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PREFACE ix

PREFACE

As we approach the start of a new century, it is apparent that science and technology (S&T) will continue to
play a pivotal role in modern life. Skilled workers will be needed at all levels. Many of these workers will be
drawn from the pool of students presently passing through school systems around the world; the remainder
represent workers already employed who will need to maintain their technical skills if they are to be part of the
S&T effort in the next century. Nations will be challenged, therefore, to formulate human resource policies that
achieve an appropriate balance between the entry and turnover of workers in the S&T labor force while
maintaining the productivity of those who remain employed.

There is growing concern, however, among educators and policymakers in many countries that fewer
students are interested in pursuing careers in S&T than in the past. Because the S&T enterprise depends on the
flow of new talent into the field, declining student interest could have a significant and unwanted impact in the
long run on the size and quality of the workforce.

A number of countries have intensified their efforts to collect and analyze statistics that monitor the growth
of the S&T labor force. "Career studies" have offered an especially important new dimension for analyzing talent
flow. Such studies focus on the early phases of career development, such as student aspirations, educational
patterns, and career choice.

Countries vary, however, with respect to their investment in S&T career studies. As a result, our
understanding is quite limited of the extent to which countries experience common problems with respect to
talent flow into S&T at these various stages of career formation.

Because of the potential for career studies to guide the development of the S&T workforce locally,
regionally, and nationally, the U.S. National Research Council (NRC), in partnership with the European Union,
convened a meeting to discuss what is known about the development of S&T careers from an international
perspective. The idea for the conference generated from a resolution of the International Council of Scientific
Unions (ICSU) noting concern about the apparent decline in interest of the world's younger generation in
science. The NRC's Committee on International Organizations and Programs, which serves as the U.S. National
Committee for ICSU, undertook the task of organizing with its national and international partners a response to
this resolution into the conference, which is the subject of this report.

Over 40 experts familiar with the study of talent flow and the institutional dimensions of human resource
development met for 2 days in Brussels in 1993 to discuss "career studies," to identify ways to improve data
collection for decisionmaking, and to consider expanding the role of international organizations in relevant areas
of policy formulation. Background papers were prepared by each participant and circulated in advance of the
meeting.

This report presents those papers in a collected volume, together with a brief overview of the conference
objectives and discussions. These materials indicate that many countries have experienced similar problems with
respect to the flow of talent into S&T. Furthermore, many have adopted similar strategies for reversing unwanted
trends. However, further work is needed to make data collection and analysis comparable from country to
country before educators and policymakers have a clear understanding of the similarities and differences in
"S&T career development" from an international perspective.
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Many of the programs and activities described have made further progress and some have concluded since
the conference was held. Thus, although we cannot assume that the situation in 1995 is necessarily the same as in
1993, the challenges of developing and sustaining careers in S&T described in this report will continue for some
time. It is our hope that this volume will provide an important resource for those involved in the effort to turn the
challenges into opportunities.

WALTER A. ROSENBLITH

Emeritus Professor

Massachusetts Institute of Technology
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INTRODUCTION 1

INTRODUCTION

In 1990, the 23rd General Assembly of the International Council of Scientific Unions (ICSU) passed the
following resolution:

We live in an era of unprecedented progress in science, but the attraction of science to the younger generation
seems to be lessening in some countries. Where these statistics are available, they point to the danger of insufficient
human resources in science and technology as the 21st Century opens. ICSU should examine, with other concerned
scientific bodies, the magnitude of this problem.

The U.S. National Research Council's (NRC) Committee on International Organizations and Programs
(CIOP), which serves as the U.S. National Committee for ICSU, undertook the task of organizing a response to
this resolution. CIOP, in cooperation with the NRC's Office of Scientific and Engineering Personnel (OSEP),
held discussions with the European Commission. These efforts led to the creation of a joint organizing
committee to develop the agenda for an international conference on "Trends in Science and Technology
Careers." The conference was held in Brussels, Belgium, on March 28-30, 1993. This volume provides the
papers presented at the conference, along with written comments from the chairs and discussants for each
conference session.

In preparing the conference, the organizers considered several key themes and trends. They recognized that
understanding the factors shaping human resource development in science and in technical fields was essential
for formulating effective science and technology (S&T) strategies at the national, regional, and global levels. The
continued flow of scientists and engineers into research and related fields to encourage technological innovation
was thus in the interest of every nation. Most advanced industrialized countries had monitored student career
interests and had taken steps to assure a sustained supply of talented workers. Maintaining and strengthening the
infrastructure for studies of the careers of individuals in S&T was critical to the future development of human
resource policies. In the past, many international organizations had promoted the exchange of information about
scientific opportunities among scientists; in the future, such organizations could play an important role in
monitoring and enhancing human resources in S&T, as well as providing policy-relevant advice.

The goals of the conference were to:

» gauge the availability of international data or measures of career trends;
« assess the research base engaged in studying the careers of scientists and engineers;

Copyright © National Academy of Sciences. All rights reserved.
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INTRODUCTION 2

» review some of the mechanisms designed to attract and sustain student interest in S&T; and
* identify methods to promote an interest in human resource development among the relevant
international organizations.

Over 40 participants representing 15 countries, as well as 9 international multilateral organizations, took
part in the 2-day invitational conference. The conference was generously hosted in Brussels by Professor Paolo
Fasella, Director General for Science, Research, and Development (DGXII) of the Commission of the European
Communities. The conference was divided into five sessions, each featuring a panel discussion addressing a
major issue.

This report identifies and illustrates key contributions of worldwide research on S&T, and of the
organizations committed to that research, to the development of policies for creating a strong and competitive
workforce. The report reviews a wide range of studies that capture current approaches to the development of
human resource policies for S&T in a number of industrialized nations. These include surveys of student
attitudes toward S&T careers, intervention programs aimed at increasing the number and quality of individuals
working in S&T, and databases designed to monitor the human resource system nationally and internationally.

In the two years since the conference was held, some of the studies discussed in the authored papers have
concluded, some have made further progress, and new programs have been planned. For example, at its 1993
General Assembly, the ICSU adopted a resolution that has led to an initiative to develop a new global Program in
Capacity Building in Science. Although this program is not specifically aimed at S&T careers, it addresses
human resource development through achieving a higher level of public understanding of S&T to guide the
application of science to the problems facing humanity. The goal of the program is to raise scientific literacy
globally. The elements include: (1) establishing a Network for Capacity Building in Science, (2) strengthening
primary school science education, (3) overcoming the geographical isolation of scientists, (4) promoting public
understanding of science, and (5) presenting the case for science.

Although time has passed since the conference was held, the issues at the heart of this report, which were
discussed by each of the panels, will continue to provide challenges and opportunities for researchers,
statisticians, policymakers, and a wide array of institutions for years to come. These issues are briefly
summarized below.

PANEL 1 MONITORING CAREER TRENDS IN SCIENCE AND TECHNOLOGY

The first panel's goal was to identify what data and information on human resources collected at the global
and national levels reveal about trends in S&T careers. A paper on the work of the Organization for Economic
Cooperation and Development (OECD) discussed the global level, and a paper about Japan's National Institute
for Science and Technology Policy (NISTEP) provided an example of national efforts.

The discussion of global data collection revealed that serious problems of data comparability and
compatibility must be resolved. A key difficulty was the confusion arising from various definitions of "highly
skilled workforce." The OECD, with the active support of the European Community and its statistical branch
Eurostat, was addressing these problems in the course of revising its manual on research and development
personnel.

A number of concerns at the national level emerged from the discussion of the statistics and data collected
by Japan's NISTEP. Among the issues were the demographic evidence of an aging population and the potential
shortage of young people to maintain the skilled workforce. Changing attitudes toward S&T among the younger
generation and the need to diversify the scientific and engineering personnel supply by including women, older
people, and non-Japanese intensified these problems, and the paper presented a number of models for addressing
them.

During the commentary, the discussant noted that common problems related to comparability, specificity,
periodicity, and structure existed in the collection of data at both national and global levels. The ultimate
objective of modeling the factors that influence career choice, it was argued, should be to forecast the impact of
these factors on the availability of S&T personnel as a basis for developing policies to affect the supply. Creating
such models, so that the data could be useful for policy formation, was a serious challenge, however.

Copyright © National Academy of Sciences. All rights reserved.
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INTRODUCTION 3

PANEL 2 ANALYZING TRENDS IN S&T CAREERS: THE LONGITUDINAL APPROACH

Theories of human development and aging have provided a framework for understanding how an individual
moves into and through a career in S&T. European scientists have taken the lead in developing the theory,
research, and analytical methods for a longitudinal approach to career analysis. The goals of this session were to
summarize the advances in research, identify resources for longitudinal data surveys, examine how such surveys
reflect cultural differences, and explore ways to make data compatible.

The panel provided new information on the use of longitudinal research in understanding. trends in S&T
careers. The first technical paper proposed a demographic model using modified Markov processes for studying
how people become scientists or engineers. The paper presented a number of observations about age cohorts
drawn from different longitudinal surveys in the United States. The analysis of the career pathway showed that
the number of individuals in science and engineering decreased as the cohort aged, and that female
representation in the U.S. science and engineering pool dropped significantly between ages 17 and 19.

The second technical paper took a regional view, based on a case study of the less developed countries of
the European Community (Spain, Portugal, and Greece), to address the conceptual problems of understanding
the links between human resources and job availability. The regional study of human capital required the
consideration of the complex relationships among education, employment, and economic policy. The analysis
was difficult because of the diversity and complexity of the indicators that needed to be considered, and because
of the generally insufficient data available.

A suggestion for reconsidering methods emerged from the critique of these papers. The importance of
longitudinal measurement in the study of career choice, and the need to build theories and models that reflect the
changing population, were stressed. In monitoring the flow of young people into and out of the S&T careers, it
was critical to identify the points when significant numbers of students left the field, and to study the reasons for
those decisions. In the United States, for example, attention had recently focused on the impact of introductory
college-level science courses on how students viewed science. A macro-level model like that proposed in the
first technical paper, with appropriate definitions and adequate data, together with comparative demographic or
flow models, would be helpful in understanding the dynamics of career choice in the context of economic
development.

PANEL 3 ANALYZING TRENDS IN S&T CAREERS: FACTORS DETERMINING CHOICE

The goal of the third panel was to examine factors influencing individual decisions to pursue studies in
S&T. These factors included opportunities to learn about what scientists and engineers do, the sociocultural
environment, the quality of science teaching in schools, and the attractiveness and reward structure of a career in
S&T. The evidence suggested that, more often than not, choices were based on a series of events and influences
along the decision path rather than on a single causal factor or event.

The first technical paper proposed a sequential dependency model, which described the human decision
process in terms of a series of interdependent and converging phases. The policy goals of the model were to
maximize the desired number of entrants into S&T and to encourage the flowering of the best talent.
Recognizing the inherent difficulty of human resource planning, the model emphasized institutional
improvements and the provision of a flexible and creative alternative support system for students.

To examine further the factors influencing the choice of an S&T career, the second technical paper
discussed current research on science education. The research suggested that the public image of science and of
the role that science played in a technological society might be creating barriers to student interest. Science
education needed to reach beyond the problems of what abilities were required, what specific competencies were
taught, and what standards needed to be achieved to address the problem of general attitudes in society. Studies
in recent years showed that ability in science played a role but was not the decisive factor in leading qualified
students to an S&T career. Attitudes and motivations anchored in a particular cultural context were often more
important. The degree of achievement-orientation, the existence of role models,

Copyright © National Academy of Sciences. All rights reserved.
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INTRODUCTION 4

and the perception of science as a "difficult" subject were all important factors. The role of gender was the focus
of an increasing number of studies because participation in S&T varied greatly between males and females.

The implications of this research for education and science policy were not straightforward. For example,
there may have been an epistemic problem arising from how knowledge in science was acquired, compared to
other disciplines such as the humanities and arts.

In the discussion following the presentation of technical papers, some participants expressed the view that
the relationship between education and jobs was critical and this had been severely affected by the recent
economic events. To appeal to coming generations, S&T careers should offer a degree of stability and continuity.
Surveys suggested that S&T degrees were perceived by some young people as too specialized to permit broader
science career opportunities, and too demanding to undertake without reasonable assurance of employment. If
governments and corporations wanted more skilled manpower, it was suggested, they needed to structure the
occupational world to respond to these problems.

PANEL 4 UTILIZING POINTS OF INTERVENTION TO ENHANCE AND SUSTAIN
INTEREST IN S&T CAREERS

The S&T career has been characterized as a series of decision points along which an individual may opt in
or out of the career path. Carefully designed intervention efforts could influence the probability of an individual
making the transition from one step to another. Three critical elements were noted: (1) the competence of
teachers and faculty who stimulate and sustain student interest in S&T careers; (2) the equality of access to S&T
careers; and (3) the professional competence of those who have entered the S&T workforce, for example, "the
role model." The goal of Panel 4 was to explore mechanisms that affect critical decision points along the S&T
career path, drawing upon the models of Japanese and European systems.

In Japan the National Institute for Educational Research (NIER) was leading a major educational reform
effort. This was the third such reform, beginning with the Meiji Restoration and the opening of Japan to the
West. The first reform effort adopted European and U.S. education models, but these rapidly evolved into a new
national system tailored to specific Japanese needs. The second major reform took place after World War 11,
when the Japanese adopted a system strictly modeled on the U.S. approach to determining grade levels and
identifying the number of years spent at each level (e.g., six-eight years at the primary level, four years at the
secondary level).

The goals of NIER emphasized research on educational policies and practices, school curriculum and
teaching methods for a nationwide system, and cooperation, both nationally and internationally, among
educational research institutions. Particular efforts were made to create a competent teacher workforce and to
strengthen the linkage between the requirements of private industry and the development of human resources.

In the European S&T context, it had long been appreciated that a nation could augment its competitive
advantage through the skill and knowledge of its S&T workforce. To create highly qualified personnel,
governments had expanded higher education based on the principles of equality of opportunity and, more
recently, equality of access for women and minority groups. The under representation of women in S&T careers
was seen as a waste of both intellectual and economic resources. Questions about how to make science education
more relevant to diverse communities were also examined. The subsequent discussion pointed out that
educational policies needed to be reassessed in light of the current and anticipated shortages of skilled personnel
in Europe.

Continued training for the current S&T workforce was another important issue. Creating networks within
Europe was viewed as an important process for developing the careers of scientists and engineers. Research
conferences to provide a framework for scientific debate were essential. A number of examples of networks and
conferences, particularly those intended to create links among young scientists, were discussed.

The discussant commented that the two papers illustrated how changes in education and economic policies
could ensure that those entering S&T careers would be assisted through the process and into employment.
Successful intervention efforts were predicated on the occurrence of natural breaks—matriculation, education to
first employment, and movement from one sector of employment to another. Special "at risk" groups, such as
women and ethnic minorities, had been identified in a number of

Copyright © National Academy of Sciences. All rights reserved.
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INTRODUCTION 5

countries and targeted programs were being implemented to increase their skills. Studies of career outcomes
were essential for assessing the quality and success of these intervention efforts. The remaining challenge was to
link the theories of career patterns to policy formation and evaluation.

PANEL S INFLUENCING S&T CAREER TRENDS: THE ROLE OF INTERNATIONAL
ORGANIZATIONS

Panel 5 was designed as a roundtable discussion with presenters focused on the role of their organizations in
enhancing the pool of scientific and technical personnel. Representatives of national and international
organizations were asked to synthesize views of the previous panels and suggest new directions that might be
adopted for follow-up action. Participants were also asked to consider the following questions:

*  What lessons could be drawn from the discussions of the quality of data on scientific and technical
personnel?

* How could the analysis of career choice be utilized effectively in structuring programs in scientific and
technical education?

* What future actions and mechanisms should be considered by both researchers and organizations to
further advance understanding of human resources in S&T?

Participants acknowledged that the drive for more and better data and research, as presented in the first
question, varied from country to country and from region to region. Improved communication among data
specialists, social scientists, and educational researchers could be highly effective in informing policy on human
resource issues. This was particularly the case for the advanced data work of the OECD.

The second question generated a variety of responses. Some organizations with established programs for
examining human resources in S&T, such as the European Community and the European Science Foundation,
provided evidence that programs had been attempting to integrate some of the issues into their long-range
planning. Others, with more traditional programs, such as the Third World Academy of Sciences and the North
Atlantic Treaty Organization, were challenged by the broader issues of the science career path. In examining the
relationship between lifelong learning and continued productivity, the partnership between education and
industry emerged as a potential key factor.

The third question, which attempted to identify future actions and mechanisms, provided an opportunity to
consider both the limits and the prospects of advancing the understanding of human resources in S&T.
Participants noted that the scientific and technical communities were common stakeholders in the development
of these resources. At present, however, the role of science as a factor in economic development, although
clearly important, was not fully understood. More complete consideration of human resources in S&T required
improved qualitative monitoring and continued nurturing of research on the science career process, supported by
partnerships with organizations and industry.

As a whole, the conference highlighted steps that are needed to build, monitor, and sustain the pool of
talented individuals who will advance S&T, whether locally or globally. Although the conference focused mostly
on European, North American, and Japanese concerns and experiences, it is hoped that the analysis and ideas
presented, and the dialogue forged between interested international organizations, will stimulate regional
assessments concerned with problems in capacity building in the developing countries, as well as encourage
further data and information sharing and consensus building in the industrialized nations to inform human
resource policies.
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Summary of Introductory Comments

Richard Pearson

Important efforts are under way in a number of countries to organize information about scientific and
technical careers using common terminology and common data gathering techniques. The paper by Gunnar
Westholm describes the specific efforts in this area by the Organization for Economic Cooperation and
Development (OECD), while that by Hajime Nagahama offers a closer look at the organization of studies that
have been undertaken in Japan to monitor the development of that workforce.

Together, both papers illustrate the challenges that lie ahead in any international effort to gauge the stocks
and flows of scientists and engineers.

There are many important questions that must be answered before we can hope to achieve a common
understanding of international trends in science and technology (S&T) careers. Some key questions include:

Why are we interested in careers? Particular issues include concerns over shortages that delay
development and innovation, surpluses of applicants leading to unemployment, and information to
"plan" educational provision.

What do we mean by "career"? Do we mean the period of 30-40 years of employment, or is the priority
the critical stage of transition (perhaps 5-10 years) from education into the career path? Is a career
something that has continuity and coherence or is it simply a summation of education and a series of
different jobs?

How far should we be interested in the 18-year-old and, indeed, younger students? These can be critical
times when career counseling can have significant payoff in the course of promoting S&T careers.

What do we need to know about careers? Can we "predict" careers for the future? How will this
information help? Why not leave the development of the S&T workforce to market forces?

What do we know about the different routes that lead people in different countries to undertake S&T
careers?

How do equity issues figure into the development of careers?

How do we handle the issue of unemployment and underemployment in S&T? What advice should be
given regarding careers in apparently overpopulated disciplines?

How do such factors as international mobility and the "brain drain" phenomenon influence the career
process? When we monitor S&T careers, are we interested in local market and/or global market factors?
Do we mean the same things when we refer to S&T from country to country?

Copyright © National Academy of Sciences. All rights reserved.
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SUMMARY OF INTRODUCTORY COMMENTS 10

* What can we do about the paucity of data on S&T employment and careers? We need the data if we
want to pursue the "planning" route. Additionally, if we want the market to work, we need the data to
inform decisionmakers.

These are some of the issues that we have to consider if we are to determine our success in bringing the
concept of career to bear on information gathering and analysis.

Copyright © National Academy of Sciences. All rights reserved.
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RECENT DEVELOPMENTS IN INTERNATIONAL SCIENCE AND TECHNOLOGY PERSONNEL DATA COLLECTION 11

Recent Developments in International Science and Technology
Personnel Data Collection

Gunnar Westholm

It is generally recognized that the combination of science and technology (S&T) and human resources—
notably scientists and engineers and also technicians—plays a key role in economic development and improved
social and environmental welfare and that this role will be increasingly reinforced in the future.

A better understanding is needed therefore of the nature and structure of both the S&T systems and the
current and future situation (in the short-, medium-, and long-term) for these categories of skilled personnel,
measured in terms of supply and demand.

A multitude of national and international stock and flow data and related literature already exists, which
may be used for the analysis of S&T personnel (however defined). All countries have their national series of
population, labor (including industrial employment), and educational statistics. While these data are frequently
available for quite a long time period, they have rarely been collected for the purposes of S&T analysis.

UNESCO'S DATA ON THE WORLD STOCK OF S&T PERSONNEL

Perhaps the best known international statistics are those published by the United Nations Educational,
Scientific, and Cultural Organization (UNESCO). These statistics, however, still present serious problems of
international comparability, and the data are very aggregated and not always up-to-date.

According to UNESCO's statistics published in late 1992, the total stock of scientists, engineers, and
technicians in the world in 1985 was estimated to be about 110.8 million compared to 79.2 million in 1980—an
increase of broadly 40 percent. Extrapolating these figures, one may perhaps estimate that toward 1990 the world
stock of S&T personnel could be at least 150 million. This is an interesting macro indicator in its own right but
not very useful for S&T analysis in the absence of a more detailed breakdown of the categories involved, or
placed in relation to a number of other economic and demographic variables.

The distribution by principal geographical zones of this UNESCO stock of S&T personnel is far from
balanced. Around three-quarters of these scientists, engineers, and technicians are found in the developed
countries, which account for about one-quarter of the world's total population. The remaining quarter of the S&T
stock is found in developing/industrializing countries, which have three-quarters of the world population.

The concentration is particularly strong in North America. The United States and Canada together, with 6
percent of the world population, have some 30 percent of the world's S&T labor force. Europe (including the
former Soviet Union) is also well represented, with around one-third of the S&T stock but only 16 percent of the
world population.

For the Asian region, the UNESCO statistics aggregate highly industrialized countries, such as Japan and
the "Dragon countries" (Hong Kong, South Korea, Singapore, and Taiwan), with industrializing countries, such
as the People's Republic of China, India, and

Copyright © National Academy of Sciences. All rights reserved.
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Indonesia. The absolute S&T personnel potential in Asia is of the same magnitude as that of North America (30
percent) compared to its share in the world population of 60 percent.

Latin America and Africa are the regions least well off, with only 4 and 1.5 percent, respectively, of the
world potential of S&T personnel; Latin America has 8 percent and Africa some 10-11 percent of the world
population.

OECD EXPERIENCE OF MEASURING R&D PERSONNEL

The Organization for Economic Cooperation and Development (OECD) has a long experience—going back
to the early 1960s—of collecting data on human and financial resources devoted to research and experimental
development (R&D) activities, but, though essential, R&D is only one of a variety of S&T activities.

The OECD guidelines for the measurement of R&D, the so-called Frascati manual, are also used by
UNESCO and the Statistical Office of the European Commission (Eurostat). These two international agencies
are also directly involved in the ongoing work of developing a human resources manual on S&T (see below).

All OECD statistics are collected within an internationally accepted statistical framework and, if necessary,
adjusted before publication to assure international comparability. For such comparisons it is necessary to work at
the level of the lowest common denominator, which, in practice, may be at a rather aggregated level. For specific
analytical purposes, where very detailed micro data are needed, most OECD (and UNESCO) data may well be
too macro.

EFFORTS TO COLLECT S&T PERSONNEL DATA AT THE OECD

For a variety of reasons—one being shared responsibility between directorates—the OECD has never
seriously embarked on any regular collection of direct S&T personnel data, only of proxy data such as education
and selected labor statistics.

S&T personnel data have been gathered on an ad hoc basis over the years, on the occasion of specific policy
studies, such as those of the "brain-drain" in the late 1960s and early 1970s, the involvement of women in S&T,
forecasts of the demand for and the supply of R&D personnel, or questions related to the aging or the mobility of
the R&D workforce.

Interest in S&T personnel measurement has, however, remained unchanged, with jealous reference to work
in the United States and the impressive and well-known data series issued in the National Science Foundation's
Science and Engineering Indicators volumes.

A first attempt to remedy the lack of S&T personnel data was undertaken at the OECD in the early 1980s. A
workshop was arranged in 1981, pushed and pulled by American initiatives, with a view to defining the
conceptual framework for the international collection of such statistics. Some 30 experts from 13 countries
participated. Following the discussions, the Secretariat launched a couple of experimental questionnaires
requesting information on national stocks of S&T personnel, "piggy-backed" to its regular R&D surveys. The
results were rather discouraging: only some four or five countries responded, and the scarce data could not be
used for any serious analysis.

Perhaps the time was not ripe for this kind of data reporting. The conceptual guidelines were not
satisfactory and the timing was inadequate. At that time, the principal sources of data were the national censuses,
which took place at rather long time intervals. The main reason for the exceptionally low response rate was
probably that the national R&D statistics experts were not themselves involved in the underlying educational and/
or employment statistics, and their colleagues, in turn, were not fully motivated to participate in the exercise.

THE OECD TECHNOLOGY-ECONOMY PROGRAM

Today, work on S&T personnel statistics is being driven by the need for information for policymakers.

The interest in the broader concept of S&T personnel was intensified on the occasion of a "Technology-
Economy Program" (TEP) at the OECD (1988-1991). This was a project on policy crossing the traditional
directorate borders that highlighted, among other things, the key role of human capital-—once again stressing that
of scientists and engineers—in the innovative process. Drawing essentially on empirical evidence, backed by
scattered national statistics, the
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report paid specific attention to the risks of severe quantitative and qualitative skill shortages toward the end of
the century, while admitting the difficulties in forecasting both the demand and the supply. (See TEP—The
Technology/Economy Programme —Technology and the Economy—The Key Relationships OECD, Paris, 1992.)

RECENT AND EXPECTED DEVELOPMENTS IN THE S&T WORKFORCE

Significant increases in the demand for S&T personnel in industry, services, and higher education are
anticipated in many countries. Specific worries are expressed concerning difficulties in the higher education
sector, which saw a rapid increase in the number of students and faculty in the 1960s and early 1970s as a result
of the postwar baby boom and as a consequence of national social equity ambitions. These trends were favored
by general economic expansion.

Massive faculty retirements may occur causing intensified recruitment needs in the sector already by the
mid-1990s. If there is (as may be expected) strong parallel demand from trade and industry, with capacities for
offering better salaries for the same personnel, severe recruitment problems could occur. On the other hand, new
career openings will, after years of advancement blockage, be offered to younger faculty.

The TEP report discusses the demographic fall in national 18- to 24-year-old cohorts, which traditionally
constitute the essential source of "new blood" into universities. From around 1980 to the mid-1990s, the number
in this age group will fall between one-quarter and one-third in most of the OECD countries.

There is apparently no direct linear relationship between the number of age groups concerned and the
number of new entrants into the higher education system. Studies undertaken by the Institute of Manpower
Studies (IMS) in the United Kingdom have shown that the higher social classes, which broadly represent one-
third of the population, traditionally account for some two-thirds of all higher education entrants. Since the birth
rate propensities of these social classes appear to have decreased at a lower pace than that of the overall
population, the expected reductions in the number of young people entering higher education have been
considerably moderated.

THE INCREASING ROLE OF WOMEN IN S&T

The expected fall in student numbers has also been compensated by continued increases in overall
enrollment rates, largely explained by the growing participation of women (in some countries also ethnic
minorities, students from abroad, and mature students).

Female students currently, or will very soon, account for at least one-half of all new entrants into the higher
education system with, of course, large variations between disciplines (and countries). They are typically over
represented in the social sciences and humanities. And while they now represent at least 50 percent of new
medical students, they are underrepresented in other S&T disciplines, like engineering and physics. In most areas
of S&T, female participation rates appear to fluctuate around 15-20 percent only of the total (but sometimes even
more—the same is frequently true also for ethnic minority and mature student groups), and these proportions
seem to remain rather stable over time. Increased participation of women in higher education will therefore
probably be only marginal whereas, provided appropriate measures are taken, there are many reasons to believe
that their interest in S&T could be intensified.

DECREASING GENERAL INTEREST IN S&T STUDIES AND CAREERS

The general positive trend in numbers of students is offset by apparently declining interest in S&T subjects
and careers. S&T degree recipients are increasingly attracted by nonscientific or technical professions (such as
banking, business, and real estate), which offer better salaries and working conditions and perhaps higher
professional and social status than traditional S&T careers.

The supply of S&T personnel is also increasing in many countries as a result of former technical training
colleges being upgraded to engineering school status. Efforts are also being undertaken to convert or retrain
graduates with nonscientific degrees into S&T studies and professions, though this transferability is probably
much more difficult than the other way around.

The need for intensified continued or vocational training was highlighted in the TEP report. (This is one of
the activities discussed in the ongoing preparation for another OECD manual on the measurement of "intangible
investment.")

Copyright © National Academy of Sciences. All rights reserved.
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FORECASTING THE SUPPLY AND DEMAND FOR S&T PERSONNEL

The TEP experts underline that future demand for scientists and engineers is still more difficult to predict
than supply. In addition to direct and indirect demographic factors, such as mortality and retirement age, demand
is affected by a number of uncertain variables such as economic growth, changes in the relative weight of
different sectors of the economy (less manufacturing versus more private and/or public services), changes in the
technology intensity (however defined) in these sectors, and changes in governmental policies (including "big"
science programs), etc. At the same time, in some S&T areas there is oversupply or underemployment of
qualified personnel, while in others, employers still have problems recruiting appropriate staff. Increasing
international, as well as domestic, mobility of scientists and engineers between regions, professions, universities,
and industries and organizations also makes forecasting supply and demand hazardous.

