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Abstract 

Objective: To investigate the effect of using 

mathematical software as a tool to develop 

problem-solving competence in mechanical 

engineering students. Methods: A group of 59 

students were evaluated using a test consisting 

of four technological problems related to 

Bloom´s taxonomy levels of understanding 

and application. Interpretation and explanation 

questions were used for the understanding 

level, and execution and implementation 

questions were used for the application level. 

First, the students tried to solve the problems 

by manual calculations; then, after brief 

instruction, they tried to solve them by coding 

using mathematical software. Results: 

Successful problem solutions increased from 

72 to 93%, 15 to 62% and 13 to 26% of the 

students’ totals in interpreting, explaining, and 

implementing situations, respectively, but 

there was a 55 to 44% regression in regard to 

execution. Better results in understanding 

questions with respect to applying questions 

could be due to the increase in difficulty at the 

taxonomy level. Conclusion: The current 

study demonstrates the convenience of using 

computational tools to facilitate the 

application of mathematical techniques in 

problem solving and to improve the learning 

of engineering students. 
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Resumen 

Objetivo: Investigar el efecto del uso de 

software matemático como herramienta para 

desarrollar la competencia de resolución de 

problemas en estudiantes de ingeniería 

mecánica. Métodos: Se evaluó a un grupo de 

59 estudiantes mediante una prueba con cuatro 

problemas tecnológicos relacionados con los 

niveles de comprensión y aplicación de la 

taxonomía de Bloom. Se utilizaron preguntas 

de interpretación y explicación para el nivel de 

comprensión y preguntas de ejecución e 

implementación para el nivel de aplicación. En 

primer lugar, intentaron resolver los 

problemas mediante cálculos manuales y, tras 

una breve instrucción, programando en un 

software matemático. Resultados: La solución 

exitosa de problemas aumentó de 72 a 93%, 15 

a 62% y 13 a 26% del total de estudiantes en 

interpretar, explicar e implementar situaciones 

respectivamente, pero hubo una regresión de 

55 a 44% en la ejecución. Los mejores 

resultados en la comprensión con respecto a la 

aplicación de preguntas podrían deberse al 

aumento de la dificultad en el nivel de 

taxonomía. Conclusión: El estudio demuestra 

la conveniencia de utilizar herramientas 

computacionales para facilitar la aplicación de 

técnicas matemáticas en la resolución de 

problemas y mejorar el aprendizaje de los 

estudiantes de ingeniería. 
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Introduction 

The skill of solving engineering-related problems is the skill with the fourth greatest deficit 

level in recent engineering graduates [1]. In Colombia, the improvement of math learning 

has been stressed since 1961 [2]. In 1994, the Colombian Ministry of Education restructured 

the learning model by proposing a set of curricular guidelines based on basic standards of 

competences and performance assessment [3]. Despite such restructuring, Colombia 

achieved one of the lowest scores in problem solving out of the 44 countries participating in 

PISA (Programme for International Student Assessment) [4], [5]. Currently, the government 

is looking toward internet massification and digital ecosystem development [6] as tools to 

improve teaching personalization and the opening up of teaching positions based on 

information access [7]. 

 

This problem begins during elementary school and continues during the university level. At 

the tertiary level, math learning is one of the most relevant issues not only in Colombia but 

also generally in Latin America [2]. A disconnection between reality and career environment 

is the main cause [2]; such a disconnection generates high failure indicators in university 

courses [8]. The implementation of curricular integration, as proposed by CDIO, which 

connects math and engineering, is a strategy that might contribute to the solution of this 

problem. 

 

At the global level, different institutions have designed and applied multiple strategies aimed 

at strengthening math and problem-solving skills using concept integration, which has led to 

satisfactory outcomes. In this way, the industrial engineering program at Sao Paulo 

University suggested a model of learning based on engineering implementation projects for 

first-year students. This model emphasized the role of differential calculus, which resulted in 

a positive experience [9]. Since 2013, when PBL (project-based learning) was implemented, 

multiple strategies have been tested, such as activities for improving communication skills 

and the building and presentation of a real prototype as a solution for the courses’ semesterly 

works based on real engineering problems. The evidenced evolution has been sufficiently 

positive such that PBL has been extrapolated to three other engineering programs inside Sao 

Paulo University [9]. 

