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1. FRAMEWORK 

Are increasingly frequent the debates about the failure of mathematics in the teaching of 
engineering and its relationship to the knowledge obtained in high school. It is well known the poor 
performance of primary and high school Portuguese students on national exams and also on Programme 

for International Student Assessment (PISA). According to PISA 2012 report, those have been closer to 
the average observed but the improvements do not change the fact that students who access to higher 
education have, in general, difficulties on basic and elementary math contents, which may be assumed 
as a cause of abstention to classes and assessment and therefore the high failure rates. 

The insufficient preparation that students have when they arrive to higher education is not 
exclusive of the Portuguese education (in 1998 the European Society for Engineering Education (SEFI), 
meeting in Finland, have already addressed this fact) but is compounded by the heterogeneity of the 
undergraduate students in engineering.  

Motivated by the huge budget cuts and the increasing reduction of candidates to higher education, 
Portuguese institutions used alternative processes to attract new students, which increase the 
heterogeneity of personal and motivational features of students, that access through very different 
ways (Scientific – Humanistic graduates, Professional undergraduates Courses, Technological 
undergraduates courses, Technological Specialization undergraduate courses (CET), over 23, etc). This 
multiplicity of students has originated heterogeneous mathematical skills, asymmetries in the essential 
mathematics knowledge and difficulties on integration into higher education, and motivate the 
definition of alternative paths that allowed those students to follow a positive learning process [2]. 

The Department of Physics and Mathematics (DFM) of Coimbra Institute of Engineering (ISEC) has 
promoted and developed a set of strategies to reverse this situation, reorganizing the operation and 
evaluation of courses, building tools that facilitate the learning process and implementing strategies for 
student engagement. Despite all this effort, students have not met the expectations and continue to 
exhibit a high failure rate and high abstention rates (to classes and also to assessment tests). 

Assuming that students are not learning what they should learn, because of the enormous gap in 
the basic knowledge, we should construct pedagogical tools that can contribute to the diagnosis, 
acquisition and consolidation of mathematical knowledge and skills needed in engineering, as well as 
develop resources that will give engineering students the best possible learning experience. 

Differential and Integral Calculus (DIC) courses have been referred in many studies, and the 
difficulties experienced by students in elementary and basic contents, essentials for full integration in 
higher education, are major concerns expressed by many teachers, leading to adaptations of curricular 
reorganization and definition of actions that allow modify this situation. 

GIDiMatE (Research Group on Didactics of Mathematics in Engineering), a group formed within the 
Mathematic Scientific Area of DFM has, since 2011, implemented ACAM - Competency Assessment / 

Improvement Actions, developing teaching tools and instruments that contribute to the acquisition and 
consolidation of basic and complementary mathematical knowledge, essentials for the Differential and 
Integral Calculus.  

The aim of this paper it to describe the experience carried out in the last three academic years, 
presenting the results obtained and the consequent improvement of actions which have been 
introduced, motivated by Mathematics for the European Engineer - A Curriculum for the Twenty - First 

Century (SEFI, 2002), and also the joint discussion with teachers and students and the partnership 
established with the Dublin Institute of Tecnhology. 

The analysis and conclusions obtained from the Diagnostic Test motivated the creation of CeAMatE 
(Support Centre for Mathematics in Engineering), which intend to monitor individual student work and 



2 
 

help them to overcome their difficulties within the basic and elementary knowledge and to allow the 
definition of custom tasks that fit the learning style, and methods of study, of each student. 

2. METHODOLOGY 

This research aimed to study, describe and interpret the results obtained at Mathematics 
Diagnostic Test from ISEC, based on the following question:  

Q – “What is the level of knowledge of mathematic contents of students placed in ISEC?” 

To study this question, since the school year 2011/2012 has been held annually implemented a 
Diagnostic Test in the first week of classes of the first semester. First year students who attended to 
classes of IDC courses were considered. 

To answer to the research question, we chose a quantitative approach, according to an 
interpretive paradigm. To study the level of mathematics knowledge of students when they arrived into 
higher education, we design a case study. 