THE IMPACT OF PUBLIC S&T/R&D PROGRAMS

There is also increasing interest in how the current S&T labor force is actually used. In the major OECD
countries, an essential part of the state budget and much of the public R&D spending goes to defense-related
programs, where many of the most highly qualified S&T personnel are engaged. Some examples include:
defense R&D in 1990 represented 63 percent of public R&D funding in the United States, 43 percent in the
United Kingdom, and 40 percent in France (to be compared with, for instance, 6 percent in Japan and 14 percent
in Germany). These percentages, which were already lower than a few years earlier, have continued to decrease
in the United States, France, and Germany (59, 35, and 11 percent respectively in 1992), remained stable in
Japan, but increased slightly in the United Kingdom (45 percent in 1992). (SOURCE: OECD Main Science and
Technology Indicators—Biannual).

Considerable reductions in defense spending are currently envisaged in all OECD countries. This will
necessarily have a bearing on their needs for S&T/R&D personnel and may result in serious cuts in this labor
force and, if not properly channeled, in loss of vital skills, at least until more civil-oriented employment
alternatives can be found. Such conversions are hard to handle; this is one of the most crucial problems—
resulting in both a domestic and international "brain-drain"—with which many of the new eastern countries are
currently wrestling.

THE OECD S&T MANUALS

The TEP report regretted the lack of accurate statistical tools for a better policy understanding of the human
capital situation, and in 1991 the Scientific, Technological, and Industrial Indicators Division (STIID) of the
OECD Directorate for Science, Technology, and Industry was invited to undertake the preparation of a manual
measuring stocks and flows of human S&T resources. (In the autumn of 1992 the STIID was renamed the
Economic Analysis and Statistics Division.)

The OECD is already a world leader in methodological developments for the collection of R&D and S&T
statistics and indicators and has recently issued guidelines, in the Frascati family of manuals, on the
measurement of innovation activities and the technology balance of payments. Work is under way for a patents
manual and is well advanced on manuals on the measurement of "intangible investment" and high-, medium-,
and low-tech activities. Corresponding databases have been established or are under development.

The OECD Directorate for Education, Employment, Labor, and Social Affairs collects educational statistics
in a common OECD/UNESCO/Eurostat questionnaire, although each international agency has its own databases
and database management. These third-level data on students and faculty will serve as essential inputs for the
forthcoming S&T personnel databases.

The S&T manuals should provide the statistical framework for complete databases using standard
international classifications wherever possible and ensure structured links to already existing databases. The
guidelines should indicate how available data could, or could not, be used. The manuals are intended to meet the
very diverse needs of both producers and users of data. The guidelines should be addressed for both national and
international statistical purposes (including analysis). Even if, until quite recently, all these manuals were
essentially directed toward the needs of economically developed countries (typically members of the OECD),
there is now increasing demand from non-

Copyright © National Academy of Sciences. All rights reserved.
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member countries, including the industrializing world.

Preparing such manuals is a time-consuming exercise. More time is needed for completely new statistics
(such as the R&D or innovation statistics) than for the use of S&T purposes of already existing data, even if they
were originally assembled for reasons other than S&T policy (i.e., the technology balance of payment and the
patents statistics). The S&T personnel manual project belongs to the latter category.

The procedure is usually as follows: after theoretical discussion—sometimes starting at a very academic
level—and the preparation of a draft manual, a pilot survey is undertaken. Drawing on the results of this first
survey, the manual may be revised, and, if necessary, the experience renewed before regular surveys are
launched and related databases built up.

THE NEW S&T HUMAN RESOURCES MANUAL

In the case of the human S&T resources manual, the OECD had asked Dr. Richard Pearson of the IMS, who
served as a consultant, to prepare the first draft. The OECD and the IMS teams began by examining available
theoretical literature. They decided to draw as much as possible on already existing practical national and
international experience. This was done through an ambitious inventory survey, using a rather comprehensive set
of questionnaires prepared jointly by OECD and Eurostat, addressed to member countries and to UNESCO.

All this work has been fully backed by the European Commission in Brussels, in particular the DGXII, the
Directorate General for Science, Research, and Development.

No less than 22 of the 24 OECD member countries responded—of course in more or less detail—to the
inventory survey. This exceptionally high response rate testifies to the general interest in these S&T personnel
issues, even if the results may have been biased by the composition of the group of respondents where R&D/
S&T indicators experts predominated.

The preliminary conclusions of the inventory were presented by Eurostat at a first international workshop in
Paris in October 1992, gathering some 70 experts from 25 OECD and non—OECD member countries, the
European Commission, and UNESCO to discuss Dr. Pearson's draft manual.

The final results of the inventory were analyzed by Eurostat and served as background information at the
expert meetings in Luxembourg and Paris in 1993 for revision of the manual.

Some of the principle conclusions of this exercise are presented—pell mell—below.

There is very little systematic data collection of S&T personnel, and more use is made of various kinds of
proxy statistics. Only three or four countries (including the United States) have adopted some kind of a national
definition of S&T personnel and collect corresponding data. R&D and educational policies appear to be the most
important markets for this kind of indicator. National considerations prevail over international comparisons.
Only some of the largest countries undertake systematic efforts of modeling (defined as the use of formal
mathematical models for long term projections) or forecasting (understood as short or medium-term outlooks
based on known factors such as demographic developments and educational enrollments) of S&T personnel.
Central statistical personnel data (notably education and labor statistics) are the prime source, but similar
information is also drawn from associated agencies. It should be possible to extract and use sources as far as both
levels of education and (broad or detailed) fields of science are concerned (including the social sciences and the
humanities). Data on gender and age appear to be generally available. Information on national and international
mobility (including data on nationality, etc.) appears to be rather scarce, even if several countries undertake "first
destination" surveys of graduates.

TERMINOLOGY AND DEFINITIONS

The preparatory work revealed that there is considerable confusion in the terminology employed and that
these semantic descriptions also reflect broad variations in the coverage, or perception, of the data. For instance,
the following denominations of S&T personnel (or manpower) were frequently used:

* highly qualified manpower

* scientific and technical or technological personnel
* scientific and engineering personnel

« scientific, technological, and engineering personnel

Copyright © National Academy of Sciences. All rights reserved.
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* scientists and technologists

* highly skilled personnel

* highly qualified technological manpower
 academic-level researchers and teachers

« research and technological development personnel

At the previously mentioned workshop it was decided to use the denomination "human resources for S&T"
(HRST) for the purpose of the new manual and future work.

Only one of the above classes—scientific, technological, and engineering personnel-seems to have an
internationally adopted definition, but the Frascati manual also gives definitions of various categories of R&D
personnel.

In its report Recommendation Concerning the International Standardization of Statistics on Science and
Technology, adopted by the General Conference in Paris in 1978, and in the subsequent Manual for Statistics on
Scientific and Technological Activities, UNESCO defines scientific, technological, and engineering personnel as
follows:

Scientific and technical personnel can be defined as the total number of people participating directly in S&T
activities in an institution or unit and, as a rule, paid for their service. This group should include scientists and
engineers, technicians, and auxiliary personnel ...

Later in the manual, UNESCO also defines what is meant by the "scientific and technical manpower
potential” for which two categories are identified: the "total stock of qualified manpower" and the "number of
economically active qualified manpower."

The two categories are defined as follows:

(The) Total stock of qualified manpower comprises the total number of persons with the necessary qualifications for
personnel in categories "scientists and engineers" and "technicians," regardless of economic activity (production,
S&T activities, the professions, no gainful employment, etc.), age, sex, nationality, or other characteristics present
in the domestic territory of a country at a given reference date. (The) Number of economically active qualified
manpower comprises the total number of persons with the necessary qualifications for personnel in categories
"scientists and engineers" and "technicians" who are engaged in, or actively seeking work in, some branch of the
economy at a given reference date.

The following graphic illustrates the relationship between these two UNESCO main aggregates and the
scientists, engineers, and technicians engaged in S&T activities (of which R&D):

Total Stock of Qualified Manpower

R e b R LA E LI LY |
Economical ly Active
I ------------------------------------------ I
In SET Activities
[remsssscccsccccmmnssnccscccnaas 1
Of which RED
Je===zrzazr=s]
Joremeesssnmannnnemann 1
[-r==mmmm=- PR A A A EF AT AT TR A EY VAT W TS T Vi 4
loooococeocQf F LS J Lefefefefefefefefeflifenfinfenfnl

Above, several aggregates of S&T personnel that could be measured and used for data collection and
analytical purposes have been indicated. One of these aggregates may be that of "scientists and engineers,"
which is perhaps too frequently used as a block, with no separate distinction between the two elements.

DEFINITIONS IN TERMS OF QUALIFICATIONS OR OCCUPATION?

Here again, several approaches are possible. Should the categories of S&T personnel be identified in terms
of their formal educational background (i.e., by qualifications), or in terms of the jobs they are actually
performing (i.e., by occupation)? Or perhaps by a mixed qualification/occupation criterion (for instance, when
classifying people who do not possess the usual requested diplomas for the jobs they are performing but who, all
the same, have the corresponding professional skills and experience)?

Given that both approaches meet specific policy needs, participants wished that both the qualifications and
the occupation criteria be maintained for further

Copyright © National Academy of Sciences. All rights reserved.


http://www.nap.edu/catalog/5109.html

[}
=}
3
=
[0
o
©
[}
X
®
[}
o
0
()
(o))
©
o
@
o
=
o
£
&=
=
(O]
[72]
[}
o
>
Z
T
£
=
2
(@]
[}
L
£
£
o
=
=
(]
C
~
o
o
0
.
[0}
Q
®©
o
T
£
=2
2
o
(]
ey
£
£
(]
o
=
©
]
2
®
[
o
(&}
[%2]
o
=
-
s
<
£
(]
o
=
©
(]
[72]
o
Q.
€
(]
[}
[}
o
[
[}
[0}
Q0
(2]
©
N
-
=
o
2
T
£
=2
2
(@]
(]
ey
=
Z
]
C
S
2
©
o
C
(]
(2]
]
o
[oX
[}
Qo
I
=
=2
©
2
[]
[
@
C
'_
o)
=
L.
a
o
@
ey
=
=
3
o
Q
<

(0]
(2]
(]
o
o
g
(0]
b=
(0]
(2]
£
>
T
g
c
(0]
k)
Q
(]
(0]
c
(0]
[0
o]
(0]
>
©
e
>
(0]
€
w
2
o
o
=
(0]
XS]
<
Q.
[0
©
()]
[e]
o
>
Z
(0]
€
(o]
w
e)
C
©
-
[0]
=
©
o)
(0]
Qo
[0}
o]
=
[e]
c
C
(]
o
2
(0]
>
(0]
2
o
~
-
C
E
@
=
£
(o]
S
Qo
=
[$]
(0]
Q.
(II’)
(o]
C
=
[0]
(%]
(0]
o
>
Z
-
(0]
L
£
(o]
e)
C
©
d
k]
>
=
(2]
()]
£
©
©
(0]
<
)
-
©
[0)
o
o]
e)
o
(o]
2
-
e
=
(o))
C
K]
(0]
£
)
£
=)
2
o
(0]
T
=
[e]
el

o
e
=

>
Ie!
=
=]

©
=

]
L

c
Qo

7

&2

o

>

[
=
=

©
)
=

<}
<
=
>
®©
©
<
s

[2]

®©

c
e
=

©

o
o)

>

o
§)
=
=
b

o

c
e

7

&2

o

>
=

c
=

S

©
<
=

©

[2]

S

n International Perspective

RECENT DEVELOPMENTS IN INTERNATIONAL SCIENCE AND TECHNOLOGY PERSONNEL DATA COLLECTION 17

conceptual work, with a slight preference for the first approach (due to better data availability).

SHOULD TECHNICIANS BE INCLUDED?

It is, furthermore, not very clear, when we talk about scientific, technological, and engineering personnel,
whether the category of technicians (or people with corresponding educational level backgrounds or professional
experience) should be included. Lack of competent technical staff may create problems just as serious as an
insufficient supply of scientists and engineers, and concern has been expressed by OECD, and industrializing
countries as well, of risks of forthcoming "bottlenecks" in the supply of technicians.

At the workshop, participants spoke in favor, but far from unanimously, of the inclusion of technicians in
the coverage of the HRST. The principal argument in favor of their exclusion was essentially one of practical
measurement problems; whereas it is quite easy to define what we mean by scientists and engineers in terms of
the International Standard Classification of Occupations and the International Standard Classification of
Education, it is more problematic to define the technicians (and associated categories).

WHAT DISCIPLINES SHOULD BE INCLUDED IN S&T?

Another question concerns the coverage of the science and technology activities themselves. The R&D
statistics manual, which to some extent serves as a model for the HRST manual, recommends the inclusion of the
natural sciences and engineering, including the agricultural and medical sciences, on the one hand, and the social
sciences and humanities on the other.

In his draft manual, Dr. Pearson proposed that only the natural sciences and engineering should be covered
—the social sciences and humanities should be excluded. This appeared to be a typically Anglo-Saxon position
that met with resistance from countries with the "Wissenschaft" approach. Some workshop participants spoke in
favor of including the social sciences but not the humanities. It was finally agreed to recommend a coverage
identical with that of the R&D statistics, though with sufficiently distinct subclasses to permit the separate
identification of the social sciences and humanities (to make their exclusion possible).

ALL SKILLED PERSONNEL OR ONLY THOSE ENGAGED IN S&T?

Similar discussions took place on whether we were interested in the total potential ("reserve") of S&T
personnel (to be identified as all people with appropriate educational backgrounds or working in such
occupations) or only those who are economically active, and, if so, whether we should concentrate on only those
who are directly involved in S&T activities (such as the second UNESCO category mentioned earlier). The latter
approach would probably exclude all medical and associated practitioners and, of course, all people with S&T
training but working in nonscientific activities. Here, people working in the higher education sector (i.e., the
third level of the national educational system) would be included in the data, but should people with the same
S&T diplomas working at lower levels of the educational system really be excluded?

DEPRECIATION OF QUALIFICATIONS

Another directly related problem was raised. S&T are activities in rapid evolution, necessitating continuous
theoretical and practical updating. Should people with a basic S&T training obtained in areas of rapid change,
say 20 years ago, still be included in the S&T potential? Should retired scientists and engineers or persons older
than, for example, 70 years, still be considered for the measurement of total S&T potential?

No specific recommendations were made by workshop participants on this point, but, at a later stage of the
discussions, it was recommended that highest priority be given to the measurement of HRST under the age of 70.

STOCKS AND FLOWS OF S&T PERSONNEL

The 1981 and 1992 workshops concluded that information is needed on both stocks and flows for a better
understanding of the S&T potential and possible future developments. Stock data present a snapshot of the
situation at a particular point in time (and how the labor force is employed), whereas flow data indicate sources
of change in the stock (inflows or outflows)

Copyright © National Academy of Sciences. All rights reserved.
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during a given period of time, usually a year.

SOURCES OF DATA

As already mentioned, few countries undertake general surveys of their S&T personnel resources. Such
information is drawn instead from a variety of other sources.

The most commonly cited source of stock data is the population census undertaken, depending on the
country, at perhaps five- to ten-year intervals. Its principal disadvantage is that the results are often available
only several years in arrears. Other sources are household surveys, surveys of industrial and R&D activities,
various kinds of educational and employment surveys (usually annual), etc.

For specific policy studies, ad hoc surveys have also been undertaken, and central population and other
administrative registers are increasingly used. Specialized trade and professional bodies maintain member
registers that may be of interest.

For the flow data, the principal source is, of course, the educational statistics, in the short-term notably for
numbers of people in the higher education pipeline, i.e., numbers of students entering, already in, or graduating
from the higher education system (inputs, throughout, and outputs). First-destination surveys, which may shed
light on various aspects of flows from higher education to employment, are, as indicated earlier, carried out in
several OECD member countries.

The stock and flow chart below is an illustration of the principal stocks and flows of S&T personnel within
the national science and technology system. (See Figure 1.)

S&T PERSONNEL VARIABLES OF POLICY

Ideally, we should like to have gross data for all the arrows and boxes of the stock and flow chart, each
cross-classified with detailed breakdowns by, for instance, type of personnel, occupation, sector of employment,
educational background, broad or detailed field of qualification, gender, age, nationality, etc.

In practice, all this would be too ambitious; it would be exceedingly difficult to handle such a
multidimensional matrix, and, once again, the more detail, the more difficult the international comparability! A
realistic selection of possible variables must be made very shortly. This choice will be greatly influenced by the
current availability of corresponding, relevant (education, employment, etc.), and internationally comparable data.

INFLOWS OQUTFLOWS
Stocks of Active STP —> To non—-S&T
Start of Period activity
> To inactivity/
unemployment
Qualifying
in Higher Education > Retirement/
death
From non-S&T
activity > Emigration
+
Re-entrants Stocks of Active STP
from inactivity/—r—— End of Period
unemployment
Immigration >

NOTE: This early stock and flow chart will be considerably amended in the final version of the HRST manual.
SOURCE: Institute of Manpower Studies, Falmer, Sussex, United Kingdom.

FIGURE 1 Principal stocks and flows of S&T personnel.
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FULL-TIME EQUIVALENCE VERSUS HEAD-COUNT

Internationally comparable R&D personnel data have been collected in terms of full-time equivalence
(FTE) only. While FTE series are considered more accurate than head-count data for international comparison of
the R&D volume proper, they do not permit serious comparisons with other personnel series, such as population,
education, and labor statistics. However, this is being amended. The new (1992) version of the Frascati manual
recommends, for example, that R&D head-count data also be collected. This is a direct consequence of increased
interest in human capital resources and constitutes the necessary linkage between the Frascati manual on R&D
and the new manual under development for the measurement of total stocks and flows of S&T personnel.

COMPATIBILITY WITH INTERNATIONAL CLASSIFICATIONS

For all these breakdowns, internationally adopted classifications should be used, such as UNESCO's
International Standard Classification of Education (ISCED), the International Labor Office's International
Standard Classification of Occupations, and the United Nations' International Standard Industrial Classification
and System of National Accounts, of which the latter three have just been revised. Revision work has also been
initiated of ISCED, which defines different levels of education and detailed fields of study classification.

Besides traditional demographic statistics needed as a basis for forecasting and modeling, a variety of other
factors of importance for international comparisons of human S&T resources systems are also discussed in the
draft HRST manual, such as shortages and vacancies, salaries, retirement ages, and attitudes to S&T studies and
careers.

WHAT NEXT?

Following the discussions at the 1992 workshop, work has continued with a view toward improving the
concepts for measuring HRST. A first revised version of the manual, which draws to a large extent on the
findings of the inventory of national and international practice and experience described earlier, was circulated to
OECD, Eurostat, and UNESCO experts during the summer for another round of technical discussions in the fall
of 1993. (The experts' final "green light" was given to the second revised version of the HRST manual at a
meeting in Canberra, Australia, in April 1994, and it is hoped that it will be available as a "general distribution"
OECD publication before the end of 1994.)

In the meantime, it is also hoped that the provisional guidelines will be tested in practical ways, notably
within the framework of the ambitious project on Scientific, Technical, and Engineering Personnel at Industry,
Science, and Technology Canada. OECD is taking steps to use notably some of the already available (and
reasonably internationally comparable) third-level educational statistics for this purpose.

Copyright © National Academy of Sciences. All rights reserved.
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The Trends in Scientific and Engineering Personnel in Japan
and the Focus of Research in the National Institute of Science
and Technology Policy

Hajime Nagahama

ESTABLISHMENT OF NISTEP AND ITS TASKS

The National Institute of Science and Technology Policy (NISTEP) was founded in July 1988 as an
organization within the Science and Technology Agency. NISTEP analyzes the increasingly complex and
diverse circumstances surrounding science and technology (S&T) and carries out both theoretical and empirical
studies on various subjects with an eye toward forming a S&T policy geared to the needs of a new age.!

Toward this end, NISTEP, in close cooperation with the Council for Science and Technology Policy and
other related domestic organizations, as well as with foreign organizations involved in S&T policy, engages in
research activities while positively promoting exchanges with researchers at home and abroad. (See Figure 1.)

= Swndn > __,..--*----"'"--.____
Usiv. of Lund = -
~ L)
=U.5.A>
NSF
o < Chino > Heivard Uiy,
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FIGURE 1 Cooperation overseas.
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BACKGROUND OF THE PROBLEM OF SCIENTIFIC AND ENGINEERING PERSONNEL
IN JAPAN

Historical Character of Education for Scientific and Engineering Personnel

Since the Meiji Restoration, the Japanese government has imported western S&T as a combined
civilization. The Meiji government sent many students to study abroad and, in parallel, employed many foreign
scientists and engineers to modernize, enrich, and strengthen Japan.

Engineering education has been emphasized in the national educational policy since the Meiji era.
Therefore, Japanese universities have had both science and engineering faculties and have educated both
scientists and engineers since the early period. The national government has mainly taken responsibility in
fostering scientific and engineering personnel in Japan.

Current Situation in Scientific and Engineering Personnel Supply

The supply and demand gap of scientific and engineering personnel will continue both in quantity and
quality. In recent years many excellent university graduates in the scientific and engineering fields have decided
to work in the banking and insurance industries and not in manufacturing industries. Aware of the decline of
scientific and engineering facilities in Japanese universities, people anticipate new policies aimed at promoting
personnel in advanced and basic science and engineering fields.

Problems and Prospects in the Near Future in Japan

* Shortage of young human resources and aging of demographic structure (see Figure 2)

New gradunies from . Unit:l0 thowsands
J- High schools peraons, (5}

.N &
Number of Success ratio for
I8 years ald Entramce examinalion

I

Applicant ratle to
higher education

]

Contimmance ralio
ol gradestes Intp
bigher educatlon

i New emaotranis te
wp 1
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IIIIL-. e |
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SOURCE: Planning Division, Higher Education Bureau, Ministry of Education, Science, and Culture, Japan.

FIGURE 2 Demographic change of 18-year-olds and the scale of higher education.
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Changing attitudes of youth toward S&T (young people drift away from S&T) (see Figure 3)
Diversification and globalization of scientific and engineering personnel supply—female, aged people,
and foreigners

MAIN CONTENTS AND FOCUSES OF RESEARCH CONCERNING SCIENTIFIC AND
ENGINEERING PERSONNEL IN NISTEP

Main research concerning scientific and engineering personnel is classified into the following six groups by

theme:

Research on public understanding of S&T and STS communication

Research on careers and professional activities of scientific and technology personnel

Research on trends of S&T careers through S&T award

Research on choice of field by university applicants and employment trends of science and engineering
graduates

Research on science and engineering doctorates in Japan

The Japanese S&T indicator system

Next, I will talk about the simple summary of respective studies belonging to the above themes.

(1) Hele (2) Feanle

19-15 |ﬁ| 1'9I'H 1§!‘I‘ 1555! Isﬁ!

1978 1881 1988 187 1550 1531 Yoar Year

SOURCE: 1991 Survey: AC, Opinion Survey of Science and Technology Other Surveys: Public Relations
Division, Prime Minister's Office, Opinion Survey on Science, Technology, and Society, Japan.

FIGURE 3 Changing ratio of interest in news and topics on science and technology.
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Research on Public Understanding of S&T and STS Communication

Studies belonging to this group are based on public opinion surveys toward S&T, and study the hypotheses
and structure models of public attitudes and acceptance of S&T, the S&T triad, and scientific literacy. These
studies aim at analyzing attitudes toward S&T, measuring scientific literacy, and encouraging smooth
communication between the public, scientists and engineers, and organizations (government, private enterprises,
etc.). (See Figure 4.)

The studies belonging to this group started from the study of Science, Technology, Society, and
Communication (STSC study) (ATS Report No. 17, March 1991) by the 2nd Policy-Oriented Research Group.

This study concluded that the public, scientists and engineers, and organizations (government, private
companies, etc.) have to maintain smooth communication through co-ownership of scientific and technological
information in the prospective society, which is highly industrialized by advanced S&T, and proposed a S&T
triad model, concepts of STCC and SCC, in order to understand their relation.?

The study group developed a hypothesis based on the S&T triad shown in Figure 5. This communication
model represents the social relation of S&T communication.

Research on Careers and Professional Activities of Scientific and Technology Personnel

The 2nd Policy-Oriented Research Group published a report Public Attitudes on Science and Technology:
Based on Opinion Survey Results (NISTEP Report No. 2, June 1989) in connection with the above STSC study.

Fersonal Background
(Fact Sheet)

J I

Interest and <— Emotion and
Information Sources Psychological Scale
(Quality and Variety) - (Preference and

Ministries)
Knowledge <= Recognition and
{Quality and Quantity]) Attitudes (Opinion
- on Natural and
Social Phenomena)

l 1

Risk and Benefit Perception
{Judgment of Merits and Demerits on
Science and Technology)

|

Acceptance and Refusal of Science and Technology
(Response for Research, Utilit'{, and
Policy on Science and Technology)

SOURCE: Study Group for the International Comparative Study of Public Understanding of Science and
Technology, Japan.

FIGURE 4 Structural model of public attitudes and acceptance of science and technology.
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S & T Triad
the Public
Media Media
(Dialogue) (Products, Services)

| 1 | —
| scientists and | € Media — | organizations |
| Engineers | (Employment ) | E
L | l I

SOURCE: NISTEP Report No. 17, Science, Technology, Society, and Communication.

FIGURE 5 The communication model among the public, scientists and engineers, and organizations (S&T Triad).

Since 1990, NISTEP has participated in an international comparative study of Public Understanding of
Science and Technology.?

NISTEP organized an international symposium on public understanding of S&T and science and
mathematics education in Tokyo in October 1992 in cooperation with the International Council Group of the
above international comparative study.

Studies belonging to this research theme aim at looking for directions to improve research conditions for
Japanese scientists and engineers who are doing creative research activities.

The 2nd Policy-Oriented Research Group administered two studies under this theme. The first study
resulted in a report on the Background and Professional Activities of Natural Science Research Personnel in
Japan (NISTEP Research Material No. 20, February 1992). This report compiled the results of two surveys.

The first survey emphasized from which universities Japanese university teachers in natural science fields
received their doctorates. It included university teachers in natural science fields working at all national and
public universities and 10 selected private universities. The second survey showed the actual activities and
professional careers of graduates. It included 678 researchers in universities, national and public laboratories,
and private enterprises.

The report of the second study dealt with The Interchange of Researchers and Engineers Between Japan
and the Other Countries (NISTEP Report No. 16 and NISTEP Research Material No. 12, March 1991). This
study was based on the following three government statistics:

1. Annual Report of Statistics on Legal Migrants, Ministry of Law
2. Statistics on Foreigners Staying in Japan, Ministry of Law
3. Annual Report of Statistics on Japanese Nationals Overseas, Ministry of Foreign Affairs

The report features the actual results of the exchange of researchers and engineers between Japan and other
countries for a period of 20 years (1970-1989) by object, nation, and region. (See Figures 6 and 7.)

Research on Trends of S&T Careers Through S&T Award

This research aimed at emphasizing the research conditions and highlighting excellent research cases that
were awarded by the Minister of State for S&T. The
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INTERCHENGE RATIO
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SOURCE: NISTEP Report No. 16, The Interchange of Researchers and Engineers between Japan and Other
Countries: Study based on Annual Report of Statistics on Legal Migrants, Statistics on Foreigners Staying in Japan,
and Annual Report of Statistics on Japanese Nationals Overseas.

FIGURE 6 Dispatch and acceptance of researchers and engineers (1989).

INTERCHANGE RATIO
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SOURCE: Report No. 16, The Interchange of Researchers and Engineers Between Japan and Other Countries:
Study based on Annual Report of Statistics on Legal Migrants, Statistics on Foreigners Staying in Japan, and
Annual Report of Statistics on Japanese Nationals Overseas.

FIGURE 7 Dispatch and acceptance of researchers and engineers (20 years).
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first step of this study was published as the Trends of Science and Technology Activities in Japan Using
Science and Technology Award Statistics: Persons of Scientific and Technological Merits, Commendation by the
Minister of State for Science and Technology (NISTEP Report No. 10, March 1990). In this report, 637 cases
over 31 years (1959-1989) were listed and analyzed from multiple viewpoints.

This research now steps into the second round, where several remarkable cases are selected from those
included in the first step of the study. Next, we are going to analyze and study the excellent achievements and the
research conditions that bring about such achievement. The results of this study will be published by the end of
1993.

Research on Choice of Field by University Applicants and Employment Trends of Science
and Engineering Graduates

Three NISTEP reports and one seminar report were published in this group.

The first report considered the Employment Trends of Science and Engineering Graduates (NISTEP Report
No. 1, June 1989). This study focused on the trend since 1985 of a fair number of the most excellent graduates
from science and engineering faculties (undergraduate level) finding employment in service industries, such as
banking or insurance, not in manufacturing industries. This report also analyzed the reasons for and the prospects
of this trend.

The second report was on the Choice of Fields of Study Among University Applicants: How Many Young
People in Japan are Planning to Study Science and Engineering in Universities? (NISTEP Report No. 12, August
1990). Based on the results of a survey that sampled approximately 4,000 Japanese high school students, this
study analyzed the students' attitude toward S&T and the choice of fields these students desired to enter into at
universities.

The third report was on How the Information on Science and Technology Activities Should Be Sent to
Younger Generations—Based on the Analysis of the High School Students' Attitudes Toward Career Selection
and Science and Technology (NISTEP Report No. 24, October 1992). This report discussed the possibility of
enhancing scientific and technological human resources through improving the scientific and technological
information to Japan's younger generation. The contents of this report were based on the second analysis of
survey results conducted for NISTEP Report No. 12. (See Figure 8.)

The fourth, a seminar report, described the Savages in a Civilized Society—Young Peoples' Drift Away from
Science and Technology (NISTEP Seminar Report No. 26). This report is a record of a March 1991 speech by
Mr. Shin'ichi Kobayashi, a visiting researcher of NISTEP. Mr. Kobayashi proposed a hypothesis based on The
Revolt of the Masses by Jose Ortega y Gasset, a Spanish philosopher, and applied his hypothesis to the results of
the above survey of high school students. (See Figures 9, 10, and 11.)

