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Abstract 
As teachers of mathematics one of the challenges that we have is how we can increase students’ 
interest and engagement in classroom. The new curriculum of the baccalaureate is presented as the 
set of competences that students have to acquire when they finish this period. In this sense, the 
competences can be divided in: general learning competences and fundamental competences. The 
general learning competences are such as, to live in a responsible way, to know how to communicate, 
etc. and they are learnt in all the subjects of the baccalaureate. Among the fundamental competences, 
we can find the digital competence. This paper is focused on this competence, not only because this is 
a competence to make more attractive the learning of mathematics, but also because it favours the 
development of some skills such as the analytical ability or the critical thinking ability. 

In this work how the digital competence can be inserted in the subject Mathematics II of the 
baccalaureate is studied. We have analyzed the assessment criteria of the subject, looking especially 
at the ones related to the digital competence. We have identified the units which assessment criteria 
are connected to this competence and we have set out different activities using mathematical software 
for the acquisition of these competences. 
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1 INTRODUCTION 
In the 2015 Program for International Student Assessment (PISA), which tests the mathematics 
literacy of 15 year old students, Spanish students ranked 33rd in mathematics. Spanish students have 
had an improvement of two points in this area. Spain is scoring similar to United States, France, 
Russia, Austria, Norway, Sweden or the Czech Republic. On the top of this list we can find countries 
such as China, Singapore, Taiwan, South Korea, Japan, Liechtenstein or Switzerland. Since the 
OECD (Organization for the Cooperation and Economic Development) began this evaluation, Spain 
has proceeded with three educational laws: the LOCE (Organic Law for Quality in Education), which 
they did not manage to apply; the LOE (Organic Law for Education), and the LOMCE (Organic Law to 
Improve Quality in Education), which the Government wants to replace now with a regulation of 
consensus. These general changes, in general, did not alter substantially what the students have 
advanced in these tests in diverse periods. 

Some basic knowledge of mathematics is needed in our day-to-day lives. We use mathematics in our 
daily lives without realizing, as for example: when understanding graphs of the weather, when 
interpreting many statistical data that we read in the newspapers, when the salary is distributed to face 
to the expenses of the month, etc. The debate about the role of mathematics in our educational 
system is not new. The year 2000, was declared The International Year of Mathematics by UNESCO, 
and this debate was addressed also there. Since then, and for example in Spain, it has been the 
purpose of diverse initiatives in various fields. Among them we can mention the following: 

• The Royal Decrees of the Spanish Ministry of Education, Culture and Sport (MECD), in which 
the reform of compulsory education in Secondary Schools and in the Baccalaureate was 
addressed. 

• The LOCE, LOE and LOMCE, in which one of the objectives is to improve the teaching in 
mathematics. 
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• The Commission for Education, Culture and Sports, where a team to analyze the scientific 
education in secondary schools was created. 

Mathematics has been considered one of the most important subjects in the curriculum of secondary 
school in the speciality of Science and Technology. It has to be taken into account that the majority of 
students that take this subject in this level follow technical studies (such as, engineering, architecture) 
or studies related to science (physics, mathematics, chemistry), degrees in which the level of 
knowledge in mathematics that they have acquired previously is important in order to follow 
adequately their university studies. When the place of mathematics in the secondary school curriculum 
is considered, we have to take into account the aims and the objectives of the education as a whole in 
this period. The objectives of mathematics are valid when they contribute to the general purposes of 
education, in the sense that the role they have in the understanding of the practical world and in the 
interests and abilities that students acquire. As it has been affirmed previously, these abilities take 
great importance when they will be used in posterior studies (such as the degrees we have already 
mentioned). In this paper, we will focus on the subject Mathematics II, taught in the second year of the 
baccalaureate. 

As teachers of mathematics one of the challenges that we have is how we can increase students’ 
interest and engagement in classroom. The new curriculum of the baccalaureate is presented as the 
set of competences or skills that students have to acquire when they finish this period, see Fig. 1. Two 
important skills when teaching mathematics are the procedural skills and the conceptual 
understanding. The procedural skill is defined as “skill in carrying out procedures flexibly, accurately, 
efficiently, and appropriately” in [1]. In the same reference, the conceptual understanding is defined as 
“the comprehension of mathematical concepts, operations, and relations”. If we look at the new 
curriculum, we also find that students have to develop the digital competence (computational skills). 
Sometimes this skill is not too much developed in classrooms because of the pressure of covering the 
whole curriculum [2, 3]. This also happens in our educational system, where the university entrance 
exam requirements makes teachers of this subject not to deal with the computational skills, mainly 
because of lack of time and also because this exam does not measure this competence (no exercise 
related to this skill). 

