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publication in the popular press may ride the coat-
fails of other debates heating up in parallel. It then
may /compound and exponentially widen the
scope of any problems the academic publication

of the same material could conceivably cause. In

the case at hand, apparently, the ad in the NYT
coincided with and exacerbated a politically

- charged regforiai debate on the teaching of science.

To be fair to academic journals, they are charged
with two functions that are not always ‘easy to
reconcile: to disseminate research results as well as

to filter out patently wrong or insignificant results. ‘

Nevertheless, in retrospect it might have been
more appropriate and less troublesome to publish
the iconoclastic views/criticism in question (which
Ohio State University Astronomy Professor Andrew
Gould deemed harmlessly incorrect) in the acade-
mic journals, instead of unwittingly channelling

them towards a wider, more easily impressionable
audience, ‘and having them complicate further,
other unrelated debates with wider social impacts.
It,,would also have been simpler in an academic

journal context to evaluate Prof. Robitaille’s criti-

- cisms of the gaseous model of the sun, and any -

alternative models of the sun’s nature. Note that
such alternative models may be easier to refute
than thé‘crit‘rcisms‘ to the gaseous model itself,

which is presumably why he devotes most of the

NYT ad to the latter. -

References

More generally, and borrowing a page
from game theory. and- the work of John Nash
(to whom we devoted last month's editorial),
it is not a good idea for anyone to drive a

‘rival/competitor to desperation. For instance it

may be counterproductive for the academic
community to drive those (e.g. by shunning them),
who would like to put forth and subject to
scientific (not theological) debate their harmless,

if unorthodox, views, to view-their situation in -

" extreme, desperate ways. The strategies of those

shunned may change as a result, they may
seek unIkikely, even unsavioury, bedfellows, and
the - academic community may end up in an
undesirable ‘equilibrium’ as the outcome of this

confrontation.

Another " paradoxical effect of "academic
journals’ overdoing_ their filtering role - if

“indeed they overdo it - and driving scientists

to alternative publication venues, is that
the journals may be undermining indirectly their

‘own predominance. If an unforeseen side effect

of bypassing academic journals, drawing the/

pubhc s attention, and perhaps becommg a cause
célébre in the process, is to open “doors (e.g. for
research funding or well rewarded careers) for the
authors spurned by academic journals, then more
may start consndenng it. One wonders what the
future may hold for communicating scientific

work = TV commercials?

« Robitaille, P-M., The New York Times, March 17 National Report Section, p.L33

« Though all errors are solely the author’s, the help and clarifications by Univ. of Athens phllosophy
' ; of science professor T. Arabatzis is gratefully acknowledged in this context.

+ Glanz,)., “Ripples in 'Ohio‘From ‘Ad on the Big Bang”,,‘ NYT, March 19, 2002,

http://www.nytimes.com/2002/03/19/national/19ASTR.html

The

IPTS Report

®© IPTS, No.65 - JRC - Seville, June 2002




with yimplementing advanced technologies. That
is, education-based measures could give a mis-
leading picture especially for countries with a

workforce trained in a very different set of techno- -

logies, such as the workforce of formerly socialist
countries, which dominate the present group of
candidate countries.

At face value, the- available educational

- statistics on quantity, quality, and resources point

~to most PACs-accession countries having a fairly
~good record relative to the EU average.! For

instance: ‘ ,

+ all the PACs except Slovenia and Turkey
achieve a higher score than the EU average in
terms of average vears of education; o

* in all PACs, net primary enrolment is close to

. the average EU level of 100 percent; \

* et -secondary enrolment is lagging behind
the EU average (94 percent) -in most PACS
countries, but not by more than 20 percent,
-except for Turkey; ‘

* ‘the quality of education as measured by test
scores. in jntérnati‘onal comparisons of student
performance (IEA 1998) does not seem to differ
substantially between EU countries and PACs;

o the variation of class size in the PACs vary
considerably, but do not generally differ much
from those in the EU. That is, Latvia has an

\ ‘average class size which is comparable to that

- of Austria or Belgium, whereas Poland has an
average class size which is larger but still
comparable to that of Spain {Turkey appears to
be an outlier with a class size about twice as
large as the EU average).

The problem is that a good record on recent
educationa! ‘statistics may only slowly translate
into a high stock of human capital once the

workforce gains experience with new techno-.
logies. A good record on educational measures

" that were accumulated under socialism may not

have contributed to a stock of human capital that

is economically relevant today. The disturbing fact

- remains that given the conventional measures of

human capital discussed, the formerly socialist
countries in particular display a rather low level of
produétivity as measured by their GDP per capita.

Overall, the education measures certainly
allow for alternative interpretations and are always
subject to possible statistical ambiguities. But if
anything, there seems to bea negative correlation

 between per capita output and average years of
education across the formerly socialist PACs

(Figure 1). When Cyprus and Turkey are included
in the sample, there appears to be no statistically

significant relationship at all. By contrast, the cor-

relation- between per capita ohtput and. average
years of education is generally found to be statis-
tically: significantly positive - in _cross-country

studies (Hall and Jones 1999, Gundlach et al.

forthcoming). This seems to suggest that for most

" formerly socialist- countries, the reported con-

ventional measures of education should not

be taken as a reliable proxy for the economically -

relevant stock of human capital. In"this respect,
East Germany’s experience with EU membership

provides some additional evidence.

