
A Roadmap for Implementing the Sustainable Software 

Engineering Curricula in Ukraine According To 

European E-Competence Framework and Student-

Centered Learning Conception 

Ihor Turkin 1[0000-0001-6456-1120] and Olena Kirilenko2[0000-0002-4496-3787] 

1 Software Engineering and Business Faculty, National Aerospace University "Kharkiv Avia-

tion Institute", Kharkiv, Ukraine 
2 Software Engineering and Business Faculty, National Aerospace University "Kharkiv Avia-

tion Institute", Kharkiv, Ukraine 

i.turkin@khai.edu., o.kirilenko@khai.edu. 

Abstract. The paper focuses on and propose the semi-formal method of con-

structing individual educational students trajectories for the professional train-

ing of future software engineers in Ukrainian universities. The method for the 

student-centered learning conception support presented by the authors was de-

veloped using graph theory. The set of educational paths that the student is in-

vited to choose corresponds with the requirements of IT enterprises and pro-

vides the student with the opportunity to choose his or her educational path for 

the level of education legally enshrined in Ukraine. The article presents the re-

sult of educational trajectories constructing for the process of the professional 

training of future software engineers from a Junior Bachelor level to Doctor of 

Philosophy.  Ukrainian universities can use the proposed educational trajecto-

ries of the professional training of future software engineers for curricula and 

syllabus preparation. The practical development of this work is an interactive 

online assistant that will recommend to the student the choice of the educational 

path from the already achieved level to the target level, which the student will 

choose. 

Keywords: competence, curricula, student-centered learning, sustainability, 

software engineering, standards. 

1 Introduction 

In our volatile, intimately connected, and dangerously vulnerable world educational 

system must be anticipative because the future is far from a linear extension of the 

past [1]. The article [2] introduces an emerging sustainable learning and education 

philosophy of learning as a fundamental principle of the sustainable curricula building 

with appropriate methods of learning and teaching.  

M. Knowles is the creator of the concept of self-directed learning, proved that all 

individuals by nature could be self-directed, even if they need help to get started [3]. 
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The paradigm shift from teaching to learning has contributed to the transfer of power 

from teacher to student. The teacher should be a "facilitator of the learning process." 

In the 1980s, this student-centered learning (SCL) concept was transformed by C. 

Rogers into the theory of education [4].  

The works of John Dewey [5] and Carl Roger [6] about personality formation 

have significantly influenced to SCL. They criticized the obsolete model of education, 

in which the teacher assigned the central role, and the student is a passive participant 

in the educational process. Scientists focused that students are as equal partners as a 

part of the academic community, and coproduces of knowledge is essential for giving 

student ownership and responsibility for their learning.   

SCL has repeatedly demonstrated superiority over the traditional teacher-oriented 

approach. The research of the Erasmus+ [7] shows that SCL is introduced in different 

professional fields, different geographical areas, and that it can be practiced even in 

big classes. The impact of SCL on learning outcomes is confirmed by [8]. The authors 

confirm advances in designing an SCL process using cutting-edge methods, tools, and 

artificial intelligence. The authors [9] proved that SCL means that learning outcomes 

must meet the needs and expectations of students and society while providing em-

ployment and personal development. 

Nowadays, a joint project of the Union of Higher School Employees (EI) and the 

European Union of students (ESU) [10] has proposed the main principles and recom-

mendations that underpin in SCL. The project aims to re-evaluate the progress of 

implementation of SCL, highlight best practices, and establish peer assessment proce-

dures for the implementation of the conception in European higher education institu-

tions.  Inspired by the growing interest and progress in implementing SCL, the Euro-

pean Students Union (ESU) developed a new project called Peer Assessment of Stu-

dent-Centred Learning, funded with the support of the European Commission [11]. 

Through the research done in this project, the conception of learning outcomes forms 

the conceptual core for SCL higher education system.  

Competencies are one of the main categories of SCL.  Fundamental to our study is 

the competency-based approach (CBA), which based on the concepts of competency 

and competence. Competence as a complex object includes substantial components, 

based on knowledge, skills, experience [12]. European e-Competence Framework (e-

CF) [13] provides a reference of 40 competencies applied to the field of Information 

and Communication Technologies (ICT) using a common language of competences, 

skills, and capability levels.  

