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Abstract. The study examined the structure of beliefs of the undergraduate students
who study economics about the value of mathematics as a tool and the use of
representations in understanding exponential and logarithmic functions in relation to
their respective self-efficacy beliefs. Results revealed that the students’ beliefs and
self-efficacy beliefs constitute a coherent model with high loadings. The low
interrelation between the students’ self-efficacy beliefs and their beliefs indicate that
students need positive experiences in order to improve self-efficacy beliefs. The
teaching processes in the economic sciences in higher education should reclaim and
exploit their positive beliefs about the value of mathematics and the importance of
using different modes of representations.
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Sunto. Lo studio ha preso in esame la struttura delle convinzioni degli studenti
universitari che studiano economia sul valore della matematica come strumento e
l'uso delle rappresentazioni nella comprensione delle funzioni esponenziali e
logaritmiche in relazione alle loro rispettive convinzioni di autoefficacia. I risultati
hanno rivelato che le convinzioni e le convinzioni di autoefficacia degli studenti
costituiscono un modello coerente con carichi elevati. La bassa interrelazione tra le
convinzioni di autoefficacia degli studenti e le loro convinzioni indica che gli studenti
hanno bisogno di esperienze positive per migliorare le convinzioni di autoefficacia. 1
processi di insegnamento delle scienze economiche nell’istruzione superiore
dovrebbero rivendicare e sfruttare le loro convinzioni positive sul valore della
matematica e sull’importanza di utilizzare diverse modalita di rappresentazione.

Parole chiave: credenze, credenze di autoefficacia, rappresentazioni, funzioni, studi di
economia.



64 La matematica e la sua didattica » Anno 28, n. 1, 2020, 63-85

Resumen. El estudio examiné la estructura de las creencias de los estudiantes de
pregrado que estudian economia sobre el valor de la matemdtica como herramienta y
el uso de representaciones en la comprension de las funciones exponenciales y
logaritmicas en relacion con sus creencias de autoeficacia. Los resultados revelaron
que las creencias y las creencias de autoeficacia de los estudiantes constituyen un
modelo coherente con las altas cargas. La baja interrelacion entre las creencias de
autoeficacia de los estudiantes y sus creencias indica que los estudiantes necesitan
experiencias positivas para mejorar las creencias de autoeficacia. Los procesos de
ensefianza en las ciencias economicas de la educacion superior deben reclamar y
explotar sus creencias positivas sobre el valor de la matematica y la importancia de
utilizar diferentes modalidades de representaciones.

Palabras clave: creencias, creencias de autoeficacias, representaciones, funciones,
estudios econdémicos.

1. Introduction

The value of investigating various affective factors in higher education is
indicated considering the number of studies (e.g. Crawford, Gordon, Nicholas,
& Prosser, 1998; Van Dinther, Dochy, & Segers, 2011) that focus on this field.
Recently, researchers (e.g. Dreher, Kuntze, & Lerman, 2015; Stohlmann,
Moore, Cramer, & Maiorca, 2015) investigated pre-service teachers’ views
about using multiple representations in the mathematics classroom. Despite
this interest, a limited number of studies have examined the beliefs concerning
the use of mathematical representations of undergraduate students enrolled in
disciplines other than mathematics or education. It is evident that various
fields and disciplines make use of mathematics. For example, mathematical
models describe complex phenomena and systems such as stock markets and
logistics. Because of all the challenges occurring in the contemporary world,
problems of economics and finance, social, environmental, and management
sciences are being examined trying to find quantitative models based on
mathematical and statistical theories, methods and tools (Melnik, Makarov, &
Belair, 2017).

The aim of the study is to examine the structure of important aspects of
affective system, the beliefs and self-efficacy beliefs, concerning mathematics
as a tool and the use of representations in understanding exponential and
logarithmic functions of undergraduate students who study economics.
Mathematical representations are increasingly vital as far as expression and
communication of ideas in economics is concerned. This is interesting,
particularly with respect to the need for public understanding of economics.
Furthermore, progressively more activity in the financial market is governed
by mathematical models. In fact, economists are using economic and
mathematical methods to analyze economic processes and predict any possible
outcomes of economic activity (Mandanov & Khasanova, 2014). It should be
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noted that we concentrate on the concept of function for which a variety of
representations such as diagrams, words and symbols are used. Additionally, it
is a concept, which is used every day for currency and measurements
especially by the economists.

As students of economics are the future professionals in the markets, this
study attempts to make both a theoretical and practical contribution to the
literature regarding undergraduate students’ beliefs and self-efficacy beliefs
concerning representations. Considering the fact that beliefs and self-efficacy
beliefs are characterized as multidimensional constructs (Bandura, 1989;
Goldin, 2002; Buehl & Alexander, 2006), the present study will clarify
important aspects of such constructs. Furthermore, a number of studies (e.g.
Bartimote-Aufflick, Bridgeman, Walker, Sharma, & Smith 2016; Lizzio,
Wilson, & Simons 2002; Chemers, Hu, & Garcia 2001) demonstrate that
affective factors reflect the quality of teaching methods in higher education,
the teaching environment and the students’ outcomes. Thus, the results of
studies concerning affective factors such beliefs and self-efficacy beliefs are
important to identify corresponding needs for economics in higher education.

2. Literature review

2.1. Beliefs and self-efficacy beliefs

Affective variables are considered by Boekaerts (2003) as important for
learning. According to social cognitive theory, human behavior, environment
and personal factors (e.g. cognition, emotion and motivation) work
accordingly towards each other (Chiu & Klassen, 2010). Beliefs are among the
main components of the affective domain (Goldin, 2002). Philipp (2007)
defines beliefs as “psychologically held understandings, premises, or
propositions about the world that are thought to be true” (p. 259). Self-efficacy
beliefs are beliefs about the ability to “organize and execute the courses of
action required to produce given attainments” (Bandura, 1997, p.3).
According to Bandura’s social cognitive theory, self-efficacy acts as agent of
motivational orientation that enhances persistence in the case of difficulties,
increases intentionality and long-term planning, and determines the
development of self-regulation and self-correcting actions in a critical way
(Bandura, 2001).