The productivity of human caplital after

EU accession: the case of east Germany

East Germany’s average number of years of
education among the population aged 15 and

“above was estimated to be about 10 percent

above that of West Germany in 1990 (Barro and
Lee 1996). Hence it is no surprise that German

“unification (and hence East Germany’s EU

membership) in. 1990 immediately raised
high expectations of “blossoming landscapes” in

the eastern Linder within less than a decade.
Physical capital rather than human' capital was

seen as the most serious bottleneck for growth

and development, and that bottleneck was -

thought to be addressed by substantial net

© IPTS, No.65 - JAC - Seville, June 2002
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and the West German workforce. The available
measures of formal schooling and training may
only allow for.a partial picture of the economically
relevant stock of human capital as long as there
are importént unobserved abilities such as, say,
familiérity with advanced technologies or basic
,diff'erences‘ in" behaviour in response to- the
“incentives offered by a given set of work contracts.
The brain drain that occurred in the early Yeéré
after unification also seems to- indicate that
‘probably some‘of the most motivated (young) and
most productive (skilled) workers have left the East
German labour force. So differences in the average

quality of the work force are likely to exist but

cannot be quantified on the basis of  formal
measures of education.

One possible way of identifying‘an East
German - human capital deficit is to simulate

the recent productivity record with- the help of a

~simple growth model (for details, see Gundlach
(2001)). Starting with alevel of labour productivity

of 50 -percent of the West German level (as
in 1993) and given'thét,investme,nt as a share of

GDP is about twice as high as in West Germany .

“(asis observedy)yand also given that human capital

per worker does not differ from the West German
“level (as conventional’ measures of education
éuggest), the mode! in fact predicts an average
" annual growth rate of output 'per worker of
4.6 percent for the period 1993-2000. But East
: German output per worker actually grew only by
2.6 percent in 1993-2000.

Assuming a lower stock of human capital in

East Germany appears to be the most obvious

" possibility to reconcile the predicted and the.

actual growth - rates of productivity. For-an
otherwise unchanged parameterization, - the
simulation model predicts a growth rate close
to the observed growth rate of 2.6 percent for
1993-2000 if the East German stock of human

capital is arbitrarily set to 30 percent of the West:

German level. Future research will have to prove

“whether such simulations bear. any empirical

significance.. But for the time being, these

simulations may be considered as a reminder not

to confuse the average level of formal schooling

and tra‘ihing of the workforce with 2 measure of the
economically relevant stock of human capital.

This possibility should dampen.- overly

. optimistic growth expectations of EU' membership

in the présent group . of accession -countries.

Central European/countries in particular, like East

~Germany before them, .display measures of .

average years of schooling which tend to exceed
the EU average. However, if East Germany’s

stock of effective human capital per worker is only -

about 30 percent of the West German level, then
conventional measures of education may grossly
overestimate the effective stock o,f' human capital
in Central European accession countries as well. If
50, the question arises how such presumed human
capitalr deficiencies in Central European accession

countries could be eliminated..

Worker Retraining Programmes as a
Short Run Investment in Human Capital

In principle, retraining measures can improve
and enhance the human capital of workers and
thereby raise their reemployment chances and

- their future wages. Retraining measures can also

help to adjust the quality of the existing labour

“supply to structural changes in labour demand

caused by new’ technologies, increased'compe-
tition on world markets or, as in t'hé case of the
PACs, by EU membership. However, ‘publicly
funded retraining‘measures can have unintended
side effects. Future ‘e'mployers‘ may interpret
participation in a retraining programme as a signal

of low worker productivity,: or retraining may

actually downgrade the qualification of workers as \

cdmpared 1o their previous level of human capital,

or alternatively reemployment of trained workers

The IPTS Report

To obtain the actual
growth rate using ihe
model, human capital
would have to be Just 30
percent of that in West
Germany, rather than

' the 50 implied by

stomdard measures. The k
. model therefore points -
to the risks of using
average schooling

as a measure of
economically relebant
human capital

When East German
productivity ‘inc&‘eases
are simulated using a
~ growth model the

" expected annual growth

‘rate of output per
worker is 4.6 percent

- for the period 1993-
2000. The actual figure
" was just 2.6 percent
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For a start, one would expect that educational
expenditure per student should rise over time. This
is because schooling is likely to face an increase in
the relative price of each unit of output. The reason
is that services like schooling face an. inherently

slower productivity increase relative to other

sectors like manufacturing. Sectors with relatively

low {or zero) productivity growth  will necessarily:
face increasing costs. As a benchmark, theoretical '

considerations suggest -that inflation-adjusted

educational expenditure per student should rise
in line with average labour productivity growth
if the same amount. of schooling ‘resources per
student always produces the same amount of
/ schodling quality in the form of student per-
‘formance (Gundlach et.al. 2001).

However, in most EU countries educational

‘expenditure per student rose much faster than

. Figure 2. Changes in Educat

average labour productivity growth, with Sweden

‘and the Netherlands as possible exceptions (Figure \
" 2). Inflation-adjusted education expenditure per -

student increased by almost 200 percent in
Germany and by more than 200 percent in France
and ltaly. By contfas{, the average productivity
record of these countries suggests that for a given
“quality of schooling output, educational expen-
diture should have " increased by only- about
50 percent. Hence either -there was a large
increase in the average performance of students

or the additional expenditure just did not work. -

If ‘anything, the available empirical evidence

suggests that the performance: of students in

Germany, France and Italy has remained at best
constant at best over the period 1979-1994
(Gundlach et al. 2001). What is more, the only
,countries with a slight improvement in measured

student performance, namely Sweden and the

ion Expenditure per Student®

g

[

and Average Labour Productivity Growth’, 1970-1994%

& Average annval changs in public current experidhur
~and secondary education (UNESCO data), deflated

Source: Gundlach and WéBmann (2001)

b. Average annual ate of charige-of teal GDP per worker (World ank-
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Althdugh devoting more
resourceS to public
education tends to be
considered a good
strategy for meeting

the challenges of the
“knowledge-based”
economy, experience in
Europe has not been
st%aightfohoard

 Thelack of hard
evidence of a positive
link between increased
educational expenditure
and improved schooling ’
outcomes may mean
more attention needs

to be focused.on the
efficiency with which

the resources are used '
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mainly for the sake of the food producers, with
litle apparent benefit to consumers.. Such inno-
vations are seen by consumers as being approved
by scientists and regulators, but later found to have
unanticipated long-term health effects. The recent
food scares have reinforced this perception.