 

Another alternative for math teaching is computer-based math (CBM), which represents a 

different method for math teaching that uses machine-computer mathematics in the crucial 

parts of all curriculums to equip students with tools for applying math in high-level problem 

solving without thinking about how hard to is to solve such problems by hand [10]. This is a 

long-term project boosted by Wolfram Research, the developers of Mathematica and 

Wolfram Alpha software. 
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Multiple studies that have involved math and engineering teaching methodologies based on 

computers have resulted in success. For example, the chemistry engineering department of 

Huelva University in Spain has proposed and implemented a novel teaching methodology for 

improving the calculation of pumping power by using Mathcad software [11] with second-

year chemical engineering students. Surveys applied to these students have indicated that the 

computational tool and the related training courses highly improved their ability to solve the 

calculation of pumping power (engineering problem) as the mathematical difficulties were 

handled by software, which helped them focus on the understanding of the theoretical basis 

of the phenomenon [11]. 

 

Likewise, Kuala Lumpur University improved  its engineering students’ understanding of the 

concepts of integral calculus by means of the integration of the software Maple as an 

important education tool [12]. The students whose learning was accompanied by this 

software showed positive results compared to those of their counterparts who took the course 

that utilized traditional teaching methods. The conceptualization level of the students who 

used the software was significantly enhanced, allowing them to solve advanced calculus 

problems related to the determination of areas under functions with multiple roots between a 

specific study interval. The kindness and facilities delivered by the software with regard to 

creating and analyzing plots had a positive impact on the understanding of the students [12]. 

 

Another success case comes from Putra Malaysia University, where a similar methodology 

was implemented that combined linear algebra students and Maple software, which produced 

good results on the understanding of usually hard-to-understand concepts such as eigenvalues 

and eigenvectors. As the software performed the algebraic manipulations, the students could 

focus on the important properties and principles of the concepts, thereby improving their 

understanding [13]. 

 

The abovementioned approaches demonstrate real-world math, which requires complex 

models that should not be approached using hand calculations. However, what is found 

regarding today’s math education is that 80% of the curriculum time is spent on developing 

hand-calculation skills focused on algebraic manipulation, even when computer technology 

is available via math software [14]. This could suggest that engineering students acquire a 

high-level of expertise for mechanical algebraical processes instead of understanding the 

background of these complex topics. 

 

Therefore, the aim of this article is to plan and assess a strategy that conjugates curricular 

integration and CBM for enhancing mathematics learning in mechanical engineering at Santo 

Tomás University, with a specific focus on engineering problem solving. 
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Materials and methods 

Participants 

Sixty-four mechanical engineering students (approximately 15% of the total program 

population) from Santo Tomás University (Bogotá, Colombia) who were enrolled between 

their third and eighth semesters took part in this research project. The sample size was 

determined using Cochran’s formula with a margin of error of 10%, a confidence level of 

90%, and a response distribution of 50% of the population size of 430 students, which 

suggested 59 students for the sample. 

 

Procedure 

First, students took a diagnostic test in which they solved four mechanical engineering-

related problems. The length of the test was twenty minutes, and the use of computational 

tools such as Mathematica 11.0 (Wolfram Research, USA) and GeoGebra online 

(Hohenwarter et al., Austria) was allowed. 

 

Later, the students participated in three practical sessions every two hours, with one study 

case per session. Each case had a theoretical component developed by the teacher in the first 

part that was approached by the students using Mathematica 11.0 software. All the theoretical 

components were analyzed by teachers and students and transformed into a solution process 

according to math and algorithms. The first step was the understating of the problem and why 

an optimal answer should be delivered. Then, a theoretical model was involved (Bernoulli’s 

Principle, for example). After giving test values to some variables, the math model was 

developed using calculus and algorithms so that the answer could be evaluated to check that 

all constraints were satisfied. As most engineering problems require an iterative process to 

achieve a satisfying and optimal answer, the next step was to transform the test values into 

variables of an iteration so that, via software and forgetting about using hand calculations, 

the students could execute a programming routine to obtain multiple possibilities and extract 

the best possible answer to the problem. The result was a Mathematica file with an algorithm 

designed by each student to solve the problem. 

 

Finally, at the end of each case study session, the students took a test to determine the effect 

of the methodology on the development of mathematical competences. The questions on and 

conditions of the final test were similar to those on and of the first test, which allowed us to 

quantify the math skill development levels using two Bloom’s taxonomy levels of 

understanding and application. 
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Diagnostic and final tests 

 

The diagnostic and final tests were made to determine the level of mathematical competence 

development considering two levels from Bloom’s taxonomy (BT): understanding and 

application [15]. Each diagnostic test contained four questions linked (one by one) with the 

subcategories of interpretation, explanation, execution and implementation. In Table 1, the 

structure of the diagnostic and final tests is displayed. 