The work [14] presents an approach to the curricula building as a combination of 

academic competences and professional competences from the e-CF. The authors 

developed a competences description for 16 disciplines for proposed a Joint Master 

Program in Software Engineering. Zaitseva L. [15] pays our attention to the definition 

of 9 competencies in the Bachelor and 15 competencies in the Master study formed 

during the acquisition of the study course "Software Engineering" at Riga Technical 

University on the e-CF base. Evaluation of practical assignments allows assessing the 

achievement level of the required competencies. Fitsilis P. et al. [16] propose to use a 

conceptual grid to address different skill needs in different workforce segments in 

different sectors, depending on different subsets of the technologies. The proposed 

competence framework consists of six dimensions (proficiency, technology, industry 

sector, product lifecycles, job profile, and transversal skills) that need to be combined 



in order to produce the training needs for each specific case or to calculate the skilled 

coverage when the readiness of enterprises for introducing Industry 4.0. Liagkou V. et 

al. proposed an innovative online methodology to evaluate student's competencies and 

achieved learning outcomes [17]. The core of the methodology is an Engineering 

Competence  Evaluation Internet Portal. The portal provides to the students and pro-

fessors an innovative research-based online tool, which facilitates the exchange of 

information on learning outcomes, referring to a graduate's knowledge, skills, and e-

CF competence upon completion of their Master of Science in Software Engineering 

Program. 

The European ICT Professional Role Profiles make a crucial contribution to in-

creasing transparency and convergence of the European ICT Skills landscape [18]. 

Incorporating the competences of the European e-Competence Framework as the 

main component of profile descriptions, the 30 ICT Professional Role Profiles pro-

vide a generic set of typical roles performed by ICT Professionals in any organization, 

covering the full ICT business process. Complementary to the e-CF, the European 

ICT Professional Role Profiles contribute to a shared European reference language for 

developing, planning, and managing ICT Professional needs in a long-term perspec-

tive and to maturing the ICT Profession overall. 

However, educational standards and training programs at various levels are often 

not harmonized, based on incompatible competency systems, which leads to prob-

lems. It does not allow ensuring the continuity of educational programs at various 

levels, the possibility of reducing the learning duration and supporting individual 

educational trajectories of students. The presence of an extensive list of competencies 

inevitably complicates the development of appropriate assessment tools and methods 

to test the level of their formation among student 

Vocational education and training reform and the Law on Professional Pre-higher 

Education establish a Junior Bachelor's Degree, which aims at training skilled work-

ers in Ukraine. Junior Bachelor's Degree corresponds to the sixth level of the National 

Qualifications Framework (Initial level – the short cycle of higher education) [19]. 

The National Qualifications Framework agreed upon the Qualifications Framework of 

the European Higher Education Area and the European Qualifications Framework for 

Lifelong Learning. The Junior Bachelor's Degree (named associate's or foundation 

degrees in different countries) is an academic program taken at the undergraduate 

level. The Junior Bachelor's in Software Engineering must acquire the necessary 

technical and academic knowledge and transferable skills they need to go on to em-

ployment or further study.  

In the formation and implementation of SCL university professional standard for 

training software engineers at Ukrainian universities, one must proceed from the fact 

that each level of higher education and the corresponding professional standard (edu-

cational-professional and educational-scientific) is an integral part of the process, 

which provides for consistency, continuity, and regularity. SCL in the professional 

standard cannot be fully implemented without individual educational trajectories for 

training software engineers.  Actually, in the education system, individual educational 

trajectories of training should begin at the level of the Junior bachelor's programs. 

University educational programs at the Bachelor's level should continue the Junior 

bachelor's programs, be associated with them, but do not repeat them.  At each next 



level of higher education, the role and practice of applying an individual learning 

trajectories students should increase. 

In this paper, we adapt our previously developed general approach [20] to the 

changes that have taken place over the past 1-2 years in educational and professional 

spheres. We solve the task of constructing educational trajectories for training soft-

ware engineers at Ukrainian universities. These trajectories must fit the qualifications 

framework and must support the SCL conception.  

