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Abstract—The aim of this research are to assess the performance of engineer-

ing students when using mathematical competences to solve problems with de-

rivatives, to analyze their difficulties, and to observe which secondary school 

contents are essential for this purpose. The study is descriptive and exploratory 

with the use of quantitative methods. The participants are students of three com-

petence-based engineering programs of a Chilean University. According to the 

diagnostic test, the results show a limited knowledge of secondary education 

mathematical contents like algebra, the main mathematical functions, and pro-

portional geometry. According the research results the presence of difficulties 

associated to mathematical thinking processes and the complexity of mathemati-

cal objects are also evident. However, everyday problems fantasy context were 

more appealing for students, who solved most of them correctly. Even though 

these problems are imaginary, they were formulated using situations that engi-

neering students face every day. 

Keywords—Mathematical competences, problem solving, derivatives, difficul-

ties, engineering programs, higher education 

1 Introduction 

The scope of Mathematics Education goes from the most basic mathematical notions 

to the complex mathematics taught in Universities. From its epistemic, didactic, and 

cognitive aspects, its objective is to train people who will be able to solve problems in 

their different expertise areas [1], especially in engineering. Several studies in the field 

have address the problem of improving teaching practices with the implementation of 

pedagogical strategies aimed at overcoming student's difficulties with the understand-

ing of concepts like limits, derivatives, and integrals [2-7]. Even though different Cal-

culus courses may have different objectives in higher education, all of them are mainly 

centred on algorithms and traditional methods of mathematics teaching [8]. With these 

methods students manage to be able to use integrals, derivatives, and basic limits, but 

they are unable to extrapolate these notions to a wider context. The mechanical methods 

by which they were taught prevail [9]. 
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There are investigations that have confirmed that in undergraduate Mathematics, 

when these courses are taught they have different difficulties that can be both pedagog-

ical, epistemological and even psychological. [9-14]. Teachers complain that students 

are unable to understand and relate the main contents of these courses that they have 

continuity, derivatives and integrals [15-17]. In different countries, mathematics teach-

ers have made efforts to redesign calculus classroom instruction recognizing its im-

portance [18], because the consensus is that this it is a difficult subject for students [19]. 

This seems to cause negative consequences, even more when students need knowledge 

and abilities to solve real problems in their careers [20]. 

The authors [7] [21] provide one of the first descriptions of the difficulties that stu-

dents have with derivatives. Even when students in general were competent in the cal-

culation of derivatives, significant difficulties were found on exchange rate and the rep-

resentation of this mathematical object. These were frequently linked to an insufficient 

or incorrect comprehension of limits, relation, function and proportionality. In our opin-

ion, they need to develop competences like solving problems with the use of deriva-

tives, but prior to that, they need basic knowledge from secondary education that sup-

port derivation, like algebra, geometry, and trigonometry. This is the case of engineer-

ing students, such as students of Food Engineering, Computer Engineering and Com-

mercial Engineering.  

In a decade when the value of university education is under permanent quality as-

sessment, this research was devised to address the performance of the competence of 

solving of problems of derivatives and its applications, and the difficulties that students 

have when solving them. It was also relevant to consider students' prior knowledge and 

abilities that allowed them to study engineering in a public Chilean university, as a 

baseline for this assessment. Our research questions are the following: What are the 

mathematical concepts that cause difficulties to students before studying engineering? 

Do students of engineering programmes have the mathematical competences required 

to solve problems with the use of derivatives? What difficulties arise when solving these 

problems? From these research problem and questions, of similar results in research of 

types of limit problems of a real function in four engineering programs, we designed 

this study for three engineering programmes. 

The objective of this research was to observe the competences required to solve 

problems with the use of derivatives. The specific objectives were (1) to use a stand-

ardised diagnostic assessment instrument that was designed using the current curricu-

lum required to start higher education; (2) to design, validate and administer an instru-

ment to assess mathematical competences for the application of derivatives; (3) to de-

termine and to analyse the performance of students on different types of mathematical 

competences; (4) to analyse the difficulties that arise when solving problems that re-

quire the use of derivatives. 