 

Table 1. Structure of diagnostic and final tests 

Bloom’s 

taxonomy 
Subcategory Related question Related problem 

Understand 

Interpret 

Can students use a graphic 

representation to obtain optimum 

performance variables? 

Establishment of optimum 

performance conditions for a 

hydraulic device from a graph 

Explain 
Can the students use proposed basic 

models to solve problems? 

Establishment of quantities in an 

entry and exit model 

Apply 

Execute 

Can the students build and develop 

basic models for solving known 

problems? 

Establishment of optimum 

performance conditions for a 

thermal machine from a 

mathematical function 

Implement 

Can the students build and develop 

basic models for arguing and 

solving unknown problems? 

Establishment of variables of 

production for maximizing 

usefulness from models with 

mathematical inconsistencies 

Source: Authors’ own creation. 

 

Study cases 

The main purpose of the study cases was to establish a comparison between the traditional 

methodologies and the new methodologies supported by integrated concepts, with an 

emphasis on math and software. An introductory case and three main study cases were 

proposed as a result of the evolution of problems faced by students in three courses of the 

mechanical engineering program into more complex problems and the creation of alternative 

solving methods. This transformation was made based on ceratin CDIO standards [16], 

namely, 3: integrated curriculum, 5: design-implement experiences and 7: integrated learning 

experience; thus, the new problems allowed students to interact with fundamentals proposed 

by CDIO. 

 

The problems had been solved by the students in their previous courses using hand 

calculations. Therefore, a new methodology was built based not only on the previous course 

concepts but also on math knowledge and programming. Additionally, the study cases were 

made complex to prevent common functional validations and suggest design problems. As 

the problems became more complex and traditional methodologies became less helpful, the 

students focused on building and applying new alternative methodologies that involved not 
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only the concepts learned from a specific engineering course but also their integrated 

knowledge of math and optimization models. These alternatives were transformed into 

algorithms with math model implementations that allowed the obtention of fast and optimal 

answers. All study cases were solved by the students by means of the computer-based math 

model (CBM), which proposes a step-by-step process of four key stages: problem definition, 

problem transfer to math, calculation of responses throughout a computer and results 

interpretation [14], [17]. 

 

Introductory case: animation of an airplane take-off 

 

The introductory case was an original idea developed for the current research, and its purpose 

was to motivate the students to show them how a simple mathematical function and the use 

of key concepts as derivates are useful for achieving interesting results. The case was 

presented to all participants regardless of their formation level. The aim of this introductory 

case study was to foster the students’ interest through an example of a direct mathematical 

function application resulting from the simplified environment of the traditional calculus 

courses they had already taken. The students received a set of connected dots that displayed 

an aircraft’s ascending trajectory (Figure 1). Overall, the take-off is similar to the arctangent 

function close to the origin. The students used this abstraction to construct an animation in 

Mathematica 11.0. There, the graphic object of the airplane followed the coordinates (x(t), 

arctan(x(t))) and inclined according to the curve tangent obtained from the derivative, thereby 

achieving an optimal representation of the rise. 

 

 

Figure 1. Airplane take-off animation frame in Case I 

 
Source: Authors’ own creation. 
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Case I: Diameter establishment of a fixed beam of a circular profile bearing a dynamic load 

 

In the second case study, students from the Design of Machine Elements course, which is a 

junior course available in the seventh semester, determined the minimum diameter of a solid 

hot-rolled circular profile of 1005 steel in order to guarantee the proposed strength for 

dynamic loads with a safety factor equal to 1.50 ± 0.05. This tolerance was defined to 

highlight the differences between calculus and the software given that traditional 

methodologies lead to solutions with sporadic safety factors, which can hinder the attainment 

of one-hundredths tolerance [18]. 

 

One of the two possible methods of analyzing the system, in accordance with the strength of 

materials theories, is using singularity functions leading to a two-variable equation (see 

Equation 1), which expresses the stress that the beam must resist (σ) [18]: 

 

 σ (𝑥, a) = F*𝑏^2*𝑙^3*((2𝑎 + 𝑙) – 𝑎*𝑙) – [{F(𝑥 − 𝑎)   if 𝑥 ≥ 𝑎] (1) 

 

where F is the applied force on the profile at a distance unit from the left support and b 

distance units measured by the right support, l is the length of the profile, and x is the analysis 

point. 