 
Figure 1. Competences of the baccalaureate. 

It is impossible to talk about the computational skill without mentioning computers or the Internet. It is 
common to hear that “every classroom should contain a computer” or that “every student needs a 
computer”. It has been one of the aims of the new curriculum the integration of Information and 
Communication Technology (ICT) in classrooms in order to students develop their ICT capabilities, but 
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in our opinion this objective is not very developed in the curriculum. This means that teachers have to 
analyze it and put it in practice in the way they estimate more convenient. We think that computers are 
useful tools but they cannot substitute a good textbook, or a teacher’s explanation about the indefinite 
integrals, for example. Motivation is essential in learning processes [4, 5, 6]. We think that, apart from 
being a motivating tool, computers have to be considered as an instrument of experimentation or an 
instrument to do more efficiently what we can do by hand. That is to say, they can be an instrument to 
develop some mathematical skills. This means that we have to think carefully how they can be 
introduced in the teaching of this subject. 

Nowadays there are many mathematical software to do efficiently the calculations as well as to do 
graphical representations or animations. One of these software is Mathematica. Mathematica is one of 
the most powerful systems of computation in the world. It was launched by the first time in 1988 [7]. 
Though originally it was used principally by physicists, engineers and mathematicians, nowadays it is 
used in different disciplines like biology, social sciences, etc. Mathematica is an interactive program, 
when an action is executed the response is immediate. Also it is a powerful tool of symbolic 
calculation, which manipulates the expressions algebraically and presents results in a symbolic form. 
Before introducing any software or other computational tool in the classroom, it will be interesting if we 
think in the skills that will be important for the students if the available technological tools are inserted 
in classrooms and how technological integration could be adequately in the teaching and learning of 
mathematics in the secondary school [8]. 

This article is organized as follows: in Section 2 the units taught in the subject Mathematics II learnt in 
the second course of the baccalaureate are listed, in Section 3 the assessment criteria connected to 
the digital competence are identified, in Section 4 considerations for the successful integration of ICT 
tools in the subject Mathematics II are given and in Section 5, actions to be developed using computer 
tools are explained. Finally, in Section 6 some conclusions are reported. 

2 UNITS TAUGHT IN MATHEMATICS II 
Mathematics in secondary school curriculum is composed by arithmetic, calculus, algebra, and plane 
and space geometry. The contents of this subject are divided in four groups: 

• G1 (Group 1): Ordinary contents. In this group the following contents are developed: resolution 
of problems; the use of calculator and mathematical software; many attitudes linked to the 
mathematics, such as, appreciating the mathematical language, ability and flexibility to use 
mathematical methods, continuous revision of the processes and the results, ability to 
appreciate the work in groups. 

• G2 (Group 2): Algebra. The contents of this group are the following: matrices and determinants, 
resolution of linear equations systems. 

• G3 (Group 3): Geometry: vectors and operations; geometry of the space. 

• G4 (Group 4): Analysis: limits and continuity of a function, derivatives, integrals. 

We have identified fifteen units in the subject Mathematics II. The first unit of the subject is the 
presentation of it. We have analyzed the units by which each group is formed. All the units belong to 
the group G1, but they can also be divided in the other three groups in the following way: 

• The group G4 is formed by the didactic units (DU from now on): 

o DU2: Limits. 
o DU3: Continuity. 
o DU4: Function representation. 
o DU5: Derivatives. 
o DU6: Applications of the derivatives. 
o DU7: Theorems of derivable functions. 
o DU8: Indefinite integrals. 
o DU9: Definite integrals. 
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• The group G2 consists in the units: 
o DU10: Matrices. 
o DU11: Determinants. 
o DU12: Systems of linear equations. 

• And G3 is formed by: 
o DU13: Affine space. 
o DU14: Euclidean space. 
o DU15: Metric space. 