2 Theoretical Framework 

Several difficulties associated with the mathematical object derivative have been ob-

served from different theoretical perspectives [18] [22]. However, understanding this 
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mathematical notion from a local perspective is still an unsolved problem. One of the 

main research topics on the comprehension of derivatives is its algorithmic use and 

practice. [23] states that the difficulties with derivatives of students that fail may arise 

from the lack of basic mathematical knowledge. The theoretical framework of this re-

search has two main foundations: problem-solving difficulties linked mathematics 

learning according to [24] and the types of mathematical competences of [25-27].  

2.1 Difficulties 

For [24] the nature of learning difficulties in mathematics in general has different 

sources. They say that their origin is in the educational microsystem that comprises 

student, teacher, curriculum and school. Therefore, the difficulties could be addressed 

from different perspectives, depending on where the focus needs to be. These difficul-

ties are connected and strengthened by complex networks that in practice constitute 

obstacles that are materialized in the form of errors. For [24] difficulties could be clas-

sified in five categories: the first two are associated with subject-specific criteria (math-

ematical objects and thinking processes), the third one is mathematics teaching pro-

cesses, the fourth is related to the cognitive processes of students, and the fifth is the 

lack of a rational attitude towards mathematics. 

For this study, the following four sources of difficulty from the theoretical frame-

work were considered: (1) Difficulties related to the complexity of mathematical ob-

jects: it is related with the use of language in the comprehension and communication of 

mathematical objects and everyday language as a having a mediating role in the inter-

pretation of signs. (2) Difficulties related to the mathematical thinking processes: it is 

related to the implicit breaks in the modes of mathematical thinking: examples, draw-

ings on the board, or standardized images could cause errors. (3) Difficulties related to 

the mathematics teaching processes: the teaching methods should meet the standards of 

the school and the curriculum and (4) Difficulties related to the cognitive development 

of students: the different stages of cognitive development of students, their characteris-

tics and abilities, must be considered when designing the resources and teaching strat-

egies. 

2.2 Mathematical competences for problem solving 

Mathematical competences can be fostered as part of thinking processes that allow 

the understanding of problematic situations and the use of information in different con-

texts [28]. The mathematical competence can be conceptualised as the set of abilities 

and skills related to the comprehension and interpretation of problems in different con-

texts (family, social, academic or professional situations), its translation into language 

and mathematical contexts, its solving using the appropriate mathematical procedures, 

the interpretation of its results, and the formulation and communication of them [29]. 

Regarding the problem-solving competence, [30] define it as taking on a task to which 

the method to solve it is unknown [31]. According to this definition, then we can deduce 

that there are as mathematical tasks those that constitute a problem and another that 

does not, that is, they would be routine tasks or exercises. [32, 33].  
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The authors [34, 35] have brought up questions about how students face problem 

solving and the processes that lead them to a solution. Scholars have tried to find an-

swers to the questions of [35] investigating how they solve different types of engineer-

ing problems also in to context [36-38]. However, according to {39-42, research on 

problem solving in engineering has focused its attention on developing skills, without 

considering the influence of personal contexts and situations that may foster students’ 

motivation and performance during the process [43] in general, and in secondary edu-

cation in particular. According to [44], one important aspect of the mathematical com-

petence is that mathematics is used to solve problems in context [44]. Context is the 

aspect of an individual's world where problems are situated. The selection of strategies 

and appropriate mathematical representations commonly depends on the context where 

the problem is presented. 

2.3 Types of mathematical competences 

Mathematics competences can be fostered as part of thinking processes that allow 

the understanding of problematic situations and the use of information in different con-

texts [28]. The current challenge is making students develop mathematic competences 

that are considered essential in the curriculum through school years. These integrate 

skills, knowledge, and abilities that cause a positive attitude towards the comprehension 

of a problem and the ability to implement solving processes [45]. The classification of 

types of mathematical competences of [25-27], which is part of the theoretical frame-

work, is presented in fig. 1. 