Several researchers (e.g. Gomez-Chacon, Romero-Albaladejo, & Garcia
Lopez, 2016) stress the role that beliefs play in the performance of students in
mathematics, because beliefs affect the way in which students learn and use
mathematics. It was also found by many researchers that self-efficacy
influences academic motivation, learning and achievement (Pajares, 1996;
Schunk, 1981; Komarraju & Nadler, 2013). Recently, Laging and VoBkamp
(2017) include self-efficacy beliefs among the main determinants of
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mathematics performance of first-year students in several business
administration and economics study programs. Therefore, before investigating
students’ achievement in functions, we conclude that it is important to
examine the structure of their beliefs and self-efficacy beliefs.

2.2. The semiotic approach to teaching and learning mathematics

The semiotic approach to teaching and learning mathematics is one of the
most important and popular learning theories in mathematics education.
Without any doubt one of the most eminent researcher in the domain is
Raymond Duval. Some of his books and published articles have contributed to
the development of the theoretical background of this domain of research
(Duval, 1995, 2017). Moreover, a large number of publications support the
theoretical and experimental semiotic approach to learning and teaching
mathematics.

Thus, in the current bibliography it is widely accepted that it is important
in mathematics teaching and learning to deal with multiple representations
(Dreher & Kuntze, 2015). A representation is considered to be a sign or
configuration of signs, characters or objects that can demonstrate something
else apart from itself (Goldin & Shteingold, 2001). When students recognize
the same concept in multiple systems of representations, manipulate the
concept within these representations and convert it from one system of
representation to another flexibly, engage in deeper sense making and
understanding of the particular mathematical concept (Lesh, Post, & Behr,
1987) and see rich relationships (Even, 1998). A very important idea is that a
single representation does not describe completely a mathematical construct.
Thus, the use of multiple representations for the same mathematical situation
is essential to understand mathematics and facilitates students to use
effectively the different advantages each representation offers (Duval, 2006).
Deliyianni, Gagatsis, Elia and Panaoura (2016) concentrate on representational
flexibility and underline the need to give students a variety of situations
including representational transformations with varied complexities
concerning the same mathematical concept, the systems of representations,
and the direction of inter-representational transformations.

Finally a special issue of the journal “Revista Latinoamericana de
Investigaciéon en Matematica Educativa” on the topic “Semiotics and
Mathematics Education” (“Semiotica y Education Matematica”) edited by two
famous researchers in the domain of mathematics education, Bruno D’ Amore
and Louis Radford, gives a very rich spectrum of researches related to
semiotic representations and a considerable enforcement in the related
theoretical framework.

The large number of researches on the use of representations could be
roughly divided in 5 categories:

e The semiotic approach in mathematics education (e.g. Duval, 1995, 2017,
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Goldin & Shteingold, 2001; D’ Amore & Radford, 2006).

e The role of representational flexibility in understanding and learning
mathematics (e.g. Duval, 2006; Gagatsis, Deliyianni, Elia, & Panaoura,
2011, 2017; Deliyianni, Gagatsis, Elia, & Panaoura, 2016).

e The role of representations in problem solving (e.g. Theodoulou, Gagatsis,
& Theodoulou, 2004; Gagatsis, & Shiakalli, 2004; Elia, Gagatsis, &
Demetriou, 2007; Elia, 2020).

e Cognitive and affect factors related to the use of representations (e.g.
Panaoura, Gagatsis, Deliyianni, & Elia, 2009, 2010).

e The definition of a mathematical concept and its relation to the
representation flexibility (e.g. Elia, Panaoura, Eracleous, & Gagatsis,
2007; Panaoura, Michael-Chrysanthou, Gagatsis, Elia, & Philippou, 2017).

2.3. The concept of function

Both secondary and higher education should aim to develop “a sense for
function” (Eisenberg, 1992, p. 154). In order to achieve this, Eisenberg (1992)
suggests that students should have the ability to relate graphical and analytical
representations of functions. Because of the nature of the concept of function
and of its central role in the mathematics of the secondary education, a
substantial number of research studies (e.g. Hitt, 1998; Gagatsis & Shiakalli,
2004; Gagatsis, Elia, & Mousoulides, 2006, Ariza, Llinares, & Valls, 2015;
Panaoura, Michael-Chrysanthou, Gagatsis, Elia, & Philippou, 2017) have
examined the role that different representations play in the understanding and
interpretation of functions. In fact, we have examples of publications in all the
above mentioned 5 categories.

On the other hand, Ariza et al. (2015) support that the understanding of
economic concepts is related to students' capacity to perform conversions and
treatments among the algebraic and graphic representation of the function-
derivative relationship when they extract the economic meaning of
concavity/convexity in graphs of functions using the second derivative. It is
evident that students face difficulties with functions which are caused by the
need to connect various function representations such as equations, graphs and
tables (Schoenfeld, Smith, & Arcavi, 1993). It is characteristic that a number
of students believe that a function must be defined using a single algebraic
formula and believe that the table is not a function (Clements, 2001). As
Dubinsky and Wilson (2013) emphasize, even students who recognize various
types of representations of functions, cannot integrate ideas from various
representations. Furthermore, it is important that students perceive the inherent
weaknesses of each representation and choose the most appropriate according
to the specific context (Nyikahadzoyi, 2015).

Thus, the present study concerns the concept of function and in particular
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the cognitive and affect factors related to the use of representations in
functions that is the fourth category of the above-mentioned classification.