3 ASSESSMENT CRITERIA LINKED TO THE DIGITAL COMPETENCE IN THE 
SUBJECT MATHEMATICS II 

The way to know the level of performance of the students is via the assessment criteria. They are 
used to measure the subject's learning objectives.  

Before the assessment criteria are established, teachers may consider and analyze the learning goals 
or objectives of the subject.  

Learning objectives consist in the attitude of students, the level of contents they have learnt and the 
standard required to obtain the objective. In this section we present the assessment criteria of the 
subject Mathematics II related to the digital competence. We want to measure if the students are able: 

• To use the adequate software to do matrix calculations, solve determinants and linear equations 
systems. These contents are learnt in Units DU10, DU11 and DU12. 

• To discuss correctly the solution of linear equations systems using adequate software, DU12. 

• To represent lines and planes using a graphical calculator or a mathematical software, units 
DU13, DU14 and DU15. 

• To calculate the derivative of a function and to study its properties using mathematical software, 
DU5. 

• To analyze a function’s properties in order to do its graphical representation using mathematical 
software, from the didactic unit DU2 to DU7. 

• To calculate integrals and to do the graphical representation of areas and volumes using 
mathematical software, DU8 and DU9. 

4 INTEGRATION OF COMPUTATIONAL TOOLS IN THE CLASSROOM 
It has already been said in the introduction of this paper that we have to think carefully how the 
computational tools can be introduced in the mathematics classroom, if we want to integrate them 
successfully. The aim is not to introduce the ICT resources as a new or innovative practice to do 
something different or only to motivate students, but to use them to contribute in the classroom 
practice. 

The following considerations can be followed when integrating ICT tools in mathematics: 

• ICT resources can be used in the classroom to do more effectively the working process. In the 
subject of mathematics they can be used to do more quickly the more arduous tasks (such as 
the graphical representation of functions or the discussion and resolution of linear equations 
systems). ICT tools can make us save time having the results immediately, which is important 
when dealing with laborious exercises that require time when doing them by hand. 

• Because of the fact of time-saving, the ICT tools also allow making different experimentations. 
For example, the same exercise can be solved changing some parameters. This characteristic 
of the ICT tools can help students to experiment and to carry out some investigations or 
inquiries when solving exercises. 
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• They can be used to check the results that they have obtained by hand. As the results obtained 
with the computer will be accurate, they have an immediate solution of the exercises in every 
moment (immediate feedback). This helps students to think and analyze the procedures used 
by hand in the resolution of the exercise, promoting initiatives of checking, repeating, 
questioning, experimenting  and correcting the steps followed in the resolution. It has to be 
taken into account that skills such as, the analytical ability, the critical thinking or the problem 
solving are some of the skills that have to be worked in mathematics and other scientific 
subjects. 

• Having an immediate feedback can contribute in the autonomous learning of the students. 

• It goes without saying that changing the habitual classroom setting (blackboard and textbooks) 
for the computers motivates the students, enhancing the activities and making more appealing 
the subject. 

5 ACTIONS TO BE DEVELOPED 
Some areas in which ICT tools can be used to develop this subject have been identified: 

1 Operations with matrices. 
2 Calculating the value of a determinant. 

3 Resolution and discussion of linear equations systems. 

4 Graphical representation and analysis of lines and planes. 

5 Derivatives. 
6 Analysis of an explicit function and its graphical representation. 

7 Calculating indefinite integrals. 

8 Calculating definite integrals and doing the graphical representation of areas and volumes. 

Next, we show some actions to be developed using the software Mathematica and the required 
instructions. 

5.1 Working algebra with mathematical software 
In secondary school mathematics, students learn about matrices and how to manipulate them. 
Matrices are useful and efficient to store information. A matrix can be written in Mathematica using the 
“Advanced” tool of the “Basic Math Assistant” palette of this software. The dimension of the matrix can 
be set choosing the buttons Row+ and Col+. Next, the elements of the matrix can be defined. In 
Mathematica matrices can also be written as list of lists. One list is represented in Mathematica using 
braces. 