 

Fig. 1. Types of mathematical competences  

Type 1 Competence: Knowledge and development of mathematical procedures: 

This competence comprises the comprehension and command of mathematical con-

cepts and argumentation. It consists mainly of problems that include the most common 

definitions or calculation problems on typical mathematical assessment. Example from 

the test, problem 8: "Academic performance, f(t), in an exam that takes one hour on the 

basis of time t given by f(t) = t - t 2, 0 ≤ t ≤ 1; Using logical reasoning answer: a) When 

Types of Mathematical 
Competences

Type 1 Competence

Knowledge and

development of

mathematical procedures

Type 2 Competence

Routine problem solving

(real context, realist,

fantasy and purely

mathematical problems)

Type 3 Competence

Non-routine problem

setting

and solving
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is performance equal to zero? b) When is performance at its highest level? c) When is 

performance increasing or decreasing?"  

Type 2 Competence: Routine problem solving:  

This competence comprises suggesting, formulating, and solving routine problems 

in real, realistic, fantasy, and purely mathematical contexts. Routine problems are sim-

ilar to those solved during instruction courses, where students follow a sequence that 

requires understanding the concepts and algorithms to find valid solutions. 

2.4 Context problems: 

1. Real context problems: A context is real if it occurs and triggers the students’ action 

in that situation. Example from the test, problem 7: "Measure the sides of a sheet of 

paper and build a box without a lid by cutting equal squares on its corners and folding 

the remaining part. Determine the side where the squares must be cut in order to 

maximize the volume of the box.” 

2. Realistic context problems: A context is realistic if it feasible. It is a simulation of 

reality or part of it. Example from the test, problem 1: “The objective is to close a 

rectangular meadow using wire fence on three of its sides and flowers in the fourth 

one. With 800 m. of wire fence, ¿what is the area that could be fenced with it?" 

3. Fantasy context problems: A context is fantasy or fictional if it is imaginary and it 

is not based on reality. Example from the test, problem 4: "The speed (in m/s) of a 

Segnosaurus in a 200 mts. race is based on the distance, x, expressed by: f(x)=-

00055x(x-300). Using logical reasoning answer: a) What distance has the Segno-

saurus covered when it reaches its highest speed? b) What is this speed?" 

4. Purely mathematical context problems: A context is exclusively mathematical if it 

refers to mathematical objects: numbers, arithmetic operations and relations, geo-

metric shapes, etc. Example problem 5 from the test (similar Type 1 Competence): 

"The sum of the two non-negative numbers is 36. Find the numbers so that: a) The 

addition of their squares is the lowest possible number b) The addition of their square 

roots is the highest possible number." 

Type 3 Competence: Non-routine problems setting and solving:  

These competences include decoding the different ways to present mathematical sit-

uations, translating natural language to symbolic/formal language, i.e. it consists of the 

mathematical thinking that includes the ability to generalize. A problem will be consid-

ered as non-routine when a student does not know an answer or predetermined proce-

dure to find it. Example from the test, problem 6: "Formulate a minimum problem 

where a derivative could be used" and Example from the test, problem 10: "Maximize 

the area of a quadrilateral inscribed in a given circle of radius 1.” 

It is important to mention that non-routine problems could also be classified accord-

ing to their context and that the problems of competence Type 1 are generally consid-

ered in literature as similar to those of purely mathematical context. 
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3 Methodology 

This is a quantitative study of exploratory natures, since the addressed problem has 

been poorly studied in our current competence-based curricular context. It is of descrip-

tive nature, as well, [46] since it analyzes point to point the role of problem solving in 

the process of learning of the derivative. The study sample was composed of engineer-

ing programmes at Universidad de Los Lagos. The total sample is 41 students of the 

fourth semester in the following engineering programmes: Food (9) Computer (13) and 

Business (19) that were taking the Calculus I course (Differential and Integral in one 

variable) during the second semester of 2018. All their curriculums are competence-

based. The groups of participants were naturally formed, since they were already part 

of a course. Their corresponding course teachers taught all study groups. At the moment 

of administering the instruments, students had learned the contents of numbers and the 

number line, and studied the topics of limit, continuity, derivatives, and integrals. All 

courses had similar syllabuses where these contents were detailed. It is important to 

mention that students had already been assessed once on derivatives. The Levene test 

showed that the variances across groups are homoscedastic (sig < 0,005).  

