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Abstract  
Due to the rapid development of CS (Computer Science) and the limitations of Higher Education (HE) 
dedicated to CS specialists, a deepening gap is observed between the needs of the CS industry and 
the supply of CS specialists in the labour market. Therefore, universities should educate CS 
professionals in the competences required by the market. The university CS curriculum should be 
dynamically adapted to the rapidly changing needs of the CS industry. This is one of reasons why 
university-industry cooperation is necessary. 

Two organisations, Association for Computing Machinery (ACM) and Institute of Electrical and 
Electronics Engineers (IEEE) carry out research and on this basis set standards for Computing 
Curricula. The results are then used by many universities all over the world. Computing Curricula have 
been divided by ACM/IEEE into five different sub-disciplines. These are curricula proposals which 
should be used in the process of adapting HE in the field of CS to the requirements of local and global 
industry. 

This paper presents the research methodology and the results of surveys carried out among the CS 
industry in the region of Lublin, Poland, which are designed to indicate the directions of change in 
training undergraduates in CS at the Lublin University of Technology (LUT). The survey contains, 
according to ACM/IEEE Computing Curricula, two types of topics: related to the computer science field 
and beyond this area, such as business models or soft skills. 

The study attempts to determine by using the ACM/IEEE curricula standards the CS knowledge areas 
in which specialists are needed for CS industry. The study also covers areas that are the most recent 
ACM/IEE Computing Curricula Areas, Disciplines and Standards. The research results indicate the 
directions of the development of the CS curricula at the LUT in relation to the ACM/IEEE curricula. The 
research methodology and results can be useful for other universities facing the problem of adapting 
their curricula to the needs of the contemporary CS market. 

Keywords: directions of change in training undergraduates, Computer Science curricula, needs of 
labour market. 

1 INTRODUCTION 
In Poland, the number of companies in the ICT sector has increased by 10.1% in 2015 in comparison 
to (the year) 2012 [1]. People working in the ICT services are 81.5% of all employees in that sector [1]. 
In comparison to 2014, the largest increase in the number of employees was noticed in the ICT 
services (18.1%). The ICT sector currently plays an important role in the modern economy, directly 
influencing the growth, productivity and employment in other branches of the economy. 

Due to rapid changes in the ICT trends, there is a lack of ICT specialists fully prepared to step into 
their careers. That is why universities should take into the account the precise requirements of the ICT 
industry and adapt their curricula to the latest trends and demands [2], [3], [4]. Modern trends in 
programming, software development, the newest frameworks and techniques and technologies used 
in ICT companies necessitate strengthening the university-industry cooperation. Universities should 
constantly monitor these changes by adding new knowledge areas and competences and removing 
old and unnecessary ones [5], [6]. 

In Poland there is two-level education: Batchelor’s study (first degree) and Master’s study (second 
degree). There are also two schemes of teaching. At technical universities the first degree lasts for 
seven semesters and the second one for three. At non-technical universities the first degree is shorter 
and lasts for six semesters but the second study is one semester longer. 

At the Lublin University of Technology (LUT) the ICT study started in 2000. At the beginning there was 
one-level education which lasted five academic years. It was organised on the basis of the Master’s 
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programmes. After implementation of the National Qualification Framework in 2010, the list of 
competences was created. There were strict rules of defining the competences for each subject 
divided into three categories: knowledge, professional and social skills. These frameworks specified 
the subjects that had to be included into the curricula. At present, universities may add various 
subjects and adjust the knowledge areas following the industry requirements. 

2 ICT EDUCATION AT LUT DIRECTED INTO THE INDUSTRY REQUIREMENTS 
The Lublin University of Technology offers their students the Computer Science study according to the 
original, technical scheme. The study program is uniform, which means that no specialisation during 
the study is provided. The only way of adapting the study programme to the current needs of 
employers is six elective subjects which may be varied in each year, depending on both the IT industry 
needs and student choice [7]. 