A common type of research, namely in mathematics education, is the case study [10]. According to 
Kilpatrick, cited by Ponte [10] a case study is essentially a research design. It is not in itself a well defined 
research methodology and can be applied in the context of positivist paradigms, interpretive or critical. 
As stated by Coutinho and Chaves [1] many authors prefer to use the term strategy, whose purpose is 
always holistic (systemic, broad, integrated) for preservation and understanding the "case" as a whole 
and its uniqueness. 

According to Ponte [10] a case study “may have a well-creased theoretical orientation, serving as 
support for the formulation of the respective issues and selection of instruments for data collection and 
constitutes a guide the analysis of results”. 

2.1. The sample 

All studies have been focused in IDC, of the different degree courses of Coimbra Institute of 
Engineering: Biological, Biomedical, Chemical, Civil, Computer Science, Electrical, Industrial Management 
and Mechanical.  

Every year ISEC give the opportunity to attend optional courses of undergraduate inserted in ISEC 
to students who have not joined in Higher Education. The goal of this initiative, named “Year Zero” is to 
allow this students to deepen knowledge in basic Engineering subjects (Mathematics, Physics and 
Chemistry), and to prepare them to the qualifying exams needed to access to Higher Education in the 
following year. These students are also considered in the sample. 

In this context GIDiMatE carried out a data collection at the beginning of the first semester of each 
academic year, using a Diagnostic Test, to analyze the mathematical knowledge of the students placed 
in ISEC and reflect on the skills of new students in higher education. This diagnostic test occurs in 
practical classes according to the availability of teachers of each IDC course, who have provided full 
cooperation in this work. 

3. DIAGNOSTIC TEST 

Diagnostic test have been suffering successive alterations. Nowadays we consider a stabilized 
version that will be used for future comparisons. The results could lead to the implementation of tasks 
that lead to overcoming the shortcomings detected, towards the full integration of students in IDC 
courses. 

3.1. Scholl year 2011/2012 

The multiple reflections that ISEC teachers of Mathematics have maintained throughout their 
academic career, it has been found that students bring large gaps in elementary knowledge necessary 
for successful integration in the mathematics courses of Engineering degrees [3,4]. 

In the first edition of diagnostic test, placed in 2011-2012 school year, topics were addressed that, 
based on the experience accumulated by the teachers, should be the most relevant in the acquisition of 
knowledge and skills in mathematics in higher education, particularly for degrees in engineering. Five 
topics were considered: Equations, Functions, Rationals, Geometry and Trigonometry and Derivatives. 
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The questions were of multiple choice, with six options each, in order to assess the most common 
shortcomings of students. The 36 questions of the test were distributed as showed in Table 1. The 
results were obtained by arithmetic mean of correct answers in each of the 5 topics. 

Area / Topic 
Number of 

questions 
Question ID 

Equations 8 1, 2, 7, 12, 20, 27, 29, 35 

Functions 5 4, 11, 15, 17, 26 

Racionals 7 3, 9, 19, 24, 25, 32, 34 

Geometry / Trigonometry 10 
5, 6, 8, 13, 14, 18, 21, 23, 28, 

31 

Derivatives 6 10, 16, 22, 30, 33, 36 

Table 1: Distribution of the 36 questions by GIDiMatE area / topic. 

3.1.1. Mathematics for the European Engineer – A Curriculum for the Twenty-First Century-

Core Zero 

SEFI, through its Mathematics Working Group (MWG), aims to provide a forum for discussion and 
guidance to all those who are interested in mathematics education of engineering students in Europe. In 
this context, in 1992, was established the first curriculum guidance document that sets out a detailed 
and structured list of topics which correspond to specific core content for the learning of mathematics in 
undergraduate engineering. Subsequently, in 2002 the MSW revised the report Mathematics for the 

European Engineer - A Curriculum for the Twenty-First Century (SEFI, 2002) aimed the learning outcomes 
rather than a simple listing of topics. Regarding the minimum knowledge of higher education 
engineering degree, these are detailed by areas and topics identified in Core Zero section [12]. 

Faced with the existence of such relevant document, our research group decided to compare the 
structure of the diagnostic test with the structure suggested by MWG. Among the suggested areas and 
according to the program of the Elementary and Secondary Education of Portugal, GIDiMatE gave 
special attention to Algebra, Analysis and Calculus, Geometry and Trigonometry. Those areas were 
considered as the most significant, because they are essential for most of the mathematic courses and 
because they already integrate the diagnostic test proposed by GIDiMatE. According to the guidelines of 
SEFI the 36 initial questions included in the diagnostic test were regrouped in the areas listed in Table 2.  

