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Abstract 
At the end of the 2018, a new multinational project saw its approval as a European Erasmus+ Project. 
This project, named EngiMath - Mathematics on-line learning model in Engineering education, is 
closely related to Mathematics Teaching in Engineering Degrees. With its end planned for 2021, the 
steps needed to kick-start the development of this multinational project have not been easy in general 
logistic terms and even in more specific and particular issues. One of the first steps in its development 
was connected to the identification of common themes/subjects on which this project should be based 
in theoretical and general terms.  

This paper will describe, in a detailed way, all the educational needs analysis development. Its 
inclusion within this programme of work was due to the development, testing and deployment of a 
novel paradigm in the technology enhanced learning mediated environment in six geographically, 
socially, and culturally separate, engineering institutions. This was not a trivial task and took many 
resource hours to complete.  

Prior research to the submission of the project found no literature guiding educational needs analysis 
for joint-shared initiatives relating to socially, culturally, or geographically, separate locations. 
Therefore, this paper hopes to mark a complete list of objectives and tasks developed. It will point out 
several important issues to consider when designing multinational educational projects as well as 
other international connections made in education 
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1 INTRODUCTION 
The ERASMUS+ project: EngiMath – Mathematics online learning model in engineering education, is 
a transnational active partnership that “aims to develop a shared understanding of Engineering 
Mathematics at an early stage of tertiary education and to raise awareness of cultural, professional 
and educational issues” [1]. The project started in November 1st 2018 and brought together six Higher 
Education Institutions (HEI) from different European countries, namely, the TTK University of Applied 
Sciences/TTK UAS from Estonia (project coordinator), the Letterkenny Institute of Technology/LYIT 
from Ireland, the Polytechnic Institute of Porto/P.PORTO from Portugal, the University of the Basque 
Country/UPV/EHU from Spain, the Technical University of Cluj-Napoca/UTC from Romania and the 
Koszalin University of Technology/PK TUK from Poland. 

Project objectives are in accordance to the Lifelong Learning Strategy [2], thus linked to the objectives 
of the lifetime learning system, such as the active participation and responsibility of the learner, quality 
of learning opportunities, flexibility and international cooperation. Attention will be drawn to lifelong 
learning bottlenecks, such as low problem solving and digital skills, and the lack and heterogeneity of 
learning materials. The objectives of the project are also closely linked to the strategic goals of the 
universities, such as taking account of the profile of the learners (working students, students from 
vocational schools and of different mother tongues) and requirements of employers. 
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The experiences of the partners, through exploratory pedagogical design and application, creating a 
shared foundation on which to address the needs of learners in a variety of education cultures and 
environments, demonstrates the imperative of highly developed, student centric, authentic and 
meaningful engagement. Creation of the shared sense of belonging through innovation, support and 
dissemination of best practice aids the reduction of barriers in the educational process to promote a 
greater sense of self within the engineering profession. The project activities also strengthen the 
cooperation and networking. 

Needs Analysis and Data Gathering from all partner countries and institutions and specifying needs of 
assessment within Engineering Mathematics was one of the first project steps. Provisional results that 
formed the basis where gathered and a proforma report structure was developed, where each partner 
conducted a needs analysis based on their own experiences and curriculum guided by the proforma. 
Data was collated in a database per country. 

2 BASICAL NEEDS’ ANALYSIS  
A full educational needs analysis is not a trivial task and normally takes many resource hours to 
complete. The primary reason for the inclusion of a needs’ analysis within this programme of work is 
due to the development, testing and deployment of a novel paradigm in the technology enhanced 
learning mediated environment in six geographically, socially, and culturally separate institutions. 

Underpinning all future work is the educational needs assessment to support any pedagogical 
research, design, development and testing. A needs assessment is a systematic study of the state of 
knowledge, ability, interest or attitude of a defined audience or group involving a particular subject [3]. 
The salient outputs from a needs’ assessment ([4], [5], [6], [7]) are information relating to: Impact, 
Approaches, Awareness, Outcomes, Demand, and Credibility. The process involves direct and indirect 
methods of assessment and considers all stakeholders in the design and delivery of the programme. 