The paper is structured as follows. Section II presents the theoretical basis for the 

reasoned choice of the individual educational student trajectories according to the 

European e-competence framework. Section III presents the results of the proposed 

method according to the European e-competence framework for Software Engineer-

ing specialty. 

2 Method of Constructing Individual Educational Students 

Trajectories According to European E-Competence 

Framework 

2.1 Input Assumptions and Limitations.  

The target competencies for training specialists in Software Engineering (SE) must 

provide training for profiles "Developer" and "Test Specialist" because these profiles 

fully meet the qualifications of Degree "Specialist in the development and testing of 

software" by the National classification of professions Ukraine. Since the profile 

"Digital media specialist" is very close to the two profiles above for the necessary 

competencies [21], we assume that these three profiles will form the core and start 

point for the specialty "Software engineering." 

The target competencies that Developers, Digital Media Specialists, or Test Spe-

cialists must possess are limited to the third level of E-CF, which corresponds to the 

bachelor's level both in the European Qualifications Framework and the Law on 

Higher Education of Ukraine. Therefore, to continue training to the level of a master 

or a doctor of philosophy is pointless.  

The choice of further educational paths should be justified, proceeding, first of all, 

from the desired target profile. The criterion for the validity of the choice of an educa-

tional trajectory is the minimum difficulty in acquiring new necessary competencies 

and increasing the level of competencies already achieved at the previous level of 

education. In our opinion, this complexity can be quantified by summing up the num-

ber of new competencies required, taking into account their level and the number of 

the new deliverables for which the future graduate will be responsible.  

Only training paths for which the difficulty measured by the above method is 

small enough can be recommended for training. Obtained with this method of measur-

ing assessments of the complexity of training will be more likely to be qualitative, 

relative, and will never become accurate, quantitative. In our opinion, the result we 

obtained is entirely consistent with the stated goal of the work: to formulate recom-

mendations for the student on the choice of the educational path in terms of "it is 

easy,” "it is harder," and "it is almost unattainable."  



We are in no way trying to express numerical recommendations of the form 

"Training to achieve at the level of the philosophy doctor of competencies required to 

work on profile X will be many times Y more difficult than preparing you for work 

on profile Z." In our opinion, this is justified, the reasoned approach to the maximum 

extent corresponds to the concept of Student-Centered learning, as it allows each stu-

dent to plan personally and, if necessary, adjust their path in their education. 

2.2 The Formal Statement of the Problem.  

The initial data are the interrelations matrixes of the "ICT profiles – E-competences" 

and "ICT profiles – Deliverables." In the mathematical representation, these tables 

define two bipartite graphs (mappings): 

 Ф1: 𝑃 → 𝐶, Ф2: 𝑃 → 𝐷,   (1) 

where  1 2 30P P , P , ... P= – the profiles set, 

 1 2 40C C , C , ...C=  – the competences set, 

 1 2 76D D , D , ... D=  – the deliverables set. 

The mapping of the profiles set to the competences set we present as 𝐺 = 〈𝑃, 𝐶, 𝐸〉, 
where E denoting the weighted edges set of the bipartite graph. The weight of each 

edge  𝑒𝑝,𝑐 we define as the level of the competence with number c, which is needed to 

profile with number p. Similarly, the mapping of the profiles set to the deliverables 

set is 𝐻 = 〈𝑃, 𝐷, 𝐾〉, where K denotes the edges of the bipartite graph and each 

edge𝐾𝑝,𝑑∈{0,1}.  

The proximity function between any two profiles s and t we define as distance in 

an undirected graph: 

 Pr(𝑠, 𝑡) = 𝛼 ∑ min (𝑒𝑠,𝑐, 𝑒𝑡,𝑐∀𝑐,𝑐∈𝐶 + (1 − 𝛼) ∑ 𝑘𝑠,𝑑∀𝑑,𝑑∈𝐷 𝑘𝑡,𝑑 , (2) 

where α - coefficient that allows controlling the importance of proximity metric ac-

cording to common competencies relative proximity metric according to shared deliv-

erables. The complexity function of the transition to a new profile t in the presence of 

competencies of the existing profile s we introduce as a distance in a directed graph: 

