The Supply of Information Technology Wo rk e rs in the United States

Seperate Appendix

Chart s , Figures, Ta b l e s

Peter Freeman and William Aspray

This study was supported by Grant No. EIA-9812240 of the National Science Foundation. Any opinions, findings, conclusions, or recommendations expressed in this publication are those of the author(s) and do not necessarily reflect the view of the organizations or agencies that provided support for this project.

Coordinated by the Computing Research Association (CRA), 1100 Seventeenth Street NW, Suite 507,Washington, DC 20036,Tel. 202-234-2111.

Additional copies of this report are available from CRA. Single copies are available at no cost. To request pricing information for multiple copies or to place an order contact:

Computing Research Association 1100 Seventeenth Street NW Suite 507 Washington, DC 20036 Tel. 202-234-2111 E-mail: info@cra.org

Copyright 1999 by the Computing Research Association (CRA).

4

In response to labor shortages of nurses reported by hospitals and some other employer groups, the Congress passed the Immigration Nursing

Relief Act of 1989 (INRA, Public Law 101-238). This law added a new provision allowing admission of nonimmigrant registered nurses (RNs) during a five-year pilot period to expire in September 1995.

The history of this program was carefully reviewed in 1995 by the

Immigration Nursing Relief Advisory Committee established under the above law, and its report provides an instructive model for discussion of the issues surrounding the debate about foreign IT workers. The rationales for the H-1A nursing visas were:

a) reports of a nationwide shortage of nurses;

b) increasing dependence on foreign temporary nurses admitted under other visas;

c) pending expiration of work authorizations for many existing temporary foreign nurses admitted under other programs;

d) concern that foreign nurses were detrimentally affecting the pay and working conditions of the domestic nursing workforce; and e) declining numbers and quality of applicants to basic nursing education programs.

The new act, first, allowed foreign nurses previously admitted on temporary visas to convert their status to legal permanent resident, and waived numerical limits in existing law in order to allow this to happen.

Second, it created a new temporary nursing visa (the H-1A visa) that included provisions intended to: 1) encourage employers to reduce their dependency on foreign nurses, 2) provide protection for the wages and working conditions of nurses who are citizens and legal permanent residents of the United States, and 3) foster the development of a stable pool of domestic RNs so that future shortages could be minimized.

According to the Advisory Committee, the debate on this particular legislation embodied many of the issues that repeatedly arise in discussions regarding the admission of foreign workers to meet skill shortfalls and labor shortages in the United States. The Advisory Committee summarized these issues with a long quotation from a 1991 staff report:_{10}

The debate about relying on immigration more significantly to meet

�labor shortages,� and thereby contribute to America�s competitiveness in the global marketplace, inevitably included the need to provide realistic protection for U.S. workers. For immigration policy, this issue involved two interrelated points. First, how to evaluate independently an employer�s claim that a foreign worker is needed. And second, how to strike an intellec-

1 0 Gary B. Read and Demetrios G. Papademetriou, �U.S. Legal Immigration Reform: Recent

Developments,� Immigration Nursing Relief Advisory Committee report, 1995, pp. 12-13.

Box 1-1. H-1A Visas and the Nursing Short a g e

5

tually and politically satisfactory balance between being responsive to employer needs while also being sensitive to concerns that greater access to foreign workers by U.S. employers might affect adversely the wages and job opportunities of U.S. workers. Such adverse effects could occur through direct displacement of U.S. workers or through significant interference with the market�s natural propensity to adjust to a tighter labor supply, thereby leading to an increasing dependence on foreign workers. This debate clearly raised the issue that over-reliance on immigration to meet labor shortages, as opposed to educating and training the domestic workforce, could turn temporary labor market shortages into structural deficiencies.

The conclusions of the Advisory Committee were mixed. They noted that because only a tiny percentage of the U.S. nursing workforce ever came to be accounted for by H-1A nurses (about 13,800 in 1994, less than

1% of employed RNs), at the national level essentially all the effects of this program were negligible. However, because the H-1A nurses were heavily concentrated in only a few metropolitan areas (over one-third in the New

York City area alone, and two-thirds in New York, Chicago, Houston, Los

Angeles, and Dallas together), H-1As in these cities mitigated a tight nursing labor market with �no adverse impacts on patient care,� but also

�may have lessened the pressure to find long-term solutions to nurse staffing problems.� _{11}

The Committee found the �attestation� procedures required of employers to be ineffectual, and reported that the �use of employerspecific vacancy rates as a justification for the need for H-1A nurses was problematic, as these rates could be calculated in several ways, making them difficult to verify.� It noted further that the prevailing wage determinations were often of doubtful validity and reliability, and that the act�s requirement that �employers take timely and significant steps to recruit and retain U.S. nurses was ineffective because it did not require any new steps� beyond those that most employers had long practiced._{12}

Lastly, the Advisory Committee reported that the rate of increases in

RN employment had slowed since passage of the 1989 Act; that press reports had begun to appear about nurse layoffs; and that �the future labor market for registered nurses is uncertain.�_{13} The H-1A nursing visa program was allowed to expire in September 1995. In its final year, FY1994, approximately 6,300 nonimmigrant nurses had been admitted under this visa program.

Source: Computing Research Association, Intersociety Study Group on Information

Technology workers , based on the �U.S. Legal Immigration Reform: Recent Developments,� Immigration Nursing Relief Advisory Committee report, 1995.

1 1 Ibid., p. 5.

1 2 Ibid., p. 6.

1 3 Ibid., pp. 7, 31.

6

PRODUCTS

U.S. MAIL

PARCELSVCS

COURIERSVCS TELEPHONE

TELEGRAPH

MAILGRAM

IRC�S

BROADCASTNETWORKS

CABLENETWORKS

BROADCASTSTATIONS

OTHER

DELIVERY SVCS MULTIPOINT DIST. DVCS

SATELLITESVCS

FM SUBCARRIERS

PRINTINGCO�S

LIBRARIES PAGING SVCS

INDUSTRYNETWORKS

RETAILERS

NEWSSTANDS

DEFENSE TELECOM SYSTEMS

SECURITYSVCS

COMPUTERS

RADIOS

TV SETS

TELEPHONES

TERMINALS

PRINTERS

FACSIMILE

ATM�S

POS EQUIP

ANTENNAS

FIBEROPTICS

CALCULATORS

WORDPROCESSORS

PHONO�S, VTR�S, VIDEO DISC

BUSINESS FORMS MICROFILM MICROFICHE

PRINTING AND

GRAPHICS EQUIP

COPIERS

CASHREGISTERS

INSTRUMENTS

TYPEWRITERS

DICTATION EQUIP

FILECABINETS

PAPER

PABX�S

TELEPHONE SWITCHING EQUIPMENT

MODEMS

CONCENTRATORS

MULTIPLEXERS

TEXT EDITING EQUIP

COMMUNICATIONS WP�S

MASS STORAGE

SCC�S

VAN�S

CABLEOPERATORS

SERVICES

CONDUIT

ATM - Automated Teller Machines

IRC - International Record Carrier

PABX - Private Automatic Branch Exchange

POS - Point-of-Sale

THE �INFORMATION BUSINESS� Figure 2-1

Source: John McLaughlin and Anne Birinyi, "Information Business," Harvard College, 1980.

7

PROFESSIONALSERVICES

FINANCIALSVCS

BROADCASTNETWORKS

CABLENETWORKS

BROADCASTSTATIONS NEWS SERVICE

DATA BASES

TELETEXT

TIMESHARING SERVICEBUREAUS ADVERTISINGSVCS

ON-LINEDIRECTORIES

INDUSTRYNETWORKS SOFTWARESVCS

DEFENSE TELECOM SYSTEMS

SECURITYSVCS

COMPUTERS LOOSE-LEAF SVCS

PABX�S

TELEPHONE SWITCHING EQUIPMENT

MODEMS

CONCENTRATORS

MULTIPLEXERS

TEXT EDITING EQUIP

COMMUNICATIONS WP�S

MASS STORAGE

SOFTWARE PACKAGES

NEWSPAPERS

SHOPPERS

CONTENT

ATM - Automated Teller Machines

IRC - International Record Carrier

PABX - Private Automatic Branch Exchange

POS - Point-of-Sale

SCC - Specializied Common Carrier

VAN-Value Added Network

VTR-Video Tape Recorder

WP - Word Processor

THE �INFORMATION BUSINESS�

Source: John McLaughlin and Anne Birinyi, "Information Business," Harvard College, 1980.

8

1. Computer Science

2. Information Science

3. Information Systems

4. Management Information

Systems

5. SoftwareArchitecture

6. Software Engineering

7. Network Engineering

8. Knowledge Engineering

9. Database Engineering

10. System Security and Privacy

Source: Peter Denning, �Information Technology: Developing the Profession,�

Discussion Document, December 4, 1998.

11. PerformanceAnalysis (Capacity

Planning)

12. Scientific Computing

13. Computational Science

14.Artificial Intelligence

15. Graphics

16. HCI (Human Computer Interface)

17. Web Service Design

18. Multimedia Design

19. SystemAdministration

20. Digital Library Science

Table 2-1

IT-related Academic Disciplines Offered in the United States

Computer engineering - Graduates work primarily in computer hardware.

Computer science and engineering -

Graduates work primarily in hardware, firmware, and software, depending on program and choices made by the student.

Computer science - Graduates work primarily in software design and implementation.

Software engineering - Graduates work with the engineering of software, with special attention devoted to large and critical systems.

Computer information science -

Graduates work on the development of information systems, probably

Source: Adapted from �U.S. Degree Programs in Computing� in Computing Professionals - Changing Needs for the 1990s, National Academy Press, 1993.

with more emphasis on information as an enterprise resource than is given in programs in computer science or software engineering.

Information systems - Graduates design, develop, implement, and maintain business information systems.

Management information systems -

Graduates design, develop, implement, maintain, and manage information systems with a greater emphasis on the management of the systems than on the other aspects.

Information science - Graduates usually work in libraries or develop other facilities to provide information to users.

Undergraduate Degree Programs in Information Technology Box 2-1

9

Figure 2-2

Source: Computing Research Association, Intersociety Study Group on Information

Technology Workers , April 1999.

Distinquishing IT Workers from IT-Enabled Workers

1 0

Table 2-2

Conceptualizers - those who conceive of and sketch out the basic nature of a computer system artifact:

Entrepreneur

Product designer

Researchengineer

Systems analyst

Computerscienceresearcher

Requirements analyst

Systemarchitect

Developers - those who work on specifying, designing, constructing, and testing an information technology artifact:

System designer

Programmer

Software engineer

Tester

Computer engineer

Microprocessor designer

Chip designer

Source: Computing Research Association, Intersociety Study Group on Information

Technology Workers , April 1999.

Modifiers/Extenders - those who modify or add on to an information technologyartifact:

Maintenance programmer

Programmer

Software engineer

Computer engineer

Database administrator

Supporters/Tenders - those who deliver, install, operate, maintain, or repair an information technology artifact:

System consultant

Customer support specialist

Help desk specialist

HardwaremaintenanceSpecialist

Network installer

Network administrator

Categorization of IT Jobs

1 1

Source: Adapted from Burt S. Barnow,

John Trutko, and Robert Lerman, �Skill

Mismatches and Worker Shortages: The

Problem and Appropriate Responses,�

Draft Final Report, The Urban Institute,

February 25, 1998, Exhibits 7 and 8. Based on the Bureau of Labor Statistics data.

Table 2-4

Source: Computing Research Association, Intersociety Study Group on Information

Technology Workers , April 1999.

Occasionally= Frequent=

Common= Unlikely= (blank)

Table 2-3

1 2

Source: Adapted from Burt S. Barnow, John Trutko, and Robert Lerman, �Skill Mismatches and Worker Shortages: The Problem and Appropriate Responses,� Draft Final

Report, The Urban Institute, February 25, 1998, Exhibits 7 and 8. Based on the

Bureau of Labor Statistics data.

Comparison of IT Employment 1988 and 1997 Figure 2-3

Computer Systems

Analysts and Scientists

4 7 9 , 0 0 0 38%

Computer Systems

Analysts and Scientists

1 , 2 3 6 , 0 0 0 60%

Computer

Programmers

5 7 0 , 0 0 0 45%

Computer

Programmers

6 2 6 , 0 0 0 30%

Operations Researchers

Systems Analysts

2 1 0 , 0 0 0 17%

Operations Researchers

Systems Analysts

2 0 1 , 0 0 0 10%

1988 Total IT Employment=1,259,000

1997 Total IT Employment=2,063,000

1 3 Table 2-6

Inventory management by large retailers

Shipping scheduling and quality assurance by express courier services

Financial controls in virtually every large business

Frequent flyer programs by the airlines

Credit card validation by merchants

Production of movies and videos

Distance education

Control of manufacturing lines in the chemical and automobile industries

Processing data for oil exploration companies

Global positioning systems used in the trucking industry and in scientific agriculture

Literature searching in biomedical research

Computer-aided design by engineers

Automated switching in the communications industry

Source: Computing Research Association, Intersociety Study Group on Information

Technology Workers , April 1999.

Table 2-5

Use of Computer Systems in the Operation of American Industry

Scale: 1- least important; 2- moderately import ant; 3- important; 4- critically important.

Source: Computing Research Association, Intersociety Study Group on Information

Technology Workers , April 1999.

1 4

Source: �Not all Programmers Are Created Equal,� G. Edward Bryan, IEEE, 1994.

Figure 2-5

Source: Hewlett Packard

Figure 2-4

1 5

Figure 2-6

Source: Stanford Computer Industry Project, 1999.

1 6

Source: U.S. Department of Labor, Bureau of Labor Statistics, Employment and

Earnings, Household Data, Annual Averages (published in January after each year).

Table 4-1

Source: Adapted from Burt S. Barnow, John Trutko, and Robert Lerman, �Skill

Mismatches and Worker Shortages: The Problem and Appropriate Responses,� Draft

Final Report, The Urban Institute, February 25, 1998, Exhibits 13 and 14. Based on the Bureau of Labor Statistics data.

Table 4-2

1 7

Source: Bureau of Labor Statistics, Monthly Labor Review, November 1997.

Table 4-3

Increase recruiting efforts

Increase use of overtime

Reduce minimum qualifications for the job

Restructure work to use current or new employees in other occupations

Source: Burt S. Barnow, John Trutko, and Robert Lerman, �Skill Mismatches and

Worker Shortages: The Problem and Appropriate Responses,� submitted by the The

Urban Institute to the Office of the Assistant Secretary for Policy, U.S. Department of

Labor, draft final report, February 25, 1998, pp. 22-31.

Substitute machinery and equipment for labor

Train workers for the jobs

Improve working conditions

Offer bonuses to new employees

Improve wages and fringe benefits

Contract out the work

Turn down work

Company Reactions to a Worker Shortage Table 4-4 1 8

Figure 5-1

Source: Computing Research Association, Intersociety Study Group on Information

Technology Workers , April 1999.

Retirement HS 2 yr.

4 yr.

Master Doc

Formal Career

Job Job Job 1 2 3

IT Wo rker Traditional Career Pa t h

Source: Computing Research Association, Intersociety Study Group on Information

Technology Workers , April 1999.

Formal Degree Programs

HS,Associate,Bachelor�s,

Master�s,Doctorate

Non-degree Programs

Distance Education,

Employer Training,

Self-study

JOBS

Current IT Wo rker Career Pa t h Figure 5-2 1 9

Non-traditional Paths to and from IT Careers

AAA is a 56-year-old Ph.D. in Astronomy. He worked for nearly twenty years in a number of large and small companies, the last ten years in the

Aerospace industry. When that industry downsized in the early �90s, he was laid off. Living off savings, his wife�s salary, and his severance package, he returned to school full time and earned a master�s degree in Computer

Science. He quickly found work with a semiconductor company.

BBBisa25-year-old college graduate who majored in Psychology, and worked in a daycare center after graduation. As a result of both home and college environments, she had basic computer literacy, and, discouraged by the low salaries in childcare, took a temporary job in IT doing quality assurance. She enjoyed this work, and now works full time doing quality assurance for a company involved in Internet commerce.

CCC is a 38-year-old with a master�s degree in Russian economic history. While working on his masters, his roommate got a PC, and CCC became intrigued with it.

He started reading books on computing. He landed a job with a company that made systems software, and ended up moving to a job where he is one of the major software resources of a small company.

DDD was a poetry major in college, working on her master�s. She took a summer job at a bank as a technical writer when the bank was just introducing ATM machines. She became interested in the technology, dropped out of school, and ended up working for five years with the bank, by the end of which she was doing software project management. She joined a start-up company that eventually became a major producer of computers, and ran their software delivery system for manyyears.

EEE was a COBOL programmer for a major automaker. His department had more than 200 workers in his division. After a successful pilot project the company decided to move to Java and object-oriented programming. They used a rapid reskilling program designed by one of the largest IT consulting companies. About forty co-workers passed the certification tests and are working on other projects.

EEE is working at the local McDonald�s. The company is busy recruiting new college hires and experienced object programmers to fill the void.

FFF was married at 18 to a Navy man, who left her with two small children and only a high-school education. She got work at a bookbindery. After several years learning the printing business she made the jump to electronic publishing, joining a start-up company in this field. Being willing to �tackle anything,� she rose in management until she was assistant to the President and Chairman.

Source: Computing Research Association, Intersociety Study Group on Information

Technology Workers , April 1999.

Box 5-1

2 0

Source: National Center for Education Statistics, Digest of Education Statistics.

Table 5-4

Source: National Center for Education

Statistics,Digest of Education Statistics, using preliminary data for 1990-1991 and final data for all other years.

Table 5-3

Source: National Center for Education

Statistics,Digest of Education Statistics

Table 5-2

Source: National Center for Education

Statistics,Digest of Education Statistics, using preliminary data for 1990-91 and final data for all other years.

Table 5-1

2 1

Source: National Center for Education

Statistics,Digest of Education Statistics.

Table 5-5

Source: National Science Foundation, National Survey of College Graduates.

Degrees and Occupations in Computer Science 1992-1993 Figure 5-3

2 2

Academic Disciplines Other than the Computing Disciplines That

Offer Strong Training for IT Careers

Mathematics - graduates ususally have an excellent background in logic and analysis, and often a strong background in scientific programming and modeling.

Statistics - graduates are usually very familiar with computer usage, relying heavily on statistical packages, and are comfortable with data analysis techniques.

Engineering (other than computer engineering) - graduates generally have good mathematics and science backgrounds that involve at least some computing. They are also trained in design and analysis.

Physics - graduates generally have a strong mathematics and science background and are usually familiar with computer hardware and some programming.

Chemistry - graduates have strong science and mathematics backgrounds, and they frequently have used computers.

Philosophy - graduates have strong logical thinking ability and may have taken courses in mathematical logic that provide good training for computer theory.

Business - graduates have knowledge of the organizational characteristics and issues involving the private sector, and modern business programs integrate computing into their courses to give graduates competence in computing.

Music - graduates have learned about the manipulation of patterns and themes within constraints, which often serves as good background for programming.

Instructional design - graduates are familiar with many aspects of computers as users and developers.

Graphics arts and industrial design - graduates are familiar with user interface and human-computer interaction issues.

Source: Computing Research Association, Intersociety Study Group on Information

Technology Workers , April 1999.

Box 5-2

2 3

Source: National Center for Education

Statistics,Digest of Education Statistics, using preliminary data for 1990-1991 and final data for all other years. No statistics are available that break out professional from research-oriented master�s programs.

Table 5-6

Source: National Center for Education

Statistics,Digest of Education Statistics, using preliminary data for 1990-1991 and final data for all other years.

Table 5-7

Source: Computing Research Association, Taulbee Survey.

Table 5-8 2 4

Source: National Center for Education Statistics, Digest of Education Statistics

Career Choices of Computer Science Ph.Ds, 1994 and 1996 Figure 5-4

Other

8% Industry 43% Post-docs 13%

Faculty Posts 36%

Other

6% Industry 50% Post-docs 18%

Faculty Posts 26%

Number of Master�s and Doctoral Degrees Awarded in IT Fields,

1992-1995

Table 5-9

2 5

Source: Computing Research Association, Taulbee Survey.

Table 5-10

Source: The academic salary figures are taken from the 1997-98 CRA Taulbee Survey for the twelve top-ranked computer science departments, assuming that an assistant professor has an average of three years� experience, an associate professor has an average of eight years� experience, and a full professor has an average of twenty-two years� experience. The industrial salary figures are taken from the 1997 CRA

Industrial Salary Survey.

Twelve-Month Industrial Salaries Compared to Nine-Month

Academic Salaries

Figure 5-5

2 6

Adult Education

Post-secondary Education by Type of Student

Total=59.2 Million Adults

Vocational

Schools 2%

Postsecondary

Education 24%

GED/Basic

Skills 2%

ESL 3%

Work

Related

Training 68%

Total=14.6 Million Adults

Traditional

Full-time

Students 32%

Pa rt-time

Students 24%

Non-traditional

Working Adults 44%

Figure 6-2

Figure 6-1

Lehman Brothers as taken from Jeanne C. Meister, Corporate Universities: Lessons in

Building aWorld-Class Work Force (New York, NY: McGraw-Hill, revised and updated edition, 1998).

Lehman Brothers as taken from Jeanne C. Meister, Corporate Universities: Lessons in

Building aWorld-Class Work Force (New York, NY: McGraw-Hill, revised and updated edition, 1998).

2 7

Table 7-1

Source: National Center for Education Statistics, Digest of Education Statistics.

Table 7-2

Source: Computing Research Association, Taulbee Survey. 1984-86 Ph.D. numbers for CS&CE departments, all other years CS departments only.

2 8

Source: Computing Research Association, Taulbee Survey.

Table 7-3

2 9

Federal and State Governments

1 . 1 . Data-collection practices must be improved.

1 . 2 . A new system for tracking the demand for and supply of IT workers should be created.

1 . 3 . Data collected must be comprehensive to be useful for policy deliberations.

1 . 4 . The Standard Occupational Classification (SOC) categories for information technology occupations need to be reviewed and refreshed on a regular basis.

1 . 5 . Federal and state governments, with industry involvement, should improve

IT-related mechanisms at the K-12 educational levels and keep them current. Counseling, teacher training, curricula, and computing facilities all need improvement relative to information technology.

1 . 6 . The federal government, and especially state governments, should help to strengthen traditional higher educational programs in IT-related areas.

1 . 7 . Government can help faculty and educational staff adapt to the new demand for IT-trained students.

1 . 8 . Government should help to attract more students into graduate programs in

IT-related disciplines..

1 . 9 . Government should help faculty and staff cope with the greatly increased demand in the IT area.

1 . 1 0 . The federal government, and NSF in particular, must be vigilant and prevent a seed-corn problem in IT-related disciplines.

1 . 1 1 . Federal and state governments must enhance the research climate in the universities.

1 . 1 2 . Federal and state governments should actively encourage universities and industry to form a variety of partnerships to train the IT workforce.

1 . 1 3 . The government should encourage the development of programs in academia and industry that attract underrepresented groups to IT careers .

1 . 1 4 . Special efforts should be made to utilize the skills of older workers .

Higher Education

2 . 1 . Colleges and universities should keep their focus on providing strong basic education.

2 . 2 . Universities must recognize that there is a fundamental IT-related shift occurring in the economy and in most professions, and that they must reallocate resources for better and more extensive training in this area.

2 . 3 . Higher education should provide faculty support to revise their curricula to provide more and better paths in the training of IT workers, as well as to provide better IT education for all students.

2 . 4 . Faculty in IT-related disciplines need to rethink their introductory under graduate courses.

2 . 5 IT-related departments should increase rather than restrict access to their courses and programs.

2 . 6 . IT-related departments should develop graduate-level programs.

Box 10-1: Recommendations

3 0

2 . 7 . University practices should be adjusted in order to be more supportive of the education of IT workers.

2 . 8 . New ways are needed to improve the articulation between different levels of educational institutions.

Industry

3 . 1 . Industry should make data available regarding the demand for IT workers .

3 . 2 . Companies should invest more in entry-level training and the retraining of existing personnel.

3 . 3 . Companies outside of the IT sector need to recognize that information technology may become a core competency for them.

3 . 4 . Industry should work closely with the higher education system to improve education for IT workers.

3 . 5 Industry should not take actions that in the long run harm the supply system.

3 . 6 Companies should hire for diversity and tap aggressively into groups that are underrepresented in the IT profession.

Professional Societies

4 . 1 The professional societies should provide greater assistance in the retraining and continuing education of IT professionals.

4 . 2 . The professional societies should take a more proactive role in the certification of IT professionals.

4 . 3 Professional societies should continue to play a strong role in curriculum development.

4 . 4 . The professional societies should take considerably greater interest in nondegree programs that train IT professionals.

4 . 5 . The various IT professional societies should communicate, cooperate, and collaborate more with one another on issues of worker supply and demand.

Individuals

5 . 1 . Workers should recognize that they must take responsibility for remaining individually competitive.

5 . 2 . Individuals must commit themselves to life-long learning in order to remain technically current and competitive.

5 . 3 . Individuals should do their part to see that people with appropriate skills enter the IT workforce.

5 . 4 . Individuals should help to build up the IT profession through its professional organizations.

Source: Computing Research Association, Intersociety Study Group on Information

Technology Workers , April 1999.