher’s feedback reveals that some students struggled with validating model 1. But in
the end, all students validated both models reasonably and even though not all of their work
encompassed every detail, they recognized unrealistic assumptions. Maybe this can be traced
back to the prescribed instructions during the first steps of the modelling process, which might
have led them to the easier position of validating an already outlined model instead of their
own model. It must be emphasized that the teacher has to collectively discuss and compare
the different student answers at the end of this teaching sequence. The responses of the trial
show high potential for fruitful discussions. During these, teachers can deepen the coverage of
issues such as the mathematical background, appropriate interpretations and limitations of the
models.

From the students’ responses, one can deduce that the presented task set contributes to
financial literacy. While working through the exercises, students deal with the dynamics of in-
terest rates and their impact on the repayment schedule. Hence, they consider sources of risks
and equip themselves with knowledge that is useful for borrowings. Therefore, students have a
more solid foundation for deciding between fixed interest rates and floating interest rates when
raising a loan, as can be seen in Figure 12. Furthermore, the interplay of mathematical literacy
and financial literacy is observable in the students responses: interpreting diagrams or charts
requires mathematical skills that can be placed in a financial context, see figures 3, 4, 5, 6 and
7 and in order to validate models, one needs financial literacy that can be transferred into a
mathematical language, see figures 8, 9 and 11. Altogether, the tasks presented above prepare
students for making effective decisions in the financial world, which is one of the main parts of
the definition of financial literacy.

These worksheets can be considered as a starting point for further (mathematical) activi-
ties focusing on topics such as geometric series, recurrence relations, probability calculations,
normal distribution, paper and pencil calculations and, of course, interdisciplinary teaching.
Further financial topics for mathematics that can contribute to mathematical literacy and fi-
nancial literacy are for example: discounts (How can algebra be used to shop intelligently?),
diversification (Is it wise to put all of your money into a single stock?), randomness of stock
prices (Can one predict stock prices in the future?).
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Wohlbefinden beiträgt [Press release: Every second Austrian has consumer
debt. Almost every second Austrian (exactly 47 %) has consumer debt–which
does not really contribute to personal wellbeing.]

https://www.ing.at/fileadmin/uploads/media/kommunikation/

pressemeldungen/2016/PI_29_06_2016_Privatschulden/PI_

Privatschulden_29062016_V02.pdf

Lusardi A. and Mitchell O.S. (2014).
The economic importance of financial literacy: Theory and evidence.
Journal of Economic Literature, 52(1), 5–44.
https://doi.org/10.1257/jel.52.1.5

Maaß K. (2004).
Mathematisches Modellieren im Unterricht: Ergebnisse einer empirischen Studie

[Mathematical modelling in the classroom: results of an empirical study].
Franzbecker.

Maaß K. (2006).
What are modelling competencies?
ZDM, 38(2), 113–142.
https://doi.org/10.1007/BF02655885

Mills J.D. (2002).
Using computer simulation methods to teach statistics: A review of the literature.
Journal of Statistics Education, 10(1), 20 pages.
https://doi.org/10.1080/10691898.2002.11910548

Moreno–Armella L., Hegedus S.J. and Kaput J.J. (2008).
From static to dynamic mathematics: Historical and representational perspectives.
Educational Studies in Mathematics, 68(2), 99–111.
https://doi.org/10.1007/s10649-008-9116-6

Mousoulides N.G. (2011).
Geogebra as a conceptual tool for modeling real world problems.
In L. Bu and R. Schoen (Eds.), Model-centered Learning–Pathways to

Mathematical Understanding Using GeoGebra (pp. 105–118).
SensePublishers.

https://doi.org/10.1007/978-94-6091-618-2_8

OECD (2016).
OECD/INFE International Survey of Adult Financial Literacy Competencies.
PISA, OECD Publishing. Published online.

@MSEL ISSN 1988-3145

http://polipapers.upv.es/index.php/MSEL
https://doi.org/10.4995/msel.2022.16247
https://doi.org/10.1007/s13138-020-00178-9
https://www.ing.at/fileadmin/uploads/media/kommunikation/pressemeldungen/2016/PI_29_06_2016_Privatschulden/PI_Privatschulden_29062016_V02.pdf
https://www.ing.at/fileadmin/uploads/media/kommunikation/pressemeldungen/2016/PI_29_06_2016_Privatschulden/PI_Privatschulden_29062016_V02.pdf
https://www.ing.at/fileadmin/uploads/media/kommunikation/pressemeldungen/2016/PI_29_06_2016_Privatschulden/PI_Privatschulden_29062016_V02.pdf
https://doi.org/10.1257/jel.52.1.5
https://doi.org/10.1007/BF02655885
https://doi.org/10.1080/10691898.2002.11910548
https://doi.org/10.1007/s10649-008-9116-6
https://doi.org/10.1007/978-94-6091-618-2_8


M
o
de
lli
ng

in
S
ci
en
ce

E
du

ca
ti
on

an
d
L
ea
rn
in
g

ht
tp
:/
/p

ol
ip
ap
er
s.
up

v.
es
/i
nd

ex
.p
hp

/M
S
E
L

74
Interpreting and validating models of loans

Christian Dorner

OECD (2019a).
PISA 2018 Assessment and Analytical Framework
PISA, OECD Publishing.
https://doi.org/10.1787/b25efab8-en

OECD (2019b).
PISA 2021 Financial Literacy Analytical and Assessment Framework.
PISA, OECD Publishing. Published online.