Area / Topic 
Number of 

questions 
Question ID 

Arithmetic of real numbers   

Algebraic expressions and formulae 3 3, 25, 27 

Linear laws 3 2, 19, 20 

Quadratics, cubics, polynomials 2 7, 13 

Arithmetic of real numbers 2 1, 35 

Analysis and Calculus   

Functions and their inverses 8 4, 9, 11, 15, 17, 24, 32, 34 

Logarithmic and exponential functions 3 12, 26, 29 

Rates of change and differentiation 6 10, 16, 22, 30, 33, 36 

Complex Numbers 2 18, 23 

Geometry and Trigonometry   

Geometry 2 5, 8 

Trigonomteric functions and applications 4 6, 14, 21, 28 

Trigonometric identities 1 31 

Table 2: Distribution of the 36 questions by SEFI area. 

3.1.2. Summary analysis, conclusions and recommendations 
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The sample is formed by 232 students of the following engineering degrees: Biological (24), 
Biomedical (28), Civil (64), Electrical (17) and Computer Science (99). It also includes the results of 40 
students from “Zero Year”[5]. 

In terms of the question "What is the level of knowledge of mathematic contents of students 
placed in ISEC?” it was found that students of Biomedical Engineering are the best performers while 
students of Computer Science and Electrical Engineering exhibit the worst results. 

It should be noted that in both classifications presented by GIDiMatE and SEFI group, the students 
present maximum results of 53.24% and 56.40%, respectively, with modal classes with values about 
40%. 

The best average results were presented in Derivatives (GIDiMatE classification), where rules of 
elementary derivation were evaluated, without form consulting. According to the guidelines proposed 
by SEFI, the best performances were performed in Algebra. 

The worst results were observed in Rationals (GIDiMatE classification), where simplification of 
rational expressions, power properties, identification of natural and rational exponents, identification of 
remarkable limits and limit calculation were evaluated. According to the guidelines proposed by SEFI, 
the worst performances were obtained Geometry and Trigonometry.  

Since the guidelines proposed by the two groups were differently categorized, no comparisons 
were possible to be made. 

Taking as starting point this preliminary study, the GIDiMatE members reflected on the results and 
it has emerged the need to, among others, reduce the diagnostic test both in size and in time, and 
changing some issues in order to contribute to a better understanding of the difficulties faced by 
students. It was proposed the creation of a competence centre that monitoring the individual student 
work, encourages self-employment of students and suggests the tasks that best suit the learning style of 
each individual student. Additionally this Centre can create a learning environment to research studies 
concerning how students learn mathematics. 

3.2. Scholl year 2012/2013 

The work in this school year was centred on the reduction of the number of questions (from 36 
we pass to 25 questions), the uniform distribution on the topics proposed by GIDiMatE, the reducing to 
4 possible answers and the elimination of the option "none of them". It was also decided to remove all 
the question about complex numbers, since it was found this content was not uniformly addressed in 
secondary education, putting students in unequal situation in the diagnostic evaluation. From the 36 
original questions of 2011/2012 diagnostic test only 12 were inserted in this new version. 

From contacts with Dublin Institute of Tecnhology and the joint reflection that was done, we 
found out to be important to introduce some issues in common with the Irish diagnostic test in order to 
be able to make comparisons of results and proposed actions in partnership. With this purpose, 3 
questions were modified, according to Table 3 (change of questions 1 and 26 and introduction of 
question 3). 

 

Area / Topic 
Number of 

questions 
Question ID 

Equations 5 1, 2, 6, 21, 24 

Functions 5 4, 10, 12, 13, 15,  

Racionals 5 3, 8, 18, 19, 22 

Geometry / Trigonometry 5 5, 7, 11, 16, 20,  

Derivatives 5 9, 14, 17, 23, 25 

Table 3: Distribution of the 25 questions by area / topic. 

 

3.2.1. Summary analysis, conclusions and recommendations 

The sample is formed by 338 students of the following engineering degrees: Biological (29), 
Biomedical (32), Civil (16), Electrical (35), Electromechanics (18), Mechanics (44), Industrial Management 
(40) and Computer Science (124).  
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In terms of the question "What is the level of knowledge of mathematic contents of students 
placed in ISEC?” it was found that students of Biomedical Engineering are best performers while 
students of Electrical Engineering exhibit the worst results. 