The LUT examines the market and its needs and extends the university’s offer. Changes in the 
curricula were possible due to the European funds. Four European Projects were led at the university, 
directed at improving the ICT study. The first project, “Graduate of our time”, carried out in 2011-2012, 
concerned the preparation, opening and implementing of new specialties in the second degree of 
Computer Science education, as well as adaptation of curricula in the field of IT to the needs of the 
labour market. Five new specialisations were developed and launched: Software development 
technologies, Teleinformatic systems, Operation of information systems, Multimedia systems and 
applications, Internet applications. Industry representatives were invited to create the curricula. 
Second degree students choose specialisation in the first semester. The project “Qualifications for 
labour market – employer-friendly LUT”, carried out in the years 2013-2015, enabled to introduce six 
elective courses in the first degree of study. Their choice came after consulting employers. The topics 
covered mobile systems and mobile applications programming with particular focus on iOS, database 
systems engineering, interface design and system ergonomics, sound and graphics in mobile devices, 
and programming for cloud computing. Another project, "MEGA competent Graduate of the Lublin 
University of Technology directed to the needs of employers", offered an increase in professional and 
soft skills of the first and second degree students thanks to the participation at workshops conducted 
by highly specialised industry professionals and lecturers from abroad. Next, the project „Mobile 
Application Development Monitoring – a new program of master studies in English” (done during the 
period 01.2015-05.2016) completed the LUT study offer. The project's main goal was human capital 
development and the LUT’s greater internationalisation by extending the educational offer with master-
degree studies in English in the field of IT. The projects carried out increased the attractiveness of 
studying at the LUT by adapting the educational offer to the current needs of the labour market and 
strengthened the cooperation between university and employers. 

At the LUT one level study according to ACM/IEEE standard from 2001 is still available. However, 
offering the elective subject to students is not sufficient to educate fully prepared graduates for their 
future careers. It seems that the current model is too universal [8]. That is why ICT companies have to 
spend a lot of time and money for further training. 

The LUT provides additional activities for ICT students, especially concerning internships and lectures 
run by ICT industry practitioners from Poland and abroad. These classes were very well assessed 
both by students and the ICT industry [9]. Workshops conducted by experts from the ICT industry from 
both home and abroad are very popular among students [9]. They are aware of the fact that practical 
experience is the most valuable. Traineeships organised for students in leading companies are also 
an opportunity for them to gain invaluable practical knowledge, including social areas [10]. They help 
them in entering the labour market. 

3 ACM/IEEE STANDARD FOR COMPUTER SCIENCE 
The first product containing education standards in Computer Science was Computing Curricula 2001 
[11]. Fourteen areas of knowledge were defined in the report [11]: Discrete Structures, Programming 
Fundamentals, Algorithms and Complexity, Architecture and Organisation, Operating Systems, Net-
Centric Computing, Programming Languages, Human-Computer Interaction, Graphics and Visual 
Computing, Intelligent Systems, Information Management, Social and Professional Issues, Software 
Engineering, and Computational Science. Next, Computing Curricula 2005 (CC2005) established an 
educational standard for the different kinds of undergraduate degree programmes in computing [12]. 
The main objective of this project was to unify the dramatic increase in the number and type of 
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computing degree programmes. The CC2005 specified five prominent computing degree programmes 
[12]: computer engineering (CE), computer science (CS), information systems (IS), information 
technology (IT), and software engineering (SE). CE is concerned with the design and construction of 
computers and computer-based systems. The study of hardware, software, communications, and the 
interaction among them are included in CE. Its curriculum focuses on applying them to the problems of 
designing computers and computer-based devices. CS contains three categories: designing and 
implementing software, using computers to create new knowledge and develop effective ways to solve 
difficult problems. IS includes integrating information technology solutions and business processes. 
This discipline uses technology as an instrument for generating, processing, and distributing 
information. The IS specialist plays an important role in determining the requirements for an 
organisation’s information systems and is active in their specification, design and implementation. This 
programme combines business and computing problems. IT is used to prepare students to meet the 
computer technology needs of business, government, healthcare, schools, and other kinds of 
organisations. Graduates of IT programs are a support for computer systems and their software and 
for solving whatever computer-related problems may occur. SE includes the knowledge of and ability 
to provide useful software. SE deals with software reliability and maintenance and focuses on 
techniques for developing and maintaining software. SE students learn how to assess customer needs 
and develop usable software that meets those needs. 