Research on Science and Engineering Doctorates in Japan

Research in this group aims at strengthening policies to encourage doctoral programs in the S&T fields. It
also covers the basic problems in doctoral courses.

The first study was a report on the Quantitative Comparison of Science and Engineering Doctorates in
Japan and the United States—Training of Researchers in Japanese Doctoral Programs (NISTEP Report No. 7,
December 1989). This study focused on the quantitative comparison of doctoral courses in science and
engineering fields between Japan and the United States, especially the awarded number of doctorates between
these two nations. (See Figure 12.)

The second report focused on Conditions of the Strengthening of Doctoral Course in Natural Science Fields
(NISTEP Research Material No. 26, November 1992). Based on survey results and interviews with university
professors, private enterprise leaders, researchers, and students in graduate courses, this study recommended
some schemes to encourage Japanese scientific and technological research by strengthening doctoral courses.

The Japanese S&T Indicator System

NISTEP published its first report on the Japanese S&T indicators system in September 1991. In this report,
indicators concerning S&T were composed in Chapter 2 and in some clauses in other chapters.
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FIGURE 8 Model of information flow on youth's career selection and science and technology activities.
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FIGURE 9 Formulating the "Savages in a Civilized Society" hypothesis.
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FIGURE 11 Distribution according to survey of high school students.
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Japan United States

Doctorates a3

Master's

18980

Doctorates &48

Master's
1985 degrees

1988

NOTE: Numerical values represent number of persons per unit population (100,000 people). Foreign students are
not included. The number of Japanese doctorates per unit population is equivalent to the number of young
doctorates, with 1980 representing fiscal 1979, 1985 representing fiscal 1984, and 1988 representing fiscal 1987.
SOURCE: NISTEP Report No. 7, Quantitative Comparison of Science and Engineering Doctorates in Japan and
the United States.

FIGURE 12 Comparison of science and engineering human resource supply structure in Japan and the United
States.
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CONCLUSIONS

Through the above research, NISTEP has focused on three points about the essence of S&T career problems.

1. Encourage good relations in communication between the public (especially the younger generation),
scientists and engineers, and organizations (government, private enterprises, etc.) regarding common
S&T information.

2. Improve the educational system, especially in doctoral programs that train scientific and
technological researchers in Japan.

3. Ensure high salaries for and good treatment of scientists and engineers in society.

In general, the Japanese people have created a highly industrialized society through great effort to
modernize, westernize, and industrialize their nation over the past 100 years. During this period, Japan's social
system and industrial structure has changed entirely, especially in the research fields of S&T. Although the gap
between Japan and the western world continues to narrow, there are a few fields that are exceptions. These
exceptions include the scarcity of doctoral programs in universities and the weakness of an informal public
relations system in S&T information (especially in the academic world and the public).

Finally, I would like to emphasize that NISTEP aims to encourage international cooperation and to
contribute to S&T policy research. The S&T career problem is one of the most important themes that NISTEP is
now tackling.

Copyright © National Academy of Sciences. All rights reserved.


http://www.nap.edu/catalog/5109.html

ational Perspective

THE TRENDS IN SCIENTIFIC AND ENGINEERING PERSONNEL IN JAPAN AND THE FOCUS OF RESEARCH IN THE 31
NATIONAL INSTITUTE OF SCIENCE AND TECHNOLOGY POLICY

NOTES

1. The following chart describes the organization of NISTEP in 1993:

hdvisers

Visiting Researchers

— let Theory-Oriented Research Group
[HONAKA, Ikujirco)

— Znd Theory-Oriented Research Group
[GONDA, Einji)

lst Policy-Oriented Research Group
[SHIMODA, Ryuji]

Director-General
SAKAUCHI, Fujio — Znd Policy-Oriented Research Group
[NAGAHAMA, Hajime)

Deputy Director-General 3rd Policy-Oriented Research Group
SHIBATA, Jiro [SHIBATA, Jiro]

— 4th Policy-Oriented Research Group
Number of Personnel: 46 [ SAEAMOTO, Tamotsu]
({Research Personnel: 28)

—— Information System Division
[KOMURD,; Shinzo]

— General Affairs Divielion
[KURODA, Tsutomu]

— Planning Division
[ SOEJIMA, Hajime)

[ ] dencteas Director of esach section
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2. NISTEP Report No. 17 includes the following S&T communications model:
Science and Technology Communication Center Science Communication Center

(1
2

(€))

“4)

)

(6)

O]

To promote intellectual activities and to provide needed incentives.

To provide for adults and children access to the essential experience of scientific activities. In order
for the public to become familiar with S&T, it is necessary to provide opportunities for them to
come in contact with scientific and technological achievement.

Society requires a system that nurtures the creativity as well as educates students about past
scientific achievements. We have to construct a dual learning system that has two types of courses:
one for static knowledge stock and the other for active inquiry.

It is necessary for the public to provide a place where people can communicate with others,
especially scientists and engineers. In the post-industrial society, social development will be
guaranteed by full communication—consistent flow of information—with producers and consumers.

To nurture abilities to discover and recognize invisible values or mechanisms. Namely, each person
will be required to possess more ability in order to understand natural or social phenomena and
movements (such as relativity, cooperation, contradiction, and circulation, etc.).

Future development and public acceptance of S&T depend on the public's total recognition of S&T
(e.g., goodness or badness of S&T, convenience or inconvenience of S&T, or what presumptions are
presupposed and what limitations those technologies have, etc.).

It is necessary for us to proceed and achieve the objectives outlined in the six items above. We
recommend a "Science and Technology Communication Center" as a social infrastructure in which
the public and scientists and engineers can participate together in scientific activities and events.
Such centers would also function as learning centers (a lifelong education system) that would
support school education viewpoints as part of a dual learning system.
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3. The following material represents the Outline of the International Comparative Study of the Public Understanding on Science and
Technology:

OUTLINE OF THE INTERNATIONAL COMPARATIVE STUDY OF THE PUBLIC UNDERSTANDING ON SCIENCE AND
TECHNOLOGY

(1.) Participation (as of October 1992): Japan, U.S.A., Canada, EC (12 countries), and China
(2.) Current surveys

—
Country/Region The Latest Survey The Next Survey
Japan MNov. 199] Unsettled
(Pilot survey:
Jan. 1991)
U.S.A. 1990 Every two years
Canada 1988 1992
(For youth: 1993)
EC 1989 1992
U.K. 1988 1992
China 1991 Unsettled
(3.) International Council Meeting (every year)
Ist April 1990 London 4th 1993 Chicago
2nd Feb. 1991 Washington Sth 1994 London
3rd Oct. 1992 Tokyo 6th 1995 Beijing (prospect)
(4.) Liaison Centers
Japan: 2nd Policy-Oriented Research Group, National Institute of Science and Technology Policy
USA: Science and Engineering Indicators Program, National Science Foundation and the ICASL, Chicago Academy of Sciences

EC: EC Commission DG XII (Brussels) and the Science Museum Library (London)
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Developing Data Systems on Trends in Science and
Technology Careers

Glynis Breakwell

My task is to explore how the research described in the papers of Westholm and Nagahama assist us in
monitoring trends in science and technology (S&T) careers. It is also my task to examine what other factors
should be taken into account when developing information collection procedures that will provide adequate data
systems for policymaking concerning human capital resources in S&T.

WHAT DATA ARE NEEDED?

Three types of data are actually needed in policymaking in this area:

Type 1. Data on what S&T personnel exist at any one point in time.

Type 2. Data on the patterns of change in S&T personnel over time.

Type 3. Data on the factors that influence changes in both the quality and quantity of S&T personnel.

Type 1 data are what Westholm calls information on the stock of S&T personnel. Type 2 data are what he
calls the flow of such personnel. Type 3 data, which are by far the most complex, seem to me to be the main
target for the substantive work described by Nagahama. It could be argued that a fourth type of data should also
be collected: on availability of jobs per se. The availability of jobs should not be confused with availability of
careers. Data on careers would entail a longitudinal perspective following individuals over time.

WHAT PROBLEMS MUST BE OVERCOME IN CREATING DATA SYSTEMS?

Problem 1: Comparability—Geographical and Temporal

Any decent data system requires unambiguous categories or units of measurement. We are certainly not
faced with a dearth of stock and flow data. As Gunnar Westholm explained, these exist for extended time periods
in some countries. We lack comparable data—comparable, that is, across time and across place.

At one level, the lack of comparability is merely a product of confusion of terminology. Either the same
word is given different usages or different words are given the same usage. There is, for example, the perennial
problem of the meaning of technician. At a rather more significant level, comparability is lost because data
collection procedures differ. In this case, the category or unit of measurement is agreed, but the data collected
varies in accuracy or rigor. The reasons for differences in data collection procedures are numerous. They should
be examined by all who are interested in ensuring valid and reliable data systems. Only by identifying the nature
of these differences and the reasons why they are perpetuated will we begin to know how to regulate the research
community in such a way as to achieve data comparability.
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There is, however, a super ordinate question: Why do we need international comparability? This would
imply either the existence of international policymaking or an international S&T job market. Neither currently
exist except for a relatively small number of high-level jobs.

Problem 2: Specificity

Achieving data at sufficiently specific levels of description has been a problem. Aggregation of data at the
level of the lowest common denominator has been necessitated by the low levels of comparability. As categories
or units of measurement have become more specific, their implications have been more selective and
idiosyncratic. Westholm rightly emphasizes OECD's problems in this regard. He argues they result in macro
rather than micro levels of data being used in any comparisons across countries. There is obviously some trade-
off between comparability and specificity at the moment. This is not inevitable, but if it is to be avoided, there
will need to be even greater international collaboration in establishing the definition of the categories or units of
measurement used.

There is, however, another problem that militates against the development of more specific S&T data. It
stems from the nature of S&T activities and the way in which they are embedded in economic and policy
systems. At the heart of S&T development is the creation of new job categories and different career structures.
This makes it necessary for data systems to anticipate trends in order to ensure that the information collected is
relevant and up-to-date. Such anticipation is not often possible. The more specific the unit of measurement, the
more it is open to becoming redundant as scientific and technological changes transform labor demands. It seems
that it is important for policymakers to decide the levels of specificity that will optimize planning. These levels
will, of course, vary according to the precise S&T domain under consideration. It is conceivable that in areas
where changes are less frequent or significant, high levels of specificity will be feasible. The point is, however,
that the level should be dictated by planning requirements rather than convenience. It would have been useful if
the papers by Westholm and Nagahama had considered what new structures might be needed at the international
governmental level to establish optimum specificity in data sets.

Problem 3: Periodicity

Regular periodic data collection is needed but does not actually happen in most countries. Currently, there is
an unhealthy reliance upon ad hoc studies or, as Westholm argues, tacking extra questions on to other surveys.
What seems to be needed is the education of national data collection agencies about the purpose and value of
having, firstly, regular data and, secondly, internationally coordinated schedules of data collection. National
agencies need to be persuaded that involving the international research community in developing the instruments
used in data collection is worthwhile. It is necessary for us to prove the policy value of such statistics. Examples
of the proven worth of these types of data sets would have been valuable in the papers by Westholm and
Nagahama.

If systems of regular periodic data collection were established, they might act as something of an antidote to
one of the major problems in existing practice. Typically there are substantial time lags between data collection,
analysis, interpretation, publication, and policy application. This often means that policy is based upon statistics
that are out-of-date and misleading. Regular data sweeps would encourage streamlining of data handling as
routines were introduced. Regularity would allow better trend analysis and once established these trends would
focus the direction of initial analyses, speeding interpretation. Needless to say, regular sweeps would also be
likely to create a group of researchers with specific expertise.

Problem 4: Structuring the Data

Issues of comparability, specificity, and periodicity tend to distract us from the equally significant problems
associated with determining what data are really necessary. Westholm's model of stocks and flows of S&T
personnel is undoubtedly a useful starting point in examining these problems. It is underpinned by the UNESCO
distinction between the total stock of qualified manpower and the number of economically active qualified
manpower (which begs the question: does qualified refer to educational or occupational achievements? But that
can be left aside for now). This distinction has to be further broken down into those who are qualified and
working in S&T and those who are qualified but working in some other area. These two criteria for
dichotomizing the stock of S&T

Copyright © National Academy of Sciences. All rights reserved.
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personnel essentially yield the model proposed. I cannot accept the label Westholm gives the flow diagram; it is
a way of systematizing what we need to know, but it is not a theory. It is actually the cross-classification, which
he says is too ambitious, of inflow and outflow information with detailed breakdowns by, for example, type of
personnel, occupation, sector of employment, educational background, age, gender, nationality, etc., which
would allow an explanatory or predictive theory to be developed. Such cross-tabulation is the only way to
generate a model specifying what factors influence the patterns of inflow and outflow.

The schematic, as it stands, focuses solely upon the extent to which the active stock of S&T personnel
(STP) is maintained. Another complementary schematic is needed to represent movement within the active stock
between categories or career or job. Such a schematic would need to represent changes in the structure of the
STP stock in terms of age, gender, sector of employment, fields of qualification, location, etc., across time.
These changes in the structure of the stock are important in policymaking.

Once the changes in the structure of the STP stock are treated seriously, another question is raised. The
topic of this conference is trends in S&T careers, not jobs. The concept of career implies the need to consider
what happens to a person over time in terms of education and employment. The model of data collection implicit
in Westholm's schematic is cross-sectional, not longitudinal. It would make it difficult to establish anything
about trends in scientific and technical careers except through tenuous extrapolation. A simple example serves to
illustrate this point. Let's say that half of the STP stock occupied research and development jobs and the other
half did not (I realize this is unimaginable) at time one (1993) and the same proportions exactly were found to
apply at time two (2093). (It could be that the individuals in each sector had remained the same or it could be
that some proportion of individuals had switched sectors. As long as the proportions switching were identical,
the results would be the same.) From such data, we know nothing about careers per se. In order to understand
something about careers, we need information on one individual across his or her life span. This is, of course, the
area where Nagahama's report offers great hope. It is evident, even from the very brief descriptions given, that
the Japanese research is focusing upon the structure of scientific careers.

Nagahama's summary of research activity at NISTEP reveals an emphasis on modeling the factors that
influence changes in the inflow and outflow of STP. The studies of public understanding of science, the
assessment of the impact of educational policy, and the effectiveness of intervention techniques are all motivated
by the need to understand how people come to choose and maintain effective careers in S&T. Of course, such
studies are based on quite different types of information from the stock and flow model of Westholm. These data
are probably even less open to tight international comparability. In fact, comparability in such studies at the level
of the operational definition of indexes might be pointless. Cultural differences in the factors affecting career
decisions may make cross-cultural comparability in data collection redundant as well as impossible. Cross-
cultural comparability will probably have to be achieved at the level of theoretical rather than operational
constructs. This may not be too severe a problem if the forecasts within cultures are good. After all, these data
are designed to serve a different function from the statistics on overall stocks and flows. While stocks and flows
data primarily reveal availability, these data are the basis for manipulating availability.

The ultimate objective of such modeling of the factors influencing career choice and change would be
prediction and manipulation of trends in STP stocks. Westholm regards prediction or forecasting as hazardous
and too difficult. Yet I am glad to see Nagahama's Institute attempting it at some levels. Without forecasting,
such exercises become merely descriptive—a sort of statistical historicism. Since the data are always
retrospective, they come to have a less influential role in policymaking.

CONCLUSION: CONFRONTING THE PROBLEMS

Specification of the problems takes us some way toward their solution. In fact, it seems we know pretty well
what sorts of data are needed on stocks and flows of STP. We also know what factors should be explored in
establishing predictive models. The difficulties lie at the pragmatic rather than the conceptual level. It is the
financial and political constraints that make progress slow. We should be discussing how to overcome them.
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PART II
Analyzing Trends in Science and Technology Careers: The
Longitudinal Approach
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Summary of Introductory Comments

Paul Baltes

There are several ways to think about the development of science and technology (S&T). For instance, we
can think about the development of individuals across their life span; that is, in terms of achieving their full
potential to contribute to the S&T process and in terms of their active participation in the S&T workforce. We
can talk about the development of institutional structures and the interactions between people and the S&T
system. We might focus on generational dynamics such as the transformation of social roles and the age at which
society expects someone to step into the role of a scientist or engineer. Finally, there is the concept of the life
cycle of research programs. In all of these scenarios of S&T development, there is an implicit interest in
monitoring both change and constancy. What differs between these scenarios is the unit of analysis and the
nature of the time continuum.

Each of these vistas on the development of S&T, and especially their interrelationships, requires
longitudinal, repeated-measurement methodology in one form or another (Magnusson, 1993; Nesselroade &
Baltes, 1979); that is, research that repeatedly observes the same unit (individuals, groups, institutions) over
time. However, largely for reasons of economy and investigator time, the dominant methodological tendency has
been to conduct cross-sectional research to monitor development—taking, for example, one snapshot of
individuals of different ages, of a labor force, or of an educational cohort. Such cross-sectional studies—studies
conducted at one point—make it virtually impossible to disentangle the many factors that shape the time course
of an individual, a program, or an institution. Moreover, the outcome of cross-sectional, one-time comparisons
confound individual (age) change with historical change. For example, when comparing 40- and 60-year-olds in
1990, these two groups differ not only in age, but also in the historical time during which they grew older
(Schaie, 1965). Thus, strictly speaking, cross-sectional studies fail to provide much insight into the underlying
life course mechanisms of development, whether they are personal, institutional, or societal.

I emphasize this point also because, historically, scientific insights into understanding the limitations of
cross-sectional studies in the analysis of change owes much to Belgium. We are gathered here at a place that
possesses characteristics of a true genius loci, where cohort and age-based methodology are concerned. In the
nineteenth century, the Belgian Adolphe Quetelet (1842) made an important advance in the application of
statistical analysis to social data: he formulated the concept of the "average man." Particularly relevant to today's
conference is his methodological argument for longitudinal research and the need to repeat "age studies" over
time and cohorts to avoid the "disturbances" created by historical period effects. As a result of Quetelet's work,
we mark the nineteenth century as the beginning of research on the developing individual in a changing society
and the study of age-cohort relationships.

We have learned a lot about the concept of human development in the years following Quetelet's seminal
work. The study of human development has evolved
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and the concept of life span analysis and associated life course methodology (such as cohort studies) have gained
favor (Baltes, 1987; Featherman, 1983). Two points deserve highlighting from this century-long quest for
adequate methodology and adequate data:

* There are no methodological shortcuts in understanding the life course of individuals and educational
institutions. If the focus is on change, cross-sectional studies are but a first step.

e There is an important role for longitudinal research in disentangling the complex interactions of
individuals and the environment in which they develop. Moreover, longitudinal studies of single birth
cohorts need to be enriched by cohort-sequential studies.

In summary, for life span and life course researchers, cross-sectional, one-time data are insufficient. Rather,
life span development and life course researchers argue that cohort-sequential and longitudinal data are critical
for developing the knowledge bases required to understand human development in a changing society. Such
methodologies can also be used to formulate effective policies for attracting individuals to S&T and for
facilitating their transition into productive careers. The presentations that follow are illustrations of the need for
longitudinal research and the policy implications they suggest.
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A Demographic Approach to Studying the Process of
Becoming a Scientist/Engineer

Yu Xie

In this paper, I redefine career process as the collective experience of a birth cohort and propose a new
demographic approach to studying the developmental process of becoming a scientist/engineer by following a
synthetic birth cohort through its formative years of career development. The approach is dynamic rather than
static, in the sense that it traces career changes over the life course of a cohort. At any given age, cohort members
are identified as belonging to one of several states relevant to a scientific/engineering career. With data from
longitudinal surveys, probabilities of cohort members' movements into and out of the different states are
calculated as functions of age and population characteristics.

From these transitional probabilities, the process of becoming a scientist/engineer is modeled assuming a
time-inhomogeneous Markov process commonly seen in standard multistate life tables. The time-inhomogeneity
property of the Markov model makes an analysis adopting this approach non-parametric, descriptive, and
capable of reproducing observed statistics with good data. Cross-sectional statistics on scientific careers can be
generated from such a demographic model, for the size of any population is ultimately determined by inflow
rates into and outflow rates out of the population.

The proposed approach has two important advantages over cross-sectional studies, which can only yield
static snapshots of the population size with no information on the dynamic process of inflow and outflow. First,
it makes it feasible to infer current and future descriptive statistics and other useful information on science/
engineering (S/E) careers for any population or subpopulation with observed or hypothesized transition
probabilities. Second, it allows the researcher to locate sources of attrition, especially for women and
disadvantaged minorities, along the pipeline to becoming a scientist/engineer.

One major constraint for implementing the proposed approach in practical settings is the lack of
longitudinal data, which are required for such dynamic analyses. When data from a true longitudinal design are
unavailable, I propose that a synthetic cohort be constructed from different sources. For a demonstration of the
new approach, I piece together data from two large data sets representing U.S. youth as they grow up between
ages 13 and 32. The 1987-1991 Longitudinal Study of American Youth (LSAY) is used to obtain middle and
high school students' (grades 7 through 12) interests in science education and changes of their interests over
time. The 1972-1986 National Longitudinal Study of the Class of 1972 (NLS-72) is used to obtain information
on years beyond high school, i.e., youth's probabilities of majoring in science, receiving science degrees at
bachelor's and master's levels, and working in scientific occupations. Men and women are analyzed separately.

BASIC CONCEPTS AND METHODS

Cohort
In a classic article, Ryder (1965) defines a cohort as "the aggregate of individuals (within some population
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http://www.nap.edu/catalog/5109.html

[}
=}
3
=
[0
o
©
[}
X
®
[}
o
0
()
(o))
©
o
@
o
=
o
£
&=
=
(O]
[72]
[}
o
>
Z
T
£
=
2
(@]
[}
L
£
£
o
=
=
(]
C
~
o
o
0
.
[0}
Q
®©
o
T
£
=2
2
o
(]
ey
£
£
(]
o
=
©
]
2
®
[
o
(&}
[%2]
o
=
-
s
<
£
(]
o
=
©
(]
[72]
o
Q.
€
(]
[}
[}
o
[
[}
[0}
Q0
(2]
©
N
-
=
o
2
T
£
=2
2
(@]
(]
ey
=
Z
]
C
S
2
©
o
C
(]
(2]
]
o
[oX
[}
Qo
I
=
=2
©
2
[]
[
@
C
'_
o)
=
L.
a
o
@
ey
=
=
3
o
Q
<

(0]
(2]
(]
o
o
g
(0]
b=
(0]
(2]
£
>
T
g
c
(0]
k)
Q
(]
(0]
c
(0]
[0
o]
(0]
>
©
e
>
(0]
€
w
2
o
o
=
(0]
XS]
<
Q.
[0
©
()]
[e]
o
>
Z
(0]
€
(o]
w
e)
C
©
-
[0]
=
©
o)
(0]
Qo
[0}
o]
=
[e]
c
C
(]
o
2
(0]
>
(0]
2
o
~
-
C
E
@
=
£
(o]
S
Qo
=
[$]
(0]
Q.
(II’)
(o]
C
=
[0]
(%]
(0]
o
>
Z
-
(0]
L
£
(o]
e)
C
©
d
k]
>
=
(2]
()]
£
©
©
(0]
<
)
-
©
[0)
o
o]
e)
o
(o]
2
-
e
=
(o))
C
K]
(0]
£
)
£
=)
2
o
(0]
T
=
[e]
el

o
e
=

>
Ie!
=
=]

©
=

]
L

c
Qo

7

&2

o

>

[
=
=

©
)
=

<}
<
=
>
®©
©
<
s

[2]

®©

c
e
=

©

o
o)

>

o
§)
=
=
b

o

c
e

7

&2

o

>
=

c
=

S

©
<
=

©

[2]

S

n International Perspective

A DEMOGRAPHIC APPROACH TO STUDYING THE PROCESS OF BECOMING A SCIENTIST/ENGINEER 44

definition) who experienced the same event within the same time interval" (p.845). For example, all individuals
born at the same time (say within a given calendar year) make up a birth cohort. Similarly, events such as
marriage and school entry also define marriage and school cohorts. In this paper, I assume the equivalence
between birth cohorts and school cohorts up to secondary education. This is a reasonable assumption because
most children start school at about the same age and progress through elementary and secondary education on a
similar schedule. For students attending postsecondary schools, I pay closer attention to different schooling paths
so that a person currently not in school may enter school at a later date.

Ideally, we would like to observe all career changes of a real cohort for its entire work-relevant history,
from childhood to retirement. This would allow us to accurately model the life course career process of the
cohort. Such longitudinal designs, however, are unrealistic in practice not only because they are too expensive,
but also because they take too long and thus cannot yield even tentative answers to important questions currently
faced by today's social scientists.

One common solution to this dilemma, often adopted by demographers in studies of fertility and mortality,
is to construct age-specific vital rates from a cross section and assume them to be experienced by a hypothetical
cohort. For instance, the total fertility rate is the expected total number of children a woman would have if she
followed the entire age-specific fertility schedule of a given period, and life expectancy is the expected total
number of years a newborn child would live if he or she were subject to the age-specific mortality schedule of a
given period.

An excellent application of this approach to the study of scientific personnel is found in Berryman (1983),
who compiled detailed cross-sectional statistics at salient points in the educational pipeline (such as degrees at all
levels) by race and gender. One major drawback of this solution, however, is its inability to uncover dynamic
processes underlying cross-sectional data. For example, Berryman was unable to examine the changes in
enrollment status and field of study and their variations across gender and race, even though she clearly realized
the importance of such transitions.

Limited longitudinal studies, a middle ground between purely cross-sectional designs and ideal longitudinal
designs, have gained more popularity and acceptance in recent years. By limited longitudinal studies, I mean that
researchers follow a group of subjects only for a limited duration. Examples are the NLS-72, LSAY, High
School and Beyond (HS&B), National Educational Longitudinal Survey (NELS), and the Survey of 1982-1989
Natural and Social Scientists and Engineers (SSE).

Limited longitudinal studies could be cohort-based, such as NLS-72, LSAY, HS&B, and NELS, or
population-based, such as SSE. While the sampling frames of NLS-72, LSAY, HS&B, and NELS were school
cohorts, the sampling frame of SSE was the population of scientists identified by the 1980 U.S. census. Because
there are currently many large, nationally representative, cohort-based limited longitudinal studies available, I
propose to piece together the experiences of different cohorts to form a synthetic cohort. Here I define a
synthetic cohort as a hypothetical cohort whose life history is constructed from different real cohorts in a
supplementary manner. Even though the synthetic cohort is not real, segments of the cohort's experiences are
real. One major advantage to this approach is that we can observe cohort members' transitions into and out of
different states. This enables researchers to study "social dynamics" (Tuma and Hannan, 1984), which is not
possible with cross-sectional data. See Figure 1 for an illustration of a synthetic cohort (LSAY1 and LSAY?2
respectively refer to the first and second cohorts in LSAY).

Career Process Redefined

Traditionally, career process has been defined as an individual's career history.! This is true in (1) trait and
factor theory, social learning theory, and developmental theory in psychology (e.g., Brown and Brooks, 1990),
(2) status attainment models in sociology (e.g., Sewell, Haller, and Portes, 1969), and (3) rational choice theory
and human capital theory in economics (e.g., Freeman, 1971). One difficulty with this conventional perspective
is that an individual's career choices not only change frequently over the life course, but also change in such
irregular sequences that they cannot be easily characterized by a unidirectional development model.

In this paper, I redefine career process as the collective experience of a birth cohort. While individuals of
the cohort may change their career choice frequently and irregularly, the cohort as a whole may well exhibit
regular patterns of career process that are

Copyright © National Academy of Sciences. All rights reserved.
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subject to scientific scrutiny.> For a given cohort, the career process coincides with maturation and aging, as in
the case of an individual. Different from the individual-based definition, however, the cohort-based definition of
career process allows the researcher to characterize the process using aggregate statistics with a certain degree of
accuracy. Take the process of becoming a scientist/engineer as an example. Over time, some members of a birth
cohort may stay in, move into, or move out of the S/E pool. Transition probabilities for these movements and
non-movements are interesting characteristics of the cohort. In this paper, I explain how to study a cohort-based
career process using these probabilities.

The experiences of different cohorts are pieced together
in an analysis.

1972

Synthetic Cohort

13 14 15 16 17 18 19 20 21 22 23 24 25 26 27 28 29 30 31 32

Age
FIGURE 1 A synthetic cohort approach.

"Bathtub'" Model of a Population

Any population can be described by the "bathtub" model: some people move in from outside while some
people move out from inside. Simple as it appears, the "bathtub" model is actually a dynamic model. If the
outflow rate exceeds the inflow rate for a sustained duration, the "bathtub" would eventually dry out; if the
inflow rate exceeds the outflow rate for a sustained duration, the "bathtub" would eventually overflow.

Now consider the S/E pool as a population somehow-defined. For example, from early grades through high
school, the population can be defined as students who are interested in science subjects and plan to attend
college. In undergraduate and graduate years, the population can be defined as students majoring in science or
obtaining science degrees. In the labor force, the population may be defined as workers in scientific occupations.
As a birth cohort progresses through different stages, some cohort members move into the S/E pool while others
move out of the pool. The task of a demographic analysis is to study the flows into and out of the pool and their
implications for the process of becoming a scientist/engineer.

STATES AND TRANSITIONS

A state (denoted as s) is a distinct, well-defined, temporarily stable condition. A set of mutually exclusive
and exhaustive states constitute a state space (denoted as S, s E S, where S = 1, ... M). Let t denote time, which is
assumed to be discrete in this paper (i.e., t =1, ... 7).

Transition probability, ps(v, W), is the probability that an individual will be in state j at 7=w given he or she
is in state i at t=v (v <w):

pi(v,w) = Prob(s=j,t=wls=i,t=v).