2.1 Student entry requirements 
Student entry requirements vary from partner to partner and is in accordance with national regulations. 
Usually students must pass a graduation test or national exam (baccalaureate). Students in all partner 
universities are expected to have high-school level skills in mathematics and some might expect basic 
ICT skills like Word and Excel and using the internet. All students are expected to have knowledge of 
the national language in every country and they are not expected or required to know English. In a 
more detailed form, per institution, we have: 

• Estonia – Entry based on average national grade from secondary school. Minimum average 
grade of 3.4 required. Competence in Estonian language is required; 

• Ireland – All qualified entrants with minimum OD3 in Mathematics and English or Irish may enter 
the level 7 programmes. Points awarded for each subject studied. Average entry score is 190 
points – the maximum is 550 points. Non-standard students are assessed on application; 

• Poland – entry requires the students to have achieved at least 30% in the national examinations 
at second level; 

• Portugal – entry is determined per course on a scale 0 – 200. Typical average entrance points 
are approximately 150 and the maximum is approximately 197. Non-standard students are 
assessed on application; 

• Spain – A scoring range 0 – 14 applies. The average score is approximately 10 with a maximum 
score of 13.5. Mature students may apply based on examinations; 

• Romania – All students complete the National Examination prior to entry. A minimum score of 6 
is required for entry to the engineering programmes. Non-standard students must have a 
minimum score of 6 to enter the programmes. Competence in Romanian language is required. 

2.2 Partner Shared Curricula 
All of the partner universities have 60 ECTS/year programmes at level 6. The credit points for the 
mathematical topics in the first year of study vary for each partner institution from 10 to 28 ECTS 
(Table 1). 

0743



Table 1 – ECTS overview in partner countries. 

Credit information Estonia Ireland Poland Portugal Romania Spain 

Credit Points Per Year of 
programme (ECTS) 60 60 60 60 60 60 

Credit Points for all mathematics 
topics in year 1 (ECTS) 26 10 12 8 to 10 10 21 

Hours per Credit (ECTS) 26 27 28 28 26 25 

Credit Level 6 6 6 6 6 6 

The curriculum is quite diverse among the partners, but many some common points exist. Table 2 
presents some of the main topics that are present in the curriculum sorted in descending order of 
frequency. 

Table 2 – Subjects present in the curriculums of the partner universities. 

Subject Estonia Ireland Poland Portugal Romania Spain Freq 

Linear equations/Linear 
algebra x x x x x x 6 

Geometry 2D x x x  x  4 

Geometry 3D x  x  x  3 

Functions (one variable) x x  x x x 5 

Integrals (one variable 
function)  x x x x x 5 

Ordinary Differential 
equations  x x  x x 4 

Matrices x   x x x 4 

Determinants x   x x x 4 

Vectors x x   x  3 

Mathematical analysis  x x  x x 4 

Functions (multiple 
variables)  x x x  x 4 

Limits x x    x 3 

Complex numbers  x x    2 

Combinatorial analysis  x  x   2 

Series    x   1 

The students are expected to have general skills of applying the learned concepts in engineering and 
managerial sciences as well as specific skills of applying more concrete concepts as matrices and 
equations. 

There is no diagnostic assessment currently in use in any of the partner universities. The formative 
assessment is done through observation (Estonia, Ireland), proposed step by step (Portugal), through 
activity at seminars (Romania) or through tutorials (Spain). Most summative assessments rely on a 
combination of assignments and a final test. 

All partner countries use offline assessment methods and some use manual (Estonia, Spain) or 
automatic online assessment systems (Estonia, Ireland, Portugal). 

None of the partner universities except Spain has a holistic instructional design. Those partners 
operating with a fragmented design use a prescribed design process with supporting but 
compartmentalized modules. The guidelines provided by national quality bodies and professional 
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bodies allude to holistic design practices, however such practices are difficult to implement within 
conservative education environments. 