 

Figure 2. Maximum and minimum stress points of σ (x, a) (1) obtained by one of the participating 

students using Mathematica 11.0 for study case 1 

 
Source: Authors’ own creation. 

 

Once the function was obtained, the students used the critical points theory in two-variable 

functions (Figure 2) to find the minimum and maximum stresses, which are the required 

quantities to determine the material strength for the loads; then, they constructed a 
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programming routine in Mathematica 11.0 for quickly iterating the diameter to achieve the 

desired safety factor without exceeding the proposed tolerance. 

 

The case study objective was to show the students the differences between calculus and the 

software with regard to solving difficult problems by comparing the problem-solving 

achieved using math software with that using manual methodologies. Building an algorithm 

based on math can simplify any iterative process as a computer iterates itself in accordance 

with inputs. 

 

The students who wrote and used an algorithm (Figure 3) simply needed to execute the 

program to obtain the estimated safety factor. If the obtained safety factor did not meet the 

requirements, the inputs could be changed quickly, and the algorithm could be quickly 

executed again to get closer to the answer. 

 

Figure 3. Part of the code written by one of the participating students in Mathematica 11.0 for the 

determination of safety factor for study case 1 

 

 
 

Source: Authors’ own creation. 

 

Case II: Hydraulic pump system setup establishment according to experimental data 

 

In this case study, students in the Fluid Mechanics course, which is a sophomore course 

offered in the fifth semester, established the setup of a hydraulic pump system to transport a 

specific fluid flow, considering as a basis the experimental data collected by a group of fluid 

mechanics students for three-phase feed pumps available at the hydraulics laboratory from 

Santo Tomás University. 
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In the experimental practice, the upstream and downstream pump pressure, intensity, 

capability demanded by the three-phase engine and pump shaft angular speed were measured 

for different flows. The working fluid was water under standard conditions. 

 

The students constructed a simple mathematical model based on the Bernoulli principle (see 

Equation 2), which they applied to the data to achieve a set of ordered pairs that they related 

to possible working flows with the hydraulic efficiency device. After applying a polynomial 

regression in Excel and maximizing the resulting efficiency function using the critical points 

theory (Figure 4), the participants discussed possible system setups and decided which one 

would be the best for transporting the amount of required flow in terms of the system 

efficiency and the operating cost based on the average rate of kWh: 

 

𝑉1^2 ∗ 𝑟ℎ𝑜/2 +  𝑃1 +  𝑟ℎ𝑜 ∗ 𝑔 ∗ 𝑧1 +  𝑃𝐵 =  𝑣2^2 ∗ 𝑟ℎ𝑜/2 +  𝑃2 +  𝑟ℎ𝑜 ∗ 𝑔 ∗ 𝑧2 +  𝑃𝐿  (2) 

 

 

where P is the pressure measured at each analysis point (1 or 2), PB is the power delivered 

to the fluid because of the pump in terms of pressure head, PL is the power losses because of 

roughness in terms of pressure heads, V is the speed of the fluid at each analysis point (1 or 

2), Z is the height measured from a reference system at each analysis point (1 or 2), g is the 

gravity acceleration, and rho is the density of the fluid. 

 

 

Figure 4. Efficiency of the pump as a function of work discharge built by one of the participating 

students using Excel 2016 for determination of process variables in study case 2 

 
Source: Authors’ own creation. 

 

This case study required the students to construct a model to solve an engineering-related 

problem based on their results and group discussion. 
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Case III: Establishment of the diameter of conductor cable insulation and comparison with 

real cable 

 

Junior students in their seventh semester must deal with a heat transfer course problem that 

requires them to find the diameter of an optimum thermal rubber insulation layer for an 

electric conductor cable, submitted to specific conditions, then compare its outcomes with 

the diameter measurement of a real cable. Thus, these students developed a model that 

departed from the Fourier law in cylindrical coordinates [19] (Equation 3) to establish the 

diameter of the thermal insulation layer that in accord with the theory, guaranteed the best 

condition for heat transfer. Later, they measured the diameter of the real cable using a slide 

gauge by themselves, showing a match between the results reached via the mathematical 

model (Figure 5) and the real cable dimensions: 

 

 dQ/dt =  −k ∗  ∫ [r (∂T/ ∂r) dA]  (3) 

 

This case study required the students to arrive at the same solution of a real problem provided 

by the industry through mathematical modeling using differential geometry and differential 

equations. 