The best average results were presented in Equations (GIDiMatE classification), where quadratic 
formula, mental calculation, logarithms and exponentials properties, manipulation of inequalities, 
power rules, module properties and solving equations, were evaluated. 

The worst result was observed in Rationals (GIDiMatE classification), where simplification of 
rational expressions, power properties, identification of remarkable limits and limit calculation were 
evaluated.  

No comparative analysis with the classification proposed by Mathematics for the European 

Engineer was held - A Curriculum for the Twenty-First Century-Core Zero was made, because it was 
decided to develop the collaborative research with DIT partnership, and to stabilize the Diagnostic Test 
questions for further investigation studies. 

3.3. Scholl year 2013/2014 

As a result of the cooperative work with DIT, it was decided to approach Diagnostic Tests of 
both groups, so that comparative studies can be conducted in the two countries [6]. Therefore, 9 
common questions were constructed or modified, and the number of questions in both tests was 
reduced to 20. 

According to SEFI Mathematics for the European Engineer was held - A Curriculum for the 

Twenty-First Century-Core Zero, the final 20 questions were regrouped by the areas considered in the 
2011/2012 school year approach (3.1.1.). The covered areas are listed in Table 4. 

 
 

Area / Topic 
Number of 

questions 
Question ID 

Álgebra   

Arithmetic of real numbers 2 7 

Algebraic expressions and formulae 4 3,4,5,6 

Linear laws 1 2 

Quadratics, cubics, polynomials 1 1 

Analysis and Calculus   

Functions and their inverses 3 9,10,11 

Logarithmic and exponential functions 1 12 

Rates of change and differentiation 3 13,14,15 

Geometry and Trigonometry   

Geometry 2 16,17 

Trigonomteric functions and applications 1 18 

Trigonometric identities 1 19 

Table 4: Distribution of the questions by area / topic. 

Additionally, Danish KOM project led by Niss organized a detailed and systematic description of 
what we should expected to obtain with the teaching of mathematics, using the concept of competence 
which influence the description of the learning objectives reflected in studies of the OECD-PISA [11]:   

“Possessing mathematical competence means having knowledge of, understanding, doing and 
using mathematics and having a well-founded opinion about it, in a variety of situations and contexts 
where mathematics plays or can play a role.” [7] 

KOM project identified a list of mathematical competencies such as “the ability to ask and answer 
questions in and with mathematics, focus on mathematical thinking, problem handling, modelling and 
reasoning” and “the ability to deal with mathematical language and tools, focus on representation, 
symbols and formalism, communication competency” [7,8]. 

In this context we decided to integrate a question to evaluate the competence in mathematical 
modelling. For that purpose we selected a statement of a problem which reflects a linear system of two 
equations and two unknowns. 
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3.3.1. Summary analysis, conclusions and recommendations 

The sample is formed by 371 results of students of the following engineering degrees: Biological 
(7), Biomedical (23), Civil (25), Electrical (42), Electromechanics (23), Mechanics (65), Industrial 
Management (15) and Computer Science (146).  

The best average results were presented in Algebra (54,04% of correct answers), where the 
questions related to “Arithmetic of real numbers” and “Algebraic expressions and formulae” recorded 
percentages of correct answers up to 70%. In the topic "Analysis and Calculus" students revealed serious 
gaps, registering the worst results with an average percentage of correct answers of 39.66%, with 
percentages less than 35% in the issues related to "Functions and their inverses". 

In terms of a specific question, the best results where on mathematically modeling, with a 
percentage of 75.54% correct answers.  

We conclude that students show lack of knowledge on essential topics to perform well in IDC 
courses, so it is urgent to define strategies that help us to invert those results. 

4. RESULTS 

In this work we chose to compare the results of the questions that remained common in the three 
years of the GIDiMatE Diagnostic Tests. According to Mathematics for the European Engineer was held - 

A Curriculum for the Twenty-First Century-Core Zero, we obtained the following distribution areas / 
topics (Table 5). 