OECD (2020).
PISA 2018 Results (Volume IV): Are Students Smart about Money?
PISA, OECD Publishing.
https://doi.org/10.1787/48ebd1ba-en

Ozkale A. and Erdogan E.O. (2020).
An analysis of the interaction between mathematical literacy and financial

literacy in PISA*.
International Journal of Mathematical Education in Science and Technology.
https://doi.org/10.1080/0020739X.2020.1842526

Pead D., Ralph B. and Muller E. (2007).
Uses of technologies in learning mathematics through modelling.
In W. Blum, P.L. Galbraith, H.-W. Henn and M. Niss (Eds.), Modelling and

Applications in Mathematics Education. New ICMI Study Series (pp. 309–318).
Springer.

https://doi.org/10.1007/978-0-387-29822-1_32

Pollak H.O. (1977).
The interaction between mathematics and other school subjects (including

integrated courses).
In H. Athen and H. Kunle (Eds.), Proceedings of the Third International Congress

on Mathematical Education. Zentralblatt für Didaktik der Mathematik [The
International Journal on Mathematics Education] (pp. 255–264).

Siller H.-S. and Greefrath G. (2010).
Mathematical modelling in class regarding to technology.
In V. Durand-Guerrier, S. Soury-Lavergne and F. Arzarello (Eds.), Proceedings

of the sixth Congress of the European Society for Research in Mathematics
Education (pp. 2136–2145). Institut National de Recherche Pédagogique.

http://ife.ens-lyon.fr/publications/edition-electronique/

cerme6/wg11-10-siller.pdf

Schupp H. (1989).
Applied mathematics instruction in the lower secondary level–Between traditional

and new approaches.
In W. Blum, J. S. Berry, R. Biehler, I. D. Huntley, G. Kaiser-Messmer and

 L. Profke (Eds.), Applications and Modelling in Learning and Teaching
Mathematics (pp. 37–46). Ellis Horwood.

Sole M.A. (2014).
Financial literacy: An essential component of mathematics literacy and numeracy.
Journal of Mathematics Education at Teachers College, 5(2), 55–62.
https://doi.org/10.7916/jmetc.v5i2.655

ISSN 1988-3145 @MSEL

http://polipapers.upv.es/index.php/MSEL
https://doi.org/10.1787/b25efab8-en
https://doi.org/10.1787/48ebd1ba-en
https://doi.org/10.1080/0020739X.2020.1842526
https://doi.org/10.1007/978-0-387-29822-1_32
http://ife.ens-lyon.fr/publications/edition-electronique/cerme6/wg11-10-siller.pdf
http://ife.ens-lyon.fr/publications/edition-electronique/cerme6/wg11-10-siller.pdf
 https://doi.org/10.7916/jmetc.v5i2.655


M
o
de
lli
ng

in
S
ci
en
ce

E
du

ca
ti
on

an
d
L
ea
rn
in
g

ht
tp
:/
/p

ol
ip
ap
er
s.
up

v.
es
/i
nd

ex
.p
hp

/M
S
E
L

Volume 15 (1), doi: 10.4995/msel.2022.16247. 75

Sole M.A. (2017).
Financial education: Increase your purchasing power.
Mathematics Teacher, 111(1), 60–64.
https://doi.org/10.5951/mathteacher.111.1.0060

Wess R. (2020).
Professionelle Kompetenz zum Lehren mathematischen Modellierens.

Konzeptualisierungen, Operationalisierungen und Förderung von
Aufgaben-und Diagnosekompetenz [Professional competence in
teaching mathematical modelling.Conceptualizations,
operationalizations and promotion of task and diagnostic skills].

Springer Spektrum.
https://doi.org/10.1007/978-3-658-29801-2

@MSEL ISSN 1988-3145

http://polipapers.upv.es/index.php/MSEL
https://doi.org/10.4995/msel.2022.16247
https://doi.org/10.5951/mathteacher.111.1.0060
https://doi.org/10.1007/978-3-658-29801-2


M
o
de
lli
ng

in
S
ci
en
ce

E
du

ca
ti
on

an
d
L
ea
rn
in
g

ht
tp
:/
/p

ol
ip
ap
er
s.
up

v.
es
/i
nd

ex
.p
hp

/M
S
E
L

http://polipapers.upv.es/index.php/MSEL

