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Abstract

Demand and supply of ICT specialists cannot be forecasted mechanically – each country and region has its own features and specific character. This paper provides an analysis of the situation in the Czech Republic. It focuses on universities effectiveness in the ICT education and on the skills required on the Czech Republic IT market. General conclusions describe typical “product” of Czech education process in the area of ICT skills.

1. Problem Formulation

A number of different types of providers are involved in the delivery of ICT education services in the Czech Republic resulting in a variety of formal and informal qualifications. Influences such as globalisation, and increased popularity of outsourcing and offshoring have recently combined to produce an environment where ICT graduates need to have up-to-date and industry-relevant knowledge and skills, so that they can be successful in this highly competitive environment. Importantly, these skills must allow mobility across different countries and regions, as many ICT projects involve international collaboration and working overseas. Given the intense global competition in ICT education it is essential that universities deliver high-quality courses that are closely aligned with global industry requirements.

Skills required by ICT professionals range from highly technical knowledge (needed to develop software systems and applications using advanced computer languages and tools) to project management and people skills, and can involve specialised expertise for a given industry sector or type of business. While the core ICT skill set includes the basic elements of software engineering and networking, new areas of skills are constantly emerging, re-defining the portfolio of skills that ICT practitioners need. Skills shortages can arise as a result of competence shortfall or mismatch between available skills and those desired by the industry. Most Higher Education policies have a long-term impact and cannot address immediate demands that result from rapid changes in the technological environment. As a result, vendor-based certification courses and various types of continuing education courses are becoming increasingly popular with ICT professionals and provide a fast track method for acquiring up-to-date skills. 

Above listed issues are included among the reasons why the Faculty of Informatics and Statistics, Prague University of Economics (Czech Republic) decided to initiate research project in order to map:

· ICT education offer in the Czech Republic,

· demand for ICT skills in the Czech Republic.

The aim of this project was to motivate universities and formulate recommendations for further development of the Czech high (secondary and tertiary) and university education in the area of ICT. To set up and formally pass the accreditation process of a new study program takes in minimum one year (only under conditions that relevant school or university has enough experts in required knowledge areas).

The main goal of the project was in the first phase:

· identify at all universities and technical schools, which are involved in ICT education, topics of their education process with credits donation,

· identify actual number of students, expected number of graduates in actual school year and actual number of enrolled students in the first year.

The second phase included survey of the ICT skill requirements in the Czech market. The investigation started in September, 2006 and was finished in February, 2007. 

2. Methodology

2.1 Who is an ICT Professional - Roles in ICT 

Let us now consider the situation regarding the availability of ICT professionals in the Czech Republic. To evaluate the demand and supply of ICT professions is rather complicated as up-to-date definition of an ICT specialist in statistical nomenclatures is not available. In addition to the obvious ICT professions such as programmers, network or data base administrators, there exists number of professions that combine ICT background with other qualification, e.g. ability to optimize enterprise processes, ability to implement methodology needed for ERP systems, or ability to prepare the ICT sourcing strategy and to define the relationship parameters with vendors and outsourcers [Gartner, 2005].
Our project prefers classification of specific roles in ICT (rather then particular professions which are in this context too detailed) underlining the competitive ability of graduates based on their knowledge potential. ICT specialist in this context is educated and qualified to use his/her knowledge potential mainly in the design, implementation and operation of ICT and their application. 
We have defined following ICT roles [Vorisek, 2006]:

· Business process analyst/architect

· IS/ICT development and operation manager

· ICT relationship manager / businessman in ICT products and services

· IS/ICT developer / IS/ICT architect

· Applications and ICT infrastructure administrator
· ICT advanced user.
ICT end users are not (for the purpose of this project) considered as ICT specialists, even though most of the current university graduates (doctors of medicine, financiers, architects) are by definition active in data processing and computer aided operations. We decided to exclude this category from our research because it does not require specific ICT education. For example, user of SAP application software is not, according to our classification, an ICT specialist, but a methodology designer responsible for methods and rules of SAP usage in the organization is covered by ICT advanced user. This exclusion makes our ICT Specialist different form the ICT Specialist defined e.g. by OECD [OECD, 2006]. 

2.2 Knowledge Domains 

In order to describe knowledge required by individual ICT roles we defined several knowledge domains. The domains are based on Strawman curricula [Strawman, 2004], Curriculum Development Guidelines [Career-Space, 2001], and on the Gartner’s IT Professional Outlook [Gartner, 2005]. According to these sources we have identified following knowledge categories:

Process modeling (MS01), Application functionality (MS02), ICT service definition and operation (MS03), Architecture analysis and design (MS04), Software engineering (MS05), Data engineering (MS06), ICT infrastructure (MS07), Operational Excellence (MS08), Communication and presentation skills (MS09), Team leadership skills (MS10), ICT market knowledge (MS11), Organizational management methods (MS12), Enterprise finance and economics (MS13), Sales and marketing (MS14), Statistics (MS15), Law (MS16) and Business sectors (MS17).

