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Abstract

Mathematical tools allow us to clearly explain the phenomenon studied in administrative science. Various studies
have shown that linear function is a concept, widely used in administration, as well as in other kinds of science, but
difficult for students to grasp and assimilate as a tool in their studies. That is the reason that the objective of the
present project was to determine the difficulties faced by students of administration in learning the concept of the
linear function, based on the theoretical elements of Raymond Duval’s registers of semiotic representation, to
identify areas of opportunity in the teaching/learning process of this mathematical concept. Therefore, we designed
an instrument made up of eight situations, which altogether consist of 24 problems. This instrument was validated
by three experts in the area. Later, in keeping with the nature of the data to be collected, the instrument was given
to a small randomly chosen sample group of six students studying under-graduate level administration and who
were taking the subject of Mathematics for Business I. Students had the most difficulty in dealing with the registry
of graphic representation and the cognitive activity of conversion between graphic and algebraic registers. It was
also discovered that apparently context problems favored the latter conversion activity. We recommend these
findings be further studied in a didactic approach to the issue, as well as carrying out studies of this nature on other
mathematical objects in the course.

Keywords: conversions of registers, linear function, semiotic representation
1. Introduction

Mathematics is of the upmost importance in the curricular development of university students. In the first place
this is due to its formative nature which teaches students to reason and promotes creativity in problem solving and
secondly because it is considered a tool which is applicable in many kinds of science and which contributes to
better understanding in various disciplines (Ministerio de Educacion, n.d.).

However, in Mexico students often have a hard time understanding mathematics at all educational levels. The
PISA exam, for example, a standardized international exam which measures the advancement or lagging behind in
education, has shown that secondary school students fall below satisfactory domination of mathematical objectives
at this level (Marquez-Jiménez, 2017). Moreover, the results of the PLANEA (National Exam for the Evaluation of
Learning) exam, a diagnostic evaluation in Mexico for the obligatory levels of education and high school, has
made it clear many students who are to soon enter universities possess limited skills in Mathematics. This is
evident by the fact that 66 per cent of the candidates in 2017 tested at the lowest level of the exam, a level below the
requirement for studying at the university level (Secretaria de Educacion Publica, 2018).

Based on the results of standardized tests in education in Mexico it is to be expected that most students entering
university show less than desirable performance in mathematics. For example, in the subject which is the object of
our research, Mathematics for Business I, taken by students in undergraduate studies in administration at the
Instituto Tecnologico de Sonora, there is little comprehension of mathematical objects, proven by the fact that in
the last two semesters the average grade has been 45 per cent. This brings about serious problems in the area of
Administrative studies since for the Consejo de Acreditacion de Ciencias Administrativas, Contables y Afines
(n.d.) the percentage of passing grades and end efficiency are very important indicators.
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According to Amaya and Sgreccia (2014) various studies in the field of mathematical education have proved that
students have persistent difficulties in the study and understanding of functions in general. Specifically, linear
function which is one of the mathematical objects of study in the subject, “Mathematics for Business,” has proven,
through statistical evidence, that students have low levels of achievement in this subject. This negatively impacts
learning other subjects in the course due to the various applications of linear functions necessary.

Various authors have made interesting contributions related to ways to overcome learning difficulties in
mathematics. One of these contributions points out that a mathematical object should be taught and learned
through problems within the context of science, professions and every-day life (Camarena, 2013; E. Trejo-Trejo,
Camarena-Gallardo, & N. Trejo-Trejo, 2013). These authors believe that problems within a given context awaken
the interest of the students, providing a reason for learning and potentializing the transfer of mathematical objects.

Duval (1993, 2012a) established that mathematical objects are not directly accessible to perception; they are not
tangible objects; they require representations such as writing, a symbol, a line, a figure, among others to access
them. However, the problems this causes are that mathematical objects are confused with their representations,
creating a loss of understanding of mathematical knowledge and making it impossible to use them outside of the
learning context. Therefore, it is necessary to distinguish between the mathematical object and its representation.
This is the reason Duval believes that this distinction is an important element in understanding mathematics.

Semiotic representations are necessary because they are the only way of accessing mathematical objects. However,
they must not be confused with the object. The former are not built by the perception or utilization of instruments
but rather on the production of semiotic representations. That is to say, they are simply productions consisting of
signs through which access may be made to objects.