The teaching staff is required to have a master’s degree in Math or similar field in most partner 
countries, except Romania where a PhD is required for staff hired indeterminately. 

2.3 Quality Assurance Plans  
All countries operate under quality assurance guidelines on a national and institutional level. These 
guidelines form the basis of all learning objectives and outcomes. Professional body accreditation 
guidelines also provide input to the design process in Ireland, Portugal and Spain. Professional body 
accreditation ensures that educational standards are met and harmonized to allow movement within 
the profession between participating countries (Table 3). 

Table 3 – Quality assurance guidelines. 

Partner National Guidelines Institution Guidelines Professional 
Body 

Estonia Ministry of Education and Research of 
Estonia (1) TKTK Quality Management (2) FEANI (3) 

Ireland Quality and Qualifications Ireland - QQI (4) 
Lyit Quality Assurance (5)  
(see [8]) 

IEI (6) 

Poland  Ministry of Science and Higher Education 
Regulation of Poland (7) PK Book of Quality (8)  

Portugal Portuguese Directorate-General for Higher 
Education – DGES (9) 

ISCAP Internal Quality Assurance 
System Documents (10)  
(see [9], [10]) 

OCC (11) 

Romania 
The Romanian Agency for Quality 
Assurance in Higher Education – ARACIS 
(12) 

UTCluj Quality Assurance (13)  

Spain 

National Agency for Quality Assessment 
and Accreditation of Spain, ANECA (14) 
Agency for Quality of the Basque 
University System - UNIBASC (15) 

EHU Quality politics (16) 

(see [11], [12]) 
AIPE / CGCOII 
(17) 

2.4 Students’ Characterization, Feelings and Perceptions 
The necessity for this analysis is based on outputs from student and academic focus group interviews 
conducted in 2016 and 2017 in UK, Ireland and Finland where stakeholders expressed their 
perceptions, beliefs, knowledge and experiences of on-line assessment systems for engineering 
mathematics. 

 
(1) https://www.hm.ee/en/activities/higher-education/quality-assessment 
(2) https://www.tktk.ee/korgkool/kvaliteedijuhtimine/huvigruppide-tagasiside 
(3) https://www.feani.org/members/estonia 
(4) https://www.qqi.ie/Pages/Home.aspx 
(5) https://www.lyit.ie/About/Policies-Publications/Quality-Assurance 
(6) http://www.engineersireland.ie/services/accredited-courses.aspx 
(7) http://dzialksztalcenia.tu.koszalin.pl/index.php/akty-prawne 
(8) http://dzialksztalcenia.tu.koszalin.pl/index.php/ksiega-jakosci/rozdzial-i 
(9) https://www.dges.gov.pt/pt 
(10) https://www.iscap.ipp.pt/iscap/qualidade/documentos-do-sistema-interno-de-garantia-da-qualidade-do-iscap 
(11) https://www.occ.pt/pt/ 
(12) http://www.aracis.ro/en/procedures/ 
(13) https://dac.utcluj.ro/ 
(14) http://www.aneca.es/eng 
(15) https://www.unibasq.eus/en/ 
(16) https://www.ehu.eus/es/web/ingeniaritza-bilbo/kalitatearen-kudeaketa 
(17) https://www.ingenierosprofesionales.com/ / https://ingenierosindustriales.es/ 
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A study of perceptions of the assessment processes in relation to on-line learning and assessment of 
engineering undergraduates was conducted during academic years 2015/2016/2017. The student 
bases feeding into this study includes undergraduate engineering students and business students 
from Ireland, Poland, Portugal, Estonia, Finland and Romania. Selected outputs from this quantitative 
study were disseminated to a wide audience through conference papers and journal papers. The data 
from this study will feed directly into the needs assessment and was expanded to include engineering 
undergraduate students in Spain within this project 

Of the study programs analysed most have on average 20-30 students. There are programs with less 
students on average, of about 10 students (Geodesy – Estonia, Electrical Engineering – Ireland) but 
also programs with up to 70 students (Spain). 