𝐷𝑖𝑓(𝑠, 𝑡) = 𝛼 ∑ (𝑒𝑡,𝑐∀𝑐,𝑐∈𝑐∩(𝑒𝑡,𝑐>𝑒𝑠,𝑐
− 𝑒𝑠,𝑐) + (1 − 𝛼) ∑ (𝑘𝑡,𝑑 − 𝑘𝑠,𝑑)∀𝑑,𝑑∈𝐷∩(𝑘𝑡,𝑑=1)  (3) 

The assumption that training is carried out in consistent progress through the educa-

tional levels leads to a search all possible pairs s and t within a stepwise education 

system with the suggestion that these pairs must satisfy the following condition: 

 max
∀𝑐,𝑐∈𝐶

( 𝑒𝑡,𝑐) − max
∀𝑐,𝑐∈𝐶

(𝑒𝑠,𝑐) = 1 (4) 

 

We introduce the reachability matrix of the next target profile, starting with the exist-

ing one. In graph theory, reachability refers to the ability to get from one vertex to 



another within a graph. A vertex s can reach a vertex t, and t is reachable from s if 

there exists a sequence of adjacent vertices (i.e., a path) which starts with s and ends 

with t.  

Taking into account constraint (4), the reachability matrix we present as: 

 𝑅𝑒𝑎𝑐ℎ(𝑠, 𝑡) = {

1

𝐷𝑖𝑓(𝑠,𝑡)
, 𝑖𝑓 𝑐𝑜𝑛𝑑𝑖𝑡𝑖𝑜𝑛 (4)𝑡𝑟𝑢𝑒

0, 𝑜𝑡ℎ𝑒𝑟𝑤𝑖𝑠𝑒
} (5) 

2.3 The Constructing Individual Educational Trajectories Set and Curricula 

Set 

The method of constructing individual educational trajectories set and curricula set as 

a result is a sequence of following steps. 

Step 1. Clustering profiles, as the process of ordering of profiles graph structure 

into relatively homogeneous groups, where the proximity function between any two 

profiles is calculated according to (2).  We used the modularity metric proposed in the 

paper [22] for clustering. The metric value lies between 0.5 and 1, calculated by the 

formula: 

 Q=
1

2𝑚
∑ (Pr(𝑠, 𝑡) −

𝑑𝑠𝑑𝑡

2𝑚
) 𝛿(𝑘𝑠𝑠,𝑡 , 𝑘𝑡), (6) 

where di is the degree of the i-th node, Ki is the cluster in which i-th node is located, 

m is the number of edges in the graph. 𝛿(𝑘𝑠, 𝑘𝑡) = 1, if  ks=kt, otherwise 0. 

Using the modularity metric (6) allows us to split the initial list of profiles into 

profile clusters, which are characterized by a strong connection of profiles within 

classes and weak for profiles located in different clusters (strong link inside and weak 

ones among groups). A change in the coefficient   makes it possible to evaluate the 

stability of the clustering result when changing the evaluation criterion from proximi-

ty by competencies to proximity by deliverables. 

Step 2. The reachability graph describes the ability to get from obtained profile to 

the next one by educational level with quantity estimation of this step complexity. 

The reachability graph is constructed by using (5) and is become a background for 

building individual educational trajectories set.  

Step 3. The curricula set is constructed using individual educational trajectories 

set.  The start point for each curricula building is the needing competencies for goal 

profile, knowledge, and skills examples, cataloged in the e-CF. 

3 Individual Educational Student Trajectories According To 

The European E-Competence Framework  

We performed a profile's clustering from e-CF with  1=  from (2), taking into 

account only the quantity of common competencies required for each pair of profiles. 

As a result, we got seven closely related groups (fig. 1). Each group has its color, and 



the line thickness between each pair of profiles is proportional to the number of 

shared competencies.  

The aimed group includes next roles: 

• Developer.  

• Digital Media Specialist.  

• Test Specialist. 

• DevOps Expert. 

• System Administrator. 

• Network Specialist. 