 

Figure 5. Heat transfer curve for a conduct cable as a function of the thermal insulating layer radius 

obtained by one of the participating students using Mathematica 11.0 for study case 3 

 
Source: Authors’ own creation. 
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Results and analysis 

Diagnostic input test 

 

The diagnostic input test showed that 72% of the students used a graphic representation to 

obtain optimum performance variables. Out of 64 participants, 46 identified the point in a 

curve, graphically represented in the plane as the result achieved via the optimum 

performance system. Nonetheless, only 15% of the students (7) who identified the optimal 

point in the graph, when faced with a similar problem without graphic representation, were 

able to construct and develop a mathematical model that allowed them to obtain the optimum 

performance variables (Figure 6). 

 

Figure 6. Interpret and explain indicator quantification. 

 
Source: Authors’ own creation. 

 

 

On the other hand, 55% of the students (35) utilized simple mathematical models posed by 

the test to solve a problem. However, only 13% of the participants (8) were able to construct 

and develop a mathematical model that permitted them to attain the best response, even 

surpassing the mathematical inconsistencies related to the unknown environment they were 

facing (Figure 7). 
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Figure 7. Execute and implement indicator quantification. 

 
Source: Authors’ own creation. 

 

Difficulties found 

 

The diagnostic input test and subcategories from the second level of Bloom’s taxonomy allow 

us to identify the main difficulties presented by students when solving engineering problems. 

 

As 72% of the students properly obtained the optimum performance variables using a graphic 

representation, it is possible to say that most of the students have a suitable level of the 

interpret skill. This allows them to transform the way in which they represent the 

information, as they took graphical quantities and converted them into numerical values. 

However, only 15% of the students who have an appropriate level of the interpret skill (11% 

of the total number of students) were found to have an adequate level of the execution skill. 

Even with proper interpretation skills, most of the students could not build and solve a 

mathematical model to obtain the same answers as those obtained via graphics. When the 

students did not have graphical support and were challenged to prepare their own model for 

obtaining optimal solutions for a known problem, their weakness appeared. 

 

When the students had an already proposed model, the results were much better than when 

they had to build and solve such a model. Fifty-five percent of the students correctly managed 

the proposed models well enough to solve the problem. Thus, it is possible to assert that half 

of the students have a proper level of the explain skill, as they used already proposed math 

models to solve problems. Nonetheless, only 13% of the students could build and calculate 

their own math model for unknown problems. Therefore, only 13% of the students 

demonstrated an accurate level of the implement skill. When comparing this result with the 
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that related to the execute skill, the following question arises: why does solving unknown 

problems look easier than already known problems? 

 

In summary, most of the students from the mechanical engineering program had good 

interpreting skills, while half of the students showed good explaining skills; in contrast, only 

13% showed good implementation skills, while only 11% displayed good execution skills. 

 

The test design allows us to see the level of achievement but does not identify the reason for 

failure if the problem is not adequately addressed. As an improvement recommendation for 

subsequent studies, it is proposed to not only ask open-ended questions but also give the 

students statements that present the problem accompanied by various items regarding the 

same statement. These items can inquire about how the problem-solving process is carried 

out and where it fails. For example, a standardization phase for the solution process can be 

used, as discussed in [20]. To assess whether in the initial phase there has been an 

understanding of the problem, one could ask the following questions: “What is the unknown 

or output variable? What data do I have and what data do I need? What and how is the 

condition?” In the final phase, questions such as “In what other problems can I apply this 

result or procedure?” are useful for identifying if the application level in Bloom´s taxonomy 

has been achieved. 

 

In addition, this type of study should also ask about the motivation of the students at the time 

of assessment. It is possible that a low performance level is conditioned not only by an 

insufficient foundation or the lack of adequate tools to solve a specific problem but also by a 

low level of motivation on behalf of the subject. Perhaps students do not consider the 

evaluated subject important for their professional performance, or they find the test 

unconnected with the course in which it is applied [21], [22]. Some authors estimate that 

there is a better performance and use of computational tools when they are used in specific 

domains and personally relevant contexts [23]. 

 

Evaluation output test 

 

After the three practical sessions, the final test evidenced a satisfactory increase in the 

percentage number of students who used graphic representation to obtain optimum 

performance variables (93%). Furthermore, 62% of the students identified the point properly 

and constructed and developed a mathematical model that allowed them to obtain optimum 

performance variables in a second problem. 

 

Similarly, despite the decrease in students who used a simple proposed mathematical model 

(44%), the number of participants who satisfactorily faced an unknown problem related to 
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mathematical inconsistencies by constructing and developing their own models increased to 

26%. 