 

Area / Topic 
Number of 

questions 

Question ID 

In Diagnostic Test 2013 / 2014 

Álgebra   

Algebraic expressions and formulae 1 5 

Analysis and Calculus   

Functions and their inverses 3 9,10,11 

Rates of change and differentiation 3 13,15 

Geometry and Trigonometry   

Geometry 2 16 

Table 5: Distribution of the questions by area / topic. 

We observe that this selection was not pre-planned in order to make any comparative study. It was 
only based on intuition, sensitivity and teaching experience of researchers. However, we observe that 
the remained questions are those that are more directly linked to IDC syllabus, since “Functions and 
their inverses” and “Rates of change and differentiation” are essential topics for a full integration of a 
student that access to an engineering degree.  

To analyse data we considered an average weight (weights 1 to a right answer, 0 to a wrong answer 
and -1 for a blank question blank were used).  We used Cochran's test (nonparametric test for 
proportions), which allows to compare three paired proportions where each variable is expressed in 
dichotomically success and failure was used. 

The hypothesis tested for the 7 issues under consideration were: 
 
H0: the proportion of right / wrong answers is the same in all tests 
H1: the proportion of right / wrong answers is not the same in all tests 
 
Questions 11 (domains), 13 and 15 (rates of change and differentiation) reveal a constant rate of 

right / wrong answers over the years under study. This confirms the apparent lack of knowledge in these 
essential themes for a correct integration into IDC courses. 

Questions 5 (radicals), 9 (limits), 10 (inverse function) and 16 (geometry) show a non constant 
proportion right / wrong answers over the three years studied. 

When the hypothesis of equal proportions in all paired samples it rejects in Cochran Q test, it is 
necessary to identify the groups that differ. For this purpose we considered two groups based on three 
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samples and then we compared samples in each subgroup. We concluded that only question 9 (limits) 
kept the proportion of right / wrong answers on 2012 and 2013 years. This analysis supports the general 
opinion that students who access to higher education must be annually submitted to a test that 
diagnoses their basic and complementary knowledge, allowing to implement strategies for individual 
support and develop educational resources that may assist and overcoming the identified gaps. 

5. CONCLUSIONS AND RECOMMENDATIONS 

After these three years designing, implementing, sharing reflections and assessing students, we 
think we have built a tool that can help us to identify emerging gaps of students in higher education. To 
solve this problem researchers intend to implement CeAMatE, a support centre for mathematics in 

engineering that will allow to define educational pathways depending on the objectives and the learning 
profile of each student, and stories success or failure. This centre will support students in classroom  and 
/ or in distance. 

The custom support offered in CeAMatE will induce behaviours of self-effiency, avoiding 
demotivation for self-study that leads to the abandonment of classes and academic failure. The 
developed learning objects will be organized according to the reference Mathematics for the European 
Engineer - A Curriculum for the Twenty-First Century (SEFI, 2002), and will be adapted to the Portuguese 
education. 

The main objective will be "learning by doing". The system that we will intend to implement will 
learn through success and failure episodes and the learning objects will be selected according to the 
relevance they have to the users, according to their learning process and their level of cognitive 
development. The proposed activities stem from a review that student will do of his own work, which 
will involves his co-responsibility in the educational process and the construction of the learning 
environment. 

We expect that CeAMatE enhances an environment of personalized learning where all stakeholders 
of the educational process (teachers and students) will act co-responsibility, responding according to the 
differences of each student that access to Coimbra Institute of Engineering, in terms of cognitive 
development and in style of learning of each stakeholder. This environment will enhance investigation 
work to redesign and improve education and training projects of higher education institutions that offer 
degrees in engineering, educational practices and training policies for teaching staff and will also serve 
to provide feedback to schools of elementary and secondary education in order to provide them a 
guidance to prepare students that intend to continue their studies in engineering.  

The application of Diagnostic Test will allow the development of a PIT (Single Plan of Work), a 
document that will observe the learning progress of the student. The evaluation of the work done by 
each student that visits CeAMatE and the self-proposed tasks according to PIT will be the set of 
instruments that will monitor the student work. Additionally, periodic achievements of Diagnostic Test 
will be made with subsequent review and reformulation of the Individual Work Plan until student 
reaches the minimum required to be considered able to integrate the syllabus of IDC courses in ISEC. 
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