2.4. Hypotheses of the study

Buehl and Alexander (2006) suggest that beliefs concerning knowledge are
complex, multidimensional and interactive. As there is much knowledge, there
are many beliefs concerning knowledge that are part of one’s epistemological
belief system. If individuals retain varied and sometimes opposite forms of
knowledge in memory, then it is conceivable that the beliefs concerning such
knowledge can be similarly varied and even opposite. Thus, while students
may profess beliefs concerning the ambiguity of knowledge generally, they
may also consider school knowledge to be rather certain (Buehl & Alexander,
2006). We assume that beliefs concerning the use of representations, beliefs
about the value of mathematics as a tool in economics and the use of
representations in exponential and logarithmic functions constitute distinct
components of the domain of beliefs (hypothesis 1). Similarly,

e beliefs concerning the use of representations in general and beliefs
concerning the importance of using representations in economics
constitute distinct components of beliefs concerning the wuse of
representations (hypothesis 2a);

e beliefs concerning the value of mathematics for an economist and beliefs
concerning the value of mathematics for the science of economics
constitute distinct components of beliefs concerning the value of
mathematics in economics (hypothesis 2b);

e beliefs concerning the use of representations in exponential functions and
the use of representations for logarithmic functions constitute distinct
components of beliefs concerning the use of representations in functions,
respectively (hypothesis 2c¢).

Mason and Scrivani (2004) indicate that beliefs concerning mathematics,
mathematical learning and problem-solving and beliefs concerning the self in
relation to mathematics constitute different categories of beliefs. As a result,
we assume that self-efficacy beliefs are a distinct component of a higher-order
construct that may be thought to stand for a major part of the affective domain
regarding representations for the learning of functions (hypothesis 3). Selt-
efficacy is a multidimensional construct (Bandura, 1989) so self-efficacy
beliefs concerning mathematics, the use of representations, the use of
representations for exponential functions and the use of representations for
logarithmic functions constitute distinct components of the self-efficacy
domain (hypothesis 4).
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3. Methodology

The study was conducted among the undergraduate students of the Faculty of
Economics and Management at the University of Cyprus during the academic
year 2015-2016 (all 241 year-1 students, all 130 year-4 students). It is evident
that the present study is not a longitudinal one, the 130 students of the fourth
year are different from the 241 students of the first year. Despite this, we
believe that it is always useful to compare the beliefs of two groups of students
of the same Faculty, despite the fact that we cannot give a solid interpretation
to the results of the comparison. A questionnaire was compiled in order to
investigate the students’ beliefs and self-efficacy beliefs concerning
mathematics, the use of representations in general and exponential and
logarithmic functions in particular. The questionnaire comprises of 56 Likert-
type items of five points (one = strongly disagree, five = strongly agree). The
reliability of the questionnaire was high (Cronbach’s alpha = 0.93). The items
were content and face-validated by a professor of economics, an associate
professor of management and a professor and an associate professor of
mathematics education. The items were piloted before their final
administration among 20 year-4 undergraduate students studying in the
Faculty of Economics at the Aristotle University of Thessaloniki. Based on the
specialists’ comments and how the students participating in the pilot phase
replied, a number of revisions were made regarding its length and clarity. The
items of the questionnaire and their coding may be found in the Appendix.

The questionnaire consisted of statements, which were divided into two
main categories. The first category investigated students’ beliefs concerning
mathematics which included the following dimensions: (a) beliefs concerning
the value of mathematics as a tool in relation to their studies, (b) beliefs
concerning the value of using different representations, (c) beliefs concerning
the value of using representations in relation to their studies, (d) beliefs
concerning the value of using representations of exponential and logarithmic
functions in relation to their studies. The second category investigated
students’ self-efficacy beliefs concerning: (a) their mathematics achievement,
(b) the use of representations and (c) the use of representations of exponential
and logarithmic functions. The questionnaire was administered to the students
by the researcher, who is one of the authors, under usual classroom conditions
after explaining to them the aim and the significance of the present study.
Lecturers left the room, 40 minutes before the end of their teaching period.
Students completed the questionnaire in the presence of the researcher who
had a passive role as a supervisor.

It should be noted that the questionnaire was anonymous. Despite the fact
that the participation was voluntary, all the students filled in the questionnaire.
In order to confirm the structure of students’ beliefs and self-efficacy beliefs a
confirmatory factor analysis model was constructed using Bentler’s (1995)
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structural equation modelling program (EQS). The tenability of a model can
be determined using the following measures of goodness of fit: x2/degrees of
freedom (df) < 1.95, (comparative fit index) CFI > 0.9 and (root mean square
error of approximation) RMSEA < 0.06. Firstly, confirmatory factor analysis
was used in order to confirm the structure of the factors of beliefs and self-
efficacy beliefs and then it was used in order to examine the interrelations
among those affective variables. On the other hand, despite the fact that the
two samples of students, do not belong to the same population, it is useful to
examine the possible similarity of the beliefs of the two groups of students.
That is why, an independent t-test analysis in SPSS statistics was used in order
to examine if there were any differences concerning the factors of beliefs and
self-efficacy beliefs among year-1 and year-4 students.

4. Results
4.1. Structure of students’ beliefs and self-efficacy beliefs

Figure 1 presents the results of the elaborate model that fits the data
reasonably well (x2/df=1.67, df = 1283, CFI =0.948, RMSEA = 0.043). The
third order model that is considered appropriate, in respect to the hypotheses,
for interpreting students’ beliefs and self-efficacy beliefs involves 10 first-
order factors, 4 second-order factors and a third-order factor. The four second-
order factors that correspond to students’ self-efficacy beliefs concerning
mathematics and the use of representations (F11), their beliefs concerning the
use of representations (F12), beliefs concerning the value of mathematics in
economics and for an economist (F13) and beliefs concerning the use of
representations in exponential and logarithmic functions (F14) are highly
regressed on a third-order factor that stands for the affective domain regarding
the representations for learning the concept of functions. Therefore, hypothesis
1 and 3 stated above are verified.

The four first-order factors (F1-F4) express the students’ self-efficacy
beliefs. Specifically, first-order factors refer to the following: self-efficacy
beliefs concerning mathematics (F1), the use of representations (F2), the use
of representations for exponential functions (F3) and the use of representations
for logarithmic functions (F4). Those first-order factors regressed on a second-
order factor concerning the students’ self-efficacy beliefs, as hypothesis 4
supposes.