Other topics learnt in algebra are the determinants and the resolution of linear equations systems. A 
linear equations system is a set of two or more linear equations. They are used in other scientific 
areas or in many real-life problems (chemical equation balances, when comparing nutritional 
information in recipes, when planning a work that has diverse constraints that can be defined using 
equalities). Determinants are used when solving a linear equations system. 

In Table 1 Mathematica's basic commands to work the concepts learnt in algebra are shown. 
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Table 1.  Mathematica’s commands to work with algebra. 

Command Description 

MatrixForm[m] It prints the matrix “m” in a two-dimensional form. 

m1+m2 Addition of the matrices “m1” and “m2”. 

m1.m2 Matrix product. 

k m 
k*m 

Scalar and matrix product (“k” is the scalar and “m” the matrix). It 
can be done in these two ways. 

Transpose[m] To calculate the transpose matrix of “m”. 

Inverse[m] To calculate the inverse of the matrix “m”. 

Det[m] To calculate the determinant of the matrix “m”. 

Minors[m, n] It calculates the minors of order n of the matrix “m”. 

MatrixRank[m] To calculate the rank of a matrix “m”. 

LinearSolve[A, b] It solves a linear equations system of the type A·X=b. It calculates 
the solution of compatible determinate systems.  

Solve[expression, vars] It attempts to solve the system written in “expression” for the 
variables defined in “vars”. 

Reduce[expression, vars] It reduces the statement written in “expression” by solving 
equations or inequalities for the variables defined in “vars”. 

5.2 Limits, derivatives and indefinite integrals 
A limit is the value that a function approaches. They are very important in calculus and they are used 
to define continuity, derivatives and integrals. The derivatives, indefinite integrals and limits are 
concepts learnt in this subject. A derivative measures the ratio of change of a function. An indefinite 
integral is the inverse concept of the derivative. Both concepts are used in diverse areas (social 
sciences, physics, and so on). The derivatives are also used as a tool to approximate locally nonlinear 
functions using linear ones. See Table 2 for Mathematica's basic commands. 

Table 2.  Mathematica’s commands for derivatives, indefinite integrals and limits. 

Command Description 

D[f, x] It calculates the first derivative of the function “f” with respect to the variable x. 

D[f, {x, n}] It calculates the n-th derivative of the function “f” with respect to the variable x. 

Integrate[f, x] It calculates the indefinite integral of the function “f” with respect to the variable 
x. 

Limit[f, x->a] 
Limit[f, x->a, Direction->b] 

It calculates the limit of the function “f” when the variable x goes to the value a. 
The left and right limits can be calculated by specifying the direction: b=1 for 
the left limit and b=-1 for the right limit. 

5.3 Analysis of explicit functions and its graphical representation 
In Mathematics II, students learn how to do the graphical representation of a two-dimensional function. 
They work with explicit functions. An explicit function is given by a mathematical formula y=f(x). Its 
graphical representation is done using a system of rectangular bidimensional coordinates OXY. 

In Mathematica the command Plot is used to do the graphical representation of an explicit function. It 
is possible to draw only one explicit function or several on the same axes. It is possible to change the 
default features of the line, such as, the colour, the thickness and the dashing. It is also possible to 
define the range for the axis, add names to the axis, write a title to the graph, put names to the graphs, 
and so on. Some plotting tools can be added to the command to put a frame to the graph or to colour 
the background. In Table 3 Mathematica's basic commands to draw graphs of two dimensions of 
explicit functions can be seen. 
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Table 3.  Mathematica’s commands for the graphical representation of explicit functions. 

Command Description 

function1[var_]=expression A one variable function called “function1” can be defined by 
this expression. 

Piecewise[{{val_1, cond_1}, {val_2, 
cond_2}, ..., {val_n, cond_n}}] 

It represents a piecewise function with values val_i in the 
regions defined by the conditions cond_i. 

Plot [function , {x, xmin, xmax}] It draws the specified function, being xmin and xmax the 
interval for the variable x. 

Plot [{function1, function2,...., functionk}, 
{x, xmin, xmax}] 

It draws the specified functions in the specified interval. 

PlotStyle  colour It colours the function using the specified colour. 

PlotStyle  {RGBColor[ , , ], 
Thickness[n], Dashing[n]} 

It draws the function using the specified colour, thickness and 
dashing. 