The gender ratio is of about 80% male to 20% female (Figure 1). The only exception is Portugal that 
has a gender ratio close to 1 to 1.  

  
Figure 1. Students’ Gender by Institution (country). 

The scoring system is different in each country. Even though none of the partners have a pass/fail 
scoring system, there is a mixture of using percentage and grade systems. The average passing rate 
is about 60% on average for all countries with great variations between them. Each country has a 
different grading system ranging from 40% to 51%. 

Comparison of students’ responses displayed startling differences between the countries involved 
when issues relating to Computer Based Testing (CBT) or on-line assessment were explored. 
Students in Ireland report that 80% of them do not have any exposure to on-line assessment systems 
prior to entry to third level education. Comparison with Estonia shows that 80% of their students do 
have exposure to on-line assessment, whilst approximately 40% in Poland, Portugal, Spain and 
Romania have prior experience (Fig.2). 

Students reported on their perceptions of preparedness prior to the use of on-line assessment in third 
level. The consensus is that they feel prepared in all partner organizations however; many still 
perceive or experience barriers in relation to the on-line assessment, as Fig. 3 shows. 

Students’ perceptions of their mathematics ability before and after entry to third-level education were 
analyzed. The majority felt their abilities in mathematics was good, with Spain reporting the highest 
levels of ability. The majority of perceptions of ability remain constant (see Fig. 4), but noteworthy is 
that by second semester of first year that Spanish students’ perceptions drop, perhaps due to the 
difference between the levels of High School and University. 
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Figure 2. Students’ prior experience with on-line assessment. 

 
Figure 3. Students’ perceived preparedness and Barriers to CBT. 

 
Figure 4. Students’ perceived Math ability. 
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Analysis of expectancy and reward suggests that the majority of students consider their effort is justly 
rewarded. Spanish students appear to suggest that the reward for work done is not rewarded. This 
may be the reason why the perceptions of Spanish students regarding their current mathematics 
abilities have dropped. 

 
Figure 5. Students’ perceived Effort versus Rewards in Math. 

The role of the teacher may vary from the most fundamental naïve reader through to critical examiner 
guided by externally determined criteria [13]. Within the assessment process, the human teacher has 
ultimate responsibility for all decisions leading to the various outcomes. The meaning of assessment in 
the context of this study is the establishment of whether a student’s mathematical submission satisfies 
the properties specified by the teacher, or, if not, to what degree. Morgan and Watson [13] considered 
issues for equity in assessment and demonstrated how different assessors may arrive at different but 
equally valid assessment judgements. In doing so, concerns were highlighted that are still considered 
pertinent. It may not be possible to remove all forms of inequity in assessment however, insight and 
understanding through critical reflection of assessment practices, policies and procedures, has 
potential for mitigating the effects on students. These specific questions related to the effectiveness of 
e-assessment will be discussed and scrutinized in a future work. 

3 CONCLUSIONS 
Common issues exist for students in each institution. These issues may offer opportunities to explore 
novel and innovative pedagogies in engineering mathematics if addressed by institutions. Students’ 
ICT preparedness for Higher Education is taken for granted by many academic designers. The 
assumption of the digital native is one issue that poses a barrier to learning for students. 

Cultural, language, and social barriers exist that need to be accommodated in any engaging 
pedagogical paradigm. The common language of mathematics is assumed to be necessary to allow 
for cross-cultural shared programmes, however the common language of mathematics is not 
sufficient. It is necessary to ensure that local support measures cater for local issues. 

Automated assessment only considers the product of assessment and not the process. Smart 
assessment systems place significant cognitive loads on assessors, assessment designers and 
students. 

Traditional didactic processes are the majority in the current pedagogies offered by the partner 
institutions, and it is expected that these will continue. 

The findings provide crucial information regarding priorities for the pedagogical design of the shared 
program materials. Differences in student expectations and abilities must be accommodated within an 
engaging paradigm. Academics have different priorities from students in the design and operation of 
learning and assessment materials. Course materials should give the option to provide access in the 
local language – sharing across language borders is not straightforward. 
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