3.1 Assessment instruments 

Diagnostic assessment: Firstly, as a diagnostic test, in all students were given a test 

that lasted 2 hours and 40 minutes. Its format is similar to the one they took in order to 

enter the higher education system in Chile in 2017 [47], which is called University 

Selection Test or PSU. The PSU contained multiple-choice questions with five options. 

Test scoring considers only correct answers. 

The cognitive skills in the PSU are a reformulation and adaptation of the table of 

pedagogical actions from the Fundamental Objectives (OFT, for its acronym in Span-

ish) and the Obligatory Minimum Contents of Mathematics. The cognitive skills from 

the OFs have been developed through secondary education (4 years). They are in the 

taxonomy of [48], and include comprehension, application, analysis, synthesis, and 

evaluation. On the other hand, mathematical contents are grouped in 4 thematic axes: 

Numbers, Algebra, Geometry, Data, and Randomness. The test has 80 items. 17 of them 

are of Numbers; in Algebra 10 items were of algebra and 9 of functions; in Geometry, 

Positional Geometry and Metrics (PG) had 13 items, and Proportional Geometry (GP) 

9 items; 12 of the items corresponded to Data; and 10 to Randomness. Extreme scores 

range from a minimum of 150 points to a maximum of 850 points. The objective of the 

administration of the test and evaluation of the items is to verify the abilities related to 

the learning of derivatives that students have in the different thematic axes before start-

ing University. 

Mathematical competences test: With the aim of assessing the performance of en-

gineering students when solving problems associated with three types of mathematical 

competences and categorising the difficulties in their answers, a qualitative instrument 

was designed and validated through the judgment of 12 experts. The problems of the 

test were piloted before they were accepted for the final version. Only those with more 
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than 85% of positive results were included in the final version with problems of use of 

derivatives that were appropriate for the level of students.  

The final test was tested for reliability using Cronbach's Alpha. The result was 0.79, 

which was considered acceptable considering the nature of the assessment instrument 

and its scope. The test had 10 open questions designed according to the classification 

of mathematical competences of [25], and it was administered in three two-hour ses-

sions.  

Distribution of problems (P) is the next: P1, Type 2 Competence and context realis-

tic; P2, Type 2 Competence and context fantasy; P3, Type 3 Competence and non-

routine; P4, Type 2 Competence and context fantasy; P5, Type 1 Competence; P6, Type 

3 Competence non-routine; P7, Type 2 Competence and context real; P8, Type 1 Com-

petence; P9, Type 2 Competence and context realistic and P10, Type 3 Competence 

non-routine. 

Performance levels were established according to the stages of mathematical prob-

lem solving used by [49]. This model includes a score scale that indicates the different 

progress levels of students when solving a problem correctly. This four-point scale is 

used to record every detail in student's processes of problem solving: No Start: The 

student is unable to start the problem or delivers work which is meaningless (0 point), 

Focus: The student focuses the problem with a meaningful work, indicating compre-

hension of the problem, yet faces difficulties easily (1 point), Substance: Sufficient de-

tails show that the student has been oriented to a rational solution, yet relevant error s 

or wrong interpretations prevent the process of the correct resolution (2 points), Result: 

The problem is about to be resolved, yet few mistakes lead to a wrong final solution (3 

points), Completion: The proper method has been used and it has led to the correct 

solution (4 points). 

 

The degrees of internal discrimination were established through the biserial correla-

tion (rpbis), which was, on average, equal to 0.41. The difficulty for each problem and 

for the test as a whole was 35.1%. 