Furthermore, there are some obligatory knowledge/skills that are required for all ICT roles:

· high level of creativity,

· team work ability,

· communication competence,

· fluent spoken and written English.

2.3 Knowledge Levels 

In order to define the “amount” of knowledge required by individual ICT role we have defined non linear scale as follows:

· Level 0 - No knowledge
· Level 1 - Overview (relevant to 1-3 intensive training days)
· Level 2 - Basic orientation and terminology (relevant to 4-8 intensive training days)
· Level 3 - Good orientation and basic practical skills (relevant to 9-32 intensive training days)
· Level 4 - Good orientation and good practical skills (relevant to 33-64 credits intensive training days)
· Level 5 - Highest knowledge quality and advanced practical skills (relevant to 65 and more intensive training days).

2.4 Knowledge Profiles and Their Distances

A set of knowledge levels for each ICT role is in our research defined as “knowledge profile” and is used for comparison of the business requirements with the knowledge profile of university graduates. 

In our research we have used for the above listed comparison the measure “Distance between the knowledge profiles”. The distance between university profile A and business knowledge profile B is expressed by the number of additional intensive training days required for the university graduate with the knowledge profile A in order to fulfil the minimum requirements of profile B required by business. The smaller the distance, the “cheaper” it is for the organization to employ this university graduate.
3. Survey

Initially, we have developed the survey questionnaires for universities and for the enterprises (legal entities) in the Czech Republic. We tested these questionnaires at the pilot survey in small number of universities and enterprises. Then we updated them based on the comments received. 

Then we have asked all Czech public and private universities to take part in the survey. Each university taking part in the survey (we have got response rate 63% with all the major universities and their ICT study programs covered – having 203 study programs analyzed) filled in questionnaire for each study program with the number of credits devoted to each knowledge domain and with number of students, enrolled and number of graduates in 2005 and 2006. From this sample we calculated the knowledge profiles of the bachelor and master ICT oriented study programs. Then we used Microsoft Clustering algorithm to divide ICT study programs to four groups (on bachelor and on master level) based on their knowledge profile.

In the second phase of the project we analyzed the structure of the Czech legal entities based on the industry sectors and number of their employees. Based on the results of this analysis we prepared structure of required qualified enterprise sample. Then we launched the survey, which brought 1002 responses in this structure. Each enterprise taking part in the survey filled in a questionnaire with required knowledge level which they would expect from their new employee (for defined ICT roles). They also filled in the actual number of employees in each of the six ICT roles and the prediction for the next years. From that sample we calculated the number of employees in ICT roles in the Czech Republic and the demand for them in the future.

4. Results Overview

We will start with the first phase of the project – analysis of the Czech ICT education market. The most important part of this research is based on the characteristics of study program segments (clusters), which brought very interesting results. 

Note: Some of the study programs on bachelor and also on master levels were excluded from clustering because their questionnaires in the area of the knowledge profile were not filled in properly – they are listed as “Not classified” in the following tables.

4.1 Bachelor Level Education
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Figure 1: Bachelor studies segmentation (with number of students, graduates and enrolled)

Segment A – indicates low level of ICT education (working hypothesis is that ICT knowledge is “additional” to different one). This low level could be followed in two dimensions. The first dimension is the variety of ICT courses, which are focused mainly on software engineering, data engineering and ICT infrastructure without any other knowledge provided for students. It provides graduates only with a brief overview of ICT issues. The second dimension is connected with the depth of education in selected course. Knowledge level three is very low especially if the education is concentrated to such low variety of courses. It is below the average of the whole ICT education level through all investigated segments.

Segment B – offers harmonic education in “exact sciences”. Education is focused on ICT issues presentation with added value of the statistics, marketing and enterprise finance and economics. This specialization provides perspective to a graduate either to be a lower ICT manager or to continue to further master study level.

Segment C – provides common education in classic ICT. This kind of education represents knowledge in the areas of ICT services, software engineering, data engineering and ICT infrastructure, operational excellence, communication and team leadership. Additionally, there is included statistics. These graduates have potential for being successful ICT managers.

Segment D – the most complex knowledge with accent not only to ICT education, but it covers also general education in economics, organization and enterprise knowledge. The D segment with whole scope of taught knowledge domains provides potential for future graduates to enter the level of upper management and perhaps the top management level. Their knowledge must be, of course, supported by very strong motivation, further education on master level and hard work in business.