It is necessary for objects to be represented by various forms or registers. These may be verbal, graphic, tabular,
algebraic and symbolic, among others. Each register of a representation shows some of the features of the
mathematical object and the rules for dealing with the mathematical object. The more representations are made of
a given object, the easier it is to obtain a more extensive and profound understanding.

In order for systems of representation of mathematical objects to be registers of semiotic representation they must
allow for three cognitive activities: the Formation of representations reached by means of identifiable signs in a
specific register; the activity of the Treatment of a representation which is the transformation of this representation
in the same register where it was formed and the Conversion of a representation which is the transformation of a
representation to another register, conserving the totality or only part of the content of the initial representation
(Duval, 1993, 2012b).

For this author the fundamental and all-important role constitutes the transformation of representations into others
(Duval, 2006), so that the condition necessary for understanding the conceptual content in mathematics is the
coordination of at least two registers of the semiotic representations. That is to say, the speed and spontaneity with
which the cognitive activity of conversion takes place.

In the specific case of mathematical education, the theory of Register of Semiotic Representation has gained in
popularity and shows the interest of the scientific community in using these concepts in the study of the processes
of teaching and learning, either for diagnostic purposes or to analyze the effectivity of new proposals for teaching
as reported by: Elia, Panaoura, Gagatsis, Gravvani, and Spyrou (2008), Diaz, Haye, Montenegro, and Cérdoba
(2013), McGee and Martinez-Planell (2014), Adu-Gyamfi and Bossé (2014), Amaya and Sgreccia (2014),
Martinez, Sevilla, Fuentes, Rivera, and Avila (2016), Prada-Nufiez, Hernandez-Suarez, and Jaimes-Contreras
(2017), Tocto and Reafio (2017), Panaoura, Michael-Chrysantho, Gagatsis, Elia, and Philippou (2017), among
others.

Based on all of this and in order to deal with the problem of learning the subject of linear function, the basic
problem of our research was: what representations and cognitive activities are difficult for students of the subject
of linear function?

Thus, the main objective of this research was stated in the following way: To determine the difficulties students of
administration have in learning the concept of linear function, based on the theoretical elements of Raymond
Duval’s registers of semiotic representation used to identify areas of opportunity in the teaching-learning process
of this mathematical object.

2. Method
2.1 Kind of Study

The qualitative research is aimed at delving deeper into the subject in order to understand the phenomenon,
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exploring them from the perspective of the participants in their natural environment and in relation to their context,
and applied to fewer cases (Hernandez, Fernandez, & Baptista, 2014). For our investigation information on the
processes followed by the participants in answering and/or solving various problems related to cognitive activities
of the Formation, Treatment and Conversion of semiotic registers of the linear function was collected (Duval,
1993, 2012b).

2.2 Subjects

Six students studying the subject of Mathematics for Business I given in the first semester of the Education
Program for a bachelor’s degree in Administration at the Instituto Tecnologico de Sonora participated in the study.
Four of these were men and two women, ranging in age from 19 to 21 years old.

2.3 Instrument

A questionnaire with a total of 24 questions was used. Seven of these were presented within the intra-mathematical
sphere, while the rest were problems related to the context of businesses; that is to say, problems related to the
supply and demand of commercial products. The questions were presented in different registers of representation:
algebraic, graphic and tabular, manipulating various cognitive activities.

Of the 24 questions, eight of the problems were designed to seek the participants’ cognitive activity of Formation
in the graphic and tabular registers. One example of this activity is the second question which gives data for the
coordinates (x, y) as seven points, asking the student to place them on a Cartesian Plane. Another 11 questions
were| designed with the intention of having the students carry out Treatment activity in all three registers. Question
12 is a clear example of the activity on a tabular register, giving as data the coordinates (x, y) for a couple of points
and asking the student to calculate the slope of the straight line. The purpose of the remaining five questions was to
have students carry out the cognitive activity of Conversion from a tabular to an algebraic register, from an
algebraic to a graphic register and from a graphic to an algebraic register. Question 22 belongs to this group, giving
the information on the graphic placement of a straight line, asking the student to determine its algebraic expression.
In summary, the cognitive activity of Formation was evaluated with questions 1 through 8; Treatment in questions
9 through 19 and Conversion in questions 20 through 24.