Faced with consumers’ growing concerns over
(GM) food safety, food safety has become a key
issue in the decision-making regarding the types of
food products offered on the market (Burton, James,
Rigby and Young, 2001). For GM food, this is
illustrated by the decision of several farmers, food
producers and retailers to ban GM food products,
even if the application of GM technology in food
production provides cost-efficient ways to produce
‘a r'ange/ of novel, value-added food products
(Finch, 1999; Spetsidis and Schamel, 2001).

To properly address consumers’ safet/y/concerns
related to GM food it is essential to get to know the
audience and gain insight into the formation and
nature of the pérceptions of GM food safety. This

knowledge will provide the necessary input for

effective communication with ‘consumers about

~ the use of GM technology in food production.
Therefore, the aim of this research is thre;efold. The

first-aim is to identify consumer segments based on
beliefs, in particular consumers’ perception of GM

Source: Verdurme, Gellynck and Viaene, 2001

‘ food safegy, and attitudes towards GM food. The

second aim involves profiling -the identified
Consumer segments. This places the. emphasis
on socio-demographics, knowledge, general
attitudes and\purchasing intentions in relation to
consumers’ perceptions of GM food safety. Finally,
the third aim is to infer recommendations for a

'ta‘rgeted, communication’ policy regarding GM

food. The research methodology to reach these

*aims is indicated in Box-1.

Results

‘Consumer ' perceptions regarding GM food
consists of four factors, which each contribute to
consumers’ attitude formation vis-3-vis GM foods:
e Perceived safety’ of GM food, which corres-
ponds to the perceived health risks;

‘* Perceived environmental - risks related to
GM food; ‘ k

J Perceived benefits of GM food, which include
personal, social and environmental benefits.

“The perception of major health benefits may

“compensate for a low perceived safety of

GM food; .
o Perceived credibility of the government and the
food industry’s claims to be able to guarantee

safe (GM) food as well as a free choice between

GM and GM-free food. A high level of trust in
the government and the food industry. could

mitigate h‘igh perceived health risks.

) consumers

es and media;

© IPTS. No.65 - JAC - Seville, June 2002
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GM food is unlikely to result in consumer accep-
“tance on its own. However, this should hot be
- the goal of communication. Instead; policy-makers,
scientists, consumer organizations and other staké-
holders such as the food industry should direct their
communication -efforts towards dispelling any
fallacies about GM food and, by 'doing s0 enable

- “consumers to make informed choices about it.

The aim of communication with the “Food
Neophobics” and thé “Balancers” is to address their
concerhs'about health risks related to GM food.
Given their limited knowledge and relatively low

"level of educational attainment, a simple, non-

technical picture of the actual scale and seriousness

of the health risks related to GM food should be

draWn, thus presenting actual GM food products
and, in the case of the “Food Neophobics”, also
'indicating the potential benefits. The less abstract
the informiation that is provided, the greater are the
chances that consumers will understand it. Besides
their different perceptions of the benefits, the
differences in age and in general attitudes towards
trying out new food products between these two
consumer segments should also be taken info
~ account during communication. For exa‘m'ple,
since the “Balancers” comprise a higher percentage

“of older respondents, providing information

 through media, which allow internal pacing (i.e.

the receiver processes the information at his/her

own pace; e.g. print media), is recommendable.

" The so-called “Green Opponents” group -

considers GM food to be a threat to food safety and
perceive high environmental risks despite beihg
quite knowledgeable about the topic. Therefore,
the communication objective for this segment is to
hand them two-sided, factual information about all
the potential risks and benefits of GM foods, thus
focusing on' the possible consequences for the
environment. This information offers the “Green
Opponents” the possibility of critically testing the

- foundations . of - their. negative beliefs and, if

necessary, rectify any fallacies. Environmental

groups -and -third world organizations: are appro-

priate information sources for the “Green Oppo-

nents”, as these consumers consult and trust them.
Governmental and industrial information sources
are not trusted and. consequently, unsuitable for
addressing this segment.

In the case of the “Enthiusiasts”, communication
is intended to make sure they are in favour of GM “

food for the right reasons. Indeed, consumers’

positive feelings about GM food may be based on
excessively positive beliefs about the benefits

offered by GM food andfor a limited insight in-

the potential risks of GM foods. This aim can be
fulfilled by providing varied and accurate infor-

~‘mation about GM foods. Given the high level of

knowledge and educational “attainment of the

“Enthusiasts” and their confidence in the govern-

“ment and the food industry, scientists and policy-

makers as well as the food industry (if open and
honiest) may act as an information source. Building
confidence in government and the food .industry is
the main goal of communicating with the so-called
“Cautious” group. To improve trust, policy-makers

couild meet consumers’ information demands, coo-

perate with more trusted sources such as scientists

-and consumer organizations and be consistent and

transparent in their communication. The food in-

dustry should try to be-more proactive and straight-

forward in their communications with consumers.

Conclusions

Not all consumers -perceive the use of GM
technology in food production to be a threat
to food safety and of those who do, not all do so

for the same reasons or to the same extent.