The second second-order factor expresses students’ beliefs concerning the
use of representations. It consists of two first-order factors concerning their
beliefs concerning the use of representations (F5) and the importance of using
representations in economics (F6). The third second-order factor expresses
students’ beliefs concerning the value of learning mathematics. It consists of
two first order factors concerning the value of mathematics in economics (the
first one is about the economists — F7 and the second one is about the science
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of economics — F8). Finally, the fourth second-order factor expresses students’
beliefs concerning the use of representations in function concepts. It consists
of two first-order factors about students’ beliefs concerning the use of
representations for the exponential functions (F9) and logarithmic functions
(F10). Thus, hypotheses 2a to 2¢ are confirmed as well.

The high loadings indicate that there is a coherent model as far as
undergraduate students’ beliefs and self-efficacy beliefs concerning the
specific domain are concerned. Students’ self-efficacy beliefs regressed with a
lower loading (0.526) on the third-order factor than their beliefs concerning
the value of the representations in general (0.776), the value of mathematics
(0.933) and the use of representations for the exponential and logarithmic
functions (0.918). Thus, the results provide evidence that students have
stronger beliefs than self-efficacy beliefs.
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Figure 1. The CFA model of students’ beliefs and self-efficacy (SE) beliefs.
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4.2. Interrelations among the students’ beliefs and self-efficacy beliefs

Figure 2 presents the interrelations among undergraduate students’ beliefs and
self-efficacy beliefs concerning mathematics and the use of representations for
functions. In particular, we concentrated on the interrelations between the
second-order factors in order to examine: a) the impact of beliefs on self-
efficacy beliefs and b) the impact of more general beliefs concerning the value
of mathematics and representations on more specific beliefs concerning the
use of representations in logarithmic and exponential functions. The highest
statistically significant loading is the one between the students’ beliefs
concerning the value of representations and their beliefs concerning the value
of mathematics (0.918). This finding is explained considering the fact that
students relate mathematics to the presence of symbols, graphs and models. At
the same time the interrelations between their beliefs concerning the value of
mathematics for the economic science is highly related to their beliefs
concerning the use of representations for functions (0.873). It seems that
students who have strong beliefs concerning the value of mathematics as one
of the major subjects in their studies, have at the same time strong beliefs
concerning the value of using representations in general and solving
exponential and logarithmic functions.

The interrelation between students’ beliefs concerning the use of
representations in general and exponential and algorithmic functions is close
as well (0.759). This is explained by the fact that university students
appreciate the value of representations broadly.

The interrelation among students’ self-efficacy beliefs concerning
mathematics and their beliefs concerning the use of representations in general
is statistically significant, but not as high (0.594) as the aforementioned ones.
It seems that there are students who have strong beliefs, but they do not have
the corresponding strong self-efficacy beliefs. Similarly, the interrelation
among students’ beliefs concerning the use of representations in the case of
exponential and logarithmic functions and their self-efficacy beliefs in
mathematics is statistically significant, but not high (0.573). However, the
interrelation among students’ beliefs concerning the value of mathematics for
the economic science with their self-efficacy beliefs concerning mathematics
is higher (0.653) than the aforementioned one. In general, it seems that there
are students who have strong beliefs but do not have at the same time strong
self-efficacy beliefs. A possible explanation for this is that students face
difficulties in mathematics that do not allow them to achieve high
performance.
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Figure 2. Interrelations among students’ beliefs and self-efficacy beliefs.
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4.3. Differences between year-1 and year-4 students’ beliefs and self-
efficacy beliefs

We have already noticed, that the present study is not a longitudinal one, the

two samples of students are different. Thus, any comparisons of the means and

standard deviations of each affective factors for year-1 and year-4 students, of

the following Table 1 must be interpreted with caution.

Table 1
Mean and standard deviations of affective factors in each year

15t year 4" year
Factors X S.D. X S.D.
F1: SE Beliefs - Mathematics 3,46 0,71 3,64 0,67
F2: SE Beliefs - Representations 3,47 0,63 3,49 0,66
F3: SE Beliefs - Representations (Exp) 3,30 0,64 3,34 0,78
F4: SE Beliefs - Representations (Log) 3,16 0,65 3,18 0,71
F5: Beliefs - Representations 3,94 0,54 391 0,59
F6: Beliefs - Representations (Economics) 3,75 0,57 3,83 0,54
F7: Beliefs - Mathematics (Economist) 3,46 0,65 3,46 0,74
F8: Beliefs - Mathematics (Economics) 3,58 0,69 3,69 0,66
F9: Beliefs - Representations (Exp) 3,00 0,87 2,70 0,90
F10: Beliefs - Representations (Log) 3,24 0,82 3,12 0,84

According to the results, there is no statistical significance difference between
year-1 and year-4 students’ self-efficacy beliefs concerning mathematics and
the use of representations (F1-F4), their beliefs concerning the value of
representations (F5-F6), the value of mathematics for the science of
economics (F7-F8) and students’ beliefs concerning the use of the
representations for the logarithmic functions (F10).

However, year-1 students’ beliefs concerning the use of representations for
the exponential functions (F9) are significantly stronger (p<0.05) in relation to
those of year-4 students. This could be explained by the fact that the two
samples of the students are not the same. We could also take into account the
fact that the mathematics modules which students attend in year 1 and their
requirements involved mainly exponential functions. Students who study
economics at the University of Cyprus take a refresher mathematics module in
the first semester. The module introduces mainly the basics of exponential
functions. In the second and third semester students are enrolled in two



76 La matematica e la sua didattica » Anno 28, n. 1, 2020, 63-85

modules in mathematical economics that focus on calculus and optimization.
These modules do not offer any additional treatment of exponential functions
but typically use them as examples in a limited number of applications. During
the rest of their studies students generally do not often come across
exponential functions as they are not commonly used to economic problems.
Students who take optional modules in finance are more likely to encounter
them as they are more commonly used to that field in order to analyze
concepts such as compounding and present value calculations.