The subject of evaluation was the linear function, through its semiotic representation: algebraic, graphic and
tabular. It should be pointed out that for each problem enough space was given for the participants to write down
the process they used for arriving at their answer, with the purpose of identifying the problems they had in using
the various registers of semiotic representation.

2.4 Procedure

The first step consisted of making up 24 problems in keeping with Santibafiez’ (2011) suggestions for achieving
validity in the content of the instrument. The problems or items were designed with the intention of having the
students reflect on the cognitive activities of the Formation, Treatment and Conversion of semiotic representation
of the linear function. Later, the instrument was evaluated by three experts in the area of the content in order assure
that the exam evaluated what needed to be evaluated. A pilot run was given to students in order to verify the clarity
of the items. Then, and in keeping with recommendations by Diaz and Leyva (2013), the indices of difficulty of the
problems were classified with the following results: over 0.9 the problem was considered to be easy, between 0.8
and 0.89 the problem was fairly easy, between 0.7 and 0.79 the problem was fairly difficult, between 0.5 and 0.69
the problem was quite difficult, and under 0.5 would be considered difficult problems. When the instrument was
ready and after having defined the classification of indices of difficulty of the problems, a small group of six
students taking the course of Mathematics for Business I was randomly chosen to take the exam. The reasoning
behind the selection was based on the willingness of the students to participate in the study, to the fact that they had
just studied the subject of linear functions in their class and to the fact that it was hoped that qualitative information
of the processes students followed when answering the problem in the exam would be discovered.

Two 80-minute sessions were used for the students to answer the problems on the exam. Later the answers given
by the students on the answer sheets were analyzed, the indices of difficulty were determined for each problem and
the students’ strengths and the areas of opportunity in relation to learning the linear function from the perspective
of semiotic representations were identified.

3. Results

Table 1 shows the index of difficulty or proportion of students who correctly answered each item or problem on the
instrument given to them. It can be seen that in the area of cognitive activity of Formation (Problems 1-8) students
proved less efficient in the graphic register of linear function and more efficient in the tabular register. Three out of
six graphic registers were difficult for the students to solve (1, 2 and 5) and two others (3 and 6), were quite
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difficult. However, the two tabular registers (7 and 8) were fairly easy for the students.

Table 1. Index of difficulty of problems on semiotic registers reflected by the results of students on the exam

Register Index of difficulty
Beginni
Item eg%nnlng Final Intra Cont Task
Final
1 GRA - 0.33 Draw a Cartesian Plane including all of its elements.
2 GRA - 0.33 Place seven points on the Cartesian Plane, given the coordinates.
Place four points on the Cartesian Plane and recognize that they are in a
3 GRA - 0.66 . .
straight line.
4 GRA - 1.00 Indicate the coordinates of a point located on a Cartesian Plane.
5 GRA - 0.33 Place two points on a Cartesian Plane and connect them with a straight line.
6 GRA - 0.50 Place the points of a table with known coordinates.
7 TAB - 0.83 Identify the independent variable on a table, given the dependent variable.
8 TAB - 0.83 Identify the independent variable on a table, given the dependent variable.
9 GRA GRA 0.16 Locate a point on a system of axes, given its coordinates.
10 GRA GRA 0.33 Determine the coordinates of a point, given the graph of a straight line.
11 TAB TAB 0.50 Determine the values of x and y, using a variation table.
Determine the value of the gradient of a straight line from the values on a
12 TAB TAB 0.66
table.
Determine the value of y on a variation table and the value of y from a given
13 TAB TAB 1.00
X.
14 TAB TAB 0.66 Determine several values of x knowing their y values.
Determine the value of y from x, and the coordinates of several points on a
15 TAB TAB 0.83
table.
16 TAB TAB 0.83 Determine the value of y from the known value x.
17 TAB TAB 0.83 Identify changes in y from changes in x from a table.
18 TAB TAB 0.83 Determine the value of change in y if the change in x is known from a table.
Determine the value of y for a point knowing the value of x, using algebraic
19 ALG ALG 0.50 .
equations.
Find the equation of a straight line if the coordinates of four points are
20 TAB ALG 0.00
known.
21 ALG GRA 0.00 Determine the graph of a straight line from its algebraic expression.
22 GRA ALG 0.00 Determine the algebraic expression of a straight line from its graph.
23 GRA ALG 0.50 Determine the equation of a straight line given significant points on a graph.
24 TAB ALG 0.66 Determine the algebraic expression of a straight line from data on a table.

