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Abstract
Having a world-class Information and Communication Technology (ICT) industry is of vital importance to 21st century information economies. A recent OECD study estimates that the ICT sector contributed about 10 per cent of the GDP in OECD countries in 2003 and employed over 3 per cent of the population. Important differences in the demand for ICT specialists in different countries are emerging as some countries (e.g. India, China, and Czech Republic) are benefiting from globalization, and other countries (e.g. Australia) are experiencing a reduction in demand for ICT professionals. The ongoing challenge for most information economies is to avoid skills shortages and mismatches that emerge as the ICT industry evolves at a very rapid rate. Such developments can bring strategic advantages to countries such as the Czech Republic that are well-positioned to capitalize on their ability to deliver ICT services to a global market place.

This paper is an analysis of the demand and supply characteristics for ICT specialists in the Czech Republic. We discuss the structural changes that are needed to generate the required number of ICT specialists with suitable knowledge profiles, and consider government strategies needed to address these challenges.
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1. Introduction

Starting with the emergence of first computers in 1960s the information and communication technologies (ICT) became one of the most important factors of economic growth and productivity in developed economies. ICT sector in the OECD countries in 2003 employed more than 17 million people, accounted for about 3 per cent of the total employment contributing 10 per cent of the GDP [OECD 2005].

The importance of ICT and its role in the economic growth of Czech Republic has been analyzed in the Manifesto of the Knowledge Society published by the Association for Information Society in 2005 [SPIS 2005]: „With regards to the state budget revenues, the yield of ICT and strategic services investments is about 8 times higher than the return of investments in manufacturing industries. In addition, the annual revenue per work place in ICT and strategic services branch has reached some 353 000 CZK – compared to 181 000 CZK in manufacturing industries.“

ICT global labour market is growing rapidly, but at different rate in different countries. For example, in Australia in 2003 the total unemployment was for 5.7 per cent compared to more than 10 per cent in ICT related jobs, and almost 18 per cent in programming related professions [Philipson 2004]. During 18 months – from January 2004 to June 2005 – ICT related unemployment increased by another 10 per cent and unemployment of programmers to more than 20 per cent.

Different trends were registered in India, China and also in the Czech Republic [Gartner 2006]. Development during the last three years has shown that the Czech Republic is an attractive territory for investors in ICT services. This is evidenced by development and management centres established by DHL, Sun Microsystems, IBM, Computer Associates, etc.  [Dolejs, 2006].

These trends indicate that orientation towards ICT services could contribute to the strategic advantage of the Czech economy. In this respect one should carefully analyze if the total number and qualification of available ICT professionals meet this challenge. There is also a potential risk that with the rapid globalization of ICT markets the window of opportunity for strategic advantage may not extend much into the future. 

2. Global ICT trends and required number and knowledge of ICT professionals 

Influences such as globalization, 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 ICT 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 specialized 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.   

There is growing evidence that the way in which students of ICT university courses are educated does not meet the current and near-future ICT industry requirements, and there are various international and local initiatives that aim to address this situation [Career-Space, 2001], [Vorisek, Felix, Hűbner 2006].

The ICT specialist knowledge requirements are mainly influenced by recent world-wide trends; we regard the following five trends of key importance: 

The first trend is higher penetration of ICT into enterprise processes, products and services in order to make business processes more effective, flexible, and fast resulting in  less costly and higher quality products. This trend calls for a higher demand on ICT specialists that are not only familiar with information and communication technologies, but also experienced in respective application areas – e.g. banking, telecommunications, trade, logistics, travel, etc.

The second important trend is the centralization of ICT services. One central ICT source serves thousands and even hundreds of thousand customers (e.g. service providers like Google, eBay, SalesForce or data and service centers of large corporations), with corresponding decrease of total costs of ownership (TCO). This contributes to lowering ICT costs and to decreasing demand for ICT professionals employed by individual enterprises. At the same time large centralized service providers need professional with higher skills and and capacity to take on more responsibility.