Let P(v, w) be a square matrix that contains all elements of py(v, w):

Copyright © National Academy of Sciences. All rights reserved.
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ip.:(v.w] - B, W
P(v,w) =
| By vw) . p(vw)

Likewise, the marginal (unconditional) distribution of states, p,(v), can be defined as

Pi(v) = Prob(s=i,t=v).
Let £, (v) = Prob(s=it=v) be a column vector that contains all elements of p;(v):
py(e-v)
poft=v)

From these definitions, it is easy to see the following relationship (1) (2)

p(w) = P(v,w)pv),

where P(v, w)'is the transpose of P(v, w). That is, the probability that a person is in the jth state at time w is:

2O) =

P = 3 [p(vp (9]
= ()P (vw)* p, ()R, v
- pm(v)pw(v,w}
MARKOYV PROCESS

Markov processes are commonly assumed in multistate life tables (Namboodiri and Suchindran, 1987,
Chapter 9). In this paper, I borrow this position and construct models based on the Markovian assumption.> That
is, it is assumed that the state distribution at time v+1, p;(v+1), only depends on the state distribution at time v, p

v), not on state distributions prior to v. Note that the Markovian assumption does not rule out past history prior
to time v as totally irrelevant to the state distribution at time v+1. It only states that past history prior to v is
relevant to p;(v+ 1) only insofar as it affects p(v). In the language of structural equation models, prior history has
no direct effects, but only indirect effects through p;(v). The Markovian assumption means that we can obtain the
Enarginal (unconditional) distribution of states at time v+1 from P(v, v+1) and p{(w+1) = Plvy+1)'p(v). : 3) '

Likewise,
peadp = Pivsl w2 ge+l}
w Pl e 2 Plvs LY glv)
= Pe2) gy
@y pve3) e Plysd w3) ve2)
= Pled 3 Plusl w2y Plv =11 v
* Pl 3) v
In general, the following chain rule is wrue:
&) Ruwd= Pivyel) Pioel,w2) o Plw-1w),

In other words, the transition probability matrix from time v to time w is the product of all transition
probability matrices connecting time v and time w. One implication of the property is that skipping intermediate
steps in calculating transition matrices is not significantly detrimental if they are not of primary concern, so long
as we obtain information about transitions before and after the intermediate steps.

It should be pointed out that the Markov chain model described by equations (1) through (5) follows the
tradition of multistate life tables (Namboodiri and Suchindran, 1987) in that all transition matrices are time-
dependent and subject to non-parametric estimation. This contrasts to the alternative treatment assuming time-
homogeneity or a parametric form for transition matrices, a class of Markov models frequently discussed in the
literature on stochastic processes (e.g., Bartholomew, 1973). In a sense, the Markov model of equations (1) and
(5) does no more than decompose the observed marginal distribution of a later period in terms of transitions and
initial conditions of earlier periods, if data for a true cohort are used. This methodology has been applied to
studies of labor force participation in the form of working life tables (Hoem, 1977) and schooling in the form of
school life tables (Land and Hough, 1989). This paper extends it to the study of the career process of becoming a
scientist/engineer with the construction of a synthetic cohort.

DATA

I combine data from two sources for the construction of a synthetic cohort between ages 13 and 32. The first
source is the 1987-1991 LSAY, and the

Copyright © National Academy of Sciences. All rights reserved.
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second is the 1972-1986 NLS-72. In LSAY two high school cohorts were followed up every semester, one from
grade 7 in 1987 to grade 10 in 1990 and the other from grade 10 in 1987 to grade 12 in 1989. The NLS-72 cohort
was grade 12 in 1972 and was followed up in 1973, 1974, 1976, 1979, and 1986.* I treat the three cohorts as if
they were part of a single cohort. The surveys provide enough information to cover the hypothetical cohort
continuously from ages 13 to 32.5

The pitfall of this research strategy is, of course, that the experiences of the synthetic cohort do not
represent those of any real cohort. In this paper, the data sets used might be problematic, as the earlier years of
the synthetic cohort were observed much later (starting in 1987) than the later years of the synthetic cohort
(starting in 1972). Without better data, my analysis of the life course process of becoming a scientist/engineer
assumes that career process is relatively stable, i.e., age-dependent rather than cohortor period-dependent. This
assumption is consistent with an observation made more than 40 years ago by Ginzberg and his associates
(Ginzberg et al., 1951) that the career process is a developmental process, thus, an age-dependent process.

Each fall, the LSAY survey asked high school students whether they would "enroll in a four-year college or
university" upon graduation. I consider those students who answered "yes" as intending to obtain postsecondary
education. The same questionnaire also asked whether students agree or disagree with the statement "I enjoy
science" as follows: "strongly agree," "agree," "not sure," "disagree," and "strongly disagree." I classify students
who responded "strongly agree" and planned to enroll in a four-year college or university as belonging to the
state of "intended science/engineering postsecondary education." This measure is constructed for all high school
years of both cohorts in LSAY.

In each follow-up, NLS-72 respondents were asked to report their actual or intended fields of study if they
were attending postsecondary school. The answers were coded into six-digit numerical codes. From the 1972
base year to the 1979 fourth follow-up, NLS-72 used a coding system described by A Taxonomy of Instructional
Programs in Higher Education, commonly referred to as HEGIS (Huff and Chandler, 1970). For the fifth follow-
up, NLS-72 changed to a new system described by A Classification of Instructional Programs (Malitz, 1981).
From the two systems of instructional programs, I extracted a number of detailed codes as S/E fields of study.® In
1976 and 1979, NLS-72 ascertained whether respondents had obtained bachelor's and master's degrees. For those
with positive responses, NLS-72 ascertained detailed fields of their degrees. In the 1986 fifth follow-up, NLS-72
changed the question and collected information regarding respondents' highest degrees (from baccalaureates to
doctorates); data on fields of degrees, however, were not collected. To solve this problem, auxiliary information
is used with additional assumptions. Respondents who undertook postsecondary education between 1979 and
1986 were asked to report their latest fields of study. Thus, for a respondent who obtained additional
postsecondary education and whose highest degree in 1986 was more advanced than or equal to his or her
highest degree in 1979, his or her latest field of study is imputed as the field of his or her highest degree.

I hereby create the following seven educational states:

(0) secondary education or college dropout

(1) intended or actual non-S/E postsecondary education

(2) intended or actual S/E postsecondary education

(3) non-S/E bachelor's degree

(4) S/E bachelor's degree

(5) non-S/E master's degree

(6) S/E master's degree

Figure 2 presents schematic flows among the seven educational states; the solid lines represent typical flows
and the dotted lines represent untypical flows.’

From the above operational definitions of the states, I calculate, separately for males and females, 13
transition probability matrices for the hypothetical cohort, given in Tables Al and A2. The reported rates and
counts were appropriately weighted to reflect the sampling designs and non-responses so that resulting transition
rates are the best estimates of their corresponding conditional probabilities in the population.® These transition
rates are mainly used in analysis to be reported later. It appears that the use of different measures and different
data sets may bias the empirical results. One way to check for potential biases is to compare marginal
distributions at ages 16 and 18 that connect two different cohorts (see Figure 1) since these marginal
distributions are observed twice. The comparison gives acceptable results (could be derived from Tables Al and
A2). It should also be noted that in the empirical analysis to be reported later, for all ages except the initial
condition (age 13), only transi

Copyright © National Academy of Sciences. All rights reserved.
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tion (not marginal) probabilities are used. Marginal distributions of later ages result from the cumulative product
of prior transition matrices and the initial condition [as shown in equations (1) and (5)]. Thus, it would be a
mistake to attribute the marginal distribution at any given age to the measurement of states at the same age.

No College
(State 0)

Non S/E Major in S/E Major in
College (State 1) [~~~ "~~~ "~""7~ College (State 2)

Non S/E Bachelor's L S/E Bachelor's
Degree (State 3) """ 1 Degree (State 4)
Non 5/E Master's S/E Master's
Degree (State5) [ -~~~ ~~"~"~""-- | Degree (State 6)

FIGURE 2 Schematic flows among seven educational states.

RESULTS

Distribution of Educational States

Assuming an arbitrary cohort size of 1,000 and the initial state distribution at age 13 to equal that calculated
from the LSAY survey, I simulate the distribution of educational states at each age for each sex using equations
(1) and (5). Mortality is ignored here. The results of the exercise are presented in Table 1. For example, there are
5.4 and 18.3 females in a 1,000-member cohort whose highest degrees at age 32 are respectively master's and
bachelor's degrees in science. The comparable figures are 12.0 and 40.5 for males. These statistics are close to
cross-sectional statistics reported elsewhere (National Science Board, 1986).

Age Pyramid

In my earlier work (Xie, 1989), I hypothesized that the S/E pool forms an age pyramid, especially in early
ages: for a given cohort, the pool depletes with age. This is true even though some youth move into the pool
while some youth move out of the pool at the same time, because the exit rate exceeds the entry rate.’

Such an age pyramid indeed exists. After states (2), (4), and (6) are combined as the S/E pool, the pyramid
is shown in Figure 3. The number of cohort members with S/E education steadily decreases from age 13 to age
23, and the decrease is faster for females than for males. After age 23, the pool increases slightly due to a small
proportion of cohort members who start or resume postsecondary education after some disruption. This can be
seen by the decrease in the number of cohort members in state (0) after age 23.

Sex Differences

One of the objectives of this study is to know where in the S/E education pipeline females fall behind males.
It has been frequently speculated in the literature that females are severely disadvantaged relative to males in

Copyright © National Academy of Sciences. All rights reserved.
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TABLE 1 Distribution of Educational States by Age and Sex for a Synthetic Cohort
Educational State

Age School Age 0 1 2 3 4 5 6 Total
Panel A: Females

13 Grade 7 320.0 514.0 166.0 0.0 0.0 0.0 0.0 1000
14 Grade 8 363.3 498.6 138.2 0.0 0.0 0.0 0.0 1000
15 Grade 9 311.8 544.6 143.7 0.0 0.0 0.0 0.0 1000
16 Grade 10 321.2 545.6 133.2 0.0 0.0 0.0 0.0 1000
17 Grade 11 406.0 476.5 117.5 0.0 0.0 0.0 0.0 1000
18 Grade 12 478.0 469.3 52.7 0.0 0.0 0.0 0.0 1000
19 College 1 445.0 518.7 36.3 0.0 0.0 0.0 0.0 1000
20 College 2 541.0 429.1 29.9 0.0 0.0 0.0 0.0 1000
21 College 3 617.6 352.3 30.2 0.0 0.0 0.0 0.0 1000
22 College 4 705.3 268.8 26.0 0.0 0.0 0.0 0.0 1000
23 Postgraduate 1 740.2 83.7 7.0 152.6 16.5 0.0 0.0 1000
26 Postgraduate 4 706.4 69.5 5.6 172.4 224 21.6 2.1 1000
32 Postgraduate 11 564.8 174.0 10.3 169.4 18.3 57.7 54 1000
Panel B: Males

13 Grade 7 380.0 425.0 195.0 0.0 0.0 0.0 0.0 1000
14 Grade 8 422.0 382.0 196.0 0.0 0.0 0.0 0.0 1000
15 Grade 9 365.8 478.1 156.1 0.0 0.0 0.0 0.0 1000
16 Grade 10 420.2 454.5 125.3 0.0 0.0 0.0 0.0 1000
17 Grade 11 480.5 394.5 125.0 0.0 0.0 0.0 0.0 1000
18 Grade 12 520.4 380.9 98.7 0.0 0.0 0.0 0.0 1000
19 College 1 479.2 418.2 102.6 0.0 0.0 0.0 0.0 1000
20 College 2 532.5 3754 92.1 0.0 0.0 0.0 0.0 1000
21 College 3 582.9 3204 96.7 0.0 0.0 0.0 0.0 1000
22 College 4 681.9 248.4 69.7 0.0 0.0 0.0 0.0 1000
23 Postgraduate 1 739.3 88.3 19.5 111.5 41.3 0.0 0.0 1000
26 Postgraduate 4 692.5 68.1 20.8 140.4 53.5 17.9 6.9 1000
32 Postgraduate 11 569.3 136.0 35.6 141.1 40.5 65.5 12.0 1000

NOTE: Educational states are defined as: (0) secondary education or college dropout, (1) intended or actual non-S/E postsecondary
education, (2) intended or actual S/E postsecondary education, (3) non-S/E bachelor's degree, (4) S/E bachelor's degree, (5) non-S/E master's
degree, and (6) S/E master's degree.
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early ages. In the executive summary of her report to the Rockefeller Foundation, for example, Berryman
(1983) remarked that "strategies to increase the size of the initial scientific/mathematical pool of minorities and
women should be targeted before and during high school" (p.7).

o] 1= (-] L) o w0 150 MO 35D
S o Vv s el B [l i b o s ey e i mion

' Fanai Sk
SOURCE: Sums of columns 2, 4, and 6 in Table 1.

FIGURE 3 Age pyramid of cohort members with S/E education in a 1000-member cohort.

Sex ratio, a simple measure of the composition by sex, is defined as the number of females to the number of
males. Figure 4 depicts the sex ratio measure in the S/E pool by S/E educational state and age. It is evident that
the greatest drops in sex ratio occur between ages 17 and 18, around high school graduation. It should be pointed
out that this new finding cannot be simply attributed to the different measures used for the LSAY1 and NLS-72
cohorts, for the same measures are used for both males and females within each cohort.!” In addition, the most
drastic drop for females occurs between ages 17 and 18 (117.5 to 52.7 per 1,000, Table 1), within the same
LSAY1 cohort. One explanation is that young women of ages 17-18 are more knowledgeable about, or more
influenced by, than ever before, occupational sex segregation in the labor force, while having to make realistic
decisions about career, marriage, and family. Thus, around high school graduation, many more women than in
earlier years are discouraged from pursuing S/E careers. Equation (5) means that the process of becoming a
scientist/engineer is a cumulative process. What happens at each stage contributes to the final outcome. Thus, a
large change at one single stage may only have a small ripple effect on the final outcome. In Table 2, I
sequentially substitute males' transition rates for females' at different ages to reveal the effects of the substitution
on narrowing the gender gap in educational outcome at age 32. Surprisingly, the effects are all small prior to
college years.

Next, let us ask the following counter-factual question: How much reduction in sex differences at age 32
would occur if there were no sex differences in initial distribution of educational states at an earlier age? To
answer this question, I forced gender equality by assigning males' marginal distribution of educational states to
females at ages prior to 32 and observe changes in the gender gap at age 32. The results of this exercise are
reported in Table 3. Each line in Table 3 represents the remaining gender gap in educational states at age 32 after
the marginal distribution is equalized at an earlier age. For example, sex differences in high school contribute
little (between 0.1 and 2.2 percent) to the sex differences in outcomes at age 32. However, these results,
combined with those from Table 2, do not mean that sex differences before age 19 were small. As we have seen
in Figure 4, the differences are large, especially at age 18. The results simply mean that the large sex differences
observed in high school years are absorbed by sex differences in the educational process of college and graduate
years. That is, if conditions in high school were radically changed so that females and males were equally
interested in pursuing S/E careers, women would still be underrepresented as long as conditions remain the same
in later years.

12 Saal Ratio (Famales i Malss)

SOURCE: Columns 2, 4, and 6 in Table 1.
FIGURE 4 Sex ratio of cohort members with S/E education by age and educational states.
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TABLE 2 Number of Females in Science/Engineering Educational States at Age 32 if Male's Transition Rates Were True
for Females at Different Ages

Educational State

Males' Rates were Used at Age School 2 % Explained 4 % Explained 6 % Explained
Age Gender Gap Gender Gap Gender Gap
No Substitution (Observed) 10.3 18.3 54

13 Grade 7 103 0.0% 183  0.0% 54  0.0%

14 Grade 8 103 0.0 183 -0.2 54 -02

15 Grade 9 103 0.1 182 -0.8 54 -09

16 Grade 10 103 0.0 184 0.1 54 -0.1

17 Grade 11 103 0.0 19.0 29 56 1.7

18 Grade 12 103 -0.1 202 84 58 49

19 College 1 102 -0.3 199 69 58 5.1

20 College 2 102 -0.5 229 207 63 134

21 College 3 103 -0.1 209 118 59 7.0

22 College 4 10.7 1.7 21.1 126 53 -17

23 Postgraduate 1 11.8 5.8 241 258 6.8 215

26 Postgraduate 4 334  91.0 206 104 6.8 21.0

NOTE: Educational states are defined as: (0) secondary education or college dropout, (1) intended or actual non-S/E postsecondary
education, (2) intended or actual S/E postsecondary education, (3) non-S/E bachelor's degree, (4) S/E bachelor's degree, (5) non-S/E master's
degree, and (6) S/E master's degree. The exercise alternately substitutes one set of males' transition rates at a given age while keeping
everything else intact.

Exit and Entry Rates

Given our simple "bathtub" model, women's underrepresentation in S/E educational states could result from
two sources: women's exit rate from S/E states is higher than men's or women's entry rate into S/E states is lower
than men's. Two series of exit and entry rates are displayed in Figures 5 and 6.!' In calculating the rates, I
combined the three S/E states into a single state and lumped the four non-S/E states into another state. An
interesting result is that the exit rate for females trails that for males closely except at age 17. A larger and more
consistent gender gap, however, is observed for the entry rate after age 17. From these two figures, I infer that a
large portion of the gender gap in attaining S/E education is not merely due to women's higher likelihood to exit
the S/E pool. Men are just as likely as women to drop out of the S/E pool, but their likelihood to enter or re-enter
the pool once out of it is significantly higher, particularly in later years. Unfortunately, past research has not paid
attention to this problem. For example, my results contradict Berryman's (1983, p.7) assertion that "after high
school, migration is almost entirely out of, not into, the pool” (emphasis original). For males, I have found that
the rate of migration into the pool is around 4 percent, compared to less than 2 percent for women.

As small as they may seem, cumulatively these figures are very significant given that only 2 percent of
females and 5 percent of males obtain bachelor's and master's degrees in science by age 32 (see Table 1). S/E
Occupations

Education affects occupation, but only in nondeterministic ways. Obtaining S/E education means that one's
likelihood of working in a S/E occupation significantly increases, but it cannot be equated with S/E occupation.
In fact, Table 4 shows that only 9 percent of females and 35 percent of males with S/E bachelor's degrees have S/
E occupations at age 32. At the master's level, the percentages are better, 27 percent for females and 54 percent
for males.

In Table 5, I present simulated occupational distributions at age 32 under four different conditions.'?

Copyright © National Academy of Sciences. All rights reserved.
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TABLE 3 Number of Females in S/E Educational States at Age 32 if Male's Distribution Were True for Females at

Different Ages

Educational State

Males' Distribution were Used at Age 2 % Explained 4 % Explained 6 % Explained
School Age Gender Gap Gender Gap Gender Gap
No Substitution (Observed) 10.3 18.3 5.4

13 Grade 7 103 0.0% 183  0.0% 54 0.0%

14 Grade 8 103 0.0 183  -0.1 54 -0.1

15 Grade 9 103 0.0 183 -0.2 54 -03

16 Grade 10 103 0.1 18.1  -1.1 54  -12

17 Grade 11 103 0.2 18.1  -0.9 54  -12

18 Grade 12 103 0.1 18.8 22 55 038

19 College 1 103 0.0 206 10.1 58 54

20 College 2 102 -03 223 18.0 62 11.0

21 College 3 10.1  -0.7 263 359 69 225

22 College 4 10.1  -0.7 284 454 72 275

23 Postgraduate 1 10,6 1.1 30.7 555 70 242

26 Postgraduate 4 12.0 6.9 37.0 84.1 9.0 543

NOTE: Educational states are defined as: (0) secondary education or college dropout, (1) intended or actual non-S/E postsecondary
education, (2) intended or actual S/E postsecondary education, (3) non-S/E bachelor's degree, (4) S/E bachelor's degree, (5) non-S/E master's
degree, and (6) S/E master's degree. The exercise alternately substitutes males' educational distribution at a given age while keeping
everything else intact.

Exit Rate
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FIGURE 5 Exit rate from S/E educational pool by age and sex.
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FIGURE 6 Entry rate into S/E educational pool by age and sex.
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In Panel A, females' educational distribution at age 32 (last line, Panel A of Table 4) is used. In Panel B,
males' educational distribution at age 32 (last line, Panel B of Table 4) is used. Within each panel of Table 5, two
lines represent two sets of transition rates from educational states to occupational states, one for females and one
for males. Thus, the first line of Panel A and the second line of Panel B are simulated distributions respectively
for females and males using gender-specific information. That is, for a 1,000-member female cohort following
the age-specific transition rates observed for our data, only 14.5 of them work as scientists/engineers at age 32.
The comparable number is 59.5 for a 1,000-member male cohort. Most of the gender gap is due to women's
lower likelihood to work as scientists/engineers given the same educational background. If females had the same
distribution of educational states as males, female scientists/engineers would increase to 17.5 per 1,000 (first line
of Panel B). However, if females had the same Table 4 transition rates from educational states to occupational
states at rates of transition from education to occupation as males, female scientists/engineers would increase to
49.8 per 1,000. Therefore, women's lower achievement in attaining S/E education can only explain a small
fraction (about 10 percent) of the gender gap in attaining S/E occupations.

CONCLUSION

In brief, I offer the following conclusions:

1. This paper proposes a new demographic approach to studying the process of becoming a scientist/
engineer.

2. The proposed approach consists of constructing a synthetic cohort from different longitudinal
surveys and modeling the career process as a Markov process as the cohort ages (or matures).

3. An age pyramid in the S/E educational pool is found to exist. Generally speaking, for any given
cohort, the proportion of people remaining in the pool decreases with age.

4. Women's representation in the S/E educational pool drops suddenly near high school graduation
(between ages 17 and 18).

5. College and graduate years account for most of the sex differences in the proportion attaining
science degrees by early adulthood.

6. Men and women differ more in the entry or reentry rate into the S/E educational pool than the exit
rate out of the S/E educational pool.

7. Women's underrepresentation in S/E occupations is mainly due to women's lower likelihood of
being employed in S/E occupations net of differential access to S/E education rather than women's
lower likelihood of having a S/E education.

TABLE 4 Transition Rates From Educational States to Occupational States at Age 32 by Sex
Occupational States

Educational State Not Working Non S/E S/E (n)
Panel A: Females

Secondary education only 34.41% 65.09 0.50 (3583)
Non-S/E postsecondary education 25.32 72.61 2.07 (1110)
S/E postsecondary education 16.67 81.67 1.67 (60)
Non-S/E bachelor's degree 25.92 71.84 2.24 (1115)
S/E bachelor's degree 35.34 55.64 9.02 (133)
Non-S/E master's degree 16.16 82.17 1.67 (359)
S/E master's degree 36.36 36.36 27.27 (33)
Panel B: Males

Secondary education only 12.64% 84.97 2.39 (3354)
Non-S/E postsecondary education 15.14 79.63 522 (766)
S/E postsecondary education 15.67 77.42 6.91 217)
Non-S/E bachelor's degree 4.57 87.45 7.98 (940)
S/E bachelor's degree 6.38 57.38 36.24 (298)
Non-S/E master's degree 7.13 86.94 5.94 (421)
S/E master's degree 5.06 40.51 54.43 (79)

NOTE: Main entries are row percentages, i.e., estimated probability of occupational states conditional on educational states.
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TABLE 5 Simulated Occupational Distribution at Age 32 Under Different Assumptions

Educational State Occupational States
Not Working Non S/E S/E (n)

Panel A: Females' Educational Distribution is Used
(Last Line, Panel A of Table 1)

Females' Transition Rates are Used 301.8 683.6 14.5 (1000)
(Panel A of Table 4)
Males' Transition Rates are Used 112.7 837.5 49.8 (1000)

(Panel B of Table 4)
Panel B: Males' Educational Distribution is Used
(Last Line, Panel B of Table 1)

Females' Transition Rates are Used 302.1 680.4 17.5 (1000)
(Panel A of Table 4)
Males' Transition Rates are Used 112.5 828.0 59.5 (1000)

(Panel B of Table 4)

NOTE: Rates of transition from education to occupation by sex are reported in Table 4.
NOTES

1. As Elder (1985) recognizes, the concept of career has been generalized to the concept of trajectory in the literature on life course.

2. This is akin to Quetelet's (1842) notion of the "average man," or the "social man." One major difference, however, is that I aim merely at
characterizing a population or a subpopulation, whereas Quetelet's objective was to capture the "essence" of a society.

3. One major difference between what I propose here and conventional multistate life tables is that age is used here as a truly discrete variable
(actually school age) whereas it is usually used as a continuous variable in multistate life tables. Using age as a discrete variable is legitimate
in the present case given that transitions in school take discrete jumps annually (grade or class).

4. The 1986 follow-up was a nonrandom subsample with full coverage of college graduates. Other sample members who were retained with
certainty included Hispanics, teachers and potential teachers, and persons who were divorced, widowed or separated from their spouses, or
never-married parents. This problem is handled by weighing observations by the inverse of the probability of being included.

5. Biological age is actually an approximation, translated from school age as shown in Table 1.
6. Social science fields are excluded from this study. The detailed codes and titles are available upon request.

7. There are other possible flows (such as jumping from not being in college to having a master's degree) that are observed in Tables Al and
A2 due to lack of data between two observation periods.

8. Since the sample sizes are large for all transition matrices, sampling errors are ignored in the analysis.
9. See also Berryman, 1983 (p. 4).