PlotRange  {y1,y2} 
PlotRange  {{x1, x2},{y1 , y2}} 

It defines the range of values for the variables. 

Epilog  {Text1[Style[text, colour, size], 
coordinates],Text2[Style[text, ...], 
coordinates]} 

It writes the label specified in “text” with the defined colour and 
size in the position “coordinates”. 

PlotLabel  name 
Ticks->{{x1, x2, ..},{y1, y2, ...}} 
AxesLabel  {name of the x axis, name 
of the y axis} 

It writes the title of the graph above it, the ticks for the axes 
and their names. 

5.4 Definite integrals and their graphical representation 
Another important and very useful didactic unit is the calculation of definite integrals. The definite 
integral of an explicit function f(x) in an interval [a,b] is equal to the area of the region in the XY plane 
limited between the graph of f(x), the axis OX, and the vertical lines x=a and x=b. That is to say, they 
are used to calculate areas of flat regions. In Mathematics II, students also use the definite integrals to 
calculate the area between two curves and the volume of solids of revolution. The latter, is the volume 
obtained by rotating a region of the plane around a line located therein, which may or may not cross.  

In the software Mathematica, we can use commands to both calculate the exact value and the 
graphical representation of areas and volumes. Table 4 shows Mathematica's basic commands to 
calculate definite integrals and their graphical representation. In figures Fig. 2 and Fig. 3 we can see 
two examples of graphical representations in Mathematica, an area limited between two curves and a 
surface obtained by rotating a function, respectively. 

Table 4.  Mathematica’s commands to calculate definite integrals and their graphical representation. 

Command Description 

Integrate[function, {x, xmin, xmax}] It calculates the definite integral of the function on the 
interval [xmin, xmax]. 

Plot[function, {x, xmin, xmax},  
Filling->option] 

It fills the area that goes from the curve to what is 
specified in “option”. It can be chosen “Top”, “Bottom”, 
“Axis” or a level in options. 

Plot [{function1, function2}, {x, xmin, xmax}, 
Filling ->{1, {2}}] 

It draws the specified functions in the specified interval, 
and it fills the area that goes from function1 to function2. 

RevolutionPlot3D[f, {x, xmin, xmax}] It generates a plot of the surface of revolution with height f 
and radius x. 
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Figure 2. Mathematica’s example of representing an area limited between two curves. 

 
Figure 3. Mathematica’s example of representing a surface obtained by rotating a function. 

5.5 Graphical representation and analysis of lines and planes 
Students also need to analyze the relative position between lines and planes, being the graphical 
representation of great importance. In Mathematica, it is possible to calculate the relative position of 
lines and planes using the command Solve (seen before) and also represent it. Lines can be plotted 
in the 2-dimensional space using the command Plot (seen before) or using ParametricPlot or 
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ParametricPlot3D, if the lines are given in parametric form. On the other hand, planes can be 
plotted using the command Plot3D. Finally, the command Show can be used to simultaneously plot 
lines and planes and therefore, represent their relative position.  

Table 5 shows Mathematica's some basic commands to represent relative positions of lines and 
planes. In Fig. 4 we can see a graphical representation in Mathematica of the relative position of a line 
and a plane. 

Table 5.  Mathematica’s commands for the graphical representation of lines and planes. 

Command Description 

ParametricPlot[{fx, fy},{t, tmin, tmax}] It generates a two-dimensional parametric plot 
of a curve with x and y coordinates as functions 
of t.  

Plot3D[function,{x, xmin, xmax},{y, ymin, ymax}] It draws a three-dimensional plot of “function” 
as a function of x and y. 

ParametricPlot3D[{fx, fy, fz},{t, tmin, tmax}] It plots a three-dimensional parametric plot of a 
curve with x, y and z coordinates as functions of 
t. 

Show[graph1, graph2, ..., graphn] It shows several graphics combined. 

 
Figure 4. Mathematica’s example of representing the relative position of a line and a plane. 

6 CONCLUSIONS 
In this article we have analyzed how computational tools can be introduced in the subject Mathematics 
II of the second course of the baccalaureate, in order to develop the computational skill in the same 
way as other scientific skills are worked. The assessment criteria of the subject have been studied and 
actions in which ICT tools are used have been presented. 
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