Automation of ICT functions is the third prevailing trend – a significant number of activities is being fully or partially automated, e.g. installation of new software, automated tracking systems monitoring functioning of applications, checking of technology infrastructure exploitation, etc. Automation has similar effects as centralization – including decreased demand for ICT specialists implementing and operating individual projects.

The fourth important trend are new methods of ICT services delivery – especially various methods of outsourcing and the emerging service oriented software models, in particular  Software-as-a-Service, and Application Service Providing (ASP) [Feuerlicht, Vorisek 2003], [Vorisek, Feuerlicht 2004]. These enterprise application delivery models result in the transfer of ICT and corresponding personnel from user to supplier organizations. This trend also contributes to further decrease of demand for ICT professionals implementing information systems. 

The fifth trend is „offshoring and nearshoring“, i.e. transfer of production and ICT operation to territories with qualified, but relatively inexpensive workforce (India, China, Central and Eastern Europe) [ACM 2006]. Various forms of outsourcing generate uneven demand for ICT professions in different countries as illustrated in Australia by the rapid shift in market demand for ICT professionals in response to global influences.  

3. Who is the ICT professional?

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 over the last 10 years is rather complicated as precise definition of an ICT specialist in statistical nomenclatures is still not available. In addition to the obvious ICT professions such as programmers, network or data base administrators, there is a 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, advanced SAP user, or ICT business specialist. 

3.1 Eurostat and OECD definition of ICT professionals

Eurostat and OECD classify ICT professions [Klailová, Kyselica 2006] into three groups in accordance with the ISCO 88 employment classification (corresponding to Czech classification KZAM-R1), as follows:

· KZAM-R 213 – Scientists and professionals in computer technology 

· 2131 Designers and analysts of computer systems 

· 2132 Programmers 

· 2139 Other specialists in computer technology 

· KZAM-R 312 – Technical staff in computer technology 

· 3121 ICT consultants 

· 3122 Operators and service staff in computer technology 

· 3123 Operators of NC machinery and industrial automated systems 

· 3129 Other ICT technical staff 

Scientific staff is oriented towards development of new technologies and related applications, and technical staff is responsible for operation and user support. Both categories form a group of computer specialists. In addition, the OECD nomenclature recognizes a third group characterized as ICT professionals involved in managerial positions, as follows:

· KZAM-R 1236 – Managers of computing departments

People that belong to the above defined three groups will be referred to ICT specialists.

OECD [OECD 2004] has introduced even wider definition of ICT staff – including those who use ICT as an integral part of their respective profession, i.e. managers, mathematicians, statisticians, financiers, etc. OECD and Eurostat do not include in their nomenclatures ICT traders, while Gartner [Gartner 2005] forecasted significant growth of this particular profession.

3.2 Definition of ICT specialists used at University of Economics Prague and in a joint project CSSI-SPIS-CACIO

Each classification has its particular criteria, ranging from economic characteristics, through managerial consequences, to the level and type of knowledge. The CSSI (Czech Society for Systems Integration) – SPIS (Association for Information Society) – CACIO (Czech Association of Information Technology Managers) joint project prefers classification underlining the competitive ability of graduates based on their knowledge potential [Vorisek, Felix, Hűbner 2006]. 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 practical application – see the qualities listed below:
· Designs and develops ICT 

· Designs and develops ICT applications

· Implements, customizes and integrates ICT applications within enterprise or other economic subject, thus changing and modifying working procedures and effectiveness of staff

· Implements and manages ICT operation including user application support 

· Manages ICT projects

· Manages information services and knowledge provision

· Provides and purchases ICT services and products – using professional skills regarding detailed knowledge and effective methods of their use

End users of ICT are not considered as ICT specialists, as most of the current graduates (medical doctors, financiers, architects) are by definition active in data processing and computer aided operations. For example, advanced user of SAP is according to our nomenclature not an ICT specialist, unlike the methodology designer responsible for the overall SAP architecture.

Due to fast developments and relatively high specialization of students we define ICT specialists at two levels – the first level consists of five basic ICT roles with corresponding key knowledge and activities, the second level lists ICT professions included in the basic role as shown in Table 1 below:

	Basic information role and information profession
	Knowledge / Activity of basic information role

	
	Obligatory knowledge for all roles: 

· High level of creativity 

· Fluent English

· Team work ability

· Communication competence

	Business Process Analyst/Designer
Profession: 
analyst, knowledge engineer, business consultant, Standard SW implementor, information broker,  competitive intelligence specialist

	Key knowledge: 

· Modeling of enterprise processes change to make them rapid, more effective and less costly in order to produce quality products/services 

· Optimum use of knowledge and competence of employees and business partners

· Which ICT services/applications are advantageous to use for business processes support

Key activities:

· Analysis, design, standardization and optimization of enterprise processes and organizational structures (financing, trade, production etc.)

· Analysis and planning of business effects resulting from IS/ICT

· Analysis and design of knowledge management at organization

· IS/ICT risk analysis, business continuity

· Proposal of ICT services supporting enterprise processes

· Implementation and customization of standard software

· Proposal, design and search of information content (information services, portal, web) needed for management support

Note: Knowledge of global best practices, local conditions and enterprise culture is required (offshore outsourcing is not expected).

	IS/ICT development and operation manager

(ICT Manager)

Profession:
CIO, project manager operation manager, security manager


	Key knowledge: 

· Business/ICT relations management – the role of ICT in supporting business goals

· ICT services, processes and resources organization and management

· Management and coordination of ICT projects

Activities:

· ICT project management

· Information strategy working-out

· Sourcing strategy working-out

· ICT services delivery management

· IS/ICT enterprise operation management 

· Problem and change management

· Risk management

· Security management

· IS/ICT economics management

· Quality control and IS audit

Note: This profession is not recommended for outsourcing

	Businessman in ICT products and services

(ICT Salesman, ICT Relationship Manager)

Professions: 
salesman in  ICT products and services, supplies manager of external products and services, account manager, relationship manager


	Key knowledge: 

· Knowledge of global and local ICT markets

· Knowledge of existing/potential partners/customers 

· Legal aspects of ICT trading

· Negotiation strategy and tactics

Activities:

· Marketing of  ICT products and services

· ICT products and services sales

· ICT products and services purchase

· Preparation of agreements on supply of ICT products and services (SLA)

· Management of relations between supplier and customer (sourcing strategy principles)

· Negotiation with partners (respecting different national and cultural environment)

Note: This profession is not suitable for outsourcing

	Developer / IS Architect
Professions:

developer, programmer, tester, system integrator,  ICT architect, systems development manager


	Key knowledge: 

· Technologies and procedures needed for design, integration and operation of applications

· Design and development of user friendly applications with simplified operational requirements

· Design of suitable technological and application architecture of  IS/ICT organization

· Management of the team of designers and developers

Activities:

· Analysis and design of  ICT applications (on-line services, BI, effectiveness of business processes, personal/tailored application. entertainment)

· Database design

· Data mining

· Programming of client, server, database and web applications

· Grid programming

· Application testing

· Application documentation (design, programme, operational, users)

· Maintenance and administration of application versions

· Integration of applications

· Design of hardware, software and data architectures

Note: Due to easy outsourcing these professions might be transferred to countries with low labor costs – except analysts and designers of applications 

	Administrator of applications and of ICT infrastructure

(ICT Administrator)

Professions:
application administrator, database administrator, network administrator
	Key knowledge: 

· How to acquire, maintain, operate and terminate ICT infrastructure components

· How to scale up and down the ICT infrastructure

· How to support users of IS/ICT

Activities:

· Application administration, training and support of users

· Database administration

· Administration of data content

· Administration of computer network and of basic SW

· Administration of configurations

· Web administration

Note: Suitable for outsourcing – these professions might be transferred to countries with low labor costs


Table 1 – Definition of ICT Specialists


In comparing our classification with the OECD definition, our classification includes ICT businessmen, on the other hand excludes advanced ICT users. This seems to correspond with development trends of information professions identified by Gartner [Gartner 2005].

4. Development of ICT professionals in the Czech Republic

In analyzing the number of ICT specialists active in Czech Republic let us first consider their engagement on the ICT suppliers’ side. The Czech Statistical Office (CSU) register in its sample studies monitors the number of employees and earnings in ICT oriented enterprises (data processing and related activities – OKEC 72). This sample did not cover trading companies in the ICT sector and the ICT department’s employees in end user enterprises. On the other hand ICT includes all personnel, including those responsible for non-ICT activities. Quarterly statistical analysis is also limited by the exclusion of enterprises with less than 20 employees.  The Czech Statistical Office distinguishes between employees and entrepreneurs in the ICT sector – see Table 2.

In comparing Table 2 with data in Table 3 (structure of organizations represented by OKEC 72 class – ICT) it is evident that the number of individual entrepreneurs in 2005 accounted for 54480 – significantly different from 13899 in Table 2. This is a clear evidence that such a difference in statistical nomenclatures calls for more detailed analysis. 

	Year
	1996
	1997
	1998
	1999
	2000
	2001
	2002
	2003
	2004
	2005

	Employees
	24 612
	23 272
	25 710
	24 667
	28 794
	32 822
	33 557
	33 945
	33 945
	36 026

	Entrepreneurs
	12 124
	11 774
	10 619
	10 617
	10 940
	11 974
	13 049
	14 771
	13 997
	13 899

	Total
	36 736
	35 046
	36 329
	35 284
	39734
	44 796
	46 606
	48 716
	47 942
	49 925

	% share in CR
	0,73%
	0,70%
	0,74%
	0,73%
	0,76%
	0,77%
	0,75%
	0,73%
	0,74%
	0,76%


Table 2 – Number of employees and entrepreneurs in data processing 
in the Czech Republic, 1996 – 2005

	 Year
	1996
	1997
	1998
	1999
	2000
	2001
	2002
	2003
	2004
	2005

	Individuals
	18 249
	20 020
	24 917
	27 185
	27 245
	27 397
	32 095
	44 687
	45 621
	54 480

	Companies Ltd
	2 241
	2 486
	2 852
	3 186
	3 496
	3 791
	5 726
	9 895
	11 352
	18 525

	Corporations
	142
	160
	192
	227
	276
	309
	526
	717
	1 098
	2 206

	Co-operatives
	28
	28
	26
	27
	26
	25
	43
	69
	78
	170

	Governmental organizations and foreigners
	39
	54
	79
	139
	178
	177
	126
	42
	26
	15

	Other
	50
	54
	47
	47
	36
	31
	28
	29
	18
	32

	Total corporations
	2 500
	2 782
	3 196
	3 626
	4 012
	4 333
	6 449
	10 752
	12 572
	20 948


Table 3 – Structure of organizations covered by OKEC 72, 1996 - 2005

Another source of data on ICT specialists is a sample randomly selected households being undertaken by CSU since 1993 and covering both of suppliers and users. The survey is based on KZAM-R1 classification, but covers only professions KZAM-R 213 and KZAM-R 312, i.e. computer specialists – but not all ICT specialists. Chart 1 illustrates that the total number of professionals decreased from 91214 (1.9 per cent share of total employment) in 2002 to 72940 in 2004.

Another report including ICT specialists (and not only computer specialists) entitled “The Supply and Demand of e-Skills in Europe“ [Frinking, Ligtvoet,, Lundin, Oortwijn 2005] estimated the total number of ICT specialists in the Czech Republic (corresponding to the wider OECD definition) at 182 000 in 2004, i.e. 3,8 per cent of total employment – see Charts 2 and  3.
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Chart 2: Number of ICT specialists in selected  EU countries, 1998 – 2004,  
Source: [Frinking, Ligtvoet, Lundin, Oortwijn 2005]

The information presented in Charts 2 and 3 illustrates several facts:

· In the Czech Republic there are at present some 182 000 ICT professionals of which     about 50 per cent in provider organizations and 50 per cent in users organizations 

· During the last 10 years the number of ICT specialists in provider organization increased by some 36 per cent (non-linear time series)

· During the same time period the number of individuals involved in information processing increased by some 325 per cent

· During the last 10 years the number of ICT provider businesses increased by some 960 per cent!

· At the same time the number of computer professionals employed by users organizations steadily decreased.

These conclusions prove the influence of global ICT trends and show that the Czech Republic is undergoing  “ICT boom”.
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Chart 3: Per cent share of ICT specialists in selected EU countries, 2004
  Source: [Frinking, Ligtvoet, Lundin, Oortwijn 2005]

5. Estimated development of demand for ICT specialists in the Czech Republic

In estimating the required number of graduates per year one should take into account that some 57 per cent of ICT personnel have a university degree [Frinking, Ligtvoet, Lundin, Oortwijn 2005]. If the average productive age is approx. 30 years and about 80 per cent of ICT graduates find their first job in the ICT sector, it is expected that in order to maintain the current number of ICT specialists all Czech universities should annually produce 4200 graduates at minimum.
Demand for ICT specialists has significantly exceeded their availability on the Czech labor market. The main explanations for this prevailing trend are:

· ICT graduates easily find employment in this area – e.g. almost 90 per cent of the last year students at University of Economics Prague are already employed part-time in various companies,

· Foreign investors are facing difficulties in filling planned ICT positions – this is a serious problem namely within large investment projects looking for hundreds of ICT professionals [Dolejs 2006],

· Strong demand for ICT specialists leads to higher earnings of ICT professionals (compared to other professions) - see Table 4:

	Year
	1996
	1997
	1998
	1999
	2000
	2001
	2002
	2003
	2004
	2005

	Average monthly earnings in CR
	9 610
	11 017
	12 163
	13 181
	14 029
	15 248
	16 363
	17 443
	18 583
	19 500

	Estimate for all subjects covered by OKEC 72
	17 926
	17 449
	19 832
	23 801
	23 810
	27 038
	27 732
	29 950
	32 500
	34 943

	Consultancy services 
	17 926
	17 449
	19 832
	23 801
	23 810
	27 038
	27 732
	29 950
	32 500
	34 943

	SW supplies and consultancy services
	16 370
	19 909
	21 981
	23 822
	25 356
	27 560
	29 576
	31 529
	33 591
	35 250

	Data processing
	29 353
	24 942
	27 538
	29 844
	31 765
	34 526
	37 052
	39 498
	42 081
	44 158

	Maintenance and equipment repair
	12 607
	15 531
	17 148
	18 584
	19 781
	21 501
	23 074
	24 598
	26 207
	27 501


Table 4 – Average monthly earnings of ICT staff (in CZK)

Transferring the key data from Table 4 to Chart 4 we can in a clear way illustrate the dominant role of ICT professions. The average monthly earnings increased during the last 10 years by almost 15 000 CZK (compared to average growth of 5 000 CZK in other sectors). According to some authors [image: image5.png]N
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[Lysonek, Sticky 2006] monthly earnings of ICT specialists involved in managerial positions in large corporations might exceed 100 000 CZK. 

Chart 4 – Development of average monthly earnings in the CR

The IDC survey on demand and supply of professionals in network technologies was undertaken in 2005 by CTK (Czech Press Agency, 8 December 2005). IDC estimated the shortage of network specialists in 2005 at the level of 3 500 professionals (to be increased to 5 300 professionals in 2008). Another source [Lysonek 2006] estimates that at present Czech Republic lacks about 20 000 ICT specialists.

Other arguments point to slowdown of the demand on ICT specialists in the Czech Republic for two main reasons:

· it is expected that a number of local ICT suppliers will in near future merge with multinationals and part of their activities will be transferred abroad – to countries with lower labor costs and advantageous economic structures;

· If the rapid increase of labor costs in the Czech Republic continues during the next few years, the costs will reach the level established in Western Europe. It can then be expected that ICT multinationals will move their activities to eastern countries such as Slovakia, Ukraine or Russia.  
6. Number of ICT students and graduates at Czech universities

Let us now analyze the response of the Czech universities to the increased demand for ICT professionals and what they are able to offer in response to this challenge. According to Eurostat sources the Czech Republic with its share of approximately 12 per cent (of total population) university graduates together with Malta and Italy (both with 11 per cent share) is lagging behind developed EU countries, e.g. Finland with 34 per cent share and Denmark with 32 per cent share.

Table 5 presents data on the number of students and graduates according to the classification of the Czech Ministry of Education. As the methodology of data collection and processing was changed several times, the content of Table 5 is only illustrative.

	Year
	Total number of students in CR  (C)
	ICT students in CR (I)
	I/C
	Number of universities with ICT courses
	Total number of graduates  (AC)
	Number of  ICT graduates (AI)
	AI/AC

	1996
	192 824
	10 068
	5,2%
	15
	23 147
	1 154
	5,0%

	1997
	204 432
	10 924
	5,3%
	16
	26 010
	1 641
	6,3%

	1998
	213 975
	11 915
	5,6%
	17
	25 677
	1 430
	5,6%

	1999
	214 556
	15 150
	7,1%
	18
	25 747
	1 818
	7,1%

	2000
	215 207
	21 049
	9,8%
	19
	25 825
	2 526
	9,8%

	2001
	228 635
	23 189
	10,1%
	21
	27 436
	2 783
	10,1%

	2002
	248 756
	28 359
	11,4%
	25
	29 851
	3 403
	11,4%

	2003
	274 192
	35 000
	12,8%
	25
	32 903
	4 200
	12,8%

	2004
	282 958
	36 800
	13,0%
	25
	33 955
	4 416
	13,0%

	2005
	318 800
	44 600
	14,0%
	25
	38 256
	5 352
	14,0%

	Table 5 – Number of students and graduates in the Czech Republic, 1996 – 2005 
(figures in italics are estimated by approximation


CSU and UIV [Klailova, Kyselica 2006] presented on the number of ICT students and graduates slightly different data – see Chart 5.
It is clear that statistics provided by Czech Ministry of Education differs from that of CSU/UIV. One of the reasons could be the use of different definition of ICT specialists, another reason the possible double counting of graduates (bachelors and masters). 

Despite the above mentioned problems with validity of statistical surveys it seems that the Czech universities responded to the current need to increase number of ICT students and graduates. However, the overall demand is still not satisfied. 

In order to find adequate and effective solutions it is necessary to better motivate universities to respond to the current market situation. In particular, it is important to adapt the existing funding methodology for public universities. Present funding is based on the total number of students; instead it needs to take into account of the number of graduates employed in the professions that correspond to their university qualifications. In addition, the current funding per student is based on fixed costs and does not reflect labor market developments.
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7.  Conclusions

Contribution of ICT to the overall economic growth and competitiveness of respective economies is of major importance. Countries need to select, educate and employ the most talented ICT specialists, and quality and flexible education strategy is a necessary condition of future success [ACM  2006].
The level of demand for ICT specialists and the knowledge profile is changing in accordance with the global ICT trends. Significant opportunities will exist for countries with sufficient number and structure of highly educated and talented ICT professionals. 

The Czech Republic, thanks to its geographic location, industrial tradition, relatively developed infrastructure, low labor costs and qualification standards, has a good opportunity to become an important exporter of ICT services in near future. In order to realize these opportunities universities need to produce more graduates of desired quality, knowledge structure and competitive skills. This would requires a number of restructuring activities, including the introduction of new funding schemes that correlate to the quality of education processes and success on labor markets.

Three organizations active in informatics: CSSI, SPIS and CACIO in cooperation with CzechInvest Agency have started a project aimed at improving the ICT labor market situation and increasing cooperation of universities with employers of ICT graduates. First phase of the project will focus on the precise definition of ICT professions and the basic structure of their knowledge and skills. During the second phase we will collect data on the demand and supply of ICT professions. We expect results of these studies by the end of 2006.
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