10. Unless, of course, it can be shown that at least one of the measures is gender-biased.

11. Midpoints of transition intervals are used for the horizontal axis (age) in Figures 5 and 6.

12. S/E occupations were recorded from detailed three digit 1970 census occupational codes.

I thank Paul Baltes, Chris Bettinger, William Frey, Kenneth Land, Scott Long, Rob Mare, Jon Miller,
Andrei Rogers, and Peter Tiemeyer for their comments and/or advice.
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ca

23

g g TABLE Al Matrices of Transition Among Educational States, Females

o i Origin  Destination

£ s State

@ é School Ages State 0 1 2 3 4 5 6 (n)

E9 Grade 7 to 0 0.6219 0.3060  0.0721  -- -- -- -- (402)

2 Grade 8 1 0.2407 0.6728  0.0864  -- -- -- -- (648)

b é 2 0.2440 0.3301 04258  -- -- -- - (209)
§ Qa Grade 8 to 0 0.5718 0.3536  0.0746  -- -- -- -- (362)

> % Grade 9 1 0.1676 0.7156  0.1168  -- -- -- -- (531)

RS 2 0.1481 0.4296 04222  -- -- - - (135)

=X Grade 9 to 0 0.6532 0.2626  0.0842  -- -- -- -- (297)
G E Grade 10 1 0.1598 0.7648  0.0754  -- -- -- -- (557)

E S 2 0.2123 0.3288  0.4589  -- -- -- -- (146)
£ o Grade 10 to 0 0.8220 0.1602  0.0178  -- -- -- -- (337)

£ 2 Grade 11 1 0.2313 0.6886  0.0801  -- -- -- -- (562)

‘g < 2 0.1185 0.3704 05111 -- - - -- (135)
) Grade 11 to 0 0.8410 0.1503  0.0087  -- -- -- -- (346)

=< O

8 < Grade 12 1 0.2450 0.7275  0.0275  -- -- -- -- (400)

P 2 0.1683 0.5248 03069  -- - - - (101)
% g Grade 12 to 0 0.7767 0.2140  0.0093  -- -- -- -- (3883)

a2 College 1 1 0.1455 0.8332  0.0213  -- -- -- -- (3196)
© g 2 0.1034 0.4803 04163  -- - - -- (406)

5 = College 1 to 0 0.9000 0.0963  0.0037  -- -- -- -- (5069)
g o College 2 1 0.2576 0.7300 0.0124  -- -- -- -- (5012)

£5 2 0.1910 0.2095  0.5995  -- -- -- -- 377
g 2 College 2 to 0 0.8966 0.0976  0.0058  -- -- -- -- (5715)

£ 8 College 3 1 0.2973 0.6790  0.0237  -- -- -- -- (40106)

:Ej; é 2 0.1644 0.2705  0.5651  -- -- -- -- (292)
35 College 3 to 0 0.9285 0.0666  0.0048  -- -- -- -- (5988)
G S College 4 1 0.3506 0.6291  0.0203  -- -- -- -- (2313)

§ o 2 0.2757 0.2000  0.5243  -- -- -- -- (185)

- g College 4 to 0 0.9036 0.0757  0.0079  0.0119  0.0009  -- -- (6565)

; 2 Postgraduate 1 1 0.3517 0.1052  0.0036 0.5322  0.0072  -- -- (1939)
£ 5 2 0.3239 0.0795  0.0170  0.0455 0.5341  -- -- (176)

2 5; Postgraduate 1 0 0.8992 0.0766  0.0057 0.0161 0.0015 0.0008 - (6093)

3 g to Postgraduate 4 1 0.4523 0.1454  0.0088 0.3604 0.0183 0.0142  0.0007  (1479)
8o 2 0.4179 0.0821  0.0896  0.0597 0.3358 0.0149  0.0000 (134)
E o 3 -- -- -- 0.8387  0.0335 0.1254  0.0024  (1252)
879 4 -- -- -- 0.1159  0.7464  0.0362 0.1014  (138)
2a Postgraduate 4 0 0.7712 0.1992  0.0097 0.0169 0.0013  0.0018 0.0000 (3916)
§ o< to Postgraduate

QE3F 11

ﬁ % -E 1 0.2689  0.4499 0.0391  0.2029 0.0122  0.0220  0.0049  (409)

x % © 2 0.2308  0.3590 0.1282  0.1795 0.0513  0.0256 0.0256  (39)

g5 ke) 3 -- -- - 0.7990 0.0174 0.1732  0.0104 (1149)

= % 5 4 - - -- 0.2098  0.5944  0.1608  0.0350  (143)

S5 P 5 -- -- - - -- 0.9426  0.0574 (122)

565 6 -- - -- - -- 0.4545  0.5455  (11)

g2

% > _‘E" NOTE: Main entries are row proportions. Educational states are defined as: (0) secondary education only, (1) intended or actual non-S/E
5 g o postsecondary education, (2) intended or actual S/E postsecondary education, (3) non-S/E bachelor's degree, (4) S/E bachelor's degree, (5)

= _g % non-S/E master's degree, and (6) S/E master's degree. Cells omitted and marked with "--" are structural zeros.
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=
» o
X @
S o atrices of Transition Among Educational States, Males
c
o7 Origin  Destination
E ,:; State
@ 3 School Ages State 0 1 2 3 4 5 6 (n)
= § Grade 7 to 0 0.6730 0.2409  0.0860  -- -- -- -- (523)
2 Grade 8 1 0.2940 0.5368  0.1692  -- -- -- -- (585)
5 é 2 0.2119 0.3197 0.4684  -- - - - (269)
§ Qa Grade 8 to 0 0.6284 0.2775  0.0940  -- -- -- -- (436)
> % Grade 9 1 0.2047 0.6871  0.1082  -- -- -- -- (425)
T < 2 0.1144 0.5025 03831 - -- -- -- (201)
=X Grade 9 to 0 0.7859 0.1746  0.0394  -- -- -- -- (355)
G i Grade 10 1 0.2370 0.6798  0.0832  -- -- -- -- (481)
E S 2 0.1243 0.4201  0.4556  -- - - - (169)
£ o Grade 10 to 0 0.8174 0.1545  0.0281  -- -- -- -- (356)
£ 2 Grade 11 1 0.2511 0.6444  0.1044  -- -- -- -- (450)
‘g < 2 0.1829 0.2927  0.5244  -- - - - (164)
< gn Grade 11 to 0 0.8113 0.1606  0.0282  -- -- -- -- (355)
8 < Grade 12 1 0.2886 0.6676  0.0437  -- -- -- -- (343)
20 2 0.1339 0.3228  0.5433 - - - - (127)
)
% g to College 1 0 0.7890 0.1629  0.0482  -- -- -- -- (3696)
a2 Grade 12 1 0.1545 0.7573  0.0882  -- -- -- -- (2505)
© % 2 0.0984 0.4561  0.4455  -- - - - (1138)
5 = College 1 to 0 0.8762 0.1008  0.0230  -- -- -- -- (4960)
g o College 2 1 0.2251 0.7460  0.0289  -- -- -- -- (4225)
£5 2 0.1806 0.1466  0.6727  -- -- -- -- (1207)
£ = ollege 2 to . . . - -- - -
£ 2 College 2 0 0.8640 0.1058  0.0303 (5352)
£ 8 College 3 1 0.2712 0.6470  0.0818  -- -- -- -- (3669)
:Ej; é 2 0.2278 0.2307  0.5415  -- -- -- -- (1023)
35 College 3 to 0 0.9203 0.0670  0.0127  -- -- -- -- (5360)
G S College 4 1 0.3449 0.6148  0.0403  -- -- -- -- (1960)
§ o 2 0.3611 0.1281  0.5108  -- -- -- -- (601)
- g College 4 to 0 0.9000 0.0763  0.0181 0.0035 0.0022 -- -- (5978)
; 2 Postgraduate 1 1 0.4058 0.1272  0.0160  0.4320 0.0190  -- -- (1683)
£ 5 2 0.3567 0.0678  0.0460  0.0263  0.5033  -- -- (457)
2 g Postgraduate 1 0 0.8823 0.0738  0.0226  0.0134  0.0071  0.0007  0.0002  (5665)
3 g to Postgraduate 4 1 0.3883 0.1376  0.0227 0.3860  0.0408 0.0222  0.0023  (1715)
8o 2 0.3020 0.0720  0.1060  0.0700  0.4300  0.0060 0.0140  (500)
E ) 3 -- -- -- 0.8288  0.0450  0.1205 0.0056  (888)
879 4 -- -- -- 0.0617  0.7560  0.0456  0.1367 (373)
2a Postgraduate 4 0 0.7831 0.1543  0.0415 0.0131  0.0046  0.0035  0.0000 (3448)
§ o< to Postgraduate
QE3F 11
ﬁ % -E 1 0.3405  0.3432 0.0429  0.2038 0.0107 0.0456 0.0134  (373)
x % © 2 0.1844  0.2766 0.1915 0.0851 0.2411  0.0071 0.0142 (141)
S5 S 3 -- - - 0.7740  0.0181  0.1951 0.0128  (938)
= % 5 4 - - - 0.1459  0.5431 0.2488  0.0622  (418)
S5 P 5 -- -- - - - 0.9694  0.0306  (98)
5 & ¢ 6 -- -- -- -- -- 0.2619  0.7381 (42)
2g2
% % _‘E" NOTE: Main entries are row proportions. Educational states are defined as: (0) secondary education only, (1) intended or actual non-S/E
5 g o postsecondary education, (2) intended or actual S/E postsecondary education, (3) non-S/E bachelor's degree, (4) S/E bachelor's degree, (5)
= _g % non-S/E master's degree, and (6) S/E master's degree. Cells omitted and marked with "--" are structural zeros.
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Human Resources in Science and Technology and the Less
Developed Countries Of Europe (EC-12)

Emilio Mufioz"

The study of human capital is a crucial issue in the attempt to develop regional strategies that increase the
potential capabilities of the less favored regions in regard to their own social and economic progression.
However, the knowledge of the problem has been hampered by its relevance, its intrinsic complexity, and its
multifaceted nature.

One reason for this is that the subject does not depend on a single area of policymaking but rather deals with
several: education, employment, and economic policy, as well as the influence of scientific and technological
policy on economic and social development.

A second reason for the difficulty in treating this issue lies in the diversity, as well as in the complexity, of
the indicators needed to afford an exact diagnosis of the problem for further action. In some cases the indicators
are too broad to tune up appropriate reflections. In other cases they appear too specialized and/or excessively
reliant on old-fashioned taxonomies to gain the right perception.

All of these shortcomings have a particular significance when one attempts to understand the realities
hidden under the realm of science and technology in relation to the less developed regions of Europe. We cannot
forget that these regions possess characteristics of industrialized countries and, as such, are part of global
projects [i.e., for operational purposes like EC-12 or for analytical targets like the Organization for Economic
Cooperation and Development (OECD)].

In this study we will cover some of the key topics related to educational and employment policies, albeit in
a general way, and later delve into the science and technology issues concerning human resources and their
implications on socioeconomic development.

EDUCATIONAL POLICY

The European countries share, to a great extent, an educational tradition modeled by the deep processes of
great historical-cultural events, such as romanticism, Christianization, and the incorporation of realism.
The present educational guide is the result of a combination of four main approaches:

1. The inheritor of medieval tradition that promotes the transmission of the classical idea of culture
. The approach that sees the encyclopedic view and defends the diffusion of all available knowledge
3. The polytechnic approach that emphasizes the transfer of skills useful for the economy and
productivity
4. The pragmatic approach that supports the idea of the preparation of the individual to cope with the
problems of ordinary life

This mixed view has taken education to a point
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where, in spite of the differences between countries and government, European schools are studying almost the
same content in every country.

Broadly speaking, the European curriculum has been built within a framework of knowledge based on the
disciplines, where progress is continuously being incorporated, without taking into account the global approach
of looking inside the psycho-pedagogy focal point.

Along these lines, the idea of an everlasting educational crisis is present. This is due to the nature of the
educational process itself, in which it is necessary to find adequate interplay between the information transmitter
(the teacher) and the receiver (the pupil), together with the essential universality of the contents being taught.

It is worth noting, paradoxically, that in a moving field like education, the application of conservative
policies appear to give better results than that of innovative policies. This implies that the evolution trend in
educational affairs follows a vicious circle.

In spite of the strong momentum given to education in the late 1940s in western Europe, it is generally
believed, at the present time, that European education does not fulfill the requirements raised by economic,
cultural, technical, and societal needs. This controversial issue has opened up a debate between teaching staff
and public administrators about the resources deemed necessary to reach the appropriate targets.

In the developed countries, education is not a first priority as it has to contend with other highly relevant
issues like unemployment, the incorporation of young people into the labor force, social protection, and
environmental preservation. Consequently, the public expenditure rate on education has been decreasing in most
countries (see Figure 1). However, be reminded that the data, as previously mentioned, is too general and, by the
lack of disaggregation level, does not allow conclusions with a good degree of acuteness for analyzing regional
disequilibria.

In any case, the data shown reveal that public expenditure is smaller in countries with less development and
a greater heterogeneity, and present a clear-cut geographical distribution between a highly developed north and a
less developed south. Therefore, the expenditure per capita, as illustrated in Table 1, confirms this trend: the
positions at the bottom of the table are held by countries with less developed regions. Against this background
the change in educational pat
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FIGURE 1 Evolution of public expenditure on education in some community cultures.
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terns seems a necessity, although the direction of change is not clear.

TABLE 1 Public Expenditure on Education per Capita In U.S. Dollars (Purchasing Power Parity) in the EC Countries

Denmark 934
Netherlands 838
France 746
Belgium 745
United Kingdom 703
Italy 690
Germany 581
Portugal 470
Ireland 461
Luxembourg 421
Spain 302
Greece 231

SOURCE: Investigacion y Ciencia, December 1992, and elaboration of our own.

The EC Commission is aware of the need and has undertaken some steps to follow in higher education and
professional training, but, at the same time, it has been looking to adapt the diverse educational systems into a
common ground in order to facilitate the free circulation of skilled personnel.

The economic implications of educational policies are also being recognized. Big, multinational enterprises
and owner-operated organizations have expressed their views on the need for a greater number of scientists,
engineers, and technicians.

This demand resists the diminishing interest of young Europeans to study in the scientific and technical
domains. Therefore, there exists a social debate about the main trend to be followed in the educational process as
a whole and in relation to the apparent conflict between classical culture and that oriented toward empirical and
practical goals. The debate has extended to secondary schools. In the developed western European countries, this
training is strongly related to well-reputed professional skills and, therefore, asks for a separation of a more
general primary school. A major part of the blooming of the manufacturing industry in the German and Dutch
regions lies in their asset of a highly skilled human capital. The situation is yet different in southern European
countries, in spite of their efforts during the last few years to correct it.

Comments and Conclusions on Educational Issues Related to Human Capital

It seems that there are still important differences in the educational profiles of developed and less developed
countries. The main differences stem from the resources earmarked, the qualifications of the teaching staff, the
suitability of the facilities, the characteristics of the secondary school and its relationship with professional
training, and the connection of education with the labor market. The schooling rates of young Europeans at two
ages in the EC countries are shown in Figure 2.

It is worth mentioning that the differences remain current at the present time and are being distinguished by
a situation of general crisis of public support to educational policies. The forecast is, therefore, negative, in the
sense that the differences are likely to remain the same or get worse. The adjustment of this trend cannot stand
by single declarations of intent alone, but requires a real strategic policy with the availability of resources and
appropriate goals.

On the other hand, to afford adequate response to the great variety of pressing demands, the educational
system needs an important effort of flexibility and versatility. This implies, as in many other areas of the public
arena, a better bond between expanding the social and economic agents and the pervading regional and local
responsibilities (decentralization).

It is, therefore, essential to foster the participation of these agents (owners, trade unions, and regional and
urban authorities) in designing, launching, and steering the educational policies, mainly in professional training
and higher education. One cannot forget the high rate of unemployment for the young labor force in the less
developed regions of Europe. Spain, for instance, had 50 percent of its population unemployed in the mid-1980s.
Although this rate decreased during the last half of the decade, the values are still very high.

Using a biological analogy, it seems to us very pertinent to favor this selection of the population by putting
it in touch with the adequate environment (i.e., the community must engage students once they have finished
their education). In other words, it is necessary for the socioeconomic forces to play a role in helping
administrators define educational policies. Alternatively, it is not possible to tackle the problem of heterogeneity
by having a recourse to a blind, common, general force, or mechanism, for selection.
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FIGURE 2 Schooling rates (in percent) of Europeans at two ages.

EMPLOYMENT

Similar considerations can be applied to the employment situation. The evolution of the labor force in
developed countries is characterized by the following trends:

* A substantial increase in the percentage of highly skilled and white collar personnel. (In some countries
these professionals account for 60 percent of the active population.)

* A decrease, or stagnation, in the percentage of workers addressed to the primary or tertiary sectors
(farming and services).

* A remarkable reduction in the percentage of manual workers (not related to agriculture), showing
figures below 30 percent.

Therefore, developed societies appear to be, to a great extent, middle-class societies in which there is a
continuous decrease in the number of manual workers in industry and services.

However, it is not clear whether the evolution from the less developed condition to the developed one is
going to follow a gradual pattern or experience more abrupt changes derived from the availability of new
technologies. The latter is already being seen in developing countries like those in Asia.

So, the data indicate that in the evolution process there is no substantial increase in the percentage of
industrial workers. It is noteworthy to highlight the rise in the number of qualified professionals, administrative
personnel, traders, and dealers.

This pattern denotes an evolutionary trend from developing countries to that of western developed countries
before reaching a labor force profile of industrialized countries.

Again, this raises the conflict of world globalization with the singularities of every region. In this conflict,
the market influences the international situation through the forceful behavior of multinational firms.

The wrestling of this mode of action with regional specifications and disequilibria is a key issue of
reflection that pervades this paper.
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REGIONAL ANALYSIS AND SOCIOECONOMIC PARAMETERS

In this section, we will overview some macro-structural variables that may influence innovation in EC
Objective 1 Regions.

Demographic Trends and Labor Force

As a whole, the European Community's demographic evolution of the 1990s will remain stable at a figure
of some 325 million people. For the period 2000-2015, an estimated decline of 1-4 percent is expected. With
respect to the 1990 figure, in absolute figures, a decrease of 12 million people is foreseen.

However, differences among regions are, and will likely be for a long time, outstanding. During the present
decade, the recessive demographic trend will consolidate firmly in most northern countries—Germany,
Luxembourg, Belgium, and Denmark. It is presumed that prospective new member states of the EC will belong
to this category. For three southern countries—Greece, Italy, and Portugal—a major change in population figures
is not expected until the year 2000. On the other hand, France, the Netherlands, Spain, and the United Kingdom
will likely undergo a moderate population increase, reaching demographic stability in the year 2000, whereas
later evolution will invert this trend back to the 1990 figures in the year 2015. Ireland is expected to have a
positive demographic growth at least until 2015.

Demographic trends will have a marked influence on labor markets. The EC labor force, as a whole, will
slightly increase by 0.1 percent during the 1990s. This figure conceals the quick increase in many of the less
favored regions—Ireland, Spain, Portugal, and Southern Italy—with a much more moderate growth, even a
decrease, in the labor force in other member states. This does not, however, take into account the impact of
immigration from countries outside the community. In absolute figures the increase in the community's labor
force, based on its own demographic evolution, will only rise to 1.5 million people. This results from a 2 million
increase in southern regions and a 0.5 million decrease in other areas of the community.

Capital intensive and highly profitable technological innovation, usually labor saving, has a broad market in
northern countries, while southern countries will likely find difficulties in attracting investment for the creation
of labor intensive businesses and/or economic activities, with massive jobs creating spillover factors (i.e., the car
industry during the 1980s played this role in some less favored regions and seems to have exhausted its potential
to go on with their positive activity).

ECONOMIC INDICATORS

Human Resources

From 1984 to 1990, employment in the community grew at an annual rate of 1.25 percent, resulting in a net
increase of almost 9.5 million jobs. Each member state registered an increase in employment between 1985 and
1990, with great variability among them. For instance, the less favored regions in southern Spain and Portugal, to
a lesser extent, enjoyed important increases in their employment figures.

By sectors, the 1980s saw the continuation of former trends of employment drift from industry to tertiary
activities (services). From 1983 to 1988, the employment percentage in the tertiary sector in the community rose
from 55 to 59 percent, while industrial employment decreased from 35 to 33 percent.

Although the community passed through a phase of positive employment growth, it is not at all clear if this
growth was evenly distributed at the regional (NUTS II) level to be of any help in reducing the differences in
unemployment and activity rates between more and less favored regions of the EC. Data show that the EC
unemployment rate has decreased since 1986 but still ranked at about 8.3 percent in 1990. Among the factors
that hinder job creation, especially in southern countries, are positive demographic growth, increased access of
women to the labor market, and cyclic variation in activity, indicators combined with secular trends in the
reduction of nonspecialized jobs. Concerning NUTS II level, differences are again substantial. On the one hand,
there are 12 central regions with unemployment rates of less than 3 percent, while on the other hand 19 regions
registered unemployment rates higher than 15 percent. (All figures refer to 1990.) Italy provides a special case.
In 1990, it had the greatest inner regional disparities among all member states; some northern and central
regions, such as Emilia-Romagna and Lombardy, showed unemployment rates less than 5 percent while most of
the Mezzogiorno region suffered rates higher than 20 percent.
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Disparities in Productivity and Income

Differences among the EC regions, with respect to income per capita, is very acute. In 1988 the income per
capita of the 10 most advanced regions was 3 times higher than that of the 10 less favored regions. These
differences have remained stable since 1986 even though less favored countries achieved rates of economic
growth higher than the community average and raised expectations of economic convergence. For instance, in
1986-1987, Spain, Ireland, and Portugal began a gradual movement of convergence toward the average EC gross
domestic product (GDP) per capita, whereas Greek GDP per capita worsened. At the regional level, the average
figure for the 25 less favored regions increased slightly with respect to the average EC GDP per capita.
Nevertheless, there has been no progress among 10 less favored regions (mainly in Greece and Portugal) since
the mid-1980s.

Besides these disparities, there are others with regard to productivity. In 1984 a slight trend of reduction of
these disparities began among member states due to the improvement of the relative productivity in Portugal and
Ireland. However, this trend stopped after 1987.

Educational Opportunities and Training Facilities

Generally speaking, income per capita and unemployment differences reflect inter-regional disparities in
productivity and competitiveness. Less productive and competitive regions face problems of generating higher
and more evenly distributed income and of job creation. A lack of local infrastructures, mainly suitable in
regions with more central and advanced ones, and a lack of a skilled workforce are crucial factors that hinder
advances in economic competitiveness.

The problem of a lack of a skilled labor force is common to all regions within the EC. However, the causes
differ according to their degree of development. In the more favored regions, fair economic conditions during the
last decade have resulted in an imbalance between the competencies (and costs) demanded by firms and what the
educational systems were able to supply. An additional problem is the re-skilling needed by an aged labor force
in declining industrial areas. In less favored regions the lack of skilled personnel is due to the absence of modern
and appropriate education and training facilities; the lack of cooperation of potential employers; rigid and
outdated curricula; the lack of specialized and updated teaching staff; a very low degree of participation of active
economic agents (union, firms, regional economic boards, etc.) in their planning and monitoring; and the absence
of prospective and evaluative programs that are concerned about the adjustment between human resources
supply and demand, work quality, and the encouragement of low level innovation activities. Lack of
entrepreneurial skills and the absence of up-skilling training opportunities for the employed and unemployed are
also problems widely present in these regions.

SCIENTIFIC AND TECHNOLOGICAL DEVELOPMENT

From the current views of economic policy analysis, it seems evident that more and more innovation and
investment in science and technology are key components for improving the competitive positions of societies.

The idea that technology is an endogenous product for economic wealth, as well as the suspicion that a
science-technology system acts as a feedback mechanism fostering social and economic progress far beyond its
initial value, is gaining strong support.

Measurement of Science and Technology

Science, technology, and technological innovations are all abstract concepts that cannot be measured in a
direct way. Although it might be interesting from a global point of view to treat science and technology activity
as a defined subunit of economic performance, it is indeed difficult to correlate the factors influencing science
and technology as inputs with economic outputs.

The most conventional indicators used currently, as both an input measurement of efforts devoted to
research and development (R&D) and a part of the science and technology system, are those measuring
economic and human resources. They are usually expressed as a percentage of GDP allotted to these activities
and as a number of full-time equivalent researchers per unit of active population.

In-depth analysis reveals limitations in the applicability of these indicators with regard to specificities and
subtleties of microenvironments in order to afford policies from a disaggregated point of view.

Copyright © National Academy of Sciences. All rights reserved.
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On the one hand, these indicators are too broad to allow the detection of the quality of the political measures
undertaken on their basis. On the other hand, in spite of the international efforts made by OECD and Eurostat for
homogenization and comprehensive accountability of R&D statistics, there is an evident absence of homogeneity
in the information supplied by countries, leading to gaps in the collected data. All these difficulties are absolutely
relevant for the purpose of this study, and so pervade it.

Therefore, one of the conclusions of this study will ask for better homogenization of indicators in terms of
regional distribution and for an improvement in the type of indicators measuring human resources, both in
absolute terms and in connection with education and employment. This information may allow the identification
of the real potential in science and technology in less developed countries and regions, thus providing better
insight for a comparison of these potentials with those of developed countries.

By doing so, we are following similar demands of science policymakers who are increasingly asking for
new science and technology indicators (J. De Mother, Science and Public Policy, Vol. 19, p. 401-406, 1992).
The debate on R&D indicators is a live question as shown by recent workshops of organizations such as OECD
and Eurostat, or by the recent publication of a special issue of Science and Public Policy (Vol. 19, Numbers 5
and 6, October and December 1992).

In other words, we deem essential the disposition of data measuring disequilibria, as well as the relative
strengths and weaknesses needed to promote political measures for science and technology other than those
traditionally applied from the developed countries. A similar conclusion has been drawn by others. (See
Padzerka as cited by J. A. D. Holbrook in Science and Public Policy, Vol. 19, Number 5, p. 266, 1992.)

Economic Resources Devoted to R&D

The data available on R&D expenditure for the EC-12 less developed countries shows an uneven situation.
For instance, Ireland is devoting between 0.8-0.9 percent of its GDP to R&D as a continuous trend. Italy is
allocating more than 1 percent to these activities, whereas Spain, Portugal, and Greece have traditionally lagged
behind. However, these three countries are making efforts to correct this trend at different rates. (See Figure 3.)

’J W = ELH‘-lZ

1.5
g X=X ITAL
L=
v 14 =—9 IRL
% o0—0 EBP
504
S T A v e 4—arm
r#..___.___._.-r .""‘-.‘EH

1982 1983 1984 1985 1986 1987 1988 1989

FIGURE 3 Evolution of R&D expenditure in the EC less favored countries.
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This path of heterogeneity is even more acute when the data on R&D expenditure are presented from a
regional perspective (as it is now possible to do for Spain and Italy). Table 2 shows the data corresponding to the
regional distribution of 1988 R&D expenditure in Spain. One region, Madrid, possesses a level convergent with
that of the EC average (2 percent of GDP), while none of the other regions reach 1 percent.

The inequitable model is also sustained by Italy but with a distinct shape. Nearly 92 percent of the total
national expenditure in 1987 was concentrated in northern and central Italy (representing about 64 percent of the
Italian population). The remaining 8 percent was spent by southern Italy, with 36 percent of the demographic
force. (See Table 3.) On the other side, the regional distribution in this meridional part of Italy presents a more
uneven distribution. (See Table 4.)

Data available for Portugal points to the same direction, since about 70 percent of R&D expenditure takes
place in the region near Lisbon.

Human Resources in Science and Technology

Human resources are the most important component of any national research system. As a logical
consequence, personnel data represent the second main input indicator of R&D activities. However, its
incorporation to this pertinent position in the R&D panorama occurred later than that of economic resources and
was the result of the credit gained by the model proposed by H. Brooks on science planning and priority setting.
This model viewed research not only as a technical overhead but also as a social overhead investment in which
research and education, in broad terms, are inseparable activities and must be intertwined.

Since this incorporation, the measurement of human skills in connection to R&D has not been an easy task.
Seminal to this issue was the Frascati manual as a highly valuable sample of OECD care, interest, and effort for
standardization of R&D data. However, it seems obvious that in spite of the recognized merit of Frascati, it
offers, today, limitations because of the increasing complexity of the relationship between science, technology,
economy, and society. The manual cannot be taken as a made-to-measure suit for any model other than science-
technology systems.

The situation has already been recognized by the main international organizations (UNESCO, OECD,

TABLE 3 Total Expenditure in R&D Public Sector and Undertakings by Main Regions in Italy, 1987

Region Expenditure (millions of lire) Percentage
Southern Italy 6,238,983 66.84
Central Italy 2,383,665 25.54
Northern Italy 711,285 7.62
TOTAL 9,333,933 100.00

SOURCE: Original ISTAT, 1990, taken from Science and Technology in a Marginal Area: The Case of the Italian Mezzogiorno, R. Zobbi,
December 1991.

TABLE 4 Regional Distribution of Total Expenditure in R&D, Public Sector and Undertakings in Italy, 1987

Regions Absolute Expenditure Percentage
Northern Italy 6,238,983 66.84
Piemonta 2,002,535 21.45
Valla d'Aosta 6,821 0.07
Lombardia 2,635,464 28.24
Trentino A.A. 35,087 0.38
Veneto 346,435 3.71
Friuli V.G. 139,142 1.49
Liguria 463,581 4.97
Emilia Rom. 609,918 6.53
- IT. Nort/occ. 5,108,401 54.73
- Nort/or. 1,130,582 12.11
Central Italy 2,383,665 25.54
Toscana 431,354 4.62
Umbria 24,312 0.26
Marche 38,721 0.41
Lazio 1,889,278 20.24
Southern Italy 711,285 7.62
Abruzzi 63,252 0.68
Molise 512 0.01
Campania 347,229 3.72
Puglia 89,789 0.96
Basilicata 37,926 0.41
Calabria 17,602 0.19
Sicilia 1,151,625 1.23
Sardegna 39,813 0.43
TOTAL 9,333,933 100.00

SOURCE: Original ISTAT, 1990, taken from Science and Technology in a Marginal Area: The Case of the Italian Mezzogiorno, R. Zobbi,
December 1991.
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and the ECC) involved in the measurement and understanding of trends in R&D. This has led to the lively debate
that is currently taking place. Some of the issues that have sprung up are as follows:

1.

2.
3.

10.

It is deemed necessary to discuss science and technology in a broader concept than that of R&D in
current literature.

It is admissible to talk about human resources in science and technology instead of R&D personnel.
It is recognized that the debate should delve into the activities related to science and technology,
enlarging the focus from those related to science and technology production to others indispensable
for a science and technology policy based on dissemination.

Against the Anglo-American view, the humanities are kept within the frame of activities and
disciplines involved in science and technology.

The difficulties in making adequate comparison between professional skills, both by qualification
and occupation, must not exclude accountants and technicians, whose jobs are fundamental to
rational and well-structured development of science and technology goals and projects.

In any case, the approach looking for a better link between R&D and education may take into
account 5, 6, and 7 ISCED levels, as well as consider the distinction of doctoral studies as an
independent level.

The idea of counting personnel as total numbers, as heads, without relying exclusively on counts of
full-time equivalents is gaining intensity.

In a similar context it is considered appropriate to combine the measure of the number of people
available (stock) with the concept of mobility, or flows, of personnel.

The human resources involved in science and technology have to be considered both as inputs and
outputs to the system.

There is an evident conflict between the classifications concerned with skilled personnel by both
qualification (education) and occupation. The next generation will see the continuing debate about
this matter, focusing on the count of students (graduate, doctorate, and postdoc).

All these topics appear highly relevant to the present study, and their concerns and problems influence it.

Data on Human Resources in Less Favored Regions of EC-12

The data currently available confirm the trends outlined before: (1) an absence of homogeneity in the
information, and (2) the emergence of apparent disparities between countries and regions (see Tables 5-7). As
can be seen, the information up till now contains data, although not complete, on stocks but not on flows. In
neither is there too much detail in a breakdown by academic skills or degrees.

In order to correct the situation, we have prepared a survey/questionnaire addressed to heads of academic
units, heads of R&D units, and personnel of companies that belong to EC Objective 1 Regions. This survey is
now under way. As an illustration of its purpose, we include the introduction of the questionnaire:

The aim of this questionnaire is to obtain firsthand, updated information about human resources devoted to
scientific or technological research in institutional facilities located in the less favored regions of the EC. It is
expected that the data retrieved by these means can be helpful in designing EC science and technology policies
more appropriate to the needs of these regions. Data on personnel mobility are particularly appreciated due to the
importance attached to this information as indicator of a research unit situation and as a probable area of political
and financial action. For the sake of this study we define mobility as any variation in the number and/or
composition of the human resources of a research unit. Most careful attention and accuracy in the fulfillment of this
questionnaire is earnestly requested. Thank you for your kind cooperation.