In Computer Science Curriculum 2008 (CS2008) attention was focused on the need for close 
cooperation between university and industry [13]. Industry involvement is essential in developing 
students competences [13]. The last update of the curriculum guidelines for undergraduate 
programmes in Computer Science was published in Computing Science Curricula 2013 (CS2013) 
[14]. The CS2013 report expanded previous areas of competence with four new ones: Information 
Assurance and Security, Platform-based Development, Parallel and Distributed Computing, System 
Fundamentals. The CS2013 also redefines all the scope of knowledge and competence [14]. 

4 AIM, THESIS AND RESEARCH METHOD 

4.1 Aim and thesis 
The aim of this paper is both to identify the computer science requirements and the needs of 
employers from the Lublin region and to assess by the practitioners from industry the knowledge areas 
taught at the LUT. The thesis was formulated as follows: “The education program for 
undergraduates in the field of computer science requires modification to meet the ICT industry 
requirements and the contemporary standards indicated by the ACM/IEEE”. The thesis will be 
tested using the results of the survey conducted among the practitioners from the industry in the Lublin 
region of Poland. 

4.2 Method 
The research method consists of five steps. First, analysis of ACM/IEEE curricula was performed. 
Second, for the purpose of the research a survey was prepared in order to meet the individual 
requirements for knowledge areas. Third, the survey was filled in by practitioners from industry, both 
on paper and on-line. Then the results were analysed. The results from the surveys that were filled in 
incorrectly, doubled up or had their values far away from the majority were excluded from the 
research. The other results were used for analysis purposes. The mean, standard deviation and 
quartiles were computed. For further analysis the knowledge areas which had the mean belonging to 
the top three quartiles were selected. These areas, indicated by the industry as the most important, 
accounted for 75% of all the presented knowledge areas. Finally, the most crucial knowledge areas in 
Computer Science according to the industry were mapped into the CC2005 degree programmes to 
find the most necessary curriculum components. 

4.3 Survey and collecting data 
The survey consisted of three main parts: knowledge areas according to CC2006 Competence area in 
the Computer Science field, corresponding areas beyond Computer Science, and an anonymous part 
for collecting company statistics. In the first two parts all knowledge areas are listed in the form of a 
table. Each knowledge area has a corresponding six-step scale, from 0 to 5, where 0 stands for 
unnecessary subject, while 5 means that it is very useful and should be included in the curriculum. 

9052



Practitioners from the industry assessed each knowledge area by their experience and applicability in 
their company. The third part was for statistical purposes. 

The data from the survey were collected in two ways. Half of the results were gathered by the direct 
contact with the employers attending the IT Days event organised at the Lublin University of 
Technology. Fifteen surveys were handed out and fourteen were collected. The other results were 
obtained via the Internet using an anonymous survey. It was sent to 30 practitioners from industry. 
Only 14 were filled in and sent back. Both, small and large, Polish and international companies took 
part in the research. 

5 RESULTS 
After the initial elimination of two incorrect answers, the analysis of the remaining results was 
performed. The mean, standard deviation and quartile were computed. The results were divided into 
two categories: knowledge areas in and beyond the computer science field. The computed statistical 
values for the two groups sorted by descending the mean are presented in Table 1 and 2. There is an 
additional row stating the division of the knowledge areas into necessary and unnecessary according 
to the industry needs. The red line is the boundary. 