5. Discussion

Economics is a science that involves a large number and a wide variety of
concepts, variables and models (Moosevian, 2016) and uses mathematics in
order to explain phenomena and support assumptions. The present study
concentrates on students’ beliefs concerning the value of mathematics and
representations for understanding functions, and their corresponding self-
efficacy beliefs during their studies in economics. The confirmatory factor
analysis indicated that ten first-order factors were required to account for the
second-order factors for the beliefs and the self-efficacy beliefs concerning the
role of mathematics in the science of economics, the role of representations in
mathematics learning in general and in exponential and logarithmic functions
in particular. The factor loadings of the proposed three-order model suggested
that the affective domain regarding representations for the learning of
functions constituted a multifaceted construct in which general beliefs
concerning the use of representations, particular beliefs concerning the use of
representations in functions, beliefs concerning the value of mathematics and
self-efficacy beliefs concerning their ability in mathematics and the use of
representations were involved. It should be mentioned that these constructs do
not cover the whole spectrum of the affective domain regarding
representations of functions. We suggest, however, that they reveal some
needs that students have which if taken into consideration during the
organization of economics modules may contribute to the improvement of
students' beliefs and self-efficacy beliefs.

It is interesting that year-1 and year-4 students’ self-efficacy beliefs
concerning mathematics and the use of representations, their beliefs
concerning the value of representations, the value of mathematics for the
science of economics and students’ beliefs concerning the use of
representations for the concept of function do not differ significantly. Taking
into account that the present study is not a longitudinal one, we cannot give a
solid interpretation to the above-mentioned stability of beliefs.

Findings indicate that students of economic sciences have stronger beliefs
concerning the value of mathematics for their studies and for the significance
of using representations in general and the concept of function in particular
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than the corresponding self-efficacy beliefs. Although we do not have data
about their corresponding mathematics performance, we believe that the
difficulties students face during the first year of their studies or their previous
experiences during the secondary education may act as obstacles to improve
their self-efficacy beliefs. The next phase of our research will examine the
interrelation of self-efficacy beliefs with previous mathematics achievements
and with recent mathematics experience. A number of previous studies (e.g.
Panaoura, Michael-Chrysanthou, Gagatsis, & Philippou, 2017; Sajka, 2003)
indicate that students face many difficulties in understanding functions at
different ages of secondary education which may affect their beliefs in higher
education. Therefore, a possible explanation for our findings is that their
experiences at secondary education and in particular their mathematical
performance as it is revealed by their final grades in mathematics do not allow
some students to develop strong self-efficacy beliefs (Panaoura, Gagatsis,
Deliyianni, & Elia, 2010). They need strong and continuous positive
experiences in order to change their self-efficacy beliefs. However, the fact
that students have stronger beliefs than self-efficacy beliefs could be perceived
as a positive result as they probably indicate that students realize the
difficulties that they face and they do not tend to overestimate their abilities
(Pajares & Miller, 1994). The accurate self-representation concerning the
strengths and limitations is a presupposition for the development of self-
regulation (Panaoura, Gagatsis, & Demetriou, 2009), an ability which is
necessary in order to overcome difficulties. In fact, a priority of higher
education should be to enable economics students to evaluate their own
strengths and limitations and teach them self-regulatory strategies in order to
persist in overcoming obstacles and difficulties during their studies. Their
beliefs and their self-efficacy beliefs in the value of mathematics will be
developed indirectly. This could also be true for science, engineering, and
technology students, since mathematics is important for their studies as well.
The present study highlights the strong interrelations among students’
beliefs and self-efficacy beliefs concerning the use of mathematics and
representations effectively in understanding and presenting the concepts of the
economic science. The university students’ beliefs concerning the value of
mathematics are of great importance. Hannula (2011) claimed that empirical
research into mathematics-related beliefs indicates an overall pattern, where
positive (or negative) beliefs are related to each other and to positive (or
negative) emotions and positive (or negative) motivation. Believing that
studying mathematics is important for their studies constitutes the first step in
an attempt to make them believe that their abilities can change through hard
work, persistence and insistence in facing and overcoming cognitive
difficulties. Their positive strong beliefs concerning the value of mathematics
for the economic science and the use of representations in mathematics could



78 La matematica e la sua didattica » Anno 28, n. 1, 2020, 63-85

be reclaimed in order to overcome difficulties, develop self-regulatory
strategies, improve their outcomes and consequently increase their self-
efficacy. As Bartimote-Aufflick et al. (2015) indicate, university students’
self-efficacy is higher under certain conditions than others and can be
improved over time. For instance, research results indicate that self-efficacy

was higher when particular teaching strategies were employed (Bartimote-
Auftlick et al., 2015).

6. Conclusions and future study

The proposed structural model was found to function well in this study and
revealed valuable information about undergraduate students’ beliefs
concerning the value of mathematics and representations for understanding
functions, and their corresponding self-efficacy beliefs. However, the study
was conducted at one site, with one questionnaire and one group of students.
Furthermore, there is still information that needs to be discovered. It would be
interesting in the future to examine the structure of students’ beliefs and self-
efficacy beliefs regarding the use of representations in relation to their
achievement. Furthermore, it would be practically useful to investigate the
impact of intervention programs that compare self-efficacy in a multi-
representational learning environment for teaching mathematics courses in the
economics science. Similar studies in other mathematics-related disciplines
would also contribute to the discovery of students’ needs in higher education.

References

Ariza, A., Llinares, S., & Valls, J. (2015). Students' understanding of the function
derivative relationship when learning economic concepts. Mathematics Education
Research Journal, 27, 615-635. doi: 10.1007/s13394-015-0156-9

Bandura, A. (1989). Human agency in social cognitive theory. American
Psychologist, 44(9), 1175-1184.

Bandura, A. (1997). Self-efficacy: The exercise of control. New York, NY: Freeman.

Bandura, A. (2001). Social cognitive theory: An agentic perspective. Annual Review
of Psychology, 52, 1-26.