Copyright © National Academy of Sciences. All rights reserved.
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TABLE 5 Summary of the Collected Information about Personnel from R&D Activities in the Less Favored Countries of

EC-12
Occupation Sector Countries Administration Higher Education Post-Graduate Enterprise
FTE HC FTE HC Grant All FTE HC

Greece X - X X X(CC) - X -
Spain X X X X X(CO) - X X
Ireland X - X - X(FTE) X(CO) X -
Italy X X X X - - X X
Portugal X X X X - - X X

Key: x denotes information available
FTE full-time equivalent

CC conversion co-efficient

- denotes absence of information
HC total number (head count)

TABLE 6 Summary of the Information Contained in the Comparative Analysis of the Science and Technology Policy of
the Countries with the Less Favored Regions of Europe (EC-12)

COUMTRY I TALY [ RELAND SPAIN PORTUGAL GREECE
(Year of Last Information) (71988-8%) (1984) (1988-90) (1968-90) (1984i-8T)
B Experditure (GERD) L] * * * -
- By Sector i * * * -
Inputs < Persornnel (n? per 1000 active) = wfs ' wfs *
= By Sector - - + + +
= By & wf= = # &
RED Indicators < - By Field of Science #f- + + - -
|_Iluim' Publ ications . + + =
Dutputs «
Lluum:i - - * -
[ _Huun Resources * - + -
= Disvribution by Field - *
University < Students - * * - .
= Distribution . + + . .
Research Training Grants - - + * -
Analysis - Distribution o + + -
of Special < L
Sectors =
Ex iture - + + - -
- MAARS = + * -
Enterprises < Personnel - - - - -
Distribution - . +f= - .
(publ ic,private, SHE) . . &= i :
Regional rExp-lnditurl +f- * * - *f
Distribution <
LParsml - . + - -

and other typesetting-specific formatting, however, cannot be retained, and some typographic errors may have been accidentally inserted. Please

Key: + denotes complete information
=+ - denotes incomplets information
-  mo information

SOURCE: Copol 1990, Tendances de la recherche scientifique et du developpement technolgique dans la CEE; Trends Research and
Technological Development in the ECC (Rapport/Report EUR 13795, FR/EN); Greece, Copol 88, Report EUR 11983 EN; Portugal, Copol
91, Rapport EUR 14343 FR; Italy, Copol 90, Report EUR 13313 EN Ireland, Copol 88, Rapport EUR 11980 FR; Spain, Copol, Report
prepared by Mr. J. Elorrieta Jove, EN.
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TABLE 7 Summary of the Situation of Personnel Devoted to R&D in the Countries with the Less Favored Regions of
Europe (EC-12)

COUNTRY RESEARCHERS TECHNICIANS OTHERS TOTAL
Number % Number % Number %
ITALY Total 67,844. 100.0  32,892. 100.0  21,616. 100.0  122,353.
Public 35,279.1 52,0 12,0062 36.5 8,798.2 40.7 56,083.2 (64,6372
Sector )
Enterprises 32,565.1  48.0 20,8862 63.5 12,8182 593 66,269.2 (57,7152
)
PORTUGAL Total 5,003.6 100.0  3,571.5 100.0  2,308.3 100.0 10,883.4
Public 4,237.7 84.7 2,385. 66.8 1,673.9 72.5 8,296.6
Sector
Enterprises 765.9 153 1,186.5 33.2 634.4 27.5 2,586.8
(+ NPO)
GREECE Total 4,000. 100.0  1,572. 100.0  1,908. 100.0  7,480.
(1983-87) Public 3,162. 79.1 1,278. 81.3 1,535. 80.5 5,975.
Sector
Enterprises 838. 20.9 2042 18.7 3732 19.5 1,505.
IRELAND Total 3,626. 1,336. 1,231. 6,193.
(1984)
SPAIN (1988) Total 59,592 100.0
Public 48,623 81.6
Sector

Enterprises 10,069 18.4

Footnotes: 1 Estimated from breakdown by type of research.

2 It appears as such in breakdown by sector of activity.

SOURCE: Copol 1990, Tendances de la recherche scientifique et du developpement technolgique dans la CEE; Trends in Scientific Research
and Technological Development in the ECC (Rapport/Report EUR 13795, FR/EN); Greece, Copol 88, Report EUR 11983 EN; Portugal,
Copol 91, Rapport EUR 14343 FR; Italy, Copol 90, Report EUR 13313 EN; Ireland, Copol 88, Rapport EUR 11980 FR; Spain, Copol,
Report prepared by Mr. J. Elorrieta Jove, EN.

This questionnaire is divided into five short sections. The first one is thought to reveal the composition and
characteristics of all the personnel making up the human resources of scientists, technologists, technicians, and
other researchers (fellows, grant holders, etc.) working in the research unit under survey. Gender, age, position,
activity, and level of training features of the researchers are requested.

The second section of this questionnaire is aimed to provide an image of the mobility resulting in the
present composition of the human resources of the research unit in this survey. Geographical and educational
features are requested in order to single out those people proceeding from non-Objective 1 Regions, and then
data on gender, age, position, activity, cognitive area, and level of training are asked for these people.

The third section of this questionnaire points to the mobility of scientists (commonly people who graduated
from Science Schools doing R&D; what the Frascati manual calls "researchers"), technologists (commonly
people who graduated from engineering schools and who deal with technical activities of R&D or tasks of
adaptation, diffusion, troubleshooting, quality control, routine tests, etc.), technicians and equivalent staff, and
other researchers (fellows, grant holders, etc.) during 1992. Temporal, geographical, organizational, and
motivational features of the researchers undergoing mobility are requested.

The fourth section of this questionnaire asks for a few characteristics of the research unit under survey.
Specific questions are asked on area of

Copyright © National Academy of Sciences. All rights reserved.


http://www.nap.edu/catalog/5109.html

n International Perspective

HUMAN RESOURCES IN SCIENCE AND TECHNOLOGY AND THE LESS DEVELOPED COUNTRIES OF EUROPE (EC-12) 70

activity, sources of support, and the allocation of financial and human resources.

Finally, for technical reasons—and always respecting the confidentiality of respondents—we need some
identification data. (VERY IMPORTANT NOTICE: Less favored regions are named Objective 1 Regions in the
terminology of the EC. This survey is addressed to research units in this kind of region. Although there are a few
others within the EC, the Objective 1 Regions considered in this survey are the following: Greece, Ireland, and
Portugal as whole countries; Abruzzi, Basilicata, Calabria, Campania, Molise, Puglia, Sardegna, and Sicilia
within Italy; and Andalucia, Asturias, Islas Canarias, CastillaLeon, Castilla-La Marcha, Comunidad Valenciana,
Extremadura, Galicia, and Murcia within Spain. It is crucial to take into account these classifications in order to
answer correctly the following questions on geographical mobility of the researchers!)

SOME CONCLUSIONS AND RECOMMENDATIONS FROM THIS ANALYSIS

* The study of human capital in science and technology needs more work from the statistical approach.
All initiatives that are being undertaken by different organizations are welcome, although they are likely
to require a serious discussion from a multidisciplinary point of view. Mobility is for instance
fundamental to understanding the problems of less favored regions.

» The educational programs related to development of skills for science and technology must be discussed
with the social agents. A partnership between owners, trade unions, and public administrators appears to
be essential to establish the great lines of training needs.

* In order to foster the development of less favored regions through science and technology, an
appropriate selection of priorities is fundamental. For this selection it is necessary to take into account
the inner characteristics (its strengths and weaknesses) of every region. Adoption or mimicking of too
general priorities is most likely hopeless.

It is fundamental to favor the creation of an adequate infrastructure to permit the incorporation of skilled
personnel. An appropriate general environment may encourage this trend.

« It is perhaps time for a plea for more creativity and flexibility of policies concerning human resources
for science and technology. Since heterogeneity appears as the main characteristic, specific measures
and programs should be applied.

SOME PRELIMINARY CONCLUSIONS AND COMMENTS FROM THE INQUIRY
CARRIED OUT BY OUR GROUP

The response from the 3,000 units surveyed by mail has been reasonably good (about 30 percent), taking
into account the mailing characteristics of the survey, the complexity of the questionnaire, and the limitations of
mail services in these EC 1 Objective Regions.

The complete information from the survey will be communicated to the EC Directorate General XII from
which we are contractors.

Nevertheless, a few conclusions and comments can be drawn at this stage:

* The information gathered confirms the difficulties in obtaining relevant data concerning human
resources in science and technology. This general conclusion has to be stressed in view of the
considerable extent of disaggregation concerning survey units reached by us. One has to wonder about
the significance of data obtained from survey units with a greater degree of aggregation.

* One reason for this difficulty concerns the breakdown by qualification. This owes first to the evident
heterogeneity existing among countries with regard to degrees and length requirements for their
attainment. Second, it seems difficult to reconcile the extent and variety of educational degrees and
diplomas with the ISCED levels (for instance, levels 5, 6, and 7, and the absence of a doctoral level).
An effort for homogenization, at least in terms of equivalence analysis, seems indispensable and must
be rewarding.
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* Another side of the problem derives from the lack of information on human resource issues among
R&D managers of whether they belong to academic institutions or undertakings. A specific action on
the formation of these questions may be worthwhile.

* A third problem comes from the attempt to match the restricted R&D activities and their statistical data
following the Frascati manual with those more broadly comprised under the heading science and
technology.

* We have noticed that among academic or scientific institutions from Greece, Italy, Ireland, and Portugal
there is a marked heterogeneity in the doctoral distribution from none to a reasonable level. However,
there also seems to exist a potential for doctoral training inside the regions or even for attracting foreign
doctors to them. This is a puzzling situation since I consider doctoral training as part of a learning by
doing teaching process, a first and necessary step to improve the scientific environment in the less
favored regions. Moreover, the procurement of a doctoral degree in the same region from each
individual seems to me—paradoxical it may seem—a better onset for scientific careers until there is
sufficient development of the discipline in that region. A better likeness to reality can follow from this
path.

* The situation is not the same in Spain, probably as a result of the administrative requirement of a
doctor's degree to pursue an academic career.

NOTES

1. In collaboration with T. Gonzalez de la Fe, J. M. Iranzo, R. Blanco, and C. E. Garcia.

The study based on the questionnaire survey mentioned in the text was ended and approved in June 1993. It was carried out under
Contract Number STRI-0020-ES from the Commission of European Communities (Directorate General XII, Science, Research, and
Development). The Final Synthesis Report entitled Study on Human Capital for S/T in the Five Less Favored Member States is owned
by that Directorate and may be available from it.

We are indebted to Mrs. Mercedes Tenjido and Mrs. Maria Jose Beltran for their secretarial help.

and other typesetting-specific formatting, however, cannot be retained, and some typographic errors may have been accidentally inserted. Please

[}
]
3
=
[0
o
©
]
X
®
[}
o
0
()
(o))
©
o
@
o
©=
()]
£
&=
=
(O]
[72]
[}
[oN
>
Z
T
£
=
2
(@]
[}
z
£
£
o
=
=
(]
C
~
o
o
0
.
[0}
Q
®©
o
T
£
=2
2
o
(]
ey
£
£
(]
o
=
©
]
2
®
[
o
o
2]
o
=
—
s
<
£
(]
o
=
©
(]
[72]
o
Q.
€
(]
[&]
[}
o
[
[}
[0}
Keo]
2]
©
°
-
=
o
2
T
£
=2
2
(@]
(]
ey
=
Z
]
C
S
2
©
o
C
(]
(2]
]
o
Q.
[}
Qo
I
=
=2
©
2
[]
[
@
Ny
'_
o)
=
L.
a
o
@
ey
=
=
>
o
Q
<

use the print version of this publication as the authoritative version for attribution.

to the original; line lengths, word breaks, heading styles

Copyright © National Academy of Sciences. All rights reserved.


http://www.nap.edu/catalog/5109.html

[}
=}
3
=
[0
o
©
[}
X
®
[}
o
0
()
(o))
©
o
@
o
=
o
£
&=
=
(O]
[72]
[}
o
>
Z
T
£
=
2
(@]
[}
L
£
£
o
=
=
(]
C
~
o
o
0
.
[0}
Q
®©
o
T
£
=2
2
o
(]
ey
£
£
(]
o
=
©
]
2
®
[
o
(&}
[%2]
o
=
-
s
<
£
(]
o
=
©
(]
[72]
o
Q.
€
(]
[}
[}
o
[
[}
[0}
Q0
(2]
©
N
-
=
o
2
T
£
=2
2
(@]
(]
ey
=
Z
]
C
S
2
©
o
C
(]
(2]
]
o
[oX
[}
Qo
I
=
=2
©
2
[]
[
@
C
'_
o)
=
L.
a
o
@
ey
=
=
3
o
Q
<

(0]
(2]
(]
o
o
g
(0]
b=
(0]
(2]
£
>
T
g
c
(0]
k)
Q
(]
(0]
c
(0]
[0
o]
(0]
>
©
e
>
(0]
€
w
2
o
o
=
(0]
XS]
<
Q.
[0
©
()]
[e]
o
>
Z
(0]
€
(o]
w
e)
C
©
-
[0]
=
©
o)
(0]
Qo
[0}
o]
=
[e]
c
C
(]
o
2
(0]
>
(0]
2
o
~
-
C
E
@
=
£
(o]
S
Qo
=
[$]
(0]
Q.
(II’)
(o]
C
=
[0]
(%]
(0]
o
>
Z
-
(0]
L
£
(o]
e)
C
©
d
k]
>
=
(2]
()]
£
©
©
(0]
<
)
-
©
[0)
o
o]
e)
o
(o]
2
-
e
=
(o))
C
K]
(0]
£
)
£
=)
2
o
(0]
T
=
[e]
el

o
e
=

>
Ie!
=
=]

©
=

]
L

c
Qo

7

&2

o

>

[
=
=

©
)
=

<}
<
=
>
®©
©
<
s

[2]

®©

c
e
=

©

o
o)

>

o
§)
=
=
b

o

c
e

7

&2

o

>
=

c
=

S

©
<
=

©

[2]

S

nternational Perspective

THE LONGITUDINAL ANALYSIS OF THE SELECTION OF CAREERS IN SCIENCE AND TECHNOLOGY 72

The Longitudinal Analysis of the Selection of Careers in
Science and Technology

Jon Miller

In this commentary, I want to discuss the rationale for longitudinal measurement in the study of career
choice, review the strengths and weaknesses of the papers by Dr. Xie and Dr. Mufioz, and suggest some
approaches to further research that improve our understanding of the career selection process. Having worked for
several years in the conceptualization and implementation of a major longitudinal study in the United States, I
am pleased that a panel focused on longitudinal studies was included in this international conference. The
increasing number of longitudinal studies and the focus of serious academic and policy discussions on these
studies marks a growing recognition of the value of this kind of work, and I am pleased to be a part of this
process.

THE IMPORTANCE OF LONGITUDINAL MEASUREMENT

It may be useful to begin with a brief discussion of the importance of longitudinal studies in thinking about
the selection of careers throughout the life cycle and in testing our hypotheses and assessing the impact of our
efforts to impact this process. I believe that the growing number of good longitudinal studies has had a beneficial
impact on the ways that we think about the selection and achievement of careers and may even have enriched our
theories about these processes.

When investigators had available only cross-sectional time series measurements, the picture of the career
selection process was viewed as more linear, incremental, and rational. And many of the models were consistent
with the time series data, showing, for example, a steady decline in student plans for a career in science and
technology during the high school and college years. This observation may be applied to social science more
generally, but it was undoubtedly true in regard to models of career choice.

With the access to longitudinal data sets that included career choice information, it has become apparent
that the process is much less stable and far more dynamic than many of the more linear and static models would
have predicted. The fundamental point is that studies of career choice are studies of human behavior. We are
interested in changes in the plans, expectations, skills, and behaviors of individuals, and the data from good
longitudinal studies provide the level and kind of measurement that supports the development and testing of
models of human choice and change.

XIE: A DEMOGRAPHIC MODEL

The Xie paper offers a demographic model of movement into and out of the science and technology career
stream, using a modified Markov chain approach. The introduction of a demographic model makes the paper
useful at the conceptual and heuristic levels. A series of misspecifications of central variables, the disjuncture of
measurement concepts across longitudinal segments, and a 20-year gap in the two databases combine to erode
the substantive value of the conclusions. Let me discuss each of these points in greater detail.

Xie's discussion of the movement of individuals into and out of the science and technology career stream is
useful. It emphasizes the dynamic nature of the process and points to one important use of longitudinal studies.
Conceptually, the ability to look at the transition probabilities across time and at different levels (and types) of
schooling would be a useful
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macro-level tool to understand and monitor the pipeline of scientific and technical personnel. This kind of macro
analysis should complement micro-level analyses of family, school, peer, media, and market influences on career
choice, not replace it. As we know from economic analysis, macro-level theories built on inaccurate assumptions
about micro-level behaviors seldom work.

Unfortunately, the elegance of the conceptual model is not paralleled in the empirical specification of the
model. There are several serious problems.

First, Xie is vague about the definition of scientific and technical occupations. Since the analysis is limited
to those students planning to enroll at the university level, it would appear that all sub-baccalaureate technical
occupations are excluded. It is not clear, however, whether the health professions are included or excluded from
the analysis, and that determination will have a significant impact on the subsequent analysis of gender
differences in the selection of scientific and technical careers. Xie provides a footnote saying that the social
sciences are excluded and offers to provide occupational codes upon request, but this is information that is
essential to the reader in seeking to assess the proposed model.

Second, for the 7th through 12th grade segment of the longitudinal chain, Xie defines all students who
"strongly agree" with the statement that they enjoy science as "belonging to the state of intended science/
engineering postsecondary education." While it is reasonable to expect that most students who are thinking about
a scientific or technical career would say that they enjoy science, it is very likely that a significant proportion of
the students who strongly agreed with this statement have clear career intentions in fields other than science and
technology. Some students report that they enjoy or like virtually all of the subjects that they study, while others
tend to be more reserved and give all, or most, subjects a more moderate rating, including those related to
possible career preferences.

The definition used for the student population, however, should bear some relationship to the definition
used for the college population and to the definition of the final occupational set. For example, if medicine,
nursing, and other health professions are included in the definition of a science/engineering occupation, then it
would be reasonable to use a somewhat broader definition. If, on the other hand, the final definition is the
National Science Foundation's classification of graduate-educated scientists and baccalaureate-educated
engineers, then a broad definition at the middle and high school levels would lead to the false conclusion that
large numbers of students who always intended to be physicians had left the pipeline, when, in fact, they had
never been in it. Given the large number of more specific and career related questions included in the
Longitudinal Study of American Youth (LSAY) database, Xie could have operationalized this variable in a more
precise and relevant manner.

Third, a similar problem occurs with the definition used by Xie for the college years. Xie identifies a set of
college majors as representing a career interest in science and engineering. While this is clearly a more precise
definition than was used in the pre-university years, it is equally vague as to boundaries and content. If the health
professions are included, then majors may be a reasonable approximation. If the health professions are excluded,
then we would again interpret all of the premedical majors in biology or chemistry as being in the science and
engineering pipeline and subsequently dropping out of that pipeline, which would be an erroneous conclusion.
Given Xie's later effort to make generalizations about gender differences, the issue of the inclusion or exclusion
of the health professions is a central problem since, in the United States at least, a slight majority of high school
students planning to enter medicine are female.

Fourth, in an effort to develop a synthetic cohort over a longer time span, Xie combined the precollege data
from the LSAY and the college and postcollege data from the National Longitudinal Study of 1972. This linking
might work in areas that have been relatively stable over the last two decades, but it does not work for the
purposes of Xie's analysis. In the area of gender differences in course enrollment and career preferences, there
have been major changes over the 19-year period between the two studies. For example, had Xie looked at
student use of computers in this synthetic cohort, the results would have shown a major drop-off between the
ages of 17 and 19. We know from numerous other studies that this would be a wrong conclusion, but the rate of
computer usage was significantly lower in the early 1970s and the merger of these two data sets on substantive
areas that are undergoing rapid change is inappropriate. During these two decades, the proportion of high school
and college women who have been taking advanced courses in science and mathematics has increased
significantly, as has the number of young women planning careers in

Copyright © National Academy of Sciences. All rights reserved.
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science, mathematics, medicine, and engineering.

Finally, these problems of definition, specification, and time breaks combine to raise serious doubts about
the substance of Xie's conclusions. Xie claims that the major loss of young women from the science and
engineering pipeline occurs between the ages of 17 and 19, but the observation that a very similar drop occurs
for males leads one to suspect that the real factor may be the change in definition from the enjoyment of science
to enrollment in a specified set of college disciplines. It is very likely that some part of the observed drop (by any
definition) is the result of comparing a high school cohort from the late 1980s with a college cohort from the
early 1970s, disregarding two decades of growing feminist awareness and increasing rates of female
participation in advanced science and mathematics courses.

MUNOZ: HUMAN RESOURCES IN LESS DEVELOPED REGIONS OF EUROPE

The Muifioz paper addresses both the conceptual problem of the linkage between human resources and job
availability and the problem of insufficient data to fully understand the processes. It is useful to think of these
two issues separately.

Mufioz documents that the less developed regions of Europe have fewer persons trained in science and
technology (by almost any definition) and that the science and engineering pipeline is smaller in these regions
than in the more developed regions of Europe. He observed lower rates of public spending for education and
lower numbers of students seeking higher level education and training in science and technology related
occupations. There are similar regional disparities in the United States and in most industrial nations.

Muiioz also observes similar patterns in regard to public investment in research and development(R&D) and
in the level of employment in occupations and institutions related to scientific research and technical
development. Again, this pattern would be found in the United States and most industrialized countries. In
recognition of this pattern in the United States, the National Science Foundation has created a special grant
program to provide support for scientific work in selected states where universities and other research centers
have not been able to compete successfully against similar institutions in other states.

The issue is the linkage between these two sets of observations and the implications for public policy.
Historically, some economists and development specialists would argue that once there are jobs and
opportunities available in a region, the labor market will adjust and more young people will begin to prepare for
these jobs, seeking the kinds of training needed. This is a demand driven model. While it clearly works for some
kinds of economic development, it is not clear that it will work equally well for scientific and technical
development. Given the long period of training needed for many higher level scientific and engineering
positions, it is more likely that skilled personnel from other regions will be drawn to new job opportunities in
less developed regions, unless there is a general shortage of skilled personnel in all regions. Over a longer period
of time, new generations of young people growing up in an area with available positions in science and
engineering will begin to think about those opportunities, but the short-term change may be relatively small,
especially at the professional level.

An alternative view has been that an increased supply of available skilled personnel in a region will make
that region more attractive to potential employers, who may then elect to locate a new research or development
facility in that region. In a market with a rapidly increasing R&D sector and a general shortage of skilled
personnel, this model may work effectively, but those conditions are rarely met.

Muiioz, as many before him, struggles with the linkage between the supply of human resources and the
level of economic activity in R&D. He recognizes that there is a linkage, but he does not suggest a causal order. I
suspect the linkage is circular, with increasing job availability and increasing numbers of young people seeking
careers in science and technology mutually reinforcing each other. It is clearly a dynamic model.

In his search for some structure to this problem, Muiloz finds a dearth of data that is both directly relevant
and sufficiently precise. He notes the differences in definition of scientific and technical jobs and the difficulties
of making valid comparisons among non-identical data sets. The work of the European Community in seeking
more standardized data has produced some marked improvements to date, but, undoubtedly, more needs to be
done. In addition, there are important kinds of data (like the longitudinal studies used by Xie) that are not being
collected in the European Community at the present time.
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THE IMPACT OF THE END OF THE COLD WAR

The end of the Cold War will have an important impact on all of our models of the demand for and supply
of scientific and technical personnel, and it is important to recognize this potential impact. In both the United
States and the European Community, but especially in the U.S., a significant portion of scientific and technical
personnel have been engaged in defense-related R&D. Given the relative stability of this sector of the R&D
enterprise over the last four decades, we have been able to develop pipeline models of human resource
preparation with some degree of certainty about the relative size of the demand for new graduates.

With the end of the Cold War, all of the western governments are moving substantial amounts of resources
from military-focused spending to civilian-focused spending. In the United States, the Clinton administration has
announced a major effort to convert many of these defense industries into nonmilitary production of consumer
goods and environmental protection processes and goods. It is far too early to guess at the likely success of this
conversion, but it is equally clear that we do not know what level of civilian R&D will be supported by our
economies as presently structured.

Consider two possibilities. Assume that the movement of defense-related scientific and technical personnel
into the civilian sector will take a decade to achieve, or that it will be a decade before we can determine the
longer-term level of resources that western governments will continue to devote to military purposes. In the
meantime, the personnel and facilities that are converted from defense to civilian purposes meet, or largely meet,
the growth in R&D personnel needs of the civilian sector. The opportunities for new graduates would diminish
and the pipeline flow would drop in rough proportion to the availability of positions. In this model, the demand
for scientists and engineers would drop and the incentives to relocate to presently less developed regions would
be greatly reduced.

The most optimistic model is that the flow of talent from military to civilian objectives will stimulate a new
surge of innovation, creating new products, new industries, and new jobs. Surely we would all hope for this
model, but realistically, it is more difficult to imagine. If, as a recent television show suggested, this new
technology should lead to the development of electric automobiles that would cause less harm to the
environment, there might be an increase in the design, manufacture, and repair of electric automobiles, but would
there not be some decline in the level of economic activity associated with gasoline-powered automobiles? And
what if electric automobiles turned out to require less time to manufacture or less frequent repairs? Overall, 1
would expect that there may be a net gain in economic activity in the civilian sector, but I would expect that it
will take at least a few years to fully offset the decline in military-related economic activity. We stand at a very
interesting point in time, and we should not assume that our previous models of supply and demand for scientific
and technical personnel will continue to work in future decades without some major re-thinking.

WHAT DO WE NEED TO KNOW ABOUT THE PROCESS?

I understand the purpose of this international conference to be a reporting and sharing of current research in
regard to scientific and technical careers and the identification of future directions for this research. Let me
conclude, therefore, with some brief observations about some substantive issues that require a new or
substantially increased level of research attention.

First, I want to stress the importance of longitudinal measurement in the study of the career choice and
attainment process. It is a dynamic process, and we need to build theories and models that reflect the vitality of
the process. After more than two decades of working with both cross-sectional and longitudinal data sets, I am
firmly convinced that we must have more and better longitudinal data sets if we wish to make substantial
improvements in our understanding of these processes.

In the United States we have initiated a number of important national longitudinal studies, but there are still
important misunderstandings about the nature of and need for these studies. Some policy leaders and agency
personnel seem to think that one national longitudinal study every eight years is sufficient to answer every
possible question about the educational process. Virtually none of these people has ever attempted to analyze a
longitudinal data set or has ever worked to combat respondent fatigue over the years and sustain cooperation.
The LSAY, which I conceptualized and of which I am the director,
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represents a new and important example of a kind of longitudinal study that needs to be replicated in other
subject realms and in other countries.

In contrast with the National Longitudinal Study of 1972, the High School and Beyond Study, and the
National Elementary Longitudinal Study of 1988, the LSAY focused on the development of student interest and
achievement in a limited subject range—science and mathematics—and attempted to measure a wide range of
factors that affected those outcomes. We tested each student in science and mathematics each year, collected
student assessments of courses and reports of school activities each semester, interviewed one parent of each
student once each year by telephone to learn more about the home environment and to obtain parental estimates
of student time use and activities, collected reports from each science and mathematics teacher that served an
LSAY student about the content of the course, and obtained school level reports from the principal of each
school periodically. In the first 6 years, we collected over 6,000 items of information on each of about 7,000
students. It has been an intensive look, but it is the way that systemic measurement must be done if we are to
develop a broader and more systemic understanding of how young people learn about science, mathematics, and
technology.

In the future, we need to initiate new cohorts in the study of science and mathematics, and the government
should support similar studies focused on how students acquire humanistic and social understanding, reading and
language abilities, and political and social values. And it is essential that parallel longitudinal studies be
developed in several countries at the same time, using common metrics. Unfortunately, even the best single
national longitudinal study cannot measure some system level variables because most nations have a relatively
common educational system. It is only when there are parallel longitudinal studies like the LSAY that we will be
able to build models of student behavior that take into account both the family and school characteristics of each
student and the systemic variables within which these other factors operate.

Longitudinal studies are expensive. It is the nature of the study, and it is unlikely to change. Pencils are less
expensive than computers, and we still need some of them, but few people would seriously propose to substitute
more pencils for computers for most purposes. Yet funding agencies in virtually every country still prefer to
support a lot of smaller studies than a few larger ones. Perhaps the responsibility falls to those of us in the field
to demonstrate the value of longitudinal data and to educate our students, who may become the next generation
of agency administrators, about the need for longitudinal measurement.

Second, it is important to monitor the flow of young people into and out of the scientific and technical
career stream. The work of Xie points to a direction that we need to pursue. While there will also be some flow
into and out of this stream (and we should encourage students to change their minds if they are not happy with an
earlier choice), we need to be able to identify the points in the stream where there are significant numbers of
students exiting and to study the reasons why. Recently, Sheila Tobias has focused considerable attention on the
impact of introductory college level science courses on the attitudes of students about science as a field of study
and as a possible career. The kind of macro-level model proposed by Xie, with appropriate definitions and data,
could be most useful in assessing points or difficulties that need further examination. A comparison of
demographic, or flow, models in different countries or different regions—along the lines suggested by Mufloz—
may be helpful in understanding more about the dynamics of economic development.

Finally, given the increasing length of life for many individuals, we need to think about new models that
incorporate mid-life changes in career choice. While there has been some very useful discussion of mid-life
changes in the educational and sociological literatures, there have been few databases suitable for use in testing
major hypotheses or in constructing models of these behaviors. Again, and for all of the same reasons, we will
need longitudinal measures of adults to be able to understand voluntary and forced modifications in career paths.

It is a large agenda and it will take resources, but it would be less expensive than devoting millions of
dollars to job programs or economic development programs without an understanding of how those processes
work. Neither governments nor economies will stand still while we study these issues, but we must seek to use
our existing knowledge and our understanding of what we need to know to become more a part of the policy
thinking processes.
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Overview of Technical Papers

Wendy Hansen

BACKGROUND

Development and adoption of new technologies is key to economic prosperity in an increasing global
economy, an economy that is altering economic and employment structures. As globalization develops and
accelerates, our workforce will be a key determinant of our ability to compete and prosper.

Understanding the scientific and technical workforce is becoming a top priority of countries around the
world. The increasing international mobility of our scientific and technically trained people adds additional and
immediate pressures. It is now, more than ever, critical to understand just why individuals choose to pursue
education and training in science and technology and to proceed on to careers in their specialized fields.