4 Result 

4.1 Diagnostic evaluation 

The specifications of the diagnostic test are presented in Table 1. The table displays 

the percentage of items in the diagnostic test in relation to the Thematic Axes, the per-

centage ranges per item of the Cognitive Skills test, and results of the diagnostic assess-

ment.  
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Table 1.  Cognitive skills 

 

 

Thematic axes 

 

Cognitive skills 

 

 

 

Total% 

per item 

 

 

Result 

Diagnostic 

Assessment 

 

 

Comprehension Application Analysis, Synthesis, 

and Evaluation 

Numbers 3 9 5 21,25 59% 

Algebra and 

Functions 

2 10 7 23,75 48% and 31% 

Geometry PM 

and Geometry 

PR 

3 13 6 27,5 39% and 44% 

Data and  

Randomness 

5 13 4 27,5 50% and47% 

Total (%) 16,25 56,25 27,5 100  

 

Following the data recorded in the country by [47] the average number of correct 

answers is 25. This is equivalent to 33% of the total number of test questions. According 

Table 1, the highest difficulty was in functions, with 31% of achievement. In general, 

in the thematic axis of Algebra that includes Algebra and Functions, the achievement 

is 79% of all students. The thematic axis of Geometry, that includes Metric Geometry 

PM and Proportional Geometry PR reached 83%; Data and Randomness has the highest 

achievement with 97% and the best performance is in numbers with 59%. According 

to the PSU results in 2017, the percentage of achievement in the axis of Numbers is 

significantly higher in the subjects of the study. This might be explained by the courses 

students had already passed. However, the lower results in Functions, Algebra, and Ge-

ometry do not change. Regarding the thematic axis of Data and Randomness, the per-

centage of achievement is higher than the average of the PSU 2017 [47]. 

4.2 Use of technological software 

The teaching-learning strategies include the use of technological software for the 

design and implementation of Calculus units, in general, and of derivatives, in particu-

lar. The tools included in the syllabi of these engineering programmes are Matlab and 

Derive, with objectives such as determining the partial derivatives of a function in a 

symbolic way, representing the gradient field and showing its geometric interpretation, 

etc. 

One of the attributes of Matlab software is that it allows you plottin and solve the 

derivative of a mathematical function. Using the diff command (f) reduces the time it 

would take to calculate a derivative, but it does not guarantee the effective resolution 

of application problems of the derivative. [50] and [51] reviewed this type of software 

and concluded that it contributes to the development of aspects of memory and rein-

forces the algebraic work that takes place in classrooms. However, the visualisation of 

situations is left aside and, with it, the immerse construction of concepts. According to 

[52], reform projects with approaches that use technology have managed to retain the 
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ideas of traditional calculus, but are now supported by dynamic graphics that illustrate 

the use of symbol manipulation to make calculations. 

Therefore, it is necessary to propose to the engineering students, activities with the 

use of technology and that guarantee the elements of the justification of the change. 

Also, the derivative must be presented in a way that is natural for the student, without 

neglecting the symbolic part and seeking a balance between these aspects. 

4.3 Types of mathematical competences 

Fig. 2 below shows the results of the three engineering programs on each problem 

of the derivatives test.  

 

Fig. 2. Levels of performance by programs 

As it can be observed in fig. 2, performance in general is 56,3% of achievement in 

this important topic in mathematics and the highest performance of students when solv-

ing problems of application of derivatives is on Computer Engineering, with 64% of 

achievement. This means that this group of engineering programmes has poor compe-

tences when solving problems that require the use of derivatives, which is one of the 

foundations of Differential Calculus.  
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Fig. 3. Percentage of performance for each problem 

As shown in fig. 3, the problems with the lowest performance are problems 10 and 

9 with 31% and 34% respectively. Problem 10 corresponds to Competence Type 3 of 

the formulation and solving of a non-routine problem, i.e. according to own definition, 

the decoding of different forms of presenting mathematical situations, translating natu-

ral language into symbolic/formal language. Problem 9 corresponds to Competence 

Type 2 of solving routine or realistic problems, i.e. problems that are feasible because 

they are a simulation of reality or a part of it.  

The problems with the highest achievement levels were problems 4 and 2 with 54% 

and 51% respectively. Both correspond to Competence Type 2 of solving routine and 

fantasy or fictional problems, i.e. problems that are imaginary and are not based on 

reality. The problem 2 and 4, is presented below. 

Problem 2: “The function of f(t) = t -2 is that the derivative of inflation in time in 

one of the Seven Kingdoms of Game of Thrones, when 0 ≤ t ≤ 5. Determine the value of 

t in order to have the minimum value of inflation."  

4.4 Difficulties 

The percentages of difficulties of the participants of the three engineering programs 

observed in the test of problem solving with the use of derivatives are presented in fig. 