All companies had employed ICT workers in the last couple of years. Sixty six percent of the 
companies had difficulties in fulfilling the employment plans of new ICT workers. All respondents 
stated that they employed LUT graduates. 

Table 1.  The statistic values of the importance of knowledge areas  
(assessed by industry) in the computer science field. 

CC 2006 Competence areas in the Computer 
Science field Mean SD Quartile 

Information Management (DB) Practice 4.54 0.83 

Q4 

Programming Fundamentals 4.50 1.02 
Software Quality 4.13 1.23 

Information Management (DB) Theory 4.08 0.97 

Software Verification and Validation 4.04 1.16 

Analysis of Technical Requirements 3.96 0.81 

Analysis of Business Requirements 3.83 1.09 

Software Evolution (maintenance) 3.83 1.27 

Software Design 3.79 1.22 
Systems integration 3.75 1.11 

Software Process 3.71 1.27 

Q3 

Security: issues and principles 3.67 1.24 
Security: implementation and mgt 3.67 1.27 

Systems Administration 3.58 1.18 

Software Modelling and Analysis 3.54 1.18 

Operating Systems Configuration & Use 3.50 1.22 

Technical support 3.50 1.25 

Integrative Programming 3.33 1.2 

Algorithms and Complexity 3.33 1.4 

Information Systems Development 3.29 1.57 

Management of Info Systems Org. 3.21 1.1 

Q2 
Operating Systems Principles & Design 3.13 1.19 
Net Centric Use and configuration 3.13 1.42 

Net Centric Principles and Design 3.08 1.56 

E-business 3.04 1.3 
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Comp Systems Engineering 2.92 1.56 

Theory of Programming Languages 2.88 1.48 

Computer Architecture and Organization 2.87 1.49 

Human-Computer Interaction 2.83 1.27 

Engineering Foundations for SW 2.79 1.56 

Scientific computing (Numerical mthds) 2.71 1.3 

Q1 

Graphics and Visualization 2.54 1.38 

Digital media development 2.50 1.35 

Legal / Professional / Ethics / Society 2.46 1.41 

Engineering Economics for SW 2.46 1.38 

Distributed Systems 2.42 1.32 
Intelligent Systems (AI) 2.33 1.66 

Digital logic 2.21 1.32 

Embedded Systems 2.21 1.61 

Platform technologies 1.58 1.67 

Table 2.  The statistic values of the importance of knowledge areas  
(assessed by the industry) beyond the computer science field. 

CC 2006 Competence areas beyond the 
Computer Science field Mean SD Quartile 

Project Management 4.00 0.88 

Q4 
Interpersonal communication 3.92 1.02 

Mathematical foundations 3.58 1.02 

Risk Management (Project, safety risk) 3.33 0.96 

Business Models 3.33 1.24 

Q3 
Organizational Change Management 3.21 1.47 

Organizational Behavior 3.08 1.47 

General Systems Theory 2.92 1.28 

Evaluation of Business Performance 2.92 1.14 

Q2 
Organizational Theory 2.88 1.45 

Functional Business Areas 2.79 1.18 

Decision Theory 2.67 1.27 

HW testing and fault tolerance 2.04 1.27 

Q1 
Digital Signal Processing 1.75 1.42 

Electronics 1.71 1.55 

VLSI design 1.58 1.25 

6 DISCUSSION 
Seventy five percent of the analysed knowledge areas (30 from 40) in the Computer Science field 
most needed by practitioners from the industry were mapped for five degree programmes according to 
CC2005 [12]. In CC2005 each knowledge area had a weight assigned from minimum (min) to 
maximum (max) – see Tab. 3.1 in [12]. The min value represents the minimum emphasis typically 
placed on that topic as specified in the curriculum report for that computing discipline, while the max 
value represents the greatest emphasis that can typically occur within the latitude provided by the 
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curriculum report for that degree [12]. In this research the selected by the industry the knowledge 
areas are mapped when the weight of 3 value occurred in CC2005. The results are gathered in Table 
3. 