Grouping of profiles by Deliverables/Outcomes proximity principle with 0 =  

from (2) gives the partially different result (fig. 2). A Deliverable, according to e-CF, 

is a predefined result of a task in a job context. Deliverables describe typical out-

comes of a solved task in terms of accountable, responsible, or contribution. When 

clustering according to the proximity by  Deliverables/Outcomes, the aimed group 

includes next roles: 

• Developer.  

• Digital Media Specialist.  

• Test Specialist. 

• DevOps Expert. 

• Systems Analyst. 

• Systems Architect. 

• Digital Transformation Leader. 

Digital Media Specialist

Developer

Devops Expert

Test Specialist

Systems Administrator

Network Specialist

Service Manager

Service Support

Data Administrator

Technical Specialist Digital Educator

Scrum Master

Quality Assurance Manager

ICT Operations Manager

Data Specialist

Business Analyst

Product Owner
Solution Designer

Data Scientist

Business Information Manager
Account Manager

Digital Transformation Leader

Chief Information Officer

Project Manager

Digital Consultant
Information Security Specialist

Enterprise Architect

Systems Architect

Systems Analyst

Information Security Manager

 

Fig. 1. Seven profiles groups (highlighted by different colors) which are closely related by the 

list of required competence 

All recommended trajectories for achieving the desired profiles for software engineer-

ing are presented in fig. 3.  The line thickness characterizes the number of competen-



cies achieved at the previous level that will be claimed at the next one, that is, the 

thicker the connecting line, the easier it will be to achieve the target profile. 

Account Manager

Business Information Manager

Chief Information Officer

Project Manager

Data Scientist

Product Owner

Business Analyst

Data Administrator

Enterprise Architect

Digital Consultant

Quality Assurance Manager

Systems Administrator

Solution Designer

Digital Transformation Leader

Data Specialist

Information Security Manager

ICT Operations Manager

Digital Educator

Developer

Digital Media Specialist

Network Specialist

Service Support

Service Manager

Systems Architect

Technical Specialist

Test SpecialistDevops Expert

Systems Analyst
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Fig. 2. Seven profiles groups (highlighted by different colors) which are closely related by the 

deliverables 

Table 1 details recommended individual educational students trajectories, starting 

from the software engineering profiles (Developer, Digital Media Specialist, Test 

Specialist), which are available from junior bachelor level. 

Table 2 contains reference information about deliverables and competencies, 

which must be formed or improved during the transition from systems architect role 

profile to digital transformation leader role profile.  

4 Conclusions and Future Work 

The key performance indicator for Student-Centred Learning is student satisfaction 

with the incorporation of sustainable curricula. The e-CF has proved to be very useful 

in the process of curricula design because one of the critical challenges of effective 

curricula design is managing how different stakeholders communicate and cooperate 

in designing curricula that meet both educational and employer objectives. 

The article proposes a partial formalization of the method of constructing educa-

tional trajectories for training software engineers at Ukrainian universities. Improving 

student knowledge, skills, and competence without a clear plan and goal as to how 

that future Bachelor, Master, or Ph.D. will correspond to the organizational needs of 

an employer generally has minimal effect. Students should understand the general 

learning objectives and not learn in fragments without any apparent purpose. The 

effective use of individual SCL should be coordinated holistically to provide adequate 

support to the needs of the employer organization. 



Table 1. Recommended individual educational students trajectories according to Software 

engineering profiles (only for profiles inherited from Developer, Digital media specialist or 

Test specialist with Junior Bachelor level) 

Profile 

ICT Profile 

Families 

Proximity by 

competencies  

Proximity by 

deliverables  

Educational 

level 

Developer 

Development 

+ + 

Bachelor 

Digital Media 

Specialist 
+ + 

Test Specialist + + 

System Admin-

istrator Service & Oper-

ation 

 + 

Network Spe-

cialist 
 + 

Systems Analyst 

Design 

+  

Master 
Systems Archi-

tect 
+  

DevOps Expert 

Process Im-

provement 

+ + 

Digital Trans-

formation Lead-

er 

 + 
Doctor of Phi-

losophy 

Table 2. Summary table describing the needed competencies and deliverables of the transition 

from systems architect role profile to digital transformation leader role profile  