‘ 'Nevertheless, the perception of GM safety has a

significant impact on consumer attitudes towards

GM foods. The safer GM foods are perceived to be
the - less negative attitudes towards GM foods -
become. General attitudes towards technology,

The IPTS Report"

&)
ot
oo‘."‘“ wod

o

o

The existence of a group
characterized by both
in-depth knowledge of,
and strong opposition
to, GM foods indicates .
that simply providing
more mfo'r'mationjs not
guaranteed tq enhance

consumer acceptance

 "More concrete and self-

paced information may

be more suitable Jor

some groups of consu-

mers, particularly older . -

'ones or those with lower
levels of educational -

attainment

Consumers who oppose
GM faods Jor environ-
mental reasons tend to
trust information from -
envifonmental groups
more than that from
- governmenlt sources
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Ethical Aspects of Blotechnologlcal

Patenting Rewsﬂ:ed | - N 35
— %y
Dolores |barreta and Nikolaus Thumm, IPTS - ‘ . } ’ ‘%

Introduction

he provision of Patents for biotech-

nological inventions, ‘such as patents

on breeds - of anima\ls, plant varieties,

the patentihg of nucleotide sequences or
on material derived from human tissue, has
already been the subject of public debate for more
than a decade and the controversy is still
ongoing!. 'In particular, ethical concerns are
raised by the patenting. of biotechnological
material. The importance of the issue becomes
clear when looking at - the importance of
bistechnology for the new millennium and
considering the. heavy future responsibility of

biotechnological research, development andits

economic exploitation. On the one hand the
biotechholy(‘)gy industry is calling urgently for the
legal clarification of many issues regarding '
patentability and types of inventions —and as a
result of the Iegél uncertainties a large number
of patent applications have yet to be processed.
On the other hand, human rights and the dignity
of the human being with regard to the application

- of biotechnology and medicine seem to be more

and more in crisis?. The whole debate on the
patentabflity of biotechnological material often
boils down to a conflict between entrepreneurial
reasoning on the one side and social and ethical
arguments on the other. This becomes particularly
clear in the case of patents deriving from human

stem cell research.
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function, for example the treatment of a disease.. '

However, the issue of the patentability of gene

* sequences is first of all a technical problem regar-

ding the definition of patentability, it does not
directly involve ethical questions. Some may argue.
that this is not the case, in view of the Myriad case
(BRCA1 and BRCA2 genes). Gene patents came 0
 the fore when the first diagnostictest for breast
cancer was commercialized by.the us company
Myriad Genetics, Inc: (Salt.Lake City, UT), which-
enjoyed a patent- buttressed monopoly position.

These patents: were not well- received by public
sector bodies because, among other thmgs, they
felt it was not in" the publlcs interest to pay such.
high roya|ties to access the material. In Europe,

clinicians from France, Belgium, Denmark, Ger--

many, the Netherlands, and the United Kingdom
filed an Opposition request against Myriad's EPO

patents. In Oetober 2001, the European Parliament . .

“adopted a resolution opposing the Myriad patent,
repeating its call on the EPO to ensure that all
patent applications in Europe do not violate the

" principle of nonQpatentability of humans, their

genes o cells in their natural environment?.

,'Patenting of life’
| ife’ cannot be patented but-living organisms

can be patented if they differ significantly from

~ organisms as naturally-occurring”10.

in the United States the first transgenic animal

patent was issued in 1988 with the ‘onco-molise’,

a genetieally manipulated mouse which is highly
; susceptible to cancer. The same patent application
"led to controversy at the European Patent Office.
Patents on_animal varieties already have a long

tradition in Germany.

In the history of the European patent office
several objections were made against the patenta-
bility of plant varieties. Until 1995 Article 53 (b)

European Patent Convention-was. not applied to -

plants which did not meet the profile ofa variety

_ and belonged to a classification unit taxonomically

higher than that of a variety. In 1995, the board of
appeal of the European Patent Office’ decided. in
the Plant Genetic Systems (PGS) (Technical Board
of Appeal, 1995, (T 356/93)) case that plants per se
were no longer considered to be patentable. In

the Novartis decision (T 1054/96 (O} 1997, 551) ',
- Novartis 1998), the court of appeal reaffirmed

this ‘decision. Advocates from both industry and

- academia, continue to call for: the abolition of

Article 53 (b) European Patent Convention'?.

Prevlous declslons regarding the ethlcal
dimenslons of patents

‘Patenting, as such is in itself neither wrong nor.

right, but could be classed as ethically neutral’2,

Aecordihg to Article 53 (a) European Patent
Convention it is p,rbhibited to grant Europea’n pa-
tents for ~inventiohs which are contrary to ‘ordre’
public’ ormorality. Only a few cases ot patents

" where ethical issu’es have been taken into conside-

ration have been decided so far:

Zln the case of the human protein H2- relaxm the
opposition division of the European Patent Office
Kad to decide on a patent on DNA fragments of the

protein taken from the tissue of pregnant women. -
The European Patent Office decided that the

patenting of a single-human gene has nothing to
do with the patenting of human life and that there
is nothing immoral about the patenting of genes.

‘Ina well-known case in the United ‘States, a
doctor managed to obtain a patent on a cell line he
retrieved from the spleen cells of a patient he had
operated on. After the patent had- been licensed,

 the patient sued the doctor for having taken his

property. In this case the California Supreme court

" decided that patient had no property rights over

cells that were once taken from his body. The
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Stem Cells and patenting
In Europe, procedureé for human reproductive
cloning are explicitly excluded from patentability -
(Directive 98/44/EEC, Art 6,2). This includes the
_ prohibition of some processes derivihg from stem
cell research. In this réspect it is important to
differentiate research on embryonic stem cells from
research on adult stem cells. The patenting of adult -

"~ stem cells does not, in principle, infringe the law.