 

The following plot compares the outcomes of both the diagnostic input and output tests, 

according to the related subcategories and in accordance with Bloom’s taxonomy (Figure 8). 

 

 

Figure 8. Comparison between indicators before and after practical sessions 

 
Source: Authors’ own creation. 

 

Analysis 

 

Significantly, most of the participants (93%) were shown to have skills in using graphic 

representations for obtaining optimum solutions in comparison with the initial finding of 

72%. This indicator illustrates an increase in the students’ interpretative capacity since they 

are shown to have transformed the way in which they represent information to fit better 

within problem-solving activities. Likewise, the meaningful increase in the number of 

participants who utilized the models proposed for problem solving (47%) shows an 

improvement in students’ competence level with regard to explanation, owing to the use of 

tools related to the concepts of integration and computation. In turn, the fourth indicator 

shows that students enhanced their skill level in solving unknown problems in manner that 

departs from posing and developing a mathematical model (implementation). However, the 

number of handicaps related to solving known problems using the proposal and development 

of a mathematical model (execute) increased. 
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The enhancement of interpretation and explanation skills is translated, in accordance with 

BT, into an increase in students’ capacity to understand the concepts and therefore the 

problems. The three practical sessions made it possible to enhance this skill in the group of 

students. Additionally, the fact that the students showed greater skill in facing new problems 

rather than working with previously known problems, demonstrates how the students 

welcomed the proposed methodology in the practical sessions while the traditional method 

was relegated to the background. 

 

This finding proves that teaching methodologies that include multidisciplinary concepts of 

integration and software to replace algebraical manipulation can result in good levels of 

development of student’s skills related to interpreting, explaining and implementing key 

abilities for facing and solving unknown engineering problems. The methodology proposed 

within this investigation represents the conjunction of the good results obtained by the 

enforcement of CDIO standards 3, 5 and 7 in real cases of PBL being applied at Sao Paulo 

University with the advantages of CBM learning in order to achieve successful 

understanding, as evidenced at Huelva University; this methodology is also empowering as 

it is not limited to a single math course but rather applicable to the development of problem-

solving skills within any engineering challenge. 

 

On average, for the different categories of Bloom's taxonomy shown in Figure 8, the results 

improved by 45%. This outcome indicates that the use of mathematics software may give 

better learning results than simulation software, especially when comparing the findings of 

this study with those of Dickerson and Clark [24]. Furthermore, mathematics software can 

be used in multiple subjects, while simulation software, due to its complexity and specificity, 

can be applied only in a few engineering courses. That is, the cost of investment in 

mathematics software can be lower and useful in more courses than obtaining a single 

simulation software for automation with pneumatics and hydraulics, another for 

thermodynamics, another for electronics and so on. This is not because simulation software 

is not useful; however, when embarking on the journey of software-supported learning, 

mathematics software may offer more value for money in a first stage. 

 

In the developed study, it can be seen how software can be used at different stages of the 

formation process. In the introductory case, using a real situation that can be modeled using 

both a mathematical function and the software helps students to visualize data. This 

corresponds to the levels of understanding and application of BT. The case of the fixed beam 

makes use of iterative trial and error operations where a possible answer to a problem is 

executed and examined according to the application and evaluation levels of BT. The case of 

the pump bank shows how a combined use of software can help one to understand and use 

what has been seen in laboratory practices, which has been proposed by other authors [14], 

[17], [20]. Finally, the case of cable insulation shows the usefulness of using software in the 

solution of differential equations that often appear in engineering problems but are usually 
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difficult to solve by manual methods. This case also considers the application and evaluation 

level of BT. 

 

Conclusions 

 

Participating students demonstrated the empowerment of their skills for solving unknown 

engineering problems when they were introduced to new strategies related to the integration 

of different concepts from engineering sciences and basic sciences that emphasized math and 

were supported by specialized computational technologies. 

 

Fifty-six percent of the students showed that they had enough problem-solving skills in 

accordance with the final test results, compared with the 38% evidenced in the diagnostic 

test, resulting in a satisfying improvement of 18%. Thus, the use of curricular integration, 

design-implement practices, and integrated learning experiences as strategies for engineering 

teaching, combined with the interactive use of specialized math software for problem solving, 

can result in the improvement of students’ interpretation, explanation and implementation 

skills for problem solving. 

 

These results open up possibilities for new teaching methodologies in which engineering 

formation courses use math software tools as a key feature for learning, which can play a 

fundamental role in developing problem-solving skills. 
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