Bartimote-Aufflick, K., Bridgeman, A., Walker, R., Sharma, M., & Smith, L. (2016).
The study, evaluation, and improvement of university student self-efficacy.
Studies in Higher Education, 41(11), 1918-1942. doi:
10.1080/03075079.2014.999319

Bentler, P. M. (1995). EQS structural equations program manual. Encino, CA,
Multivariate Software Inc.

Boekaerts, M. (2003). Towards a model that integrates motivation, affect and
learning. British Journal of Educational Psychology, Monograph Series II, 173—
189.



Gagatsis A., Panaoura A., Deliyianni E., Nicolaou S. and Elia I. « Are representations 79
useful in Economic Mathematics? Students’ beliefs and self-efficacy beliefs in the
case of exponential and logarithmic functions

Buehl, M. M., & Alexander P. A. (2006). Examining the dual nature of
epistemological beliefs. International Journal of Educational Research, 45(1-2),
28-42. doi: 10.1016/].ijer.2006.08.007

Chemers, M. M., Hu, L.-t., & Garcia, B. F. (2001). Academic self-efficacy and first-
year college student performance and adjustment. Journal of Educational
Psychology, 93(1), 55-64. doi: 10.1037//0022-0663.93.1.55

Chiu, M., & Klassen, R. (2010). Relations of mathematics self-concept and its
calibration with mathematics achievement: Cultural differences among fifteen-
years-olds in 34 countries. Learning and Instruction, 20(1), 2—17.

Clement, L. L. (2001). What do students really know about functions? Mathematics
Teacher, 94(9), 745-748.

Crawford, K., Gordon, S., Nicholas, J., & Prosser, M. (1998). University mathematics
students' conceptions of mathematics. Studies in Higher Education, 23(1), 87-94.
doi: 10.1080/03075079812331380512

Deliyianni, E., Gagatsis, A., Elia, 1., & Panaoura, A. (2016). Representational
flexibility and problem-solving ability in fraction and decimal number addition:
A structural model. International Journal of Science and Mathematics, 14, 397—
417. doi: 10.1007/s10763-015-9625-6

Dreher, A., & Kuntze, S. (2015). Teachers’ professional knowledge and noticing: The
case of multiple representations in mathematics classroom. Educational Studies
in Mathematics, 88, 89—114.

Dreher, A., Kuntze, S., & Lerman, S. (2015). Why use multiple representations in the
mathematics classroom? Views of English and German pre-service teachers.
International Journal of Science and Mathematics Education, 14, 363-382. doi:
10.1007/s10763-015-9633-6

Dubinsky, E., & Wilson, R. (2013). High school students’ understanding of the
function concept. Journal of Mathematical Behavior, 32(1), 83—101.

Duval, R. (1995). Semiosis et pensée humaine: registres sémiotiques et
apprentissages intellectuels. Berna: Lang.

Duval, R. (2006). A cognitive analysis of problems of comprehension in a learning of
mathematics. Educational Studies in Mathematics, 61(1-2), 103—131.

Duval, R. (2017). Understanding the mathematical way of thinking: The registers of
semiotic representations. Cham: Springer International Publishing.

Eisenberg, T. (1992). On the development of a sense for functions. In G. Harel & E.
Dubinsky (Eds.), The concept of function: Aspects of epistemology and pedagogy
(pp. 153-174). Washington, DC: Mathematical Association of America.

Elia, 1. (2020). Word problem solving and pictorial representations: Insights from an
exploratory study in kindergarten. ZDM Mathematics Education, 52, 17-31.

Elia, 1., Gagatsis, A., & Demetriou, A. (2007). The effects of different modes of
representation on the solution of one-step additive problems. Learning and
Instruction, 17(6), 658-672.

Elia, 1., Panaoura, A., Eracleous, A., & Gagatsis, A. (2007). Relations between
secondary pupils’ conceptions about functions and problem solving in different
representations. International Journal of Science and Mathematics Education, 5,
533-556.

Even, R. (1998). Factors involved in linking representations of functions. 7The Journal



80 La matematica e la sua didattica » Anno 28, n. 1, 2020, 63-85

of Mathematical Behavior, 17(1), 105-121.

Gagatsis, A., Deliyianni, E., Elia, [. & Panaoura, A. (2011). Explorer la flexibilité: le
cas du domaine numerique. Annales de didactique et de sciences cognitives, 16,
25-43.

Gagatsis, A., Deliyianni, E., Elia, 1., & Panaoura, A. (2017). Representational
flexibility in fractions and decimals: A synthesis of research studies.
Communication and Cognition, 50(3—4), 93—120.

Gagatsis, A., Elia, 1., & Mousoulides, N. (2006). Are registers of representations and
problem-solving processes on functions compartmentalized in students’ thinking?
Revista Latinoamericana de Investigacion en Matematica Educativa, 9(1), 105—
132.

Gagatsis, A., & Shiakalli, M. (2004). Translation ability from one representation of
the concept of function to another and mathematical problem solving.
Educational Psychology, 24(5), 645—657.

Goldin, G. (2002). Affect, meta-affect and mathematical belief structures. In G. C.
Leder, E. Pehknonen, & G. Torner (Eds.), Beliefs: A Hidden Variable in
Mathematics Education? (pp. 59—72). Dordrecht: Kluwer Academic Publishers.

Goldin, G., & Shteingold, N. (2001). System of mathematical representations and
development of mathematical concepts. In F. R. Curcio (Ed.), The roles of
representation in school mathematics (pp. 1-23). Reston, VA: National Council
of Teachers of Mathematics.

Gomez-Chacon, 1. M., Romero Albaladejo, I. M., & del Mar Garcia Lopez, M.
(2016). Zig-zagging in geometrical reasoning in technological collaborative
environments: a mathematical working space-framed study concerning cognition
and affect. ZDM Mathematics Education, 48(6), 909-925.