Given that the differentiation potential of stem cells
in tissues of the adult is less limited than previously
thought, this could open the way for the use of cells
of this type in therapeutic applications in the future
as an alternative to the use of embryo-derived cells.

Any ban on human cloning methods should be
careful to avoid restricting research on human
body cells in general. The Human Genome Orga-
nisation (HUGO) argues in favour of the research
on embryonic stem cells due to their potentlally
beneficial medical applications’. According to

 HUGO; it would make sense to treat techniques for
itherapeutic’ and ‘reproductive’ cloning differently.
* However, fundamental steps of both techniques are
- the same. A literal interpretatioﬁ of the definition of
human cloning in Directive 98/44/EEC would also
include the initial step.of the so-called somatic cell
nuclear transfer technique (SCNT). Patenting of
the initial steps to develop stem cells using SCNT
s therefore not contemplated in the current
Directive 98/44/EEC. SCNT offers the development
* of autologous'd human pluripotent!? stem cells?0

for cell-based gene and tissue therapies with the -
possibility of developing: ‘human tlssues for auto-

transplantation with a reduced risk of rejectlon '

Transplantation of embryonic. stem (ES) cells .

,denved from SCNT could restore function to
diseased or damaged tissues, or be genetically
altered before transplantation to deliver gene

therapy. However, research has a long way to

go before it is actually possible through SCNT to
- generate replacement cells or tissues from an adult
human for. transplantation back to the original

.donor. The déveloprmentkof SCNT has the impor-

tant ethical connotation of unavoidably sharing
part of its technical pathway with human reproduc-
tive c|on|ng Thus, the different treatment of ‘thera-
peutic’ and ‘reproductive’ cloning methods, if not
carefully handled, could open the door for mis-
interpretations and carries the danger of opening
the door to techniques to implement human repro-

ductive cloning.

‘Things are, however, moving along driven by ‘
the potential financial gains to companies that can
secure for themselves a niche in the market for the
blotechnolog|es used to manipulate genetic
material. For instance, Geron Corp, which owns
the technology used to produce Dolly, the cloned
sheep, through its purchase of Roslin (the company
that originally ~developed the technology)
has already been granted a patent on aspects of

- nuclear transfer technology used in the cloning of‘

ammals (non-human) by the European Patent
Office. Geron is currently in a patent battle with

‘Advanced Cell Technology (ACT) over an animal
cloning patent licensed by the U.S. Patent and ..

Trade Office.2!

Although ACT has been denied a patent on
cloned embryos, it was granted one on cells taken
from cloned embryos. Britain gave Roslin a patent
covering cloned human embryos up to 14 days old
— but only in the United Kingdom, the only
country in Europe to have passed a law approving
research into human therapeutic cloning.

~ Canada has issued patents for plant, animal and
, human‘DNA sequences, genes, proteins and cells,
but has drawn the line claiming that “ownership
concepts cannot be extended to human beings.”22

concluslons

There is a need for dealing wnth ethical stan-
* dards for grantmg blotechnology patents. In many
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reduce their impact on workers’ health. The antici-
pation of probable risks therefore becomes a stra-
tegic tool, insofar as it allows us to face the chan-
ging situation of the labour market, raising a debate
on the measures that have to be taken in order
to reduce the potential negative impacts of the
changes currently underway. - ‘

Following the prospective -approach to the
~ evolution of occupational health and safety risks;

this article looks at the evolution of trends in stress .

factors brought about by -the incorporation of
robotic and automated systems at work. Robotics
.technology is spreading rapidly, with a spectacular
increase in the use of rdbotsiin‘ thé European Un‘ioh.

Over the last five years, robot sales have increased

by more.than 15% a year. During the year 2000
man'ufacturing—robot sales increased by 20% in the
countries of the EU’ compared with the number of
“units sold in 1999 (IFR, 2001). In-Sweden, for

instance, sales increased by 56%; and, in Spain,

39%. The impacts of robotics on management and

- on working conditions will have an effect both on
manufacturing and on services over the coming

years (Lopez and Krux, 2000). This trend will

therefore influence the evolution of rates of -

accidents at work. In fact, one reason for investing
in robots is to automate jobs that imply serious risks
~ for human health. Advanced automation reduces
physical risks and reduces the number of accidents

at work. However, it creates new working condi-

tions that have an effect on the psychological and
social factors that affect stress. In'this respect, this
article reports on some of the results of prospective

research based on the Delphi Method, which

allows us to approach the experts foresights about
the evolution of these risk factors, and to propose

—in relation to this probable evolution- a set of

measures to -improve occupational health and’

safety conditions in'this changing context.

Working conditions and new risk
factors In the European Union

The evolution of working conditions in"the
European Union over the last ten years reveals a

transformation of the working environment to one

‘which is characterized by a greater presence of

new technologies, a more, rapid pace of work -

(which is increasing in all the member states: wor-
kers work faster and against shorter deadlines), a
greater autonomy at work, and an increase of the

* rumber of tasks implies a greater strain on workers
(i.e., the tasks tend to produce greater stress). The -
European Foundation. For The Improvement Of

Living And Working Conditions has carried out
three surveys on working conditions in the Euro-
pean Union (1990, 1995, 2000). In the survey
carried- out in the year.2000 the following results
were obtained (Table 1): L

Table 1. Main Conclusions About Working Conditiohs
In The European Union

repetitive tasks.

posts {man

at least, the 26% of their working h
ber of pe

o Thereisa drrect refationship between health pmblems and adverse workrng conditions; in pamcular derrvrng from intensive,

Work s becomrng more and more mtensrve more than 50% of workers wo ng ata raprd pace and within tight deadlrnes for

Flexible workmg has spread workrng hours (shrft work and part-time ]ObS) work schedulrng (versatrlrty team work empowerment)
f h

tracts).