4. 
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Fig. 4. Percentage of difficulties by category of the three engineering programs 

According to fig. 4, 46,2 % of participants in this research had difficulties related to 

the complexity of mathematical objects (Difficulty 1). Different conflicts associated 

with comprehension and communication of the mathematical object derivative were 

identified in problem solving. One of these conflicts arises from the assisting role of 

common language in the interpretation of mathematical signs that are present in a prob-

lem statement. However, mathematical language is more precise and it is subject to 

exact rules. It communicates its meaning only by the exact interpretation of its signs. 

Our results are similar to those we have investigated in the limit of a real variable func-

tion, in which we affirm that understanding vocabulary is the most important factor in 

understanding several content areas, including mathematics [53].  

According to [53], teaching and learning mathematics are essential for any career 

that requires this discipline. Learning mathematical vocabulary is a very important part 

of student's language development and eventually of their mathematical competence. 

In mathematics, students solve problems manipulating numbers and interpreting sym-

bols, but the comprehension of mathematics requires more than knowing numbers and 

symbols. Mathematics also requires the development of vocabulary. Teachers and stu-

dents use language to teach and learn about mathematics, and there is a myriad of spe-

cific mathematical terms in this oral and written language [54]. 

Regarding the difficulties associated with the mathematical thinking processes (Dif-

ficulty 2) we can say that, considering the whole test, 55 % of the total sample had this 

difficulty. Evidence of this difficulty was observed in the fact that students were unable 

to follow a logical-mathematical argument. 

22% of participants had difficulties associated to the teaching processes (Difficulty 

3). This difficulty was observed in the presence of ambiguous knowledge, irrelevant 

rules used in a messy or interchangeable way, lack of knowledge of algorithms, etc. 

However, it is important to mention that this research is not focused on teacher’s com-

petences. Example from the test whit this difficulty in problem 9: “In a meadow you 

have to enclose an area of 400 m2, which should have the shape of a rectangle. Each 
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meter of fence costs $ 50,000. If x is the measure in meters of one of its sides, it is 

requested: a) Reasonably obtain the function f such that f (x) is the cost of the fence, 

indicating among which values can vary x. b) Derive reasonably the value of x for 

which the function f (x) reaches the minimum value”. 

 

Fig. 5. Production of one student 

The wrong answer of student “the minimum of x is 32”. Finally, only 7% of the dif-

ficulties were associated with cognitive processes (Difficulty 4). The typical reasoning 

observed in the problems that were solved is the expected considering the cognitive 

development of students in higher education. It is necessary to mention that, regardless 

of the results, the three study groups showed a high level of concentration during the 

problem-solving process and lower difficulties in basic algebra operations. The diffi-

culties associated with the mathematics teaching processes could be observed through 

open questions, mainly in difficulties to remember explanations and the need of support 

when doubts arise. Difficulties increase with non-routine problems. Example from the 

test, problem 3: “Find a derivable function that has a critical point in the interval [2, 

4].” 
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Fig. 6. Production of one student 

According to Figure 6, the student does not understand the problem: “a) after 150 

meters it reaches top speed, b) F(x) = -0,00055 1502 + 0,165 150 its maximum speed 

is 12,375 M/S.” The mechanism can be observed and that there is an attempt to respond 

as if it were a standard problem, rather than understanding it as a non-routine problem. 

The underlying difficulty is associated with teaching processes that are related to the 

school, the Mathematics curriculum, and the teaching methods used. They do not look 

for the graphical representation of the interval; they only focus on an algorithmic reso-

lution. The development of it also presents problems in algebra, specifically in the fac-

torization of basic algebraic expressions that must be mastered in secondary school. In 

most students it was possible to find evidence related to mathematical thinking pro-

cesses in a strong tendency to believe that mathematics is mainly operations and algo-

rithms instead of logical thinking as an efficient method to solve problems. 

5 Conclusion 

Based on the evidence associated with the knowledge students have prior to entering 

higher education, they had some difficulties with concepts related to mathematical 

functions, such as exponents and logarithms, which are key to manipulating equations 

and functions in calculus. This finding is in line with [55], who analysed students’ low 

learning outcomes for calculus subjects and concluded that, in general, at the secondary 

school level, students have trouble with functions, their graphs, and algebraic manipu-

lation. 

These issues usually arise initially in algebra classes, and hinder the resolution of 

problems specifically associated with the dynamics of functions at intervals, the deter-

mination of maximums and minimums of a function in its broadest domain, optimiza-

tion, speed estimates, and acceleration.  
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Similarly, students showed lack of basic knowledge of proportional geometry, which 

is also in line with [56], who studied the students' difficulties in recognizing the quotient 

associated with the measure of relative size, and how the concepts of reason and pro-

portion prevent students from achieving the concept of derivative.  

Problem solving is of vital importance in engineering education, and our results re-

flect a moderate competence of students in solving application problems where the de-

rivative must be used. Considering that the three engineering programmes have a com-

petence-based curriculum that include problem solving, the results obtained in this re-

search agree with [57], who claim that problems have occupied a central place in math 

curricula for many decades, but not problem solving. 

Regarding the difficulties in problem solving, the most important one throughout the 

three engineering programmes corresponds to the one that involves the processes of 

mathematical thought (Difficulty 2). These processes are related to implicit ruptures in 

the different ways of thinking mathematics; the examples, drawings, and standardised 

images can generate errors. Our results are in line with the arguments of researchers 

who claim that many students cannot first achieve a pictorial image of an idea in their 

mind, for this reason they have difficulty understanding the concepts in mathematics 

[58].  

Additionally, the complexity of mathematical objects (Difficulty 1) proved to be an 

obvious difficulty for the students of the three engineering programmes. With respect 

to the teaching processes developed for the learning of Mathematics that directly in-

volves the teacher, since the teaching methods must be in accordance with the school 

institutional organization and the curricular sequence (Difficulty 3), although 22% was 

achieved of difficulty, this was reflected in the study. 

Calculus texts generally include, as derivative applications, optimization problems 

to determine the absolute minimum and/or maximum of a function that depends on two 

variables, given a restriction or relationship that the two variables must always satisfy. 

Examples tend to focus around geometric objects, such as squares, boxes, cylinders, 

etc. They also have basic derivative applications in the business field, where the maxi-

mum and/or minimum value of the function is found again and the marginal cost func-

tion, the average cost, the income function, the marginal income function, and the mar-

ginal gain function are defined. However, the data from this study showed that when 

students of the three engineering programmes were presented with problems of deriva-

tives in a context very little used in the books of Differential and Integral Calculation, 

they showed interest in addressing them and the highest level of achievement in re-

sponding to them. The problems were given a fantasy context, which it usually involves 

imagination and have no foundations in reality. Situations of characters from current 

films, and their own daily lives are examples of these fictional contexts. 

Concerning the teaching processes developed to learn Mathematics that direct-ly in-

volve the teacher; it is worth noting that teaching methods must be in accordance with 

the institutional organization of the school and the curricular sequence (Difficulty 3). 

In this context, although 45% difficulty was achieved, the aforementioned was reflected 

in the study. 

According to the results, taking the calculation in high school does not guarantee 

success later in the calculation of the university, what is more important is to master the 
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prerequisites, the algebra, the geometry and the trigonometry that lead to the calcula-

tion, which coincides with the opinion of [59] in a study conducted with more than 

6,000 first year university students at 133 universities in the USA. 

In summary, the investigation herein offers an approach to those contents acquired 

during secondary school, which could significantly have an impact on the understand-

ing and capacity of problem solving regarding the applications of the derivatives. Ad-

ditionally, this research provides a deeper understanding of those problems that are not 

found regularly in the literature, such as the problems with fictional contexts. If prob-

lems deal with subjects linked to the daily life of the students, there is a higher proba-

bility of being approached with success by them. The main contribution of this study 

has been to provide a better understanding of the deficiencies that students bring from 

high school in mathematics and that greatly influence engineering calculation courses, 

specifically in the appropriation of the concept of derivative of a function, as well as 

providing a different idea of how instructors can use different types of problems in their 

calculus courses. 
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