Hannula, M. S. (2011). The structure and dynamics of affect in mathematical thinking
and learning. In M. Pytlak, T. Rowland, & E. Swoboda (Eds.), Proceedings of the
Seventh Congress of the European Society for Research in Mathematics
Education: Cerme 7, 9th - 13th February 2011, Rzeszow, Poland (pp. 34-60).
Rzeszow: University of Rzeszow.

Hitt, F. (1998). Difficulties in the articulation of different representations linked to the
concept of function. The Journal of Mathematical Behavior, 17(1), 123—134.

Komarraju, M., & Nadler, D. (2013). Self-efficacy and academic achievement: Why
do implicit beliefs, goals, and effort regulation matter? Learning and Individual
Differences, 25, 67-72. doi: 10.1016/j.1indif.2013.01.005

Laging, A., & VoBlkamp, R. (2017). Determinants of maths performance of first-year
business administration and economics students. [Infernational Journal of
Research in Undergraduate Mathematics Education, 3, 108—142.

Lesh, R., Post, T. R., & Behr, M. (1987). Representations and translations among
representations in mathematics learning and problem solving. In C. Janvier (Ed.),
Problems of representation in the teaching and learning of mathematics (pp. 33—
40). Hillsdale, NJ: Lawrence Erlbaum.

Lizzio, A., Wilson, K., & Simons, R. (2002). University students’ perceptions of the
learning environment and academic outcomes: Implications for theory and
practice.  Studies in  Higher  Education,  27(1), 27-52. doi:
10.1080/03075070120099359

Mardanov, R., & Khasanova, A. (2014). Current issues of teaching mathematics in



Gagatsis A., Panaoura A., Deliyianni E., Nicolaou S. and Elia I. * Are representations 81
useful in Economic Mathematics? Students’ beliefs and self-efficacy beliefs in the
case of exponential and logarithmic functions

economic faculties of universities. Procedia - Social and Behavioral Sciences,
152, 1062—-1065.

Mason, L., & Scrivani, L. (2004). Enhancing students’ mathematical beliefs: An
intervention study. Learning and Instruction, 14(2), 153—176.

Melnik, R., Makarov, R., & Belair, J. (2017). Modern challenges and interdisciplinary
interactions via mathematical, statistical, and computational models. In R.
Melnik, R. Makarov, & J. Belair (Eds.), Recent Progress and Modern Challenges
in Applied Mathematics, Modeling and Computational Science (pp. 3—16). New
York.: Springer. doi: 10.1007/978-1-4939-6969-2 8

Moosavian, S. A. Z. N. (2016). Teaching economics and providing visual “big
pictures”. Journal of Economics and Political Economy, 3(1), 119-133.

Nicolaou, S., Gagatsis, A, Deliyianni, E., Panaoura, A., Elia, ., & Anastasiadou, S.
(2017). Tracing the beliefs and self-efficacy beliefs of undergraduate economic
sciences students: The case of the representations of functions. In J.-C. Régnier,
R. Gras, R. Couturier, & A. Bodin (Eds.), Analyse Statistique Implicative: Points
de vue conceptuels, applicatifs et métaphoriques (pp. 457-474). Besancon:
Université Bourgogne Franche-Comté.

Nicolaou, S., Gagatsis, A., Panaoura, A., Deliyianni, E., Elia, 1., & Televantou, I.
(2019). Economic sciences students’ understanding on representation tasks
concerning the concept of function. In J.-C. Régnier, R. Gras, M. Henry, R.
Couturier, & G. Brousseau (Eds.), Analyse Statistique Implicative: Cadre
théorique en relation étroite et au service de multiples disciplines (pp. 281-302).
Besangon: Université Bourgogne Franche-Comté.

Nyikahadzoyi, M. R. (2015). Teachers’ knowledge of the concept of a function: A
theoretical framework. [International Journal of Science and Mathematics
Education, 13(2), 261-283.

Pajares, F. (1996). Self-efficacy beliefs in academic settings. Review of Educational
Research, 66(4), 543-578.

Pajares, F., & Miller, M. D. (1994). Role of self-efficacy and self-concept beliefs in
mathematical problem solving: A path analysis. Journal of Educational
Psychology, 86(2), 193-203.

Panaoura, A., Gagatsis, A., Deliyianni E., & Elia, I. (2009). The structure of students’
beliefs about the use of representations and their performance on the learning of
fractions. Educational Psychology, 29(6), 713-728.

Panaoura, A., Gagatsis, A., Deliyianni, E., & Elia, I. (2010). A model on the cognitive
and affective factors for the use of representations at the learning of decimals.
Educational Psychology, 30(6), 713—734. doi: 10.1080/01443410.2010.501103

Panaoura, A., Gagatsis, A., & Demetriou, A. (2009). An intervention to the
metacognitive performance: Self-regulation in mathematics and mathematical
modelling. Acta Didactica Universatatis Comenianae Mathematics, 9, 63—79.

Panaoura, A., Michael-Chrysanthou, P., Gagatsis, A., Elia, 1., & Philippou, A. (2017).
A structural model related to the understanding of the concept of function:
Definition and problem solving. [International Journal of Science and
Mathematics Education, 15(4), 723—740. doi: 10.1007/s10763-016-9714-1

Philipp, R. A. (2007). Mathematics teachers’ beliefs and affect. In F. K. Lester (Ed.),
Second handbook of research on mathematics teaching and learning (pp. 257—



82 La matematica e la sua didattica » Anno 28, n. 1, 2020, 63-85

315). Charlotte, NC: Information Age Publishing.

Radford, L., & D’Amore, B. (Eds.). (2006). Semiotics, culture and mathematical
thinking [Numero speciale]. Revista Latinoamericana de Investigacion en
Matematica Educativa. México: Cinvestav.

Sajka, M. (2003). A secondary school students’ understanding of the concept of
function — a case study. Educational Studies in Mathematics, 53(3), 229-254.
Schoenfeld, A., Smith, J., & Arcavi, A. (1993). Learning: The microgenetic analysis
of one student’s evolving understanding of a complex subject matter domain. In
R. Glaser (Ed.), Advances in instructional psychology (Vol. 4, pp.55-175).