INTRODUCTION

This summary paper has been prepared based on the papers submitted for discussion in Panel 3: Analyzing
Trends in Science and Technology Careers: Factors Determining Choice. Science and Technology Careers:
Individual and Societal Factors Determining Choice by Thomas Whiston and Factors Behind Choice of
Advanced Studies and Careers in Science and Technology by Torsten Husén probe the factors influencing an
individual's decision to pursue scientific and technical studies and to continue on to a career in science and
technology.

Factors Influencing Choice

What are the factors influencing a man or woman to pursue studies in science and technology? What factors
contribute to the decision on whether or not to opt for a career in science and technology?

1. Sociocultural Environment

* Stereotyping manifests itself in childhood, shaped by the family environment, friends, and the
community.

* A parent is a powerful role model. The parent may influence the choice of curriculum and scholastic
achievement, directly and indirectly.

» Social acceptance—the status of science and technology both real and perceived—impacts upon the
choice of the individual.

2. Teaching of Science in Schools

* The quality of teaching directly influences a student's scholastic achievements, limiting or enhancing
program prospects. This can impact at an early stage when poor marks in mathematics and science limit
future educational options, and also affect a student's self image and confidence in the subject. Poor
teaching is a factor that not only may
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influence the individual's scholastic achievement, but also may inhibit the student's interest in science
and his or her attitude toward science.

The teacher provides a role model for the students. A good teacher can put the student at ease with
science.
The student-teacher relationship is an important factor in scholastic achievement and the student's future
decisions.

The workload of science and technology programs is often measured against that of other
specializations and is often perceived as far more difficult and heavy.

Science departments are often, whether real or perceived, separated from the rest of the school's
programs and activities.

3. The Gender Gap

Regardless of culture, men and women undergo different life experiences according to their gender.
Choice of program and career are affected by gender stereotyping. For example, analyses show that
there seem to be "male" and "female" specializations in science and technology. Men exhibit greater
attraction to applied and physical sciences while women show greater propensity to life sciences like
agricultural and biological sciences.
Gender stereotyping may also influence scholastic achievement, as well as program choice. Young boys
are encouraged to enter and excel in science; do young girls receive the same encouragement?

Science and technology programs are seen as rather confined avenues of learning. Women may be
deterred by the narrowness of learning that science programs offer.
There is a perception of a hostility of the scientific community to accept women.
Women are underrepresented in the scientific community—there are few role models to encourage
women to pursue studies in science and technology and provide examples of successful careers in the
scientific community.
The academic and career path is seen as inflexible to women—reentry is difficult and women are led to
feel they must choose between a career and a family.

4. The Image of Science

Is science beneficial or harmful? Scientific contributions to society often seem unheralded while, with
the help of the media, science is often perceived as harmful, even evil. It is seen as an ally to industries,
which are themselves perceived as dirty and heartless.

Science continues to have a mystique, making it rather unapproachable. It is often seen as an elitist
discipline. Whether real or perceived, this may deter individuals from entering studies or careers in
science.

5. Career Prospects

Science and technology curricula are perceived as narrow, and thereby limiting career flexibility.

The health of the economy influences the availability and attractiveness of jobs in science and
technology. The perception of availability of good jobs and fiscal reward is an important factor in an
individual's choice of program of study, as well as continuance in the field.

The nature and type of scientific and technical activities change over time. Science is known for so-
called "hot areas," and the built-in time lag of the educational process may lead to a mismatch of
available talent and demand, and result in low demand in particular areas. This may in turn lead to
perceptions of lack of jobs in science in general.

Copyright © National Academy of Sciences. All rights reserved.
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IMPLICATIONS

An individual makes choices based on life experiences and perceptions of consequences of those choices.
More often than not, decisions are based not on a single causal factor but on a series of events with various
intertwined factors exerting their influence along the decision path.

Our questions still outnumber our answers. More research is needed to address the challenges nations
around the world are facing—when and how to best intervene in the process to maximize influencing the
educational and career choice of individuals to ensure we have a highly skilled scientific and technical workforce
to face the challenges of today and bring us into the future.

Copyright © National Academy of Sciences. All rights reserved.
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Science And Technology Careers: Individual And Societal
Factors Determining Choice

Thomas Whiston

PROLOGUE: CAREER SELECTION IN THE SCIENCE AND TECHNOLOGY REALM

First, let me honestly state that this is a difficult topic to write about. For sure it is not that difficult to put
forward (as I later do) a sequential dependency model that attempts to break down the human decision process
into a series of interdependent and converging phases, to provide statistics and policy implications at each phase,
and hence to suggest a quasi-integrative schemata of theme. In so doing, that may be the best that can be
achieved: provide a systems model that attempts to maximize a desired goal—namely, the attainment of the
greatest number and the best students at reasonable cost into areas of science and technology (S&T). But before
going into that let me make a few points with regard to factors affecting career choice (and polices to influence
that choice).

Over an academic career of about 30 years, I have had upwards of 3,000 students, many of whom I have
had the opportunity to know fairly well. The vast majority had, when questioned, little idea why they chose their
undergraduate course of study. (In many cases, "chose" was the wrong word, for progression had been quasi-
automatic, as much to do with external forces as free will.) They might be able to list a range of factors: "I was
good at chemistry at school"; "I liked the teacher" (was this because he was good at the subject, enjoyed praise?);
"I didn't want to go into an office"; "I might be able to do some good with my degree"; "The job prospects appear
good... but I'm not really sure what I want to do..."; "My father studies..."; "My career master advised me...";
"Our school wasn't good at teaching—otherwise ... ." Or, on the "negative" side: "Science has done so much
harm"; "Math is boring"; "The sciences are too hard, too deterministic, little chance for personal creativity ...";
and so on.

But in nearly all cases this might well be construed as post-decision rationalism, cognitive dissonance, or, at
best, a compounding of many factors, the dominant one unknown.

Often it was even more entangled than single-factor causation. Thus, S&T was seen to be entangled with
industry, and the image of industry might be seen as dirty, inhospitable. If it was career rather than an intellectual
discipline that shaped the psychological image (and hence choice), then choice was determined by some forward
imagined event rather than rationalized past experience. In such a context, many of the more simplistic standard
survey questions regarding career choice become somewhat suspect.! At another level, individuals chose a
subject but delayed choice regarding career. Indeed, in many cases the connection was hardly made! Career was
determined by contemporary factors (at the point of, or close to, graduation) such as economic conditions,
relative proportion of job openings, and perceived career prospects. Of course by then many avenues were closed
—it was unlikely a physicist would become an accountant, or a sociology student a research chemist. (Though
we must remember that while the former is possible, the latter is not.) Transfers do, of course, occur (my own
life experience testifies: a first degree
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in chemistry, a postgraduate degree in ergonomics and cybernetics, another in physical chemistry/solid state
physics, a doctorate in cognitive psychology), but it was until recently comparatively rare.

Perhaps the best that we can hope for in optimizing and encouraging entry into the S&T arena, as this paper
seeks to illustrate, is that at each stage of the formal educational process we aim, at a macro policy level, to:

 provide the best infrastructure and facilities for instruction and learning environment;

« attempt at the early stages of the educational process to overcome undue cognitive specialization and
reject syllabus, certification, and examination procedures that separate individuals into arts and science
before they reach FE and HE stages;

* maximize, in whatever ways possible, the participation rate in FE and HE, and encourage flexibility of
entry and reentry;

» provide student financial support wherever possible and reasonable;

* encourage by numerous means [both formal and informal-—media, science center (see OSC below)
industrial-academic linkage, science-society syllabus inputs] maximum and stimulatory information
regarding the positive contributions that S&T makes in all walks of life to encourage the view that S&T
can be a warm subject, motivating and personally involving; and

* encourage industrial/academic crossover and wider societal input into syllabus and organizational
structure, staff exchange, and challenging field projects at all levels of the educative process, again with
an enabling and motivating purpose in mind.

In short, the aim is to maximize fluidity and flexibility in an organizational sense, while fostering latent
ability into shaped performance and interest. By following these two broad principles and translating them into a
host of human resource policies, we may:

1. maximize the number of entrants into S&T commensurate with societal needs; and
2. encourage the flowering of the best talent (both cognitively and motivationally).

To say that is not to emphasize so-called manpower planning or human resource engineering, but to seek a
socioeconomic and institutional pathway that is more open, more natural than is presently the case.

A small minority of individuals know what they want to do early in life; an even smaller minority are so
gifted that there seems no point in doing anything other than following their particular intellectual bent. Even in
these cases, support mechanisms can help (identification of gifted mathematicians?—such programs existed in
East Europe). However, for the vast majority of a nation's student population, it is a case of introducing policies
that minimize dropout and discard, of positive encouragement needs. We might make reference here to Kurt
Lewin's "field theory": viz. shaping the external environmental circumstances that contain or influence the
individuals' decision threshold . . . an aiding of the mechanisms: economic, organizational, institutional,
informational, encouragement, human interest programs, and policies that specifically aim at the removal of the
worst obstacles that hinder interest, skills, involvement, and creativity: viz. poor teaching methods, inadequate
resources, false information, too early specialization, counterproductive false images regarding S&T ...

On this latter point—the image of S&T—there is considerable room for policy maneuver; it may be one of
the most important areas in which we can act. The existence and success of the Ontario Science Center (OSC) in
Canada’>—now a world famous Institute—is instructive. In 1967, the Centennial Year of Canada, each province
celebrated with a major commemorative project. Ontario's project was the OSC. One of its major raison d'étre
was to attenuate the wrong image of S&T so prevalent among young people in the late 1960s. For many, science
had the wrong image: it was environmentally damaging, industry was not nice, and scientific study was not fun.
Many students essentially forfeited S&T careers in that at the critical decision stage of entry into HE, they based
their decision on false or limited information. The OSC sought to short-circuit that problem on a provincial scale
(science center, science museum, hands-on participation, university-school linkage, information lectures, or
whatever). In my responsibility for the basic science section and the encouragement of industrial involvement, I
had a little part to play. In essence, young students previously had little real

Copyright © National Academy of Sciences. All rights reserved.
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information about the work of a scientist or technologist on which to base selection of HE subjects (and possibly
a career). If they didn't choose the subject, the career was forfeited.

The important policy point here—explored more fully later in this paper—is to provide information and
sustenance, image and function prior to a critical decision step or a choice point. This should not be ad hoc or
piecemeal but part of a well thought out consistent policy. It applies at every phase of the long sequence of
events that parallel initial learning, further study, and career choice. There is a progressive ladder and many fall
by the wayside at each step who with encouragement or intervention might otherwise not. It is not sufficient to
rely solely upon market forces, the hidden hand of the marketplace, and self-optimization theory.

INTRODUCTION

The case does not have to be made regarding the enormous need in all nations for a highly skilled scientific
and technological workforce (or indeed a scientifically literate society in almost all branches of modern life).
Numerous governmental and industrial surveys testify to that need, whether in the pure or applied sciences, in
engineering, technology, manufacturing, productive or more advanced research areas. Every sector—chemistry,
physics, biological sciences, computers and systems areas, information technology, electronics, biotechnology,
materials science, all branches of engineering—signals that increasing need.

More problematically there may well be, over a period of time, new and variable demands for the overall
portfolio required as new areas (biotechnology, information technology, materials science, advanced systems
analysis needs, or whatever) emerge. Local shortages, oversupply in certain areas, and inadequacies in relation to
specialized multidisciplinary or interdisciplinary skills may then emerge. (Related to this, there may be delivery
or scheduling problems from academe due to temporal-reorientation and infrastructural adjustment requirements
—a much neglected area in national policy terms.)

In relation to the above, detailed policy analysis, manpower forecasting, and related analytic studies are
continually under way in most nations or major trading blocs. Need is identified; policies of fulfillment are
encouraged or enacted. But there are difficulties.

Many studies testify to the difficulties of such human resource or manpower planning. There are, in free
market economies, numerous obvious difficulties. For example, individuals are free to choose their own area of
study and interest, large time-lags in market adjustment can ensue before market need is satisfied, and the overall
production time of technical personnel (from school through higher education) may not marry well with more
immediate societal needs. Individuals may reject (for numerous reasons) scientific careers. Schools may be
inadequately equipped (in either personnel, equipment, or curricula) to initiate the process of learning (or
motivation to learn) at an adequate pace or on an adequate scale. Individuals may observe greater economic (or
social) reward in other areas of commercial activity. In short, the adequate delivery at a sufficient level, of
appropriate quality, is circumscribed by the wide range of difficulties in a free market economy.

It is not the purpose of this paper to review, categorize, or detail the scale of, form of, or need of S&T
human resources; the prime purpose is to examine the reasons why individuals chose scientific or technological
careers, the ways in which our very limited understanding of that process has or can be translated into policy-
suggestive mechanisms, and the extent to which further analysis in this area is required. Necessarily this also
behooves us to consider the reasons why individuals either actively reject such careers or encounter barriers and
obstacles, and are inadequately supported in the furtherance of following S&T careers; or whether the scale of
academic infrastructural support is less than adequate. In commenting upon the latter, we may then be able to
seek new pathways of encouragement, new policy-support mechanisms, and new approaches, as well as
amplification of existing but insufficiently resourced mechanisms.

Some analysts might argue that the prime lever in ensuring an adequate supply is an economic one: all may
be seen in terms of supply and demand curves, relative rates of pay and conditions of work, job security, and
socioeconomic status. Such a perspective is woefully inadequate, however. It takes little credence of the need to
build up whole delivery infrastructures in academe (often requiring decades of sustenance). It fails to recognize
the importance of selective interventionism, the encouragement of particular skills; the coordination of primary,
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secondary, and tertiary educational systems; and the nurturance and selective support of specialized research
areas. It is not good enough to say that much of this will be taken care of by the private sector; that academe
merely has to produce generalists (at all levels); and that fine tuning, extra training, and skill-substitution will
then become the prerogative of the marketplace. A biochemist cannot readily become a computer engineer, and a
technician is not the same as a highly specialized research chemist.

Thus, much directive planning, in terms of human resources, is required. But, as we have already noted,
such planning, such centralized policy and interventionism, is always at the mercy of the vagaries of individual
choice and freedom. It is therefore imperative that we understand as fully as possible the factors influencing that
choice in order to be able to encourage, respond, attenuate. This, as we shall see, is no easy thing to do, for the
long decision chain that leads to and influences career choice permits a large number of variables that need to be
controlled or influenced—many of which are not easily amenable to policy or interventionism. (Thus, if parental
influence, internal psychological satisfaction, or peer respectability play a part, then although policies may be
explored to influence these domains, it is no easy task.)

If all of these difficulties did not exist, then most nations would not have experienced the shortfalls and
scientific manpower dilemmas that they have in the past—experience therefore pays witness to the difficulties.
Having said this, the scale and form of shortfall (if we ignore demographic factors for a moment) varies quite a
lot from nation to nation. Germany, Japan, and several southeastern Asian countries encounter fewer difficulties
than, say, the United Kingdom. Or, yet again, certain countries (Ireland, the Netherlands, and Italy) have at
various times been able to significantly improve their scientific manpower requirements. Also, several LDCs and
NICs have achieved oversupply (in part due to the less than fully developed state of their respective formal
economies—see especially India). It is not our purpose here to examine such intercultural differences, but there
is much potential in such an analysis.

Against the above scale of difficulties regarding adequate manpower provision of S&T skills, perhaps a
case could be made that the major task of any society is to encourage what we might call a maximization
threshold insurance policy. By this it is meant that at every stage of the educational and wider economic process,
sufficient support (teachers, good curricula, number of student places, scholarships, grants, rates of pay, etc.) be
made available to satisfy threshold requirements. Once commensurate with individual taste, scientific
participation will be maximized. For very rich societies this may be possible; however, it is obviously an
expensive route. Nevertheless, it may be the best. Alternatively, we may seek selective positive discrimination:
the application of policy levers at what are considered to be important, indeed critical, decision points in career
choice, intellectual development (which underpins and precedes career choice), and continuing study. In order to
do the latter, we need to consider the factors influencing choice, the shaping and development of scientific
personnel in a systematic way. It is to that process that we now turn. As will be seen, it is useful to consider a
rather long chain of events. As we identify and to some extent isolate critical stages, we may note (later) policy
issues and possibilities for action.

In the sections that follow, the discussion is broken into three main categories or levels. First, we provide a
sequential step-wise model of the main stages and associated phases, or decision stages, that would seem to
influence choice of S&T as a career. At each of the levels there is room for policy enaction. Second, we consider
some of the difficulties (and supportive literature or research) that focus on each level. This sets the scene for the
third, the types of policies that are presently being used or explored. In conclusion, we briefly indicate the forms
of further research, evaluation, and analysis that need to be undertaken.

UNDERSTANDING THE MECHANISM OF CHOICE

How can we best capture and comprehend the factors that influence an individual's career choice, in this
case scientific or technological? It is patently obvious that there are numerous considerations: school experience,
quality and ethos of early instruction in formative years, innate and shaped ability, stimulating experience,
external motivational factors, socioeconomic and demographic background, facilities for further education, ease
of entry into higher education, market opportunities (both real and perceived), locality, state-incentive, influence
of the corporate process in academic life, relative economic reward, ease of transfer from discipline to discipline,
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educational selection process, retraining opportunity, motivational challenge, peer respect, special support
mechanisms that encourage entry, level and form of societal demand (viz., the sociotechnical state of
development of a society), facilities of compensatory learning (distance learning, modular degrees, external
degrees), influence of professional societies, influence of media, and societal, educational, and industrial
propaganda, for example. Is it possible to organize such a list into a satisfactory, robust model that leads to a less
than random policy apparatus?

We suggest, as illustrated in Figure 1, that it is useful to consider a sequential chain of events, critical stages
if you will, that to some extent leads to a clearer picture. However, we should not be over-deterministic in our
interpretation with regard to sequential dependencies. Nevertheless, there are some obvious points to be made
regarding dependence. Thus, if an inadequate level of instruction in science, curricula deficiencies, insufficiency
of resource-support, or grossly poor tuition occurs at an early stage, it is less likely that a student will progress
into further or higher education in that area. Similarly, if there is little latent ability, it is equally unlikely that an
individual will follow S&T as a career. On the other hand, if, in concert with our early remarks regarding
maximization threshold, early instruction is good, then latent ability has to be viewed in relative terms. Further
along the career-choice chain, if rates of pay, societal esteem, career progression possibilities, or the general feel
of a particular occupational setting are viewed in negative terms, then despite positive early educational
experience, S&T may not be the career choice. Sequential dependencies do therefore exist, to some extent.
Indeed, we may, with some justification, be even more mechanistic and note a hierarchical dependency. Thus,
the more the conditions of the early stages are improved, the greater the number of
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FIGURE 1 Sequential stages in career selection. (See text for policy application at each stage.)
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individuals who (may) proceed to the next stage. Obviously some form of selection and filtration is necessary:
this implies the value of evaluation, monitoring, examination, standards—all of which will also influence both
individual (internal) choice and societal (external) choice. The policy skill is to get the balance right!

As will be noted at several of the stages in Figure 1, there is a continuing influence upon general attitude to
subject matter, the opportunity of heightened or induced interest, and, as we progress from stage to stage, the
possibility of a significant reduction in the total manpower resource available.

Stage A—the early school experience—is often critical as a determinant regarding the proportion of males
or females who will carry on with scientific studies. Losses at this level almost automatically remove them from
the pool available, for later decision, regarding the possibility of a later career in most areas of S&T. (There are
considerable limitations at stage F—continuing education—as to the possibility of reentry or reorientation of
career opportunity.) For those who retain a high degree of interest in science at stage B and also have their ability
shaped and optimized to a level commensurate with the entry requirements at university level (stage C), there
emerges a range of more subtle decision requirements.

Thus, a student may in choosing his or her area of study have a career path in mind that influences the
degree choice. This can lead to a locking in—an important stage in the career selection process. Alternatively,
and more likely (from several surveys), the student may select a degree topic for intrinsic reasons and not be
committed at that stage to a career choice trajectory or future path. In this case, the critical decision will be at
point X (or possibly X'). Factors, which we shall discuss later, may then be numerous and complex in how they
influence the decision process. They may be of a broad socioeconomic nature that influences the general span of
occupations available, the degree to which the student has enjoyed or been stimulated by his university
instruction and experience, the specificity of linkage between the study period to date and subsequent
occupational opportunities, the perceived images of career progression possibilities, the extent to which latent
ability (in science) has flowered or withered, economic considerations, supply-demand considerations, etc.

In many ways the extra path (see X' in Figure 1) available to postgraduate students introduces an even more
complex decision appraisal problem. On the one hand, specialized postgraduate study more closely links the
student (if he or she has chosen an S&T area) with the possibility of an S&T career. On the other hand, an
extensive period of specialized study sometimes alienates the student from subsequent follow-through. This is
often compounded by the relatively high dropout rate in postgraduate research studies. In addition, postgraduate
specialization may enhance the likelihood of following an academic career, but in many countries contemporary
cutbacks and restructuring of research opportunities may not yield a sufficient range of career opportunities.
Meanwhile, the student may have bypassed interest in an industrial career, thereby leading to a decision impasse.

As we shall see below, each of these levels of activity have been subject to study, analysis, and
commentary. Equally, each level is (and has been) subject to a wide range of policy-supportive mechanisms
aimed at both improving scientific and technological excellence and hopefully influencing in a positive way the
decision to follow an S&T career.

However, we must also recognize that to talk of the overall population of students or individuals who might
equally follow an S&T career is inappropriate. The total population is not homogenous—different cohorts
experience different difficulties. They are subject to different social, economic, academic, and intellectual
pressures (e.g., the likelihood of men or women following an engineering or scientific career, or different
socioeconomic groups, or different ability groups ...). This heterogeneity undercuts the value of the simplistic
sequential decision procedure indicated above and leads to the need of targeted and specialized policies.
(Information technology, biotechnology, and manufacturing managerial skills call for their own specialized
support mechanisms.) Policy has to be viewed in that more sub-categorized format. At lower levels of the
educational process there are most probably generic, fundamental policies that can be universally applied.
However, as we move along the decision ladder, more specialized considerations are required.

What evidence as to the nature of the decision process regarding each level is available? In the next section
we consider some of the evidence and wider contributing factors. This is followed by a section detailing
contemporary ameliorative policies that, in part, relate to such difficulties and concerns.

Copyright © National Academy of Sciences. All rights reserved.
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Factors Thought to Influence a Young Person's Decision to Select a Career in S&T: Some
Survey and Analytic Data

As we have tried to indicate so far, there are a wide range of factors that are believed to influence the
decision to take up a career in S&T.?> These may include motivational and special interest aspects; economic
considerations; image of industry; personality; ability in relation to the scientific and technical field; perception
of career opportunities; conditions of work and career prospects; general state of the economy; encouragement
by, and influences of, peers, friends, mentors, teachers, and college professors through discussion and advice (a
large literature attests to this); conscious and subconscious motivation; attitude to, and image of, S&T itself;
availability of educational opportunity (which is then a bridge toward later career choice); family background
and sociocultural setting; and so on.

We do not intend in this paper to exhaustively review all of these factors—the attached reference list goes
some way in signaling the wide range of literature available. But we do provide a selective overview.

An early and exhaustive analysis of economic considerations in both a theoretical and practical sense was
provided by R.B. Freeman in The Market for College-Trained Manpower: A Study in the Economics of Career
Choice (1971). A related early study focusing on undergraduate careers in the United States is provided in the
exhaustive NORC study Undergraduate Career Decisions (J.A. Davis, 1965). Such early studies provide a
useful overview of the economic and socioeconomic factors that still pertain to the present time.

We should recognize, however, that the wider socioeconomic circumstances, the wider environmental
framework within which an individual makes his or her decision or career choice changes from decade to
decade. This goes beyond trade or business cycles. One needs to understand in much more subtle terms than
mere supply-demand curves how science, industry, commerce, research opportunity, and #ypes of scientific and
technological activity change in society and status over time. Within this changing context, industry, for
example, may seem unattractive at one time, more interesting and attractive at another. Similarly, the actual and
perceived opportunity for academic S&T careers fluctuates over the years—as do relative rates of pay and career
progression opportunities. Thus, there is not a social constancy in relation to the decision or choice procedure.
Times change and, hence, so do the factors.

This dynamic sociological factor is captured well in A. Astin's study The Changing American College
Student: Implications for Educational Policy and Practice (1991). Unlike several of the more micro, small
sample surveys to which we will refer below, Astin's study is based upon survey data that typically involve
250,000 students covering 550 higher education institutions over a period between the late 1960s and the
mid-1980s. Astin summarizes the major findings from 24 surveys under 2 headings—career and study plans, and
personal values (life goals)}—and how these have been changing over time.

He concludes that "between the late 1960s and the mid-1980s American college students became much
more focused on material goals and less concerned with altruism and social problems, and these value changes
were accompanied by dramatically increased student interest in business careers... 'being very well off
financially'...(plus a reduced endorsement) of 'developing a meaningful philosophy of life." These changes are
illustrated in Figures 2 and 3.

However, Astin also notes that "during the past two or three years most of these trends seem to have ended
or, in certain cases, show signs of reversing direction ... protecting the environment appears to be the single
greatest concern among American college students at the turn of the decade."

The above survey information can carry considerable implications for career choice (in S&T). Many
surveys indicate that, for example, industry is not seen as an attractive career, but the shifts in value-change that
underpin the Astin data can severely modify our understanding. This is, of course, reinforced by economic
recessions, concern regarding job security, etc. Thus, the Astin data and more micro-survey data can provided
important insight into decision procedure. Similarly, with respect to the environmental concern referred to above,
this provides an important policy lever point in S&T careers. If financial reward is becoming an ever increasing
choice factor (however other survey data queries this), then S&T careers have to be viewed in that light viz.
relative rates of pay. However, in policy terms, this may be further complicated by the attraction of economically
poorer socioeconomic social cohorts.

Undoubtedly there is a need to recognize that it is not only economic factors that predominate in the

Copyright © National Academy of Sciences. All rights reserved.
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choice of S&T career. Fuller (1991) examines the problem of scientific skills shortages in her study There's
More to Science and Skills Shortages than Demography and Economics: Attitudes to Science and Technology
Degrees and Careers.

AT

Interest in

Majoring in Busines
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Interest in
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SOURCE: Astin, 1991.

FIGURE 2 Freshman interested in business.
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FIGURE 3 Contrasting changes in two values (rated as "Essential" or "Very Important").

Based upon detailed interviews, the paper "explores first-year university and polytechnic students' attitudes
to degrees and careers in S&T and the factors influencing their choices to pursue S&T or turn to alternative non-
S&T areas. Students' choices and decisionmaking patterns provide pointers for those in schools, higher
education, industry, and government who wish to understand why some students are deterred from studying S&T
and who may be interested in making changes that could encourage underrepresented groups to pursue S&T
further."

Fuller notes "skills shortages are one of the most talked about difficulties that British industry currently
faces. Those concerned expect the challenge to increase as the demographic decline and the European Single
Market begin to bite, and rapid technological change and intense global competition persist." And "adding to
their concern are statistics (indicating) that only about a quarter of science graduates graduating in 1987 entered
scientific employment. Furthermore, the total number of S&T students graduating in the United Kingdom has
compared unfavorably in recent years with the numbers produced by West Germany, the United States, and
Japan" (Paris, 1989).

In relation to these difficulties Fuller examined, through interviews, five areas:

The nature of the decisionmaking process

Vocational awareness and vocational flexibility

Why students with S&T "A" levels turn to non-S&T degrees
The effects of perceived ability on choices

Factors affecting female students' choices

MRS

The Nature of the Decisionmaking Process

Here "the data indicated that two major influences, perceived academic strength and enjoyment, had
affected both S&T and non-S&T students' academic choices. The students were asked to reflect carefully on
other factors, such as school type, career guidance, teachers, parents, and friends, but, in almost all cases,
participants insisted that success and interest formed their principal decisionmaking rationale." Early learning
experience and academic attainment clearly

Copyright © National Academy of Sciences. All rights reserved.
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played a big part. (This reinforces a central argument that I am emphasizing here that early school experience is
an important factor in later career choice.)

Vocational Awareness and Vocational Flexibility

Fuller posits, "In thinking about S&T skill shortages in industry it was interesting to discover at what point
student's awareness of vocational options started to impinge on choices." Responses indicated that at 14-16 years
old, decisions were not career-driven. At 18 it was a greater factor, but enjoyment and academic success were
still the dominating factors—not an assessment of "opportunity structures within the labor market."

But students tried to keep options open (vocational flexibility), for example, by opting for general (not
specialized) chemistry courses—which were seen to have "high exchange value in the labor market." Equally
broad-based S&T topics would allow entry into non-S&T areas. The main point is that in terms of personal
development, the ability to respond to a variety of career opportunities was retained. (A policy implication here
is the importance of flexible postgraduate top-up or transfer of courses for those who may later wish to return to
a S&T career.)

Why Students with S&T "A" Levels Turn to Non-S&T Degrees

Two categories were observed: those who consider that S&T degrees and careers would limit their personal
development and those who wanted degrees but whose interest in S&T had waned. The first group often
perceived themselves as intellectual and academic high flyers. They saw the S&T degree timetable as too full
and inflexible, not allowing personal autonomy. They often saw S&T careers, particularly in industry, as
constraining, promotion-limited, not challenging enough, and not permitting either self-employment or sufficient
opportunity to articulate ideas and views.

As Fuller notes, the reality is different from employed graduate surveys and contradicts this assessment of
career conditions:

We see here an important policy need in informational linkage between schools, university, and industry.

Regarding the second group (waned interest), Fuller points to the restructuring influence of lack of
flexibility in British higher education: more cross-disciplinary options should be provided.