 Systems Architect Digital Transformation Leader 

Deliverables 

Solution Specification  

Integrated Solution  

Development Process  

Solution and Critical Business Process Integration Proposal 

 
Digital Transformation 

Roadmap 

 Digital Transformation Strategy 

Competencies 

A.7. Technology Trend Monitoring  

B.2. Component Integration  

B.6. Systems Engineering  

A.5. Architecture Design 

A.9. Innovating 

 
A.3. Business Plan Develop-

ment 

 
E.7. Business Change Manage-

ment 



Developer

Digital Media Specialist

Network Specialist

Systems Administrator

Systems Architect

Test Specialist

Digital Transformation Leader

Devops Expert

Systems Analyst

Junior Developer

Junior Digital Media Specialist

Junior Test Specialist

2 years 3 years

Enrollee Bachelor Master PhD

4 years 1.5 - 2 years 4 years

Junior 
bachelor

 

Fig. 3. Trajectories (possible paths) for achieving the desired profiles for software engineering 

with accounting common competencies and deliverables (the line thickness characterizes the 

number of competencies achieved at the previous level that will be claimed at the next, that is, 

the thicker the connecting line, the easier it will be to achieve the target profile) 

The set of educational trajectories (individual paths) that a student is offered to choose 

must meet the requirements of IT enterprises, fit the qualifications framework, and 

must support the SCL concept, that is, enable the student to choose his or her educa-

tional path for one from the educational levels legally enshrined in Ukraine. 

The following features of software engineering and higher education in Ukraine 

are taken into account. 

1.  The target competencies that Developers, Digital Media Specialists, or Test Spe-

cialists must possess are limited to the third level of E-CF, which corresponds to 

the bachelor's level both in the European Qualifications Framework and the Law 

on Higher Education of Ukraine. Therefore, to continue training to the level of a 

master or a doctor of philosophy is pointless. The choice of further educational 

paths should be justified, first of all, from the competencies desired target profile.  

2.  Vocational education and training reform and the Law on Professional Pre-higher 

Education establish a Junior Bachelor's Degree, which aims at training skilled 

workers. Junior Bachelor's Degree corresponds to the sixth level of the National 

Qualifications Framework (Initial level – the short cycle of higher education) [23]. 

The National Qualifications Framework agreed upon the Qualifications Framework 

of the European Higher Education Area and the European Qualifications Frame-

work for Lifelong Learning. The Junior Bachelor's Degree (named associate's or 

foundation degrees in different countries) is an academic program taken at the un-

dergraduate level. The Junior Bachelor's in Software Engineering must acquire the 



necessary technical and academic knowledge and transferable skills they need to 

go on to employment or further study. 

The proposed method for the set constructing of the software engineer's educa-

tional trajectories in Ukrainian universities uses graph theory. The nodes of the 

weighted graph are the roles proposed by the European e-Competence Framework, 

and the weights of the edges characterize the number of competencies achieved at the 

previous level of education that will be necessary to achieve the next level. Each tra-

jectory is a path starting from the enrollee-node and ending on the master level or 

Ph.D.  level node. An additional metric of the distance between nodes calculates the 

total number of deliverables shared by these roles.  

Each person selects their trajectory personally; therefore, the mathematically 

solved problem belongs to the class of tasks in which it is required to list all imple-

mented trajectories for future choice. After that, the student must choose his learning 

path, and the university must build the educational programs necessary for the imple-

mentation of the required trajectories. 

The article presents the result of the synthesis of educational trajectories for soft-

ware engineering from a junior bachelor level. It is shown that the subsequent levels 

of education should be oriented toward acquiring the competencies necessary for the 

DevOps Expert Role, Systems Architect Role, or Systems Analyst Role at the mas-

ter's level. If a student plans to achieve the level of Doctor of Philosophy, starting 

from the three listed above Junior Bachelor's Degrees, he or she should choose only 

the Systems Architect Role at the Master degree, since only this role is firmly con-

nected by common competencies and deliverables with the Digital Transformation 

Leader Role.  

Further development of the work is planned in the practical implementation of an 

interactive online assistant, which will formulate recommendations for the student on 

the choice of disciplines, forming a set of trajectories from the already achieved level 

to the target one that the student will choose. 
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