Hillsdale, NJ: Lawrence Erbaum Associates.

Schunk, D. H. (1981). Modeling and attributional effects on children’s achievement:
A self-efficacy analysis. Journal of Educational Psychology, 73, 93—-105.

Stohlmann, M., Cramer, K., Moore, T., & Maiorca, C. (2015). Changing pre-service
elementary teachers’ beliefs about mathematical knowledge. Mathematics
Teacher Education and Development, 16(2), 4-24.

Theodoulou, R., Gagatsis, A., & Theodoulou, A. (2004). Un’immagine vale piu di
mille parole... Ma che tipo di immagine risulta piu efficace nelle attivita di
problem solving matematico degli studenti? La matematica e la sua didattica,
18(2), 4-32.

Van Dinther, M., Dochy, F., & Segers, M. (2011). Factors affecting students’ self-
efficacy in higher education. Educational Research Review, 6(2), 95-108. doi:
10.1016/j.edurev.2010.10.003



Gagatsis A., Panaoura A., Deliyianni E., Nicolaou S. and Elia I. * Are representations 83
useful in Economic Mathematics? Students’ beliefs and self-efficacy beliefs in the
case of exponential and logarithmic functions

APPENDIX

Conceptualization of students’ beliefs and self-efficacy beliefs

Affective factor Questionnaire Item Variables
Self-efficacy beliefs I am able to understand mathematical concepts seBM1
concerning and procedures.
Mathematics I feel confident when I have to use Mathematics ~ seBM2

I am able to use Mathematics to solve financial/ seBM3
management problems.

I have the ability to solve a financial/ seBM4
administrational problem requiring the use
of Mathematics.
I have the necessary skills to use and apply seBM5
Mathematics.
Self-efficacy beliefs I am able to convert one representational system  seBR1
concerning the use of into another (e.g. from algebraic to
representations graphical)
I am able to use representations effectively. seBR3
I have the ability to modify and use seBR4
representations.
I can analyze the representations given to me. seBR10
I am able to recognize the graph of a function. seBR11
I can sketch the graph of a function. seBR12
I am able to apply properties for processing a seBR14
representation.

I am able to use various forms of representation ~ seBR15
given to me effectively.

Self-efficacy beliefs I have the ability to solve exponential functions.  seBRexpl
concerning the use of I have the necessary knowledge about the seBRexp2
the representations for representations of exponential functions.
exponential functions I have the ability to use representations of seBRexp5

exponential functions in my economic
analysis.

I am able to use representations of exponential seBRexp6
functions effectively.

I have the ability to use representations of seBRexp8
exponential functions given to me.

I have the ability to analyze representations of seBRexp9
exponential functions given to me.

Self-efficacy beliefs I have the ability to solve logarithmic functions. ~ seBRlogl

concerning the use of
representations for

logarithmic functions I have the necessary knowledge of the seBRlog2

representations of logarithmic functions.
I can convert the algebraic representation of the ~ seBRlog3



84 La matematica e la sua didattica » Anno 28, n. 1, 2020, 63-85

logarithmic function into graphical
representation.

I can convert the graphical representation of the ~ seBRlog4
logarithmic function into algebraic
representation.

I prefer to solve problems that include seBRlog5
representations of logarithmic functions.

I have the ability to use representations of seBRlog6
logarithmic functions in my economic
analysis.

I am able to use representations of logarithmic seBRlog7
functions effectively.

Beliefs concerning the use The graphical representation is a useful tool in BR1
of representations problem solving.

The graphical representation is an important way ~ BR2

of understanding a concept.

In order to solve some exercises, I have to BR3
construct a diagram.

In order to solve many exercises, | have to BR4
understand the graphical representation
given.

Using representations can provide me with some  BRS5
useful information that might help me solve
the corresponding problem.

The construction of a representation to solve an BR6
exercise is helpful.

The exercises in which graphical representation =~ BRS
is given are easier to solve.

Beliefs concerning the The most appropriate way to present an BiR2
importance of using economic analysis is through representation.
representations in
economics

From the financial / administrative problems BiR3

analyses some representations results which
will need to understand and analyze were
found.

Representations help me to solve financial / BiR4
managerial problems.

In order to find the right solution to a financial BiR5
problem, the use of representation is
necessary.

Representations help me to understand a given BiR6
financial situation.

The use of representations helps me to present BiR7
financial concepts to the general public in a
simple way.

The relationship between two variables is an BiRexp3
exponential function is essential in many
financial applications and analyses.

Mathematics theorems which deal with BiM8
economic matters are good economic
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Beliefs concerning the value
of Mathematics for an
economist

Beliefs concerning the value
of Mathematics for the
science of economics

Beliefs concerning the use
of representations in the
exponential functions

Beliefs about the use of
representations in the
logarithmic functions

analysis.

Mathematics is essential in my work.

The better I am at Mathematics, the better I will
be in my work.

In our attempt to explain or analyze a dependent
variable with respect to an independent
variable, we use representations of
exponential functions.

Representations of logarithmic function are an
important tool for the students of economics
/ Finance / Administration.

The use of representations is helpful in my
studies.

Without mathematics my science cannot exist.

Mathematical rules and procedures are necessary
for financial/ administrative problems
analyses.

Economic analyses which are emphasized in
mathematical models correspond to reality.

Mathematics is used to explain the concepts of
the economy.

The economic models are based on mathematical
rules.

Representations of exponential functions are part
of my everyday study.

Representations of exponential functions are
very important in my science.

Representations of logarithmic functions are part
of my daily study.

The representations of logarithmic functions are
used in my science.

Economics /Finance / Administration students
should be familiar with the use and
processing of representations of logarithmic
functions in their economic analyses.

BiM1

BiM3

BiRexp4

BiRlog4

BiR1

BiM4

BiM5

BiM7
BiM9

BiM10

BiRexpl

BiRexp2

BiRlogl

BiRlog2

BiRlog3