Note. Intra=Intra-mathematical problem; Cont=problem in context; TAB=tabular register; ALG=algebraic
register; GRA=graphic register.

In relation to the cognitive activity of Treatment, it was found that the worst performance was in the graphic
register and the best in the tabular register. The two problems about graphic Treatment (9 and 10) were especially
hard for students since their indexes of difficulty were 0.16 and 0.33, respectively while the eight problems related
to tabular Treatment (11-18) were easier for the students. One was an easy problem (13), four were classified as
fairly easy problems (15-18) and only three of the eight were quite difficult (11, 12 and 14). The algebraic problem
of Treatment (19) showed that for the students figuring out a Treatment problem of this kind was quite difficult.

In the section on the cognitive activity of Conversion the students had poor performance. In three out of the five
problems (20, 21 and 22) the students could not solve the problems: their index of difficulty was zero. Only some
of the students answered the other two problems (23 and 24), with indexes of difficulty of 0.5 and 0.66,
respectively, classifying them as quite difficult. It is important to point out that this cognitive activity presented
differentiated performance. Performance was better in problems within a context, compared to those within a
strictly intra-mathematical context. See problem 23 vs 22 and 24 vs 20.

Here is one of the typical answers given by students with respect to one of the intra-mathematical problems:
“Given the following graph, which of the following equations applies? Justify your answer.” The student was to
relate the straight-line graph with one of the four equations given as options. It can be observed that the student
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managed to identify the equation based on the following affirmation: “the answer is C because upon giving x
values these results in the points on the y axis” (Figure 1).

. A) y=5x+4
4
3
2 Justifica tu respuesta._|_() \{ \O { Ny
B) y=3x+05 Al OO\ o€y o\a X oo (OorO
y x CGAYW OO O DO AR -
- 4 -3 1 2 3 4
|1C) y=3x+1
D) y=—-4x+1

Figure 1. A student’s answer to problem 22, an intra-mathematical problem

The student’s answer shows his inability to read the graph and the lack of a relation he sees with the coefficients of
the equation, specifically, with the coefficient x of the equation which represents the slope of the straight line. In
Duval’s terms, this would be a lack of cognitive activity of Conversion between the graphic and the algebraic
register.

4. Discussion

The results show that managing the graphic register of the linear function is the most difficult representation for
students, regardless of the cognitive activity they are asked to carry out. This finding is in keeping with the study
carried out by Prada-Nuiiez et al. (2017) in which the first-year students at a university showed signs of poor
performance in managing the graphic register of functions in both Treatment and Conversion activities. Diaz et al.
(2013) found similar results in first-year university students when they were asked to make algebraic graphs of
linear functions. In their work these researchers found that most of the students could not come up with an
error-free structure of their representations.

With regard to cognitive activity, of the three studied, the Conversion of linear function was the most difficult for
the students, specifically between graphic and algebraic registers, algebraic and graphic and tabular to algebraic
registers. The result proves the poor comprehension that students of mathematics have achieved up to now (Duval,
2006, 2012b), despite the fact that linear function was a subject which had been studied over and over again in
math classes before reaching the university level. It must be pointed out that, upon analyzing the problems, it was
found that some of the students did not find carry out any Conversions naturally but rather used alternate
procedures for avoiding the obstacle and coming up with the result. For example, in a Conversion from the graphic
to the algebraic register, they did not find the significant units of the graphic register of the linear function to form
the algebraic representation, but rather tried each option one by one until they found the answer, by trial and error,
which for Duval (1993, 2012b) does not truly represent a Conversion from the graphic to the algebraic registry and
thus the conceptual mastery of the mathematical object. Studies such as those of Amaya and Sgreccia (2014) make
it apparent that on occasion students look for alternatives to carry out or check Conversions, not necessarily in the
sense that they were asked to.

