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Great challenges for occupational health research are set by the rapid changes in the world of work as a
consequenceof globalization, new technologies, demographic workforce changes, fragmentation of enterprises and
work contracts, high time pressures, high demands for learning new skills, and growing worker mobility. The
occupational health problems are of 2 types, the persistent and reemerging old problems of occupational injuries
and diseases and new challenges from psychological stress, musculoskeletal disorders caused by computerized
work, cognitive ergonomics in information-intensivework, the work ability of aging workers, and new trends in
occupational allergies. The 3 roles of research, improvement of knowledge, improvement of understanding, and
support of the development of work conditions in practice, all call for new initiatives in occupational health
research. The new comprehensive strategy for the development and promotion of work ability has been found to
respond effectively to these new needs.
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The role of research in society is (i) to increase our
knowledge of nature, people and society, (ii) to increase
our understanding of these 3 components of life, and (iii)
to provide a scientific basis for actions to make a better
world through the prevention and control of adverse
trends (eg, global warming, technology hazards, poverty, emerging new and old diseases) and through amplifying and facilitating positive developments (eg, new
methods for agricultural and food production, clean technologies, ensuring decent work for all, and promotion of
economic and social development in the least developed
countries). Occupational health research is active in all

3 roles, and its position in the development of worklife
will b e even more important in the future than it has been
in the past. While some of the earlier visionaries saw the
role of occupational health as time-limited, making itself unnecessary in the future through effective prevention of hazards and risks, this article provides arguments
for the endless need for occupational health research with
high relevance for the development of worklife and for a
sustainable social, economic and ecological future in general.
Due to several simultaneously acting factors, the
change in worklife is accelerating (figure I), and it will
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become continuous after being more stepwise in the past.
Such a change has several parallel developments (eg,
growth of global trade, changes in enterprise structures,
penetration of new technologies to all sectors, changes
in political objectives, growing role of media, environmental concerns, quantitative and qualitative changes in
working populations, demographic developments of general populations, and major social and behavioral changes). All these factors affect the development of work and
work conditions, safety, and health at work. They also
very much determine the directions and conditions of
operation for research. Most of all, they present new
problems and challenges to researchers and those who
use and apply research results. Some of the trends and
changes of greatest importance are discussed in this article. Although worklife is in the forefront of the change,
the new trends affect all parts of society and its functions (table 1).

Denmark, while Ford, Toyota, and Exxon each constitute a larger economy than Norway, Poland, or Portugal.
The top 5 multinational corporations exceed the total economic volume of the 30 least-developed countries by
more than 10-fold, and they have a larger economy than
South Asia and Sub-Saharan Africa together. This situation implies that the policies in worklife and the resources
allocated for developing worklife by multinational companies are of utmost importance. There may also be differences between the policy of a global multinational corporation and the national policies on occupational health
and safety. Fortunately, many of the leading companies
have adopted a responsible policy and even transfer good
examples and practices to the areas where they operate,
but also less positive examples exist. There is a universal need to study the effects of globalization on health
and safety at work and to provide scientific bases for
universal minimum standards for work conditions.

Fragmentation

New trends at the macro and micro level
Globalization
Globalization can be defined as an increase in the total
world economic activity as a consequence of the liberalization of trade and the elimination of the hindrances to
the transfer of capital, goods, and services across borders. Widescale use of communication and information
technologies facilitates such interaction (1-3). In practice, globalization is seen as growing economic transactions, as an increase in direct foreign investments, and
as an increase in world trade (growth in the 1990s +7%/
year) faster than the world total production (with an average growth of 2-3%/year). The global operations require larger companies than before. A growing number
of the 50 000 multinational companies in the world are
merging to form larger giant enterprises that can individually exceed the size of the economy of a mediumsized country. Simultaneously, their role in world economy has grown. For example, General Motors has a larger economic volume than the national economy of

Parallel to the growth in the size of the multinational
companies, national enterprises adapt to the new demands
set by growing competition by increasing their flexibility (4). The most important strategies for this step are fragmenting the company into smaller independent decentralized units that often work as networks, outsourcing activities to smaller units, subcontracting, and developing
flexible work organizations. Additional methods used to
attain flexibility are, for example, the recruitment of a
portion of personnel on a fixed-term or temporary basis,
the organization of flexible workhours, and the establishment of new employment relationships with "e-lance" or
"tele-workers".
The consequences of such fragmentation are partly
positive and partly negative for health and safety, and
fragmentation also affects the conditions of research in
several different ways. About 100 million of the 140 million workers in the European Union work in about 15
million small or medium-size enterprises and in an equal
number of workshops of self-employed people (5, 6).
Their work conditions vary greatly, as do their possibilities to carry out occupational safety and health

Table 1. Three types of societies
Feature

Agrarian society

Industrial society

Information society

Culture
Economy
Resources

Local
Natural
Natural

National
Industrial
Hydro, fossile, nuclear energy

Type of work

Dynamic, muscular

Work organizations
Organization of work

Family, village
Self-steered, families

Source of knowledge

Tradition, experience

Dynamic muscular work, static and
repetitive manual work
Company and public institution
Line-organization directed towards
objectives, operation and results
Natural and engineering sciences

Global
Global network economy
Hydro, fossile, nuclear, bioenergy, wind, ocean,
geothermal energy
Mental and brain work
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Company, public institution or NGO and their networks
Networks of organizations, team-operated
autonomously, management by results
Natural, bio-, behavioral and social sciences

activities. Without special support they cannot participate in research projects and initiate preventive and control intervention. While the traditional physicochemical,
ergonomic, and accident hazards are higher than in large
companies, the general work climate and the relationships
between managers and workers and the degree of selfsteering seem to be more favorable in small and medium-sized enterprises (7). The fragmentation of worklife
is likely to grow in the future, and therefore the problems of small enterprises deserve more attention. Important research questions are how to get sufficient information on conditions of work, health, and safety in small
and medium-sized enterprises, how to make such small
enterprises and self-employed persons effective users of
occupational health research, and how to provide them
with the services needed for improving their work conditions.

Demographic trends
The demography of the world's 6 billion population as a
whole is aging due to 2 macro-scale trends. First, the
population growth has declined to an average level of
1.5% a year, and, 2nd, the improved health situation has
substantially increased life expectancy in almost all countries of the world (8). Particularly, the industrialized
countries and, first of all, Western Europe and Japan face
the challenge of their 600 million work force aging in
the next 2-3 decades (9, 10). There is growing concern
about the development of old-age dependency ratios and
the sustainability of social security schemes (1 1).
The question of postponing retirement ages and preventing the exclusion of workers from work because of
age are topical issues on the political agenda. A likely
development, which is already visible in some countries,
is the elevation of the stipulated retirement age by 2 to 3
years to correspond to increased life expectancies. A prerequisite for the success of such new policies is good
health and work ability, sufficient competence and skill,
and the ability to change to acceptable new jobs.
Simultaneously with the aging work force, a shortage of young labor is foreseen, and therefore higher productivity pressures are expected for those in the middle
of their worklife. In view of such future trends, which
are likely to continue up to 2030, one of the key research
challenges is to ensure the work ability of aging persons
and to ensure their participation in active worklife up to
the stipulated retirement age. This effort requires the adaptation of work to the worker and the promotion of his
or her health, work ability, competence, and skill to correspond with the new job demands. In many countries
the workforce reserves will be recruited to worklife in
the next decade, and the most important source will be
the women of working age. We also need research on
the effect of aging on both physical and mental work capacity. Particularly, the question of the aging individual

as the user of modern information technology and the development of age-related criteria for information technology and information-intensive work needs to be answered
in the next decade (12, 13).

New technology
The introduction of information and communication technologies (ICT) has grown with accelerating rates in all
parts of the world, and it does not show any signs of leveling off (1). New technologies penetrate worklife in all
sectors of the economy, starting from schools, the public
sector, industries, and the service sector. In the industrialized countries, such as Finland, 50-100% of employees use computers at work. The number of mobile phones
and Internet hosts has grown by 40-fold in the 1990s. The
use of the new information and communication technologies will make several "old skills" outdated, and simultaneously new competence profiles will be generated.
New ICT occupations are the most rapidly growing
groups of employees in general, and even in the countries with relatively high unemployment rates, such as
Finland, there is a severe shortage of ICT experts. New
technologies also change the job contents, organization
of work, and competence demands for workers.
There is a major research question about how best to
adjust the new technology and the new complex work
environment to the competence, work ability, and aspirations of people at work and how to ensure the longterm sustainability and productivity of the new humantechnology relationships. Research is needed in 3 main
areas, the demands on the visual and auditory sensory
system in the design of information and communication
technologies, cognitive ergonomics in computerized information-intensive work and the manual ergonomics of
ICT worksites and the organization of information work.
Although severe health hazards from nonionizing radiation of ICT use are unlikely to occur, the principle of pmdence implies the need for strengthening research and risk
assessment in this area.
The foreseeable ICT developments during the next 5
years speak for increasing mobility of well-equipped
communication tools and for mobile worksites. This situation predicts the possibility to work increasingly at any
time and place without the limitations of a fixed worksite. How such "nomadic" work will be organized on the
long term and how to ensure health and safety remains
to be researched.
The new information and communication technologies have made many old jobs outdated, and the new jobs
that have been generated have totally new competence
demands. At least in the transition phase, the risk of unemployment is expected to increase as a consequence of
the use of the new information and communication technologies (14), and the most pessimistic estimates
speak for chronic unemployment in the future at high
ork Environ Health 1999, vol25, no 6, special issue
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percentage levels (15). The adverse effects of unemployment on health and work ability have been found to increase as the duration of the unemployment increases.
Research is needed to design strategies for preventing a
negative health impact and for promoting employability
and the maintenance of work ability during unemployment (13). Fortunately, recent findings show, however,
the positive impact of information and communication
technologies on productivity and, locally, on employment
(16-18).

Challefl#es in occupational health research
Dynamic base lines
The rapid and continuous change in entesprise stmctures,
work contracts, and employment patterns and the growing national and international mobility of working people make the previously stable base lines, such as lifelong contracts and stable work environments, very unlikely for a substantial part of the working population.
The regular monitoring of the work environment and
health becomes discontinuous and, in many cases, impossible. Due to major changes in company structures,
company-based data may become less important in the
future than individual-based data. How the monitoring
of workers will be organized is still an unanswered question. Epidemiology, for example, has so far been developed intensively to manage the problems of outcome definition, control of confounders and modificators, the combination of cohort and case-control studies, and the handling of multiple exposures and their combinations in
comparatively stable environments. Much benefit has
been obtained for public health from epidemiologic studies of workers who have been heavily exposed and who,
as homogeneous groups, have made the follow-up for
long periods possible. The homogeneity of the working
population, the stability of workplaces, and the long duration of work contracts have permitted study designs that
have not been possible in general populations. Relatively stable industry-based communities and their inhabitants have also offered a good basis for community-level
research. Now this stability is becoming rarer and rarer,
and we have to generate new methods to follow, register, and assess workers' health, both exposures and outcomes of workers who have high turnover rates and increased heterogeneity and mobility and who are scattered
into large geographic areas permitting often only short
periods of follow-up.
The growing international mobility makes such follow-up even more demanding. It also affects further the
homogeneity of many working populations. For example, ethnic diversity is a new aspect in the personnel of
many previously national-level companies, and this
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diversity needs to be considered in the assessment of
responses and outcomes in health as a consequence of
occupational exposures. International migration also
changes the traditional nonoccupational morbidity panoramas of workers who may contract diseases in the new
endemic environments or transfer endemic diseases of
one region to another (19,20).
The new infomation technologies (eg, personal smart
cards) permit the registration of data practically without
quantitative limits. Research should be directed towards
developing systematic approaches for organizing the
monitoring of health and safety data in new global and
national environments irrespective of the type of employment. Research efforts are also needed for making reliable summaries of personal occupational histories and occupational exposures collected from several short-term
pieces in several enterprises or in varying jobs. New
methods of risk assessment are needed to improve the
analysis of the exposure burden on the worker from several different environments. The available technologies
will make this work possible, but several aspects of the
organization of data confidentiality and also data security and protection problems may appear as obstacles. The
transition from static "storage registers" to more dynamic and interactive "functional registers" may become actual in the near future.
If such information follows the workers themselves
on "personal" cards that are completed in the course of
the work career, its utilization for research pusposes will
become possible and can counteract the obstacles caused
by fragmentation. Such a smart card could be utilized
also for several other purposes, including health services, and for social security, and, for example, the recognition of the onset of the first symptoms of an occupational disease. It is, however, vital to ensure appropriate
protection of the confidentiality of data in the use of such
cards.

Exposures
Exposure trends have changed in several ways in modern society and in the new forms of worklife, including
changes in levels, which tend to decline, and in duration,
pattern, composition, and combination. Still some 3050% of working populations are exposed to traditional
occupational safety and health hazards, such as chemicals, physical factors like noise, heavy and unergonomic
work, biological factors, and the like (21,22). Instead of
being individual chemical, physical or biological agents
or their combinations, combinations of several different
types of factors must be increasingly dealt with, for example, various forms of work organization, physical or
mental work loads of various degree added to changing
- often very complex - worktime schedules, totally
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new work environments (eg, telework, new management
and payment systems), and new structures of work teams
and social relations at the workplace, double jobs, and
new social settings in civil life. For example, the great
variation in workhours has made the standard exposure
time calculations on the 8-hour basis very irrelevant for
about 113 of the work force in Finland (23).
Several new exposure concepts need to be considered.
For example, most service workers today have other human beings as the object of their work, and their most
prevalent exposure is the human-human interaction between the service worker and the client. Such exposures
have numerous psychological and psychosocial dimensions (eg, emotional load in caring occupations or threat
of violence in several services) and parameters different
from the traditional physicochemical and biological exposures, which may also be involved (24).
Fragmentation and mobility make the identification
of the sources, the follow-up, and the assessment of exposures more difficult than before. For example, the collection of data on exposures during the whole work career of an aged worker may suffer from more inaccuracies than earlier because of high numbers of job rotation.
The short life-span of about 113 of the newly-established
enterprises in Finland, for example, makes the establishment of long-term trends at the workplace impossible.
Internationalization makes workers and other people
move geographically into culturally and socially new
environments with numerous, and often unknown exposures, confounders, and modifiers -new nutritional habits, new leisure-time and social activities, and new constructed and biological environments. The distinction
between occupational and nonoccupational effects may
become more difficult (and irrelevant), and the management of confounders may become more complex. Similarly, the actions for prevention at other than the individual level may become difficult or impossible, for example, because of the law, practice, or culture of the new
host country. As in the case of the monitoring of baseline data, also the monitoring and collection of data on
actual exposures need new approaches. Due to numerous movements from one environment to another there
may be a growing need for personal monitoring in addition to environmental monitoring, which may become
difficult. Such internationalization also calls for the generation of universal minimum standards to provide a scientific basis for risk assessment (25).

Health outcomes
There are some 50 major occupational diseases listed in
official lists and textbooks of occupational medicine (25).
Many of the industrialized countries see declining morbidity in such traditional diseases as chemical poisonings,

pneumoconioses, vibration-induced vasospastic
syndrome, or noise-induced hearing loss, while "workrelated" diseases increase in occurrence (26). Some of
the "old" diseases, such as asbestos-related cancers, however, will continue to increase still for 2-3 decades (27).
In addition to traditional health outcomes, also a
number of new outcomes will be met with a totally new
character and often with a multifactorial and multicausa1 origin. Instead of a search for definite diseases, the interest in modern worklife is focused increasingly on functional capacity and behavioral, environmental and social
determinants of work ability, work motivation, and the
quality of worklife in general. In addition to specific
health problems, new aspects, such as productivity, quality of products, innovation, capacity to handle clients, and
life-long work ability, are being