Source: Foundation For The Improvement Of Lrvrng And Workrng Conditions (2001 ): Third European

Survey On Workrng Conditions, Dublin.
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new technologies). Improving working conditions
‘ requ‘ires the consolidation of risk prevention
by - combining prospective research with other
political instruments such as legislation, social
dialogue;finstanceé of best practices, companies’
social responsibility and economic incentives. It

~ also requires collaborative efforts involving all the

agents concerned in the field of health and safety
(COM (2002) 118 end, 03/11/02). Among the
“various objectives concerning the promotion- of
~constant improvement in the labour. market, we
find —precisely- the analysis of new risks, in
particular those related to the interaction of
chemical, physical, or biological agents and those
re’lated to“workiyng conditions (ecohomical,
psychological, and social risks). (see Table 3). .

In  this sense, 'research in the field of

occupational safety and health could fruitfully
focus on: Firstly, the constant monitoring of risks.
Secondly, coordinating thé various centres of
“research so as to be able to make progress towards
practical measures enabling problems to be solved

and new risks to be anticipated (by. means of -
" implementing training strategies and adapting -

‘regulations with a view to raising safety levels and
reducing risks at work). Thirdly, the. transfer of

relevant research results to.companies.

Concrete proposals emerging from research
“can help anticipate specific risks brought by the

spread of robotics and automated. This happens
both in industry and in public utility companies,
but particularly “in the fields of initial and
continuing training, and in the regulation- of rest
breaks appropriate to the greater intensity of work.
As regards household robots, the ri‘sks posed

by their power supply and by their mobility .

should - be addressed by framing legislation
that takes their characteristics into account and

_-that defines s’tandards/fof all such’ robots. This

approach ‘would enable any potential problems

entailed by-the mote widespread use of domestic

robots to be foreseen and avoid the soméwhat
ad hoc approach that has characterized the uptake
of certain other technologies.

Improvements heaith and safety
through advanced automation:
trends for year 2010 o

One of the main contributions mad‘e;by robots

“in ‘industrial ‘manufacturing. is their ability to
- perform tasks in dangerous conditions and hostile

environments. Satisfying occupational safety rules
at work and reducing the risks inhere‘nt in certain
jobs (such as welding or painting during the
car-manufacturing process) are two of the main

objectives when investing in industrial robots. For

“instance, robots painting with spray. guns make it

possible. to avoid exposing workers to hazardous

substances, the surfaces they paint are smoother,

Table 3. Objectives of Eufopean Union Policy For The Improvement

* . Reducing the numbe af
Irtroducing the Rotion 0
and compensation, .
Preventing sacial ri
. Reinforcing preventio
Taking intp accoun
Considéring transformat
* Taking company 8i
Analysing new eme!

of 0ccupational Safety And Health

Sotirce: ‘C6mo adaptarse a los cambios en la sociedad y en el mundo del trabajo: una nueva estrategia
comunitaria de salud y seguridad (2002-2006)’; COM (2202), 118 end of 03/11/02.
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ducted, social relationships at work, and the deve-
lopment of a professional career at the company;
and, finally, organizational structures, and . the
environment where the activity is carried out. The

experts involved in the study highlighted that ‘

robotics-and automation will have an effect on all
_ three groups of stress factors, and will create a new
context that will need to be taken into account/ in
order to develop strategies for coping with stress-
related occupational risks. On this point, the

experts envisaged work. becoming more varied

- and fulfflling, and a reduction of labour disputes;
two features that,\ in principle, can reduce stress
factors (Table 5). However, as we can see in

~ table 6, other impacts produced by the spread of

robotics and advanced automation place us into-a

context where stress levels are likely to rise as a

result of the stress factors inherent in automation.

" The experts involved in the study pointed

out that we need to take spetific steps on two.

levels to reduce the negative impacts of robotics:

in relation to companies that install these systems,

and in the ‘global context of a technolbgically

advanced society- where -there are ever higher

levels of automation.

o As for the issue of employment status and the
companles that install robots- and automated

work systems, it will ‘be necessary to increase

workers’ levels of capability, responsibility, and
technical training; and, at the /same time,
programmes for continuing  training and
retraining need to be put in place. Training
requirements will increase, and a process
of continuous adaptation to the system and to
the new working conditions needs to be

established. The aim. of this process is the

Table 4. Impacts Of Robotics: Orgamzatwnal Context;
Characteristics of new types of employment;
Occupational health and safety: Improvements and risks

Job

. Characteristics

"More témporary employment, -
contracts {up to 40% of industrial
employment in 2015 and 50%

of service employment in 2010)

More labour intability.

The IPTS Report

New risks brought about
by the implementation -
. of-automated systems -

optimizes wmktng conditions by *

_eliminating occupational risks

produced by hostile environments
and toxic substances.

Elimination of rautine, tiring jobs.

| the fobut orfaults refated tq

_ mobﬂe capabuhty toits strength
when moving ohjects, or to
its power requirements.