Table 3.  The knowledge areas in the Computer Science field most needed  
by the industry mapped into the CC2005 degree programmes. 

Knowledge areas in the Computer Science field CE CS IS IT SE 
Information Management (DB) Practice  ν ν ν ν 

Programming Fundamentals ν ν ν ν ν 

Software Quality     ν 

Information Management (DB) Theory ν ν ν  ν 

Software Verification and Validation ν    ν 

Analysis of Technical Requirements ν ν ν ν ν 

Analysis of Business Requirements   ν  ν 

Software Evolution (maintenance) ν    ν 

Software Design ν ν ν  ν 

Systems integration ν  ν ν ν 

Software Process     ν 

Security: issues and principles ν ν ν ν ν 

Security: implementation and mgt  ν ν ν ν 

Systems administration   ν ν  

Software Modelling and Analysis ν ν ν ν ν 

Operating Systems Configuration & Use ν ν ν ν ν 

Technical support   ν ν  

Integrative Programming  ν ν ν ν 

Algorithms and Complexity ν ν   ν 

Information Systems Development   ν ν ν 

Management of Info Systems Org.   ν   

Operating Systems Principles & Design ν ν   ν 

Net Centric Use and configuration  ν ν ν ν 

Net Centric Principles and Design ν ν ν ν ν 

E-business   ν  ν 

Comp Systems Engineering ν    ν 

Theory of Programming Languages  ν   ν 

Computer Architecture and Organization ν ν   ν 

Human-Computer Interaction ν ν ν ν ν 

Engineering Foundations for SW     ν 

Total: 16 17 20 15 27 

The mapping results (Table 3) clearly indicate the needs of the CS industry. Professionals from the 
two CC2005 degree programmes, Software Engineering and Information Systems, are the most 
needed. The graduates of these two specialisations cover all of the most needed areas of knowledge 
in the CC2005 degree programmes, with the CS specialty covering 90% of the knowledge area, and 
the IS nearly 67%. 

Seventy five percent of the analysed knowledge areas (12 from 16) beyond the Computer Science 
field most needed by practitioners from the industry were mapped for five degree programmes 
according to CC2005 [12]. The knowledge area is mapped when the weight in CC2005 (Tab. 3.2 in 
[12]) is higher than 3. The results are presented in Table 4. 
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Table 4.  The knowledge areas beyond the Computer Science field most needed  
by the industry mapped into the CC2005 degree programmes. 

Knowledge areas beyond the Computer 
Science field CE CS IS IT SE 

Project Management ν  ν ν ν 

Interpersonal communication ν ν ν ν ν 

Mathematical foundations ν ν ν ν ν 

Risk Management (Project, safety risk) ν  ν ν ν 

Business Models   ν   

Organizational Behavior   ν   

Evaluation of Business Performance   ν   

Organizational Theory   ν   

Functional Business Areas   ν   

Decision Theory   ν   

Total: 4 2 10 4 4 

As was to be expected, the knowledge areas beyond the Computer Science field best suit the 
competence of Information Systems graduates (Table 4). 

7 CONCLUSIONS 
The research results indicate the directions of the development of the CS curricula at the LUT in 
relation to the ACM/IEEE curricula. First of all, the needs of the IT market indicate the need to diversify 
education profiles at the first level in the field of ICT at this university. This variation is due to the 
needs of IT companies in the Lublin region. Second, such labour market specialties as Software 
Engineering and Information Systems are statistically the most needed. 

The research methodology used in this study can be useful for other universities facing the problem of 
adapting their curricula to the needs of the contemporary CS market. 

The research should be extended in order to define new knowledge areas that are not included in 
CC2005 and have been established or spread since 2005. These include cloud computing, mobile 
technology, the Internet of things, and big data in the CS area, such as social networks – except the 
CS field. 
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