Other studies have similarly shown the low level of students’ proficiency in Conversions of registers in the field of
functions. For example, Diaz et al. (2013) reported that beginning university students made many mistakes in
Conversions of linear and quadratic functions of an algebraic register to a graphic register and vice versa. Amaya
and Sgreccia (2014) reported poor performance in Conversions of tabular registers to algebraic registers and from
algebraic registers to graphic registers in students who were about to enroll in university. Likewise, in a study
carried out by Panaoura et al. (2017), it was found that high school students faced serious difficulties when
carrying out Conversions in different registers of function when solving problems. Martinez et al. (2016) in a
diagnosis of semiotic skills of university students also reported serious deficiencies in carrying out Conversions
from graphic to algebraic registers of basic mathematical subjects. In a recent study carried out by Campeoén,
Aldana, and Villa (2018) it was found that the most difficulty in learning the linear function was in transferring
from one semiotic representation to another, especially, between the algebraic and graphic registers.

One interesting finding of our study was better performance of students in Conversions of registers in questions
which were within context problems compared to those in an intra-mathematical context. This leads one to believe
that, apparently, working with situations which are related to student’s experience and/or activities favors the
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understanding of mathematical objects. This is in keeping with Tocto and Reafio’s (2017) conclusions in their
study on pre-university students’ understanding of the properties of the quadratic function. The advantage this kind
of problem poses for students may be due to the context which favors the connection of the mathematical object
with real-life situations or contexts within students’ university life, which allow the students to provide a sense,
significance and application to what they are learning (Camarena, 2013; Trejo-Trejo et al., 2013).

An additional finding of the present research which should be pointed out has to do with the better performance
shown by students in the Treatment of the linear function of the tabular register. This result contrasts with studies
carried out by Martinez et al. (2016) and Amaya and Sgreccia (2014). This leads one to assume that probably
teaching-learning activities pay special attention to this register over the others, contrary to what is said in
specialized literature in that mathematical teaching at the university level generally revolves around the algebraic
register (Martinez et al., 2016).

The results shown up to now invite one to reflect on the practices of teaching linear function. Emphasis should not
be put on one sole register, nor should the attention be placed on a cognitive activity which is less complex than
Conversions since we have seen that students can prove quite clever in performing Treatments in various registers
of linear function and still having little real conceptual mastery of the mathematical object (Adu-Gyamfi & Bossé,
2014). If our intention is to improve the understanding of linear function, then teaching should present learning
approaches in which students reflect on cognitive activities of the Conversion of various semiotic representation of
the object studied, as established by Duval (2006) and also shown in the study made by McGee and
Martinez-Planell (2014). In so doing, students’ skills for problem solving in the field of functions will also be
strengthened. According to Elia et al. (2008), the use of various forms of representation of mathematical objects is
closely associated with the skill of problem solving. In addition, it is also recommended that teachers direct their
students’ attention to the key properties of the functions, since these are what students recognize and use for
successfully carrying out their Conversions, according to a study by Thomas, Wilson, Corballis, Lim, and Yoon
(2010).

The poor results in activities of Conversion among various semiotic registers used in the present study clearly point
to an important area of opportunity for the teaching/learning process on the subject of linear function and the
course in general. If the student does not have mastery of Conversions, it means that the mathematical object has
not been fully learned. This leads us to a call for further studies based on the contributions of research in the field of
mathematical education reviewed here.

5. Conclusions

The study managed to determine the difficulties students of administration encountered in learning the concept of
linear function, based on the registers of semiotic representation. In terms of registers and considering the three
cognitive activities, it was discovered that the most difficulty was encountered in problems involving the graphic
register. In relation to cognitive activity, the answers showed the students had the most difficulty in Conversion
type transformations, leading us to understand that the concept of linear function is not thoroughly understood by
students. It was also found that students’ best performance was in the area of problems on the Treatment of tabular
registers over the other representation.

Seemingly, situation problems of semiotic representations within contexts favor better performance, and thus a
better understanding of the mathematical object. Therefore, stressing in the teaching process didactic sequences
which improve these kinds of problems and also working purposefully with the following semiotic representations
of the object under study: verbal, tabular, graphic and algebraic is recommended, emphasizing bidirectional
Conversions to promote deeper understanding, directing student’s attention to the key properties of functions in
order to strengthen their skills for transferring between various representations.

We also suggest diagnoses similar to the present be carried out in relation to other subjects students take in the area
of Business Mathematics I, in order to provide information on the state of learning results and with these in hand to
come up with proposals for improving students’ learning.
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