Source: Lépez Peldez, A (2001): Nuevas Tecnologlas y Sociedad Actual: El Impacto de la Robdtica,

Doctoral Thesis, Madrid, UNED

.
k.
K7

" Steps to mitigate the
potential impacts of the
‘spread of robotics need
to-focus both on the
companies that install
these systems and

on the global context

of a technologically
advanced society zbhere
‘there are ever-higher

levels of automation
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* In the context of a global society we have to
" take into account the fact that the foreseeable
impacts of robotics and advanced automation
will produce an increase in the global pro-
ductivity of the economic system and an
improvement in the quality and price of goods
and serv‘ices, favouring a transition towards a
leisure society. However, in parallel with these
positive impacts,.autOmation of -an increasing

. number of tasks in an ever broader range

" of areas of business will lead to significant
changes in the situation of large swathes of
the workforce. There will clearly be increased

unemployment in fields where robots and -

automated Work systems are introduced. And

new.skills requirements may make it harder for ;
people with less marketable ‘skills to find a -

“job. Thus, together with the organizational
strategies directed toward improving working
 conditions at highly automated companies,

policy decisions need to be made in order to

m‘itigate the negative impacts of automation.
These could include pensions for excluded

_groups, improvement of welfare state provision -

for those made unemployed by the changing
context, or. financing technical training pro-

grammes to increase the employability of those
~ displaced by automation.

. Conclusion

The changing trends jn working\coﬁditions in
the context of a ~téchnologica| reyofution and
widespréad organizational change are creating a
Challenge that public authorities- and social
partners will have to face-in order to. avoid the
fragmentation of the labour market, something that
experts foresee as probable if adequate measures
are not taken (Tezanos, 2001b). In the specific area
of ‘wor‘k-related accidents and-iliness, a- strategy
difected toward improving health and safety at
work must take into'account, both the new risks
and the opportunities brought by the introduction
of robotics and advanced automation. Forecasts
regarding the spread of manufacturing robots
and service\robots in the near future also need

to be taken into account, and the experience:

accumulated over 30 years with regard to the
implementation and use of industrial robots.-

The analysis of stress factors highlights the
importance of exploring coordinated Europe-wide

‘ekichéracferiied \

these tend to-
bliged.keep up
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Renewable energy technologies as
anew techno-economic system

A system is a holon?, where each element
evolves in tandem with the rest. Hughes (1987)
argues that there is no deterministic relationship
' f'\between technical form and management struc-

ture, rather co-evolution of both within a wider

context. He goes on to stress that: “over time,
'iechnological systems manage increasingly to-
incorporate environment into the system, thereby
eliminating sources of uncertainty, such as a once
free market” {p. 53). Change within the system
-oceurs ‘ through the identification of eritical
problems énd the underlying ‘reverse salients’ or -
weak - points that preveni any- substantial impro-
vement from resulting from other elements due to
the interacting nature of the system (Hughes, 1987;

" Rosenberg, 1976).

The sedrch heuristics that drive technical
'change include expectations (van den Belt and
Rip, 1987), which are influenced from the socio-
political structure of the system and by the blinding -
effect of the paradigm, with respect to alternative
avenues of enquiry (Dosi, 1‘982)‘ Change occurs in
the context of interaction between the techno-
logical paradigm and the selection enwronment'

" which together form the broader system. Kemp
et al. (1998) have attempted o capture _this
interaction by extending the concept of techno-
logical regime in order to- capture this systemic
interaction, a notion that is near Hughes' view of
the tendency of technological systems to expand

and absorb their environment.

The interaction of technologlcal social and -

/organlzatlonal elements requires a policy that will
. embrace supply and demand. However the mode
of diffusion of the new paradlgm still eludes policy
makers and ‘analysts. In the framework outlined

above, the development and diffusion -of RETs-

constitutes a transition to a new technological

paradigm, Which‘raises the question of compati-

bility with the existing technological regime:
Which ¢lements of the technological system, the

technological paradigm and the selection environ:

ment stand out as the most critical in this context? -

RETs’ diffusion involves change of a systemic

nature, demanding a holistic view of the entire

,technology system involved (Serchuk and Singh,
- 1998). The most obvious: non-technical changes

may be ind,icéted in the deregulation of the energy
market and in envirqnmental pressures. In view of
global experience RETs integrate concern on the
critical challenges that environmental and econo-
mic restrictions present to contemporary society.

Although‘ the economic performahce of RETs is

constantly improving, policy measures are stifl

necessary as counterweights to the support which

' conventional energy technologies enjoy and

the fact. that their external costs (i.e. the costs
their use imposes ‘on actors not directly involved
in their use) are not taken into account. RETs'
underlying economic rationale focuses on rational
use and energy saving in cohtrast to the emphasis
on consumption scaling that characterizes the
existing system. The multiplying effects of RETS
development are also significant: potential for

high. domestic added value, opportunities for

the growth of capital goods and- engineering ser-

vices industries.

As “concerns thelr soual partlcu|ar|t|es on
the demand side their deployment depends to a

large extent on the motivation of the public and

eventually a shift in values regarding the appre-
ciation of the environment as well as issues of
daily- convenience; on the supply side new skill
specialities are requned and  employment is

created, as existing knowledge capital is devalued

One may identify new players such as
- local authorities and local collaborative schemes,

within new institutional and regulatory arran-

‘The
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mechanisms are based on the networking of sup-

pliers and users and the exploitation of economies

o scope: The development of applied solutions

accelerates learning and places it closer to the end

of the development process, integrating elements
that technology development initiatives tend to
ignore (such as system integration and construc- .

tion capabilities, tobustness in diverse physical
and institutional conditions). So poticy should

* focus on three aims:

(1) Development of focused learning.
mechanisms

The experience of information technology has
shown that the deverlopment of solutions takes
place close to the end user (Hobday, 1994; Kautz
and Lérsen, 2000). Disengagement of design from
initial technology development and its connection
with use requires the growth of an intermediary
sector that will design and install complete
(integrated) solutions in collaboration with the user

(‘system integrators’). The need to open the “black-

box” of technology is critical in order to develop
domestic know-how. The aim would be to initiate
learning processes right along the value chain from

initial ‘equipment manufacturers down to the end

users. This should increase added value and, more

importantly, it should constitute an important step
on the road towards the long-term competitiveness
of the European RET industry.

(i) Encouragement of new types of players

Within the ﬁew deregulated framework RETs -

require a new socio-economic landscape. This

would involve new players as well as a set of new

relationships and structural elements such as -

pricing regulation,y linking between diverse energy
~producers and distributors and restructuring of
barriers to entry. The role of public environmental
awareness is also critical: (Tsoutsos, 2002). Local

collaborative enterprises set up to manufacture

Wind generators or run geothermal applications
have already had significant success (Denmark,
USA), while at the same time they contribute to the
mobilization of\pﬁblic .opinion and of local

resources.(Tennis et al., 1998). Small and medium-

sized self-producers may constitute an important

new market niche against competing technologies.

(i Flexlhle‘ financing mechanlsms. adapted

to the characteristics of individual applications,
and environmentally consistent economic
evaluation -

The revision of costing of all forms of enérgy
production is a necessary condition for indirect
forms- of subsidy and the environmental/social
costs/benefits to be accounted for. Provisional mo-
tives should encourage efficient projects, ensuring
that the marginal life-cycle cost is well founded
under reviewed costing. Regulation of competition

should be exploited for the promotion of cost

“reduction in technology, installation and opera-

“tional efficiency considering economic conditions

in the industry (Piscitello and Bogash, 1997).

The Strategic Niche Management
approach

A promotion strategy in market segments
(Strategic Niche Management) is proposed for the
transition to a _new technologicakl‘ regime {Kemp
et al., 1998; Weber and Dorda, 1998), based on

" the creation of “protected spaces”, for the develop-

ment and use dfknew’ technologies. This approach

has-a number of interesting advantages:

o It creates conditions for interactive learning that
extend beyond individual technologies. In the
case-of wind energy,yimprovement has occu-
rred in eqhipment performance and cost as
well as operational performance of wind farms
(Street and Miles, 1996). Experience with solar
thermal collectors in Greece and wind genera-

 tors in Denmark has shown that the successful
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The

incrementally within mainstream energy systems. environmental criteria. This would provide a com-
Niches offer a framework of intensive interaction petitive advantage both to equipment suppliers and
between equipment users and producers, where  energy producefs, while raising structural and insti-
~ solutions and improvements can be sought along tutional disincentives to continuing with esta-
new design trajectories which are benign to blished non-sustainable technologies. ; ‘

Kevwords
renewable energy technologles, innovation, diffusion, energy policy, strategic niche management

Notes

1. For instance the demyaynd for solar thermal installations is growing continuously in Europe, but it is still
“not enough to reach the target of 100 million m? installed collectors by 2010, set in the EC’s White Paper
" (European Commission, 1997). ‘ : k

2. holon; from the Greek AoV, means a whole entity.

3. “The Sailing ship effect” refers to the fact that the advent of a new technology can. stimulate the

incumbent technology to improve its performance well beyond its existing limits. Its name derives from

the fact that this was particularly apparent in the case of the sailing ship, which reputedly underwent more

improvements in the 50 years after the introduction of the steam ship than in the previous 300 years. '
4. The case of organic farming (an energy related field) shows how regime transition may be triggered in

the social space and forces the regulators to take action. -
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A B O UT TMHE 1 P T S

The Institute for Prospective Technoldgical Studies (IPTS) is one of the seven institutes making jup’;
the Joint Research Centre (RC) of the European Commission. It was established in Seville, Spain,
in September 1994. ’

The mission of the Institute is to provide techno-economic analysis support to European decisioni 7
makers, by monitoring and ‘an,alysing‘ Science & Technology related developments, their cross-
sectoral impact, their inter—relatiohship in the . socio-economic -context -and future policy”
implications and to present this information in a timely and integrated way; k

The IPTS is a unique public advisory body, independent from special national or commercial
interests, closely associated with the- EU policy-making process. In fact, most of the work

* undertaken by the IPTS is'in response to direct requests from (or takes the form of long-term policy
support on behalf of) the European Commission Directorate Generals, or Europea/n/ Parliament
Committees. The IPTS also does work for Member States’ governmental, academic or industrial
organiza{ions, theugh this represents a minor share of its total activities.

Although particular emphasis is placed on key Science and Technology fields, especially those that -
“have a driving role and even the potential to reshape our society, important efforts are devoted to_ -
improving the understanding of the complex _interactions between technology, economy and
society. Indeed, the impact of technology on society and, conversely, the way technological
development is driven by societal changes, are highly relevant themes within the European
decision-making context. - R - \

The’inter—diséiplinary prospective approach adopted by the Institute is intended to provide
European decision-makers with a deeper understanding of the emerging S/T issues, and it
- complements the activities undertaken by other Joint Research Centres institutes.

The IPTS collects information about technological developmehts and their application in Europe
and the world, analyses this \infbrmation and transmits it in an accessible form to European
decision-makers. This is implemented in three sectors of activity: " ‘
« “Technologies for Sustainable Development L

o Life Sciences / Information and Communication Technologiés

+ Technology, Employment, Competitiveness and Society 4

In order touimplement its rission, the Institute develops.appropriate contacts, awareness and skills
for anticipating and following the agenda of the policy decision-makers. In addition to-its own
resources, the IPTS makes use of external Advisory Groups and operates a Network of European

' ,lnstitutes:Working~in similar areas. These networking activities enable the IPTS to draw-on alarge
pool of available expertise, while allowing a continuous proéess of external peer-review of the.in-

house activities.
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