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Abstract: Difficulties in the curricular units (CU) of the mathematical science area, particularly those
related to differential and integral calculus (DIC), are often found among students of engineering
degrees, leading to high failure rates. A research work was developed with the objective of finding
the reasons that lead the students to fail in the CU of DIC (CU-DIC) taught in the 1st year of
the engineering undergraduate degrees at the Coimbra Engineering Institute (ISEC), in Portugal.
Applying a case study methodology, this article will present a current diagnosis with the objective to
establish relationships between teaching methods and students’ learning strategies, and besides, we
propose to build learning environments that lead to higher success. The analysis of collected data
allows us to conclude that the CU-DIC in the ISEC maintain an identical distribution in the hourly
load in several engineering degrees, where contents are adjusted to each context taking into account
the CUs of each degree. The data analysis found better results in the academic year that includes two
examination moments without any relationship between class attendance, dropout and pass rates.
We propose some different teaching/learning strategies in CU-DIC and new learning environments
that enhance freshmen students” engagement and participation in their own learning process.

Keywords: differential and integral calculus; mathematical knowledge in engineering; teaching
and learning

1. Introduction

Curricular units of differential and integral calculus are the best way to acquire the
theoretical basis necessary for engineering students’ professional futures, and for this,
they are present in most of the undergraduate degrees taught in several higher education
institutions (HEI).

However, despite its obvious importance, it has been noticed over the years that
this basic science is the cause of high failure rates in engineering undergraduate degrees,
resulting in several problems, such as absenteeism and, consequently, dropping out of
university studies.

The failure and dropout rates in CU-DIC have evidenced the need to question
what methodologies and teaching approaches are applied, which learning environments
are developed that best allow students to be co-responsible in their educational pro-
cess, and which assessment practices are related to their school success and lead to
significant learning [1-3].

These issues related to mathematics failure in teaching engineering students have
frequently appeared in national and international discussions being addressed in several
published works, which have received well deserved mention by the international special-
ized literature. In 1991, American Mathematical Monthly presented data showed that 45%
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of students enrolled in a course of engineering calculus obtained a level equal or higher
than C (marks goes from A to E, with A being the best one and E the worst one).

David Tall, for example, has been a lead researcher in the field of advanced mathemat-
ical thinking, whose questions revolve around the difficulties encountered in learning basic
concepts of calculus, with cognitive psychology as a background for their epistemological
analysis [4,5].

Another international example of this concern was the movement to reform the
teaching of calculus, which began in the 1980s and was known as the “calculus reform”.
This movement had as a starting point a controversial document of the mathematician
Peter Lax, who attacked the courses of calculus at the time. According to its precursors, the
“calculus reform” had as basic characteristics the use of technology, that is, computational
software and graphing calculators, both for the learning of concepts and theorems and for
problem solving [6-12].

There has also been a growing debate about the relationship between skills develop-
ment emerging from upper secondary education and failure in the teaching of mathematics
in engineering [13]. Recently, with the general objective of highlighting the changes
produced in the teaching of engineering in European studies, within the scope of the
RULES_MATH project, some examples were presented from the University of Salamanca
(Spain) and the University of Gazi (Turkey). In this study, technological tools were used
for teaching and learning calculus, from training in calculation strategies to reasoning
processes in the application of contents in engineering situations [14].

Also, the acquisition of basic and elementary knowledge, essential to the full integra-
tion of students in DIC, has been one of the main reasons for failure in higher education.
This discussion has led to the definition of multiple strategies that aim to overcome the
difficulties detected and a consequent analysis of the impact of the implementation of these
measures [15-23].

An analysis of student’s mistakes in examination tests also allowed to identify and to
categorize different difficulties that appeared in the learning of basic contents strategies
where established to overcome these mistakes later on [24-26].

Abdulwahed et al. summarized the innovative methods used in response to the
necessary reform of mathematics education [27]. The trends observed in the proposed
changes in learning and teaching, many of which are rooted in constructivist ideology;,
were categorized into six groups:

The use of learner-centred methods.

Contextualization of mathematics using real-world examples.

Development of strategies to overcome gaps in basic and elementary knowledge.
Applying face-to face classes and student conversation.

Improvement of students” motivation, involvement and self-efficiency.

Different learning styles approaches.

SRR

Ni Fhloinn & Carr presented a diversity of formative assessment types for mathemat-
ical engineering, including classroom exercises, homework, mock exam questions, desk
quizzes, presentations, critical analysis of statistical articles, peer-to-peer teaching, and
on-line assessments and electronic voting systems [28]. They provided practical tips for
implementing such assessments, with a particular focus on time or resource constraints
in case of large classes, as well as effective feedback methods. They also considered the
benefits of such formative assessments for students and staff.