Comparison of the knowledge profiles of the bachelor studies segments could be found at the Figure 2.
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Figure 2 Bachelor studies knowledge profiles comparison

4.2 Master Level Education
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Figure 3 Master studies segmentation (with number of students, graduates and enrolled)

Segment A - ICT Additional (ICT overview) provides only general partial knowledge level in the ICT. The ICT knowledge is only additional to other non informatics education and it is questionable why these master programs are presenting themselves in the community of ICT specializations. Graduates are expected to continue in ICT education when entering their first jobs in ICT area. Working hypothesis is that these graduates could participate after some training in the following ICT roles: Businessman in ICT products and services (ICT Salesman, ICT Relationship Manager).

Segment B – offers comprehensive basic education in ICT. Working hypothesis is that graduates have opportunity to, naturally after further non university education, successfully enter ICT business in all roles specified in section 2.1.

Segment C – prepares graduates with accent to IS Analysis and Design, Software Engineering and management skills – Communication and Presentation, Organizational Management Methods. Working hypothesis is that these graduates are ideal candidates for leading positions in ICT branch especially in the role IS/ICT development and operation manager.

Segment D – provides detailed knowledge in the areas of Process Modelling, ICT Infrastructure and Software engineering. Working hypothesis is that graduates in this segment are oriented towards the following roles - Business process analyst/architect or IS/ICT development and operation manager.
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Figure 4 Master studies knowledge profiles comparison

4.3 Business Requirements for ICT roles
Second phase of the project was concentrated on knowledge level the employers would expect from their new employee (for defined ICT roles). Knowledge profiles then resulted from the above described survey for each of the above listed ICT roles. As an example we have included knowledge profile of the Business process analyst/architect ICT role (Figure 5). 
Note: All values are expressed as medians of the survey sample.
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Figure 5 Knowledge profile of the Business process analyst/architect
Overall results for all the ICT roles show the emphasis given by employers of ICT specialists (in this case university graduates) not only to the ICT “core” knowledge domains (MS01-MS08), but also to the ICT “soft” skills (MS09-MS11) and to the non ICT skills (MS12-MS18). It is surprising especially in the case of IS/ICT developer / IS/ICT architect and Applications and ICT infrastructure administrator roles. Results also show that there is no special need for highly skilled university graduates (level 5), but rather for graduates with knowledge in all the listed skill categories.

In discussion we had with selected employers when validating the survey results was expressed the need for the soft and non ICT skills as the product of the university educational process rather then for the ICT “core” skills. Employers expressed that they are able easily improve the knowledge of their employees in the ICT core skills, but that they have problem with improvement of ICT “soft” skills and also with non ICT skills. This corresponds with our survey results.  

This puts different light to the strictly technically oriented ICT curricula which were recently favoured as the best starting point for the employment in ICT. Missing ICT “soft” skills or even non ICT skills would disqualify these graduates on the labour market. 
It makes also wider the pool of the graduates relevant for the employment in the ICT. Especially for the Business process analyst/architect, Businessman in ICT products and services, and ICT advanced user – roles the ICT university graduates will have to compete with other ICT university graduates who are usually having better “soft” skills.  

4.4 Distance between the university programs and business requirements
We have described how we have been analyzing the distance between the knowledge profiles of university programs and business requirements for the particular business role in the section 2.4. 

As and example of the results we have included to this paper tables showing the distance (expressed in the number of additionally required intensive training days) between the bachelor and master level programs and business requirements for the Business process analyst/architect role (Tables 1 and 2). 
Note: Results for other defined ICT roles were similar to the above listed ones.

	Bachelor Studies Segment Name
	Distance

(training days)
	Students 2005-6
	Enrolled 

2005-6
	Graduates 2005-6

	A
	146
	5027
	1861
	714

	B
	109
	2280
	1121
	188

	C
	114
	2720
	1178
	343

	D
	68
	3084
	1526
	237

	Not classified
	
	3848
	2211
	726

	Total
	
	16959
	7897
	2208


Table 1: Distance among the bachelor level programs and requirements for the Business process analyst/architect role

Distance among the master level programs and requirements for the Business process analyst/architect role is depicted in the following table.
	Master Studies Segment Name
	Distance

(training days)
	Students 2005-6
	Enrolled 
2005-6
	Graduates 2005-6

	A
	155
	1610
	378
	483

	B
	59
	1601
	202
	196

	C
	40
	1027
	339
	175

	D
	42
	749
	216
	68

	Not classified
	
	852
	376
	351

	Total
	
	5839
	1511
	1273


Table 2 Distance among the master level programs and requirements for the Business process analyst/architect role

5. Conclusions

If we analyze the results in the Table 1 and Table 2, we can find the following interesting conclusions:

· ICT oriented study programs significantly differ in the level of knowledge provided to the student,
· Graduate bachelors in the Czech Republic do not have knowledge profile sufficient to enter business as qualified employees without extensive additional training. In terms of further education they are too “expensive” for employers. It also illustrates the situation in the Czech Republic where only about 10% of ICT graduates do not continue with the Master studies. Bachelor programs are then formulated not as standalone education, but rather as prerequisites of the master studies.
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