The Effects of Perceived Ability on Choices

Science subjects, particularly mathematics and physics, were perceived as more academically demanding
where only the most intelligent can succeed. Thus, young, competent, but not brilliant, students were
discouraged from following S&T courses in HE. Nevertheless, as Fuller points out, employers want a range of
general strengths and good interpersonal skills, and will provide extra training. There is therefore "a gap between
what some in education assume students need to pursue S&T and what large employers were looking for in their
employees." Again, we see important policy implications here.

Factors Affecting Female Students' Choices

Female students often reported they were in a minority in chemistry, physics, and math classrooms;
timetabling was seen to be against traditional female study areas.

Very few had been exposed to equal opportunity campaigns such as Women in Science and Engineering
(WISE) or taken part in special events aimed to encourage girls into S&T. (Even the timing of these events was
too late—after options had been chosen, again we see the importance of the decision chain in following a
career.) The problems of combining career and family were constantly emphasized as a factor in career choice.
Fuller suggests that seven major factors discourage many potential S&T candidates from choosing S&T options
and subsequent S&T careers:

1. You have to have a certain sort of mind to achieve in S&T at degree level.

2. S&T subjects, especially mathematics and physics, are uniquely demanding academically.
3. S&T degrees and careers do not require effective communication and interpersonal skills.
4. S&T degrees and careers are insufficiently

Copyright © National Academy of Sciences. All rights reserved.
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stretching and rewarding for academic and intellectual high-flyers.
5. Some S&T degrees lack vocational flexibility.
6. S&T subjects at school and in higher education are male preserves and promote masculine values.
7. ltis particularly difficult to combine S&T careers with having a family.

Student responses indicated that these messages influenced individuals within three particular groups—high-
flyers, the less-than-brilliant, and girls—to opt for non-S&T degrees.

(All of the above difficulties are subject to ameliorative policies. In addition, surveys of conditions in
industry do not tally with student perceptions; this signals the importance of better academic-industrial linkage
programs. The Enterprise of Higher Education Initiative aims to provide more students with the opportunity to
gain industrial experience through project work, as does the Credit Accumulation Scheme. At the postgraduate
level, such programs as the Teaching Company Scheme and the CASE Awards have equal importance at the
research level.)

Career prospects have also to be viewed across a wider horizon. Thus, "(engineers) were optimistic that the
advent of the Single European Market would bring about change in the UK because S&T workers would have
increased opportunities to work in Europe... with benefit from comparatively higher status and salaries... and
scientists point out that international mobility within their profession has been common in recent years." But the
HE system has an important role in this. Fuller argues that her study has indicated that "S&T courses discourage
suitably qualified students for two principal reasons: first, they are perceived as too demanding and second, as
limiting autonomy and therefore personal development." The need is to review the process and content of
courses to attract a wider variety of students and introduce more combined studies (e.g., engineering with
business studies, encourage project work and academic-industrial exchange programs, and overall synergy and
communication).

The above comments depend, in the main, upon attitude surveys; however, preference is also indicated in an
empirical sense at the macro level by the numbers entering various fields of higher education and the choice of
first destination of career. The first category influences career choice (though we have just seen that it does not
automatically confirm it), while the second category tells us more of preference commensurate with market
conditions and hence sectoral opportunity.

At an EC level, various OECD and EC publications reveal gross statistics. For example, Figure 4, taken
from Europe in Figures (Eurostat, 1992), indicates the changing pattern from 1970-1972 to 1988-1989.

As can be seen, both engineering and natural sciences have failed significantly in percentage terms over that
time, although the absolute number has increased.

However, "the social sciences accounted for about one student in seven in 1988-1989 compared with a
figure of one in nine in 1970-1971. Arts students headed the list at the beginning of the 1970s (16.5 percent) but
had dropped to second place in 1988-1989 (14.1 percent)." We therefore begin to see a pattern of expressed
preferences especially toward the social sciences here.

In terms of first career preference, Bee and Dolton (1990) provide for the UK extensive data. They provide
an overall national analysis of the initial career pattern of a// university graduates over time and across faculties
for the period 1961-1962 to 1986-1987, based upon First Destination Returns, which has been compiled
nationally by the UGC and the USR. The authors identify the main trends and seek to explain these by relating
them to changes in the occupational structure of the UK labor force. They conclude, "It is demonstrated that,
while there is some correspondence between the two, the relationship is neither simple nor exact... the pattern of
graduate first destinations has depended not only on structural changes in the economy but also on a range of
institutional and market forces that have operated specifically on the demand for, and supply of, highly qualified
manpower."

How did S&T fare in this? What does this tell us regarding changing patterns of preference? Figures 5
through 11 are of particular interest.

As Bee and Dolton note, "shifts in graduate career preferences, affecting the relative attractiveness of
different occupations, have undoubtedly occurred." Important is the "persistent failure of industry to attract arts
and social science graduates, the dominance of sciences in research, and the growing attraction of commerce for
scientists and technologists ... as is the surprisingly high (though falling) percentage of scientists who embark on
teacher training."

Copyright © National Academy of Sciences. All rights reserved.
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It is important, however, to recognize that there are considerable international differences that complicate
any robust analysis. The UK is not necessarily typical of Europe at large. For example, in recent years the UK
government has introduced polices to expand university intake* for a variety of reasons. However, under free
market conditions, the uptake in various faculty areas has been extremely uneven as shown in Figure 12.

Increase in undergraduate numbers
199171 to 199273
Scence [ ]
Professions allied to medicine | & 105%

Engneering [ ]
Built environmens [ ]
Maths/Information Technology | |
Business [ |
Social Science | ]
Humanives [ ]
PP —

peTCEDdagT CTERSE [ 1 {5} 15 X F1}

SOURCE: THES, 1992.
FIGURE 12 Increase in undergraduate numbers, 1991/2-1992/3.

[As can be seen, increased intake into engineering and science has been disappointing. Policies are now
being considered through the unit of resource (effectively the income universities received in relation to student
area of study) to be reduced in classroom-based areas (arts and humanities) as a means to encourage recruitment
to engineering and technology courses (THES, p. 3, December 4, 1992).]

But the UK may not be typical of the EC at large as shown in Figures 13 through 15, which reveal different
patterns of career preference (and educational provision).

We have indicated, so far, that career aspiration is a function of a wide range of personal, institutional, and
socioeconomic factors. Are more precise survey details available? Boys and Kirkland (1988) undertook a survey
of 6,000 final year undergraduates in 1982 (of which 58 percent were completed and analyzed). A follow-up
survey in 1985 yielded a 59 percent response rate. In their text Degrees of Success: Career Aspirations and
Destinations of College, University, and Polytechnic Graduates, they examine qualifications and career
aspirations, early destinations, career opportunities and prospects, realization of aspirations, level of income
factors, and retrospective evaluation of degrees.

In terms of aspiration and career they note, inter alia, the data indicated in Tables 1 and 2.

In terms of ranking various factors in relation to long-term career plans, Table 2 is informative. However,
Boys and Kirkland are fairly sanguine regarding its interpretation. Thus, they state:

As Table 2 shows, there was not consensus among respondents that any of the career aspirations presented to them
were very important. In the highest ranking, 59 percent of all final year undergraduates in 1982 felt that a job that
offered good long-term opportunities was very important, 31 percent fairly important, and only 10 percent not
important to them.

The majority of graduates attached at least some importance to 17 of the 22 items. Among these, the importance
attached to a high starting salary, ranked 17, was much lower than that attached to a high future salary, ranked 2.
Only 10 percent considered a starting salary very important, and 44 percent felt it to be of little importance,
compared with 40 percent and 18 percent respectively for long-term earnings. Half of all undergraduates attached
little importance, and very few a great deal of importance, to careers that offered social prestige and status or good
pension plans.

While there were correlations between particular aspirations and the type of institution attended or subject studies,
these were in most cases weak. Largest subject variations were found in the importance attached to working in
industry. Here subjects could be classified into three groups. Four-fifths or more of lawyers,
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CARETRS SERMILELY COMMDERED BY UK STUDESTS {1 %58

ERACATION

ETUMENTS SERMFUSLY CONSIDERING MANUFACTURING A% &

CAREER 1174
o —
SPam —
FRANCE I
METHERL D% —
ALY |
GERMARY |

FUBLIC EXFESDITURE O EDRUHTATHIS | 5885

FRAKCE ]
GERMARY 1

ALY I |

TAPAM 1

UEs ]

SOURCE: HMSO, 1991.
FIGURE 13a Careers seriously considered by UK students (1990).

SOURCE: HMSO, 1991.

FIGURE 13b Students seriously considering
manufacturing as a career (1990).

SOURCE: HMSO, 1991.
FIGURE 14a Public expenditure on education (1986).

E0 P ARG OF FaRTICURS T RATES OF fe-i8 YIDAR GiLDd N
IOUCATHIS AN TRATENG ||

193]
15|
R R RO

REi

SOURCE: HMSO, 1991.

FIGURE 14b Comparisons of participating rates of
16- to 18-year-olds in education and training (1986).
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Degrees Awarded 1986
(as % of age group)
percentage
0 5 10 15 20 25
FRANCE (81) \ /]
GERMANY (W) (84) 7]
ITALY (86) 171
UK (85) A
BELGIUM (86) ] *
DENMARK (85) | *
NETHERLANDS (85) | = B Higher Degree
0 First Degree
SPAIN (85) 1]
GREECE (85) vl
IRELAND (84) 17 7 /1
LUXEMBOURG N/A
PORTUGAL (84) N/A
*including higher degree

SOURCE: IMS, 1990.

FIGURE 15 Degrees Awarded, 1986 (as percentage of age group).
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TABLE 1 Career Aspiration as a Function of Discipline

71 % of Lawyers wanted to pursue careers in the legal profession

65 % of Engineers wanted to pursue careers in the engineering profession

38% of Commercial graduates wanted to pursue careers in the finance
profession

55 % of Chemists wanted to pursue careers in scientific research, design, or
development

40% of Mathematicians or Computer Scientists wanted to pursue careers

in the management services (associated with computer science)

SOURCE: THES, 1992.

TABLE 2 1982 Career Plans Ranked by Average Score Based on the Question: How important are
the following factors in your long-term career plans?

Factor Rank Score
A job that gives me good long-term career opportunities 1 2,4873
A high future salary 2 2,2236
The opportunity to be creative and original 3 2,1315
The opportunity to use knowledge gained on my degree course 4 2,0969
A job with a lot of responsibility 5 2,0812
A suitable geographical location 6 -

A job that will give me the opportunity for rapid promotion 7 2,0228
The opportunity to use the skills I acquired on my degree 8 2,0210
course

Long-term job security 9 2,0172
Work in which I'm independent of supervision 10 1,9143
A job with flexible working hours 11 1,8594
A job with good fringe benefits 12 1,8075
The opportunity to travel and work overseas 13 1,7949
A job in which I will work as part of a team 14 1,7709
A job that is concerned with helping others 15 1,7681
A career that will allow me to move from job to job 16 1,7532
A high starting salary 17 1,6656
A job with social prestige and status 18 1,6252
A job with a good pension plan 19 1,5978
A job in industry 20 1,5479
Probability of eventual self-employment 21 1,5298
Work that will be mainly out-of-doors 22 1,2296

SOURCE: Boys and Kirkland, 1988.
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graduates studying other arts and humanities, social sciences and history attached little importance to industry. A
little over two-fifths of economists, mathematicians or computer scientists, chemists and other scientists gave it at
least some importance, although only between 14 and 18 percent felt that such a career was very important. Finally,
over half of the engineers and commercial graduates attached at least some importance to industry. Of these two
subjects, engineering students were the more industry motivated: 43 percent felt it very important, and 34 percent
fairly important, compared with 24 percent and 30 percent from commercial subjects. As discussed below, these
variations were also associated with institutional factors.

Commercial, engineering, and law undergraduates were more likely than others to attach importance to those
aspirations that could be described as 'extrinsic rewards' (Niessen and Pescher, 1981). These included financial and
other material benefits (a high starting salary, good pension plan, high future salary, and good fringe benefits) and
others such as social prestige and status and the opportunity for rapid promotion. History, other arts and humanities
and social science undergraduates were less likely to attach importance to such factors.

More specifically, in relation to industrial careers and the need to attract the "brightest and highest caliber
products of our Universities and Polytechnics into the wealth-creating segment of Society," the (UK) Committee
for Research into Public Attitudes, under the chairmanship of Lord Plowden, undertook a detailed study based
upon 1,007 "lengthy personal interviews with undergraduates and polytechnic students in 55 carefully selected
and stratified educational institutions" (see Attracting the Brightest Students in Industry, 1985). Of particular
interest is that the numerous tables of detailed results are categorized and tabulated not only by subject area of
study, but also by expected degree class and attitude to industry. We cannot present all the results here, but note
several of the most significant findings:

» The importance of job satisfaction/enjoyment... "overwhelmingly anticipation of enjoying the job is
what points graduates in a particular direction.”

* Although, at first, high starting salaries were not that important, "we suspect that, in practical terms,
money is a powerful attraction."

* The prospect of good training and job experience facilities is a key motivator.

* A high score goes to good career prospects; they want a job to have a series of opening doors.

 Career advisory staff have a large influence on influencing career choice. (We shall refer to this shortly.)

Some of the findings are reflected in Tables 3-5.

We indicated above the importance of career advisory staff as facilitators for S&T students to undertake
S&T careers. Connor et al. (1992) provided a highly detailed review and analysis of this area in the report to the
Engineering Training Authority, A Careers Service for Engineering. Numerous tables, descriptants, and survey
results are provided. An overview is given in Figure 16.

The study emphasizes that it is of considerable importance to maintain such inputs right through the whole
educational life cycle. (See Table 6.)

Such a facility then relates to the sequential decision steps described in earlier sections of this paper.
Occupational selection should not be (and indeed in many ways is not) a random process. It is influenced by a
whole chain of events over many years. That is what sequential dependency means. Information provision,
continuous good instruction and learning facilities, maximizing student intake at each level, and close societal-
academic informational links and exchanges are all part of that cumulative process. Each is potentially subject to
many policy inputs.

Policies to Improve S&T Literacy (and Possible Selection of S&T as a Career)

As will be seen in Table 7, a wide range of policies, supporting mechanisms, are presently being used to
improve scientific instruction, to increase interest and motivation regarding S&T areas, and, either directly or
indirectly, to increase the chances of

Copyright © National Academy of Sciences. All rights reserved.
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TABLE 6 Quality of Education/Industry Links
Group Trng Associations  Engineering Companies  Large Engrg Companies  Large Companies

Primary Schools

Excellent 6 5 10 0
Good 7 13 21 15
Indifferent 13 14 21 23
Poor 13 7 12 12
Non-existent 54 54 27 38
Not answered 8 7 9 12
Secondary Schools

Excellent 17 19 33 0
Good 61 44 53 65
Indifferent 13 13 9 12
Poor 3 6 0 4
Non-existent 3 14 2 12
Not answered 4 3 2 8
FE and 6th From Colleges

Excellent 17 16 30 4
Good 44 37 40 46
Indifferent 17 17 16 19
Poor 4 4 1 12
Non-existent 8 18 7 12
Not answered 10 8 6 8
Uni and Poly Departments

Excellent 1 14 23 15
Good 26 35 56 77
Indifferent 15 16 15 42
Poor 17 9 0 0
Non-existent 31 22 5 0
Not answered 10 3 1 4
Uni and Poly Careers Service

Excellent 0 4 11 19
Good 14 19 49 58
Indifferent 11 19 23 15
Poor 17 9 5 4
Non-existent 46 41 7 0
Not answered 13 9 4 4
LA Careers Service

Excellent 39 7 15 0
Good 50 29 44 38
Indifferent 8 22 21 31
Poor 1 13 15 4
Non-existent 0 22 4 19
Not answered 1 7 1 8
N= 72 209 81 26

SOURCE: Connor, 1992.
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an individual selecting a career in a related area.

| Careers Information Providers |
l | TV Pareats |l
Age
Edocation/ | Primary Ceneral basic information COIC, LEA Carcers
School 5 4——{ aboul world of work —] Service
I5CO, Educarional
/ Publizhers
Inchusiry 12 /
| Secondary
School Maore detailed occuparional
Initiatives 4 | information, entry roues | ECIS EC
16 qualification requirements
(&g school 18
projecis, 'Ull.l"llﬂn't:ﬂ " Engineering institutions
industrial Polviechnic BTECRCOTVEC
experience,
science AGCAS, Commercial
clidbs, 4| Information in engineering | __| Publishers (Directorics,
. oy i \
courses ctc) 21 / functions brochures
+ )

SOURCE: Connor, 1992.

FIGURE 16 Overview of how occupational information on engineering is provided in careers, education, and
guidance.

As we noted earlier in this paper, individual freedom of choice is a paramount concern in a free market
economy. Success is therefore variable. It is also highly dependent upon wider socioeconomic factors. At times
of recession, individuals are only too keen to take up whatever employment is available; thus, temporal long run
comparisons of the effectiveness of policy are difficult. Similarly, S&T innovatory diffusion is itself a subject of
evolution and change. New areas emerge—the biological sciences, information technology—and are presently
preeminent, and this can in many subtle ways influence interest and the propensity for uptake of a particular
career. Much of industry is no longer the old steam industry of the past; it is more dynamic, cleaner, more high-
tech. This again can, if transmitted to potential applicants, significantly influence interest and involvement.

Similarly, the perception of academe as an ideal location for a scientific research career has in recent years
become somewhat compromised. This is due to a range of resource allocation reasons, which can have a carry-
over effect into the expectancy and career search pattern of individuals. Across the EC there is at present only a
preliminary stage of cross-national exchange of employment opportunity. Much may change in the post-1992
years and needs to be carefully considered and monitored. (Harmonization of qualifications, standards of
employment, and much else will then influence the subject matter we are discussing here, not of least importance
will be linguistic ability.)

The policies and mechanisms indicated in Table 7 are not exhaustive, merely illustrative. Some are of a
general nature, others are specific to particular cohort
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TABLE 7 Examples of Policies and Mechanisms for Improving the Propensity to Take Up an S&T Career

e ———

Level o7 Ares of Application

— —
Drirect or Indirest Diirest oF ledineet
Effee (D, I Level or Area of Application Effect (I}, I

1I

11}

Early Schoal Expericnes

Improved instruction technigue 1
Resource supporl 1
More challenging and irvelving syllabus 1
Emphasis upon ereslivily in Scienes 1
Socl societal and environmertal awarcness |
Owercoming oo early specilization approach [
Mogi-formael @nstitute inputs (e.g.. OSC) I

Cillege Level
Sapdwich course schemes (0]
Industrial Flacement Program D
Wider istendisciplinary syllabus 1
Academic-industrial linkage programs I
Industrial sponsarship (research) programs D
Indusgzrial scholarship program o
Gererally improved financing 1
Prefecential grants to Science siudents o
Preferential finuncial imput 1o

facially a1 lnstnse level (B
{Unk of Resource)
HITECC (1985)
IT Enitianve (1953)
Enpineering Technology Program (ETF) {1984)
Manufacturing Systems

Engineening (MSE) [nitiatve (1985)

Postgraduate Level
Academbe-industrisl Lison schomes
Teaching Company Scheme
Industrial Sponsorshap
Spcsely relevant research prajects
SISCOM program
Master of Engineering couries (MEng)
Tupiter program {1983)
Postgraduate Engincering

Summer Sehoalz (SERC)

Sgog

o=
o =g

—

=)

Continuation Level

Transfer and regrientation program
Integraled Graduate Development program
Flexible reeniry program

Modubar retraining program

oo

v

¥iI

Infrastructural Level

Increased resource be Academne 1
Increased rescarch facilitses I
[risance Leaming programs

Involvement in Scknee Parks
Indisstrisl-Academe Campus Linkage

Cipening Windows for Enginsering
Weighbarhood Enginears schemez

“Young Engimeer for Brtain

Liocal Career Exhibitions, Matiorna] Exhibitions
SCIP

Enzight inta Industry

Demagraphic or Socioculiural Level
Awareness and undersmnding

of Science programs |
Programs epecifically geared io

inareasing women's participation (WISE) [
WISE [Waomen inlo Seience and

Enpineering (1984)] (N¥]
Engineering award schéme

for women (1950-82)
Inraght
GATE (1984)
TES5 {1985)

Intermational Level

Intermatiensl exchange program

Cometl I,

Erasmus [

Petra

Fagce

Eurotecnel

{Lingus)

Tempus

{Youth for Europe)

Specifie Academe Exchangs programs;
intereollaled experience, postpraduste courses;
Rescarch Coupsl snd other Fourdstion funding

programs
UMESCD Fellowships
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groups. We have attempted to group or cluster the various mechanisms, policies, or concerns in accordance
with the decision-schemata referred to earlier. It is important to recognize that this is this writer's classification.
There is no national or pan-European body that has carefully thought out a master blueprint. In that sense there
may be an element of artificiality. Similarly, the table does not imply any degree of individual weighing of the
various sub-components, or their relative importance, to the overall scheme of things. It is important to recognize
this absence of priorities, for without a blueprint much policy is piecemeal. Policy may thus serve a particular
direction but relative importance and resource weighing (and hence adequacy of that weighing) is often not
forthcoming. This is an important consideration for further research in this area. For example, who can say, at
present, whether resource allocation should be primarily directed at the early stages of the educational process, or
at later stages? How can we measure policy efficiency and effectiveness? Many measures come to mind
(numbers staying with science, evaluatory scores, attitude measures), but at present they are not being explored
in a coherent manner. There is much room for a systems-analysis type research procedure here.

Thus, before examining Table 7 in any detail, it is worth making the following overarching point that
should influence future analysis. Let us consider the following question: Where is it most beneficial, cost-
effective, to apply policies that aim to increase an individuals' propensity to take up an S&T career? More than
that, in macro terms, what is the aggregate gain (viz. when we summate across the number of individuals
involved)? Have we any idea, any way, of measuring the total societal return? More subtly, are there surrogate
influences on which we should act or apply policy levers? For example, if science is better taught, more fully
comprehended, does this increase the individual's propensity to stay with the subject to the point of full-time
career involvement? Or-much more difficult to analyze-if syllabuses can be evolved that provide a flexible
generic base to an individual's understanding and range of applicability of that knowledge, does this then
overcome the problem of rigid stratification into particular occupational areas? This is an important question
since skill substitution effects can offset more restrictive limited manpower provision. Such questions have been
barely explored.

Sooner or later societies will have to examine such questions in fine detail. On the one hand, the high cost
of education has been recognized-in most nations it is the higher proportion of state expenditure. On the other
hand, the socioeconomic opportunity costs of an insufficiently well-educated, non-motivated, or insufficiently
scientifically and technologically involved populace is a major limit, perhaps the limiting factor on
socioeconomic progress. However, because of the high input cost at the aggregate level, we may be forced to
examine policy mechanisms in terms of a wider societal value-added approach. (See Figure 17.)

/_,.r-"

Smaller Nu:nbm of Individuals involved

Greater levels of societial return? (see text)

l
FIGURE 17 Selective filtering.

At level A, basic education (which involves the mass of society), we could seek, by various policies and
research inputs, to improve instruction and involvement. The cost would be high, but it would touch hundreds of
millions of individuals. If this induced, say, 10-20 percent more individuals to want to seek higher education, to
follow through into S&T careers, the social return is equally enormous.

Alternatively (or in addition), we might wish to concentrate effort at level A' or B. Smaller numbers of
individuals are involved, but because of the degree of training (sunk costs), the value added of not losing them
from S&T careers at this stage justifies particular policy input. We will not explore all the possibilities here, or
provide a detailed socioeconomic return calculus, other than to make the point that the shopping list portfolio of
policies inherent in Table 7, which reflects in many ways eclectic and incoherent state policy, might benefit from
a more holistic socioeconomic analysis. To date this has been insufficiently addressed. /¢ is a major research
requirement.

Having made this general analytic point, if we examine Table 7 we can observe that policies are being
applied at most levels of the educative process and at
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many industrial-educational, demographic-educational, and societal-educational interface points. Inter alia, they
may have considerable direct, or indirect, effects upon both the propensity for greater numbers of individuals to
follow an S&T career and for them to be more productive having done so. It would be overclaiming, however,
that all of the programs or policies listed in Table 7 are specifically aimed at increasing the propensity to choose
an S&T career. While some are (e.g., those geared to increasing the participation of women in science,
engineering, etc., or industrial sponsorship programs aimed at engineering undergraduates), many of the other
policy inputs listed in Table 7 may well have just as great an effect in terms of influencing an individual's
aspirations to undertake an S&T career.

A few examples follow: a syllabus design that is less theoretical in emphasis, more explorative, can do
much to motivate and involve, and improved teaching techniques can get individuals across the decision
threshold (or certification-grade requirement) to participate in higher education (on a science course). Once over
that hurdle, the chances are greatly increased that an S&T career may be followed. Or, in another attitudinal area,
close industrial-academic liaison that demonstrates the challenges to be found in industry (similarly with
increased attention to socio-environmental issues, say) can lead to the desire to be involved. Thus, in many ways,
the cognitive and affective dimensions intertwine.

Two guiding principles might be considered for the formulation of policy geared to increase the likelihood
of later propensity to take up an S&T career. They are as follows: (1) the greater the number of individuals who
progress with a scientific and technological education (across the various decision thresholds—see Figures 1 and
7) then, in statistical terms, the greater the chances of later career involvement; and (2) the opportunity cost to
society of individuals who have progressed right across the various educational levels and do not #hen take up an
S&T career is considerable. Thus, in many ways, these two somewhat opposing principles have to be influential
in shaping policy deliberations. The extent to which this is, at present, the case is debatable.

Also, we must consider the external world. Career uptake, as we have seen, depends also upon perceived
image of industry, of academe's (teaching and research) condition, and of relative social, economic, and
psychological reward. To a large degree this external world is not subject to change via centralized policy.
Industry has to sell itself, persuade, cajole. Every day, through marketing and the competitive stimulus, it does
this with respect to its products: the skill is to do this with regard to its own organizational and cultural condition.

Finally, it should be noted that this paper has not considered in any detail the demand side of S&T careers
(or, perhaps of even more importance, the changing pattern of demand: new skill requirements, new
combinations of skills). Undoubtedly, demand has an effect upon choice of career, as do new opportunities, new
challenges. The interfacing in policy and analysis terms of supply and demand in S&T occupation no doubt
merits a full, and later, analysis. Necessarily, any such analysis (and subsequent research programs) should spill
over into the influence of changing demand, changing S&T structure, into educational policy at all levels of the
education process.

We have also noted that there are many difficulties of coupling, of sufficiency of knowledge between
student, graduate, or academe on the one hand, and the real world of scientist, industry, or research institution on
the other. The opportunity to mix, meet, intermingle prior to various stages of the decisionmaking process
regarding career choice is obviously of much potential and actual importance. At graduate (and international)
levels, such EC programs as Erasmus or Comett are of much importance and relevance.

The principal aims of Erasmus are "to increase the number of students spending a period of study in another
member state, to foster cooperation among universities in all member states, and to increase the mobility of
teaching staff and thus improve the quality of education and training provided." With respect to Comett, "the
objective is to improve technological training, especially in the advanced technologies, the development of
highly qualified human resources and hence the competitiveness of European industry."

The program comprises three elements: (1) cooperation between industry and universities, (2) better
training in new technologies, and (3) cross-border cooperation. More specifically, with regard to Comett, there
are five main strands of activity:

Strand A—development of University Enterprise Training Partnerships

Strand Ba—student placements in enterprises

Copyright © National Academy of Sciences. All rights reserved.
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Strand Bb—fellowships

Strand C—development and testing of joint university-enterprise projects in continuing education

Strand D—multilateral initiatives for the development of multi-media training schemes.

Both directly and indirectly, such programs facilitate knowledge, awareness, and challenge in the S&T area.
They can, therefore, greatly upgrade the propensity to take up an S&T career. The Comett program has been
evaluated by Whiston and Senker (1989) in a large study commissioned by the EC (jointly undertaken by SPRU,
University of Sussex, and Coopers and Lybrand). The program was seen to be working well. Many projects were
identified that would not have been undertaken without some EC sponsorship. The quantitative effect in terms of
later career uptake (or attend career aspirations) was neither sought in that study, nor known. It is not difficult to
argue, however, that such important, large-scale international initiatives play an important stimulatory role in
encouraging later careers in S&T.

Undoubtedly, the opportunity to communicate and work with peers and to experience new S&T challenges
in new settings provide such stimulation and encouragement. Both Erasmus and Comett are important facilitators
and bridging mechanisms in that respect.

In EC terms, in addition to these two programs, we would also note the value of the following:

* Petra, which seeks to ensure vocational training;

* FORCE, which addresses training schemes, vocational training;

» Eurotecnet, which considers both "basic and continuing vocational training, with the aim of taking
account of current and future technological change and its impact on jobs and work and the
qualifications and skills that are needed";

* Lingua, which promotes language improvement;

* Tempus, which provides EC assistance in restructuring HE in the countries of Central and Eastern
Europe in order to facilitate their speedy adaptation to the requirements of the market economy; and

* Youth for Europe, which promotes the exchange of young people (outside school) and encourages
awareness of Europe.

The extent to which specific S&T components permeate through such programs varies considerably.
However, the coupling of academe and the wider society is a common component. In some programs (viz.
Erasmus and Comett) specific exchange, opportunity of involvement with other scientists, is a large part of the
program.

Individual countries have their own initiatives (i.e., the United Kingdom: Teaching Company Scheme,
CRAC, IGD, industrial scholarship programs; the United States: "Learning from Scientists at Work," etc.).
Evaluation and analysis of such programs from the perspective of influence on career choice would be invaluable
as a further guide to policy formulation.

This takes us to our last co