Technology is evidenced as a facilitator in the innovative approaches applied in
mathematics teaching, not only in software packages use for mathematical analysis of
specific domain but also in the general use of learning technologies and online tools [29-32].

Computers can contribute to the learning process. Its use may influence curriculum,
teaching, assessment, motivation, socialization, etc. [33—40].

There are no perfect solutions, but the identification of constraints to the implemen-
tation of new approaches in teaching mathematics will allow the necessary adaptation
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to the contexts and will consequently lead to eventual behavioural changes of the educa-
tional agents.

For this study, we considered that, in general, in the mathematical community, there
are several options to construct a curriculum [41]. Cardella proposed the use of math-
ematical thinking identified by Schoenfeld, extending the horizon to be reached by the
teaching of mathematics in engineering degrees. Schoenfeld argued that in addition to
learning contents, there are strategies for problem solving; metacognitive processes in the
use of mathematical resources, goals and practices that together make up mathematical
thinking [42-44]. Since understanding a concept does not happen in the same way for dif-
ferent individuals, genetic decomposition serves as support in the elaboration of teaching
instructions that consider the possible cognitive paths that students use in the process of
acquiring a concept. Similarly, Asiala et al. presented in broad sense the meaning of “learn
and know something in mathematics”:

“An individual’s mathematical knowledge is her or his tendency to respond to
perceived mathematical problem situations by reflecting on problems and their
solutions in a social context and by constructing or reconstructing mathematical
actions, processes, and objects by organizing these in schemas to use in dealing
with situations”. [45] (p. 5).

In 2004, the Committee on the Undergraduate Program in Mathematics (CUPM) of
the American Mathematical Association wrote a curriculum guide containing recommen-
dations that followed the same strategic line [46]. This report was based on workshops
where professors from a broad range of partners’ disciplines presented their understanding
of the necessary qualifications for success in mathematics curricular units.

Finally, the Danish KOM project led by Niss organized a detailed and systematic
description of what is achieved with mathematics teaching using the concept of compe-
tence that influenced the description of learning objectives reflected in the OECD-PISA
studies [47]:

“Mathematical competence means the ability to understand, judge, make and use
mathematics in a variety of intra and extra mathematical contexts in situations in
which mathematics plays or can play a role. Necessary, but certainly not sufficient,
prerequisites for mathematical competence are lots of factual knowledge and
technical skills in the same way as vocabulary, orthography, and grammar are
necessary but not sufficient prerequisites for literacy”. [48] (pp. 6-7).

The KOM project has identified eight mathematical competencies which, while over-
lapping in some respects, emphasize others. These competencies are:

e  Thinking mathematically (C1), reasoning mathematically (C2), posing and solving
mathematical problems (C3), and modelling mathematically (C4), which make up the
ability to ask and answer questions in and with mathematics.

e Representing mathematical entities (C5), handling mathematical symbols and for-
malism (C6), communicating in, with, and about mathematics (C7), and making
use of aids and tools (C8) are concerned with “the ability to deal with and manage
mathematical language and tools” [48].

It is clearly accepted that these eight competencies cannot be acquired just by attend-
ing classes, so appropriate forms of student involvement and co-responsibility must be
implemented.

There is a lot of research that tries to explain the failure in the UC-DIC but there is
some lack of scientific production that proposes an integrated and sustained intervention.
It will be important to articulate, to describe and to analyze a practice of teaching and
assessment, implemented in classroom context, which can be relate to the learning and the
academic success of the students [49].
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2. Portuguese Context in the Access to Engineering Studies

In Portugal, compulsory education is until the age of 18 and consists of two levels:
basic (nine years) and secondary (three years). The access to higher education is through
the application to the national contest organized by the General Directorate for Higher
Education (GDHE). This competition is held each year at the end of upper secondary
education and is organized in three phases, according to a previously defined calendar.
The National Commission for Access to Higher Education is responsible for defining
rules for fixing admission tests for each academic year (specific tests are required for each
undergraduate degree).

Although they may take other forms, entrance exams are currently implemented in
final national examinations, which are held at two different times through of secondary
compulsory education. The final mark obtained in these examinations will include the
weighted average together with the final internal classification obtained by the students
during the three years of secondary education. For each degree, candidates will get a score
that will be serialized according to the existing candidates.

The definition of specific tests is made according to the requirements of each un-
dergraduate degree in the conditions of admission and intends to prove the capacity of
students to attend higher education.

The entrance exams that are required for each course are fixed by each institution, and
cannot, in general, be more than two.

The policies for entering into higher education and the current relationship between
training and demand intend to be a democratic process, with a clear deficit in demand
in 2013. Since 2014 the offer tends to stabilize and there is an inversion of the situation
(https:/ /www.dges.gov.pt/estatisticasacesso/2018/).

Portuguese higher education includes university and polytechnic system. The dif-
ference between the conceptions regarding the two subsystems has marked the students’
choices in the access to higher education and generates some doubts to students.

The university education, traditionally related to knowing how to think and currently,
largely due to Anglo-Saxon influence, linked to scientific research, is composed by 55%
of students who access higher education. On the other hand, polytechnic education,
traditionally linked to know-how and to knowledge applicability, is followed by the
remaining 45%.

In the last five years, this proportion did not have significant variability. This asym-
metry may be explained by the absence of real different offers, since both systems confer
identical degrees (graduations and masters degrees), with doctorates (still) being reserved
for universities. To increase the confusion of the candidates, the offer of the type of courses
is often identical, and in most cases, there are no different pedagogies in both systems
of education.

Democratization in the access to higher education also reveals asymmetries in the
offer/demand of the various courses, noting that engineering areas have been deprecated
in recent years. The number of engineering courses (HEE) corresponds to 20% of the offer
of higher education (HE). This percentage is distributed by the university system (USE)
with 56% of the undergraduate engineering degrees, and by polytechnic (PSE) with the
remaining degrees (http:/ /www.dges.gov.pt).

The available data on the GDHE website shows an increasing demand for engineering
degrees with a percentage of vacancies filled, on average, by 90.11% in the USE and by
94.91% of the candidates in the PSE. Civil engineering degrees have the lowest demand
and computer engineering the highest one.

The low offer/demand for engineering studies could be explained by the fact that
in 2012, mathematics and physics were introduced as compulsory subjects in entrance
exams to access to most engineering courses. Higher education teachers certified this
measure as an essential one considering the requirement of theoretical bases in crucial areas
of knowledge. However, the inability to generate the preference and vocation for those
disciplines leads to disinterest in those areas. This abandonment necessarily implies the
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lack of preparation in mathematics and physics of the majority of students at the end of the
secondary cycle, provoking, cumulatively, a lack of interest in engineering. This deficit in
demand has forced HEIs to change the number of vacancies due to the positions obtained
in previous years, implying the closure and/or creation of new degrees.

Coimbra Engineering Institute is an organic unit of the Polytechnic Institute of
Coimbra that offers engineering undergraduate degrees, such as: industrial management
(EGI), bioengineering (BioE), mechanics (EM), electromechanics (EEM), electrotechnology
(normal-EE and post-work regime-EE (PL)), informatics (normal-EI, post-work regime-EI
(PL) and European course-EI (CE)), biomedical (EBiom) and civil (EC). In the 2018/19 aca-
demic year, and in order to meet the weak demand for EC, ISEC created a new engineering
degree in sustainable cities management (GSC) which was presented with a curricular plan
focused on economic, environmental and social sustainability of learning methodologies
that allow students to develop professional skills.

The available data, on the GDHE website, for occupation rates (occupied /vacancies)
in the ISEC for the last four years (from 2015 to 2018), are summarized in Figure 1.

120%
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Figure 1. Occupation rate distribution in ISEC, for the three phases of the competition.

The most sought-after degrees are EI and EM, filling all the vacancies during the 1st
phase of the competition. In 2015 EC had not any candidate and only in 2017 obtained a
placement rate of 65%, for 20 available positions. Regarding the general occupation rate,
the ISEC reached for the years 2015, 2016, 2017, and 2018, respectively, the values 86%,
79%, 97%, and 88%. To adjust the offer to demand, there was a reduction in the number
of vacancies in EBiom, EE and EEM, an increase in EM and the creation of new BioE and
GSC degrees.

The distribution of offer/demand rate in ISEC is thus dependent on the number of
students interested in engineering degrees whose variation can be explained by the results
obtained in the examinations of the specific entrance exams: Mathematics A and Physics-
Chemistry A (secondary school subjects considered essential for entry into engineering
degrees). However, since this list of exams is not applied to engineering specialty, for exam-
ple, EI does not require physics as a specific exam for access, it may be appropriate to make
an analysis of the averages of the entrance grades in the exams of those two disciplines.

According to data from 2018, published by the National Jury of Examinations, about
Mathematics A, 32,401 inmates (students who are enrolled in the regular system of ed-
ucation) reached an average of 10.9 (over 20). However, the 13,032 self-proposed ones
(students who do not attend any educational institution and who underwent the tests)
did not go beyond 6.1, a lower score than the previous year (6.8). It should be noticed
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that self-proposed students represent 28.68% of the total number of students who passed
Mathematics A test, and the number of students who did this test decreased by 8% about
2017. Despite the improvements in grades, Mathematics A continues to be among the
disciplines where there is more failure: 14% of the inmates do not pass (compared to 13%
in 2017) and 78% of the self-proposed also had negative marks (compared to 72% in 2017).
It should also be noticed that the average scores obtained by the internal students in the
entrance exams fall drastically concerning the results obtained at the end of secondary
education, from 14.0 to 10.9 (over 20 values).

Also, Mathematics A is among the disciplines with the highest number of tests carried
out in the 1st phase, which present distribution of the means of the exam classifications
with greater dispersion of the data and consequently with higher value of the coefficient of
variation. It should be noted that in the second phase this test shows the same behaviour
in terms of the characteristics of the respective distributions.

These values indicate that the distributions of the classifications in these disciplines
have a significant number of extreme values, which have a great influence on the average
values of the classifications. Thus, the study of these distributions should also consider
other measures of central tendency, namely the median and the fashion.

Physics-Chemistry A averages increased in relation to the results of 2017: from 9.9 to
10.6 for the internal students and from 8.0 to 9.5 for the self-proposed students. This rise in
the marks of Physics-Chemistry resumes the behaviour of three consecutive years of rises
after a drastic fall in 2017 when the discipline took the last place of the table.

Self-proposed students represent 38.41% of the total number of students who under-
went a Physical-Chemistry exam. The number of students who participated in this test has
decreased by 8% in relation to 2017. The failure rate, although considerable, has decreased
compared to the previous year: 10% of the internal students failed (compared to 14% in
2017) and 52% of the self-proposed also had negative results (compared to 64% in 2017). It
should be noticed that in an analogous way that in Mathematics A, the scores obtained
in Physics-Chemistry A by the internal students in the entrance exams fell drastically in
relation to the results obtained at the end of the secondary school, from 14.2 to 10.9.

Because of the poor results and the fluctuation of the marks obtained in these tests,
which are key disciplines to accessing engineering degrees, students naturally tend to
avoid engineering and look for alternatives in other areas.

Against this background, the Polytechnic Higher Education schools are attempting
to fill the decrease in demand for engineering degrees by making use of other access
modalities allowed by law, such as access over 23 years of age, holders of upper or middle
courses, diplomas of technological specialization, specials, etc. It is, however, an audience
with diverse personal, motivational and cognitive characteristics, with consequent het-
erogeneity in basic and elementary knowledge, essential for integration in engineering
courses, especially in the area of mathematics. Although this alternative may benefit the
financing of higher education, more attention will inevitably be devoted to the definition
of alternative means to complement the training of some of the admitted profiles [23].

In this context, it is a priority that mathematics teachers in engineering degrees,
especially those who teach in the first year, seek changes in their pedagogical practices. It
is important to adapt educational strategies to the characteristics of students, their modes
of communication, difficulties and learning styles. This practice becomes a permanent
challenge for teachers of higher education and makes them to debate some important
issues, namely as regards the relation of the students’ success with their motivation and
way of learning as well as the way teachers do their assessment practices.

3. Differential and Integral Calculus in ISEC

Teachers in ISEC have proven, during several years of teaching, what the literature
presents, realizing the great difficulties of the students, in particular with CU-DIC, in the
1st semester of the 1st year in all of undergraduate engineering degrees. The curricula of
the engineering degrees are sequentially constructed and all the UC contents are taught
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in an articulated form, so it is very important that the students acquire the essential and
elementary mathematics concepts to integrate CU-DIC.

Indeed, these courses lead to high failure rates and therefore to a demotivation of
all those involved in the educational process, placing teachers in constant self-reflection.
Engineering teachers should develop appropriate strategies to adapt, as best as possible,
to the ever-increasing heterogeneity in the knowledge and skills acquired by students in
secondary education [21,23,50].

Aware of the difficulties in accessing to higher education, ISEC’s Department of
Physics and Mathematics (DFM) has developed several activities that allow students the
opportunity to bridge gaps in mathematics. One of the measures found by the DFM was
to offer CU-DIC in a sliding regime. This extraordinary regime arises from the attempt to
overcome the failure detected over the years, in the CU of Mathematics, taught in the 1st
year/1st semester of engineering studies. In fact, in the academic year 2002/2003, the Sci-
entific Committee (CC) of the Scientific Area of Mathematics (ACM) of ISEC implemented
the pedagogical experience “sliding disciplines” which, after analysis and corrections intro-
duced to optimize resources and improvement of results, began to integrate the distribution
of teaching service. These CUs are conducted in alternative semesters, complementing the
curricular program of the degrees. This operation also allows students over 23 years to
access ISEC, with prior preparation during the first semester to acquire the basic essential
knowledge to the integration in the curricular units of DIC.

Notwithstanding all this effort, we have verified that students did not meet the
expectations, showing low pass rates and high dropout rates (both in classes and examina-
tion moments).

Reversing these trends in students’ performance is an unequivocal purpose associated
with teaching practice. An exploratory study was carried out, to allow a diagnosis of the
situation regarding the teaching of the DIC in the CUs in engineering degrees at ISEC
in general, and in particular in the CU whose head is one of this study’s authors. The
analysis of these data may subsequently lead to the need for a research that seeks to design,
develop, and evaluate an intervention at the level of teaching and assessment practices of
the CU-DIC that leads to better learning and increased success rates.

4. The Study
4.1. Methodology

This exploratory study follows a methodology of quantitative research, considering
the observation and analysis of collected data. Taking into account that the analysis may
allow us to understand and explain the factors that affect students’ failure in CU-DIC
integrated into the curricular plan of engineering degrees, the approach of this case study
will be done according to an interpretative paradigm. Therefore, it is intended, without any
kind of control over the situation, to obtain explanations that allow the establishment of
relations between the operation of the various CU-DICs taught at ISEC and their respective
pass rates. The conclusions may lead to the implementation of teaching, learning and
assessment strategies that contribute to the promotion of success in those CUs. The data
treatment had a descriptive statistical approach.

4.2. Instruments

From the academic year 2010/2011, CC-ACM requested CU managers from several
disciplinary groups (groups of teachers who teach CU in the same mathematical area:
analysis, algebra, statistics, and applied mathematics) the characterization records of each
CU (called FCU), which integrate the respective programmed contents, the assessment
methodologies and the skills to be developed. Other important documents are systematiza-
tion of information reports (RCU) that include class attendance, dropout and pass rates.
These records and reports (FCU and RCU) are completed semi-annually by the professors
responsible for each CU-DIC and constitute the data collection to be evaluated in order to
carry out a continuous analysis of the results obtained in the CU-CDL
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These instruments refer to the period from 2011/2012 to 2017 /2018, corresponding to
7 academic years, associated with 11 CU-DIC, and integrated into the disciplinary group
of analysis.

Considering the context and the objective of the study that was proposed, we collected
the following relevant information:

e  Contents taught in the CU-DIC of each degree of engineering at ISEC.

e  Assessment methodologies.

e Students’ competencies that will be acquired.

e Type of classes integrated by each CU (theoretical, theoretical-practical, or
tutorial orientation).

e  The number of hours of on-site classes with students and unaccompanied work.

e Attendance classes’ rate, considering only the highest lowest rate found with an

indication of the week in which each occurrence was confirmed.

e  Attendance rate in examination moments are given by the ratio between the number
of students participating in the assessment (P) and the number of enrolled students in
the CU (I),i.e., P/I;

e  Dropout rate in the examination moments given by the ratio between the number of
evaluated students (A) and the number of students participating in the assessment
(P),ie., A/P.

e DPass rate in examination moments are given by the ratio between the number of
students approved (Ap) and the number of evaluated students (A), i.e., Ap/A.

The analysis of these assessment rates corresponds to the exam (Ex) and distributed
evaluation (AD), which includes 2 or more mid-term examination moments. The study
was conducted in different forms of assessment in order to understand which strategy has
the best final results.

However, since the RCUs integrate final information elaborated in a systematized
form by the teachers responsible for each CU-DIC, they do not allow to draw more specific
conclusions on the relation of the pass rates with the alternative assessment methods.
Consequently, a complementary study was carried out in the degrees of EI and EBiom.

For this purpose, the assessment guidelines were analysed in these 7 years under
review, and which integrate the data of the pass rate in AD, Ex and the final pass rate (T). It
should be noted that, similar to the RCU, these pass rates are calculated in relation to the
number of students evaluated, thus excluding dropouts.

4.3. Sample

As mentioned above, the results presented here come from the analysis over a period
of 7 years, between the academic year 2011/2012 and 2017/2018. UC-DIC’s records and
evaluation reports (FCU and RCU) of 11 engineering degrees were analysed, for the 1st
semester (EGI, BioE, EM, EEM, EE, EI, EBiom, EC, GS5C and Chemical (EQ) and Biological
Engineering (EBiol) which became extinct in 2015) and 4 of these UC-DIC (EM, EEM, EE
and EI) taught in the 2nd semester, under the CU sliding regime.

In total, 126 records and reports were analysed: 51 characterization records (FCU) and
75 information of systematization reports (RCU). From these 75 reports of each curricular
unit, 51 were from the first semester, and 24 were from the second semester and refer to the
CU sliding regime.

5. Results

The research developed has the objective of finding the reasons that lead the students
to fail in the CU-DIC taught in the 1st year of the engineering undergraduate degrees
in ISEC. A diagnosis to establish relationships between teaching methods and students’
learning strategies was performed. Table 1 summarizes the main results, which are detailed
in subsequent sections.
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Table 1. Main results.

Aspect

Results

General scope

The hours of on-site classes are distributed by theoretical, practical and
theoretical-practical classes, the latter model being the most used in all
the degrees studied.

Contents common to all CU-DICs under study are Basics Concepts of
Differential and Integral Calculus, curricular plans integrate other more
specific topics according to the degree.

Only Reasoning Mathematically competence is common to all degrees.
The attendance rate decreases notably over the two semesters, reaching a
dropout rate of over 90% in some cases.

The overall average of the pass rate in both semesters is low, closely 58%.

Private Sector—Biomedical and Informatics

EBiom results show a high attendance rate for exams.

El results shows a low attendance rate for exams.

Distributed assessment is the preferred modality of students with a
significant pass rate, in both degrees.

5.1. General Scope

From the observation of the FCU, the hours of on-site classes of the different CUs
are currently distributed by theoretical, practical and theoretical-practical classes and are
shown in Figure 2. From the analysis, we conclude that EC and GSC only have theoretical-
practical classes in a total of 77 h (5.5 h/week) and 49 h (3.5 h/week), respectively. The
remaining UCs have 28 h of theoretical classes (2 h/week) and 28 h of theoretical-practical
classes (2 h/week), except EBiol that registers 30 h and EBiom that contemplates 42 h
theoretical-practical (3 h/week). EM and EI also have 14 h (1 h/week) of practical classes
and EE 14 h (1 h/week) of tutorial orientation classes.
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Figure 2. On-site classes distribution of the different CUs at ISEC.

Regarding the contents contemplated in the FCU, these were grouped into the follow-
ing categories: Real functions of real variables: exponential and logarithmic (RF); limits
and continuity (LC); derivation (D); hyperbolic functions (HF); trigonometric and inverse
functions (TF); primitivation (P); applications of integral calculus (AIC); improper integral
(II); differential equations (DE); theory of errors—Taylor’s polynomial (TE); non-linear
equations—numerical methods (NLE); numerical integration (NI); differential equations—
numerical methods (DEN); numerical series (NS); matrices (M); determinants (Dt).
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We found some items that are common to all CU-DICs under study, namely, basics
concepts of differential and integral calculus (Figure 3) such as trigonometric and inverse
functions, primitivation and applications of integral calculus, although the curricular plans
integrate other more specific topics according to the degree they are referring to (numerical
calculus, differential equations, numerical series and basic concepts of algebra). Matrices
and determinants are subjects covered in UC-DIC when the undergraduate curriculum
does not contain an algebra unit.
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Figure 3. Programmed content distribution.

The analysis of the competencies to be acquired by students, defined in the KOM
project was based on the description made by the teachers in the FCU. These competencies
are distributed in the different degrees as is presented in Figure 4. Reasoning mathemati-
cally competence is the only one common to all degrees. It should be stressed that some
competencies mentioned in the KOM project are not explicitly included in some degrees.
This will not mean that teachers do not consider them at the time of the present study.
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Figure 4. KOM competences distribution.
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Regarding attendance classes rate, it was found that there was a significant decrease
in all CUs during both semesters.

Of the 75 RCUs analysed, 50 reported that the attendance rate is less than 50% and 21
show a rate between 50% and 75%. EBiom degree registered the highest attendance rate
(above 80%). However, it should be noted that the degrees with the lowest attendance rate
(less than 30%) are reported in the sliding CU (in 18 of the 24 RCUs). The values ranged
from 10.5% (EEM in 2014/2015) and 73.7% (EE in 2011/2012) with an average of 27.97%, in
the seven academic years. This result is easily justified by the fact that these sliding regimes
work in addition to the curricular program of the degree, thus burdening the teaching
component in the second semester.

Overall, about the dropout rate, it is observed that only nine CU have percentages
below 75% and 50% of the RCU refer to values above 90%. Also, in this approach, the
lowest values are achieved in the CUs that operate in a sliding regime.

The pass rates in the seven years under analysis are summarized in Figures 5 and
6. Note that the values corresponding to the EQ, EGI, BioE, and EBiol degrees were only
broken down in the academic year 2017/2018. The data in the RCU for the first semester
concludes that EBiom presents the best results with a mean of 73.10% (between 62.5% and
88.2%), with EE showing lower results than the other undergraduate degrees (between

27.9% and 52.1%), presenting an average of 42.24%.
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Figure 5. Pass rate distribution for the 1st semester of the academic years 2011/2012 to 2014/2015
and all undergraduate degrees in ISEC.

It is also verified that the overall average of the pass rate in the first half of the year is
58.40%, with a standard deviation of 14.34% and an average deviation of 12.4%.

Note that, in the academic year 2017/2018, the values corresponding to the EGI, BioE,
and EBiol degrees were only broken down and EQ ceased to be taught.

Regarding the second semester, the results evidenced in the RCU were summarized
in Figure 7. It should be noted that in the 2011/2012 and 2012/2013 academic years the
results of the EEM and EM degrees were gathered in a single RCU, so that they could not
be extracted the partial pass rate. In addition, in the academic year 2015/2016, EE did not
work due to the reduced number of entries in the scope of access to higher education.
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Figure 6. Pass rate distribution for the 1st semester of the academic years 2015/2016 to 2016,/2017
and all undergraduate degrees in ISEC.
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Figure 7. Pass rates distribution (2nd semester).

From the collected data, it can be evidenced that EM is the degree that has the highest
pass rates, with an average of 66.32%, followed by EE with 52.26%, and IE with 50.07%.
For EEM, the frequency rate is between 10.5% and 17.5%, so we can conclude that the pass
rates are not very significant.

It is also verified that, the overall average of the pass rate in the 2nd semester of the
year is 57.36%, with a standard deviation of 17.39% and an average deviation of 12.96%.

The pass rates in the second semester (average 57.36%) were compared with the
values registered in the 1st semester in the CU that is conducted in a sliding regime
(average 55.44%). We can affirm that the difference does not reflect the application of a
concerted learning investment strategy but only that option is considered, by the students,
as another opportunity to achieve success. It should be noted that in 2015, the creation of
an optional curricular plan (OCP) produced a change. The OCP aimed at students with
poor knowledge in mathematics. The course director of each engineering degree should
prepare that plan, with the distribution of CUs for two years. The selecting students to
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join the OCP would be done through the application of the diagnostic test, based on the
following three assumptions:

e Complementary course related to essential knowledge in mathematics (CU pre-
calculus frequency).
Attendance of CU-DIC in sliding regime.
Integration in OCP, taking into account compulsory frequency in pre-calculus unit.

This proposal would allow a reinforcement of the basic and elementary knowl-
edge essential to the integration in the CU-DIC, which are fundamental in the teaching
of engineering.

5.2. Private Sector—Biomedical and Informatics

In the analysis of the assessment guidelines of CU-DIC, we can infer from the EBiom
results that the attendance rate at the examinations is high (except the year 2014/2015
which registers a lower rate even though higher than that found in other undergraduate
degrees). As for the pass rate, the AD is the students’ preferred modality; although in
2016/2017 there was a reversal of the situation (Figure 8). The AD pass rates are between
83.33% and 100%, while Ex varies between 25% and 66.67%. Total pass rates are between
71.79% and 88.24%, with an average of 78.82%.
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Figure 8. Pass rates distribution (AD, Ex, T): Biomedical.

With regards to informatics, the CU-DIC works in the first semester and in a sliding
regime (2nd semester). The data show a low rate of attendance to the examinations,
obtaining an average of 40.51% in the first semester. Regarding the pass rates in the first
half, the Ex ratio is between 13.30% and 38.60%, while in the AD there are pass rates
between 67.27% and 81.25% (Figure 9). Total pass rates range from 41.15% to 57%, with an
average of 48.02%.

Concerning the second semester, the attendance rate at the examinations was 26.4%, a
result that is not surprising since this semester the CU works in addition to the curricular
program of the degree, which is observed in the remaining CUs that operate in a sliding
regime. Regarding the pass rates in the second half of the year, the Ex ratio is between 20%
and 32.84%, while in the AD there are pass rates between 47.50% and 86.11% (Figure 10). It
should be noted that the worst percentages in AD were in the years 2011, 2012 and 2016,
which integrated a component distributed by 4 moments of mid-term examinations. Total
pass rates range from 40.23% to 51.09%, with an average of 44.69%.
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Figure 9. Pass rates distribution (AD, Ex, T): Informatics—1st semester.
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Figure 10. Pass rates distribution (AD, Ex, T): Informatics—2nd semester.

In summary, we can conclude that the pass rates obtained by AD induce this to be
a strategy leading to the success in CU-DIC taught in EBiom and EI degrees (Table 2).
It should also be noted that the difference in performance between the students of both
degrees can be explained by the ease of integration of EBiom students in the CU-DIC. This
corroborates the study carried out which concludes that, in terms of the median, EBiom
students perform better on the diagnostic test, applied to the entrance of higher education
in ISEC, while EI students present the worst classifications [51].
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Table 2. Pass rates measures: Ex and AD.

Ex AD
Mean Std. Deviation Mean Std. Deviation
Biomedical 45.03% 12.13% 93.84% 5.2814%
Informatics (1st S) 18.48% 9.15% 71.66% 6.30%
Informatics (2nd S) 24.29% 3.52% 64.37% 11.46%

6. Conclusions and Future Work

The demand in the two Portuguese higher education subsystems (university-55%
and polytechnic-45%) shows an asymmetry that can be explained by the nonexistence of
real differentiation of offerings. Only 22% of higher education candidates chose one of
218 engineering degrees. This small percentage can be explained by the requirement for
mathematics and physics as entrance exams for most engineering courses.

At ISEC the most required engineering degrees are Informatics and Mechanics Engi-
neering. Civil Engineering continues to register the lowest percentage of interest. It is also
evident that the variation of offer/demand in ISEC depends on the results obtained in the
exams of specific tests of Mathematics A and Physics-Chemistry A with national averages,
respectively of 10.9 and 10.6. These averages are three points below the national averages
of students’ internal grades in upper secondary education.

In the study carried out in the curricular unit of differential and integral calculus at
ISEC, to make a diagnosis of the situation regarding the teaching/learning of those CUs in
engineering degrees, the following conclusions were found:

e  The time for on-side classes of the different CU-DIC taught in engineering degrees
at the ISEC is distributed by theoretical, practical, and theoretical-practical classes,
except EC and GSC that only consider theoretical-practical classes. EM and EI consider
practical classes and EE includes tutorial guidance classes.

e  The common contents to all CU-DICs under study are trigonometric functions, prim-
itivation, definite integral, and improper integrals, which constitute the core of the
mathematical knowledge that teachers understand as essential.

e  We can also infer that the competencies defined in the FCU do not seem to influence
the success of mathematics in the engineering courses since the pass rates do not have
significant deviations between degrees.

e  We can also conclude that the CU-DIC in the various degrees in engineering of the ISEC
register very variable assessment attendance rates. Although there is no relationship
between the attendance rates at the examinations and the pass rates, it should be noted
that fewer and fewer students attend classes and exams—a fact that will influence the
final pass rate, which is found to be low.

In the degrees that run on a sliding regime, there is lower average participation in the
examinations. This result is easily justified by the fact that these CUs work in addition to
the curricular program of the degree, overloading the academic component.

The pass rates of the CUs that run on a sliding regime do not differ between the two
semesters. Therefore, it is possible to infer the need to review the functioning of these CUs.
It will be important to apply a concerted strategy of investment in the learning carried out
by the student, that it can’t be considered only one extra opportunity for success. In the
particular context of EBiom and El it is concluded, after analyzing the data that students
obtain better results in the processes that include distributed evaluation, preferably the one
that integrates two mid-term examination moments. For the seven school years analyzed,
EBiom has a high attendance rate and an average pass rate of 78.82%. EI shows a low
attendance rate, especially in the 2nd semester, with an average pass rate of 48.02% in
the 1st semester and 44.69% in the 2nd semester. In future work, we could analyze the
student’s profile in higher education that leads to better attendance and passing rates.
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As already mentioned, the teaching of CU-DIC has been evidenced in many studies,
namely about difficulties demonstrated by students in basic and elementary contents,
essential to their full integration in that subject. This inevitably leads to an adaptation of
the curricular organization and the definition of actions that allow modifying the situation.
Since 2015, ISEC has been implementing a mathematics support center that aims to help
students overcome gaps in essential math concepts. Another solution may be the introduc-
tion of teaching strategies that allow students to adapt their learning styles to the desired
learning outcomes.

The low participation of the students in the curricular assessment process together
with the pass rate obtained in the distributed evaluation can lead us to enunciate a set of
questions that are related to:

1.  Student’s profile attending and participating in different examination models pro-
posed by teachers.

2. Relationship between the attendance rates (at the classes and examinations) and
economic, social, cultural, technology development conditions.

3.  Teaching/learning strategies to be applied, aimed at reaching students who do not
carry out the examination and understand the consequent reasons that led them
to dropout.

4.  The set of basic and elementary level knowledge that students need to master upon
entering higher education.

5. Mistakes made in basic and elementary knowledge that allow the definition of a
structured intervention in overcoming gaps.

6.  Environments that lead to meaningful learning and involve all actors (teachers and
students) in the educational process.

The answer to these and other questions that may be related shall form the basis for
future work.
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