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Abstract 
It is often necessary to obtain the solution of nonlinear equations when solving engineering problems, 
but not always the exact solution can be found. In that cases, numerical methods are required. 
Therefore, it is necessary that engineering students acquire the pertinent skills to solve this type of 
equations with approximation techniques. 
So as to facilitate the discussion of certain concepts involved when applying numerical methods, 
especially those that are usually difficult to acquire or require tedious calculation processes for their 
comprehension, different learning objects have been elaborated with Mathematica for the Numerical 
Analysis courses at the Facultad Regional San Nicolás (FRSN), Universidad Tecnológica Nacional 
(UTN) from Argentina. These tools are available on the Web, so students can use them outside of 
class time. 
This paper aims to discuss two learning objects and to show some activities proposed to the students 
along with the rubric that was used to analyze each one of their answers. The obtained results and 
some reflections about the students’ achievements are also presented. 
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1 INTRODUCTION 
Bloom’s taxonomy, developed in 1956 [1], is a classification of outcomes and skills that students 
should achieve during the teaching and learning process. The revised Bloom’s taxonomy provides a 
complexity hierarchy that orders cognitive processes from simple remembering to higher order critical 
and creative thinking. These levels, from simple to complex thinking, are: remember, understand, 
apply, analyze, evaluate, and create [2]. Student must overcome these six levels in order to produce a 
true learning process.  

The last revision lead to the Bloom´s taxonomy for the digital age. This revision addresses the new 
objectives presented by the emergence and integration of Information and Communication 
Technologies into the classroom and the lives of the students [3]. Each level retains the associated 
key verbs and adds new “digital” ones like highlight or google (remember level), run or load (apply 
level) and program or film (create level). 

Different learning objects have been elaborated with Mathematica for the Numerical Analysis courses 
at the Facultad Regional San Nicolás (FRSN), Universidad Tecnológica Nacional (UTN) from 
Argentina, so as to facilitate the discussion of certain concepts involved when applying numerical 
methods, especially those that are usually difficult to acquire or require tedious calculation processes 
for their comprehension. These tools are available on the Web [4], so students can continue using 
them anytime. 

In order to analyze if students in Numerical Analysis courses achieved the required mathematical 
skills, given by the revised Bloom’s taxonomy, a first assessment was proposed at the end of the first 
unit of the syllabus, numerical methods for nonlinear equations. For its resolution, students had to 
solve diverse situations, putting into practice diverse skills while using one of the designed learning 
object. 

This paper aims to discuss two different learning objects and to show some activities proposed to the 
students along with the rubric that was used to analyze each one of their answers. The obtained 
results and some reflections about the students’ achievements are also presented. 
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2 LEARNING OBJECTS 
Defining the term Learning Object (LO) is not a simple task, since there is a wide discussion about its 
meaning and LOs have been evolving and adapting according to educational and technological needs. 
However, one of the most widespread definitions is: a LO is any digital resource that can be used as a 
support for learning [5]. 

Learning objects have their own characteristics. They must be reusable, in other words, they must be 
able to be used in educational contexts different from the one for which they were created, 
independent of the used platform, adaptable, flexible and updatable [6]. In this way, LOs are 
considered broad resources, which, in addition to encompassing content, consider the processes that 
are necessary for the optimal development of teaching and learning. 

The design and development of a LO is a challenge. The teacher, in addition to choosing the content, 
must create the appropriate presentation according to the particularities of the students, who should 
only concentrate on using the LO. The central objective of LO is to enable students and teachers to 
adapt resources according to their learning objectives, learning and teaching styles, interests and 
needs. 

2.1 Computable Document Format Files 
Resources with a simple interface can be generated with Mathematica as CDF files (Computable 
Document Format), a special format which does not need Mathematica to run. It is only needed the 
CDF Player, available for free on Internet. 

These tools allow a dynamic interaction with the user, since it is possible to change the parameters 
involved in the problem, and to analyze the effect they cause in the observed phenomenon.  

For the teaching of the different issues of Numerical Analysis at FRSN courses, a set of CDF files that 
implements numerical methods was developed [7, 8]. In addition, different apps with specific 
engineering problems, where numerical methods are required to achieve a solution, were prepared [9, 
10]. 

3 THE USE OF THE CDF FILE IN THE CLASSROOM 
Objectives, competencies, and learning outcomes are written to describe the learning that students 
achieve. A learning outcome must be written in a way that it can be measured or assessed. Thus, 
learning outcomes are the basis for an assessment program which focuses on what student can do 
upon completion of a course [11]. 

In numerical analysis courses at FRSN, learning outcomes are written for each topic. At the end of the 
issue “Nonlinear equations”, students will be able to: 

• Identify when it is necessary to solve a nonlinear equation numerically. 

• Apply the numerical methods studied to approximate the solution of nonlinear equations. 

• Determine when it is possible to apply a particular numerical method or which one is the most 
convenient. 

• Select in a proper way the data needed to apply a numerical method. 

• Analyze the validity of the obtained solution. 

3.1 Tools for solving nonlinear equations 
Fig. 1 presents the tools specially designed for solving nonlinear equations. Their language is Spanish 
because they were designed to be used by Argentinian students. 
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Fig.1. Designed tools for solving nonlinear equations. 
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Fig. 1 (a) presents a tool that allows to approximate the solution of a nonlinear equation using the four 
most known methods: Bisection, Newton, Secant and Regula-Falsi. To use this app, the equation to 
be solved, the desired tolerance and the maximum number of iterations to be performed must be 
selected. All methods require initial data for beginning, which can be estimated by observing the graph 
of the function associated with the equation, obtained when the equation is chosen. To obtain the 
results in the table, data required for each method must be selected. If the desired approximation 
cannot be reached, a message appears alerting the user to increase the number of iterations. The 
same happens if an error occurs when the method is executed. Fig. 1(b) shows a similar tool, where 
the first elements calculated with the selected method are shown. 

3.2 The proposed activities 
The assessment of the unit “numerical methods for solving nonlinear equations” included different 
types of exercises, pointing to the different levels of Bloom´s taxonomy. It was developed in the 
computer lab, where each student had a computer, because some of the exercises proposed required 
the use of the tools presented in this paper. Those specific problems were: 

1 Obtain an approximation of the real solution of the equation x3 + 1 = 1.26 x by means of 
Newton's method, taking x0 = 0 as the initial approximation. 
o What happens when the method is applied? Why? 
o If the previously obtained approximation is not adequate, how can the problem be solved? 

2 Solve the equation e-x x = 0 by means of the secant method, using as initial approximations x0 = 
0.2 and x1 = 0.8 and x0 = 1.2 and x1 = 1.4. Discuss the obtained results. 

3 Solve the equation x8 – 1 = 0 by means of the false position (regula falsi) method, using as 
initial approximations x0 = 0.5 and x1 = 1.5. Discuss the obtained results. 

3.3 The assessment results 
The mathematical skills that the student had to develop during the resolution of the proposed activities 
were analysed, using the rubrics presented in Tables 1 to 5, for each level of Bloom's taxonomy: 

Table 1.  Mathematical skills for the Remember level. 

Skill Exercise Poorly developed Moderately developed Developed 

Recall the concept of 
convergence of a 
numerical method 

1-2-3 
Does not describe 
when a numerical 

sequence converges 

Describes in some 
cases when a numerical 

sequence converges 

Describes in all cases 
when a numerical 

sequence converges 

Identify the sufficient 
condition for Newton's 
method convergence 

1 Does not recognize 
the condition 

Does not clearly 
recognize the condition 

Properly recognizes 
the condition 

Table 2.  Mathematical skills for the Understand level. 

Skill Exercise Poorly developed Moderately 
developed Developed 

Interpret the data provided 
by the proposed problem to 
execute the CDF  

1-2-3 Does not infer the data to 
be written in each field 

Infers some data to 
write in each field. 

Infers all the data to 
be written in each 

field 

Explain the data given by 
the tabular output of the 
CDF 

1 

Does not associate the 
concept of non-

convergence with the 
presence of a cycle 

Loosely associates 
the concept of non-

convergence with the 
presence of a cycle 

Associates the 
concept of non-

convergence with the 
presence of a cycle 

Explain the data given by 
the tabular output of the 
CDF 

2-3 
Does not recognize when 

a numerical sequence 
converges or diverges 

Recognizes in some 
cases when a 

numerical sequence 
converges or 

diverges 

Recognizes in all 
cases when a 

numerical sequence 
converges or 

diverges 
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Table 3.   Mathematical skills for the Apply level. 

Skill Exercise Poorly developed Moderately 
developed Developed 

Use the Fourier 
rule by taking a 
suitable interval 

1 
Does not correctly apply 
the conditions given by 

the Fourier rule 

Applies the conditions 
given by the Fourier 
rule with some errors 

Correctly applies 
the conditions given 
by the Fourier rule 

Table 4.  Mathematical skills for the Analyze level. 

Skill Exercise Poorly developed Moderately 
developed Developed 

Find the cause why the 
indicated starting point 
doesn´t let Newton's 
method converge 

1 
Does not find why the 
numerical sequence 
does not converge 

Does not properly find 
why the numerical 
sequence does not 

converge 

Finds properly why 
the numerical 

sequence does not 
converge 

Find the cause why the 
indicated initial points 
make the secant method 
in one case converge 
and in the other not 

2 

Does not find why the 
numerical sequence 

converges or does not 
converge 

Does not properly find 
why the numerical 

sequence converges 
or does not converge 

Finds properly why 
the numerical 

sequence 
converges or does 

not converge 

Find the cause why the 
indicated initial points 
make the false-position 
method converge slowly 

3 
Does not  find the 

reason for the slow 
convergence 

Finds an inappropriate 
reason for the slow 

convergence 

Finds properly the 
reason for the slow 

convergence 

Table 5.  Mathematical skills for the Evaluate level. 

Skill Exercise Poorly developed Moderately developed Developed 

Verify that the 
chosen starting 
point causes 
Newton's method 
to converge 

1 

Does not verify that the 
numerical sequence 
generated with the 

chosen starting point 
converges 

Partially verifies that the 
numerical sequence 
generated with the 

chosen starting point 
converges 

Verifes that the 
numerical sequence 
generated with the 

chosen starting point 
converges 

Detect an interval 
that satisfies the 
Fourier rule 

1 

Does not check the 
conditions given by the 

Fourier rule for the 
chosen interval 

Partially checks the 
conditions given by the 

Fourier rule for the 
chosen interval 

Checks the conditions 
given by the Fourier rule 
for the chosen interval 

Detect two points 
that make the 
false position 
method 

1 

Does not check the 
conditions given by the 

Fourier rule for the 
chosen interval 

Partially checks the 
conditions given by the 

Fourier rule for the 
chosen interval 

Checks the conditions 
given by the Fourier rule 
for the chosen interval 

The results obtained using the rubrics presented above were tabulated. The graphic presented in Fig. 
2 gathers the results related to the part of the assessment that had to be developed using the tools 
presented in this paper, according to the rubric presented in Table 2. Each exercise asks for an 
interpretation of the data provided by the proposed problem to execute the CDF and for an 
explanation of the data given by the tabular output of the CDF, indicated as a) and b) respectively in 
the graphic. 

It can be seen in Fig. 2 that in general the learning outcomes were achieved, as almost in every 
exercise the skills were fully developed by more than the 50% of the students (green bars).  

Similar exercises were used for assessments in other courses without the use of these tools, and the 
results were not as good as the presented here. 
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Fig.2. Results of the exercises related to the tools presented. 

4 CONCLUSIONS  
Knowing the skills that students develop while they are learning different mathematical objects is 
fundamental during the teaching process, because it allows to determine if the learning objectives 
have or have not been reached by the students. 

The hierarchical structure presented by Bloom's taxonomy is important to determine the mathematical 
abilities that the teacher wants his students to develop and, consequently, the level of comprehension 
they can achieve. Generally, the sequences of activities proposed to students during their learning 
process point to the development of lower level mathematical skills. But, to achieve a true 
understanding of the mathematical object under study, it is necessary to propose activities where 
students analyze, evaluate and create, actions included in the superior levels of Bloom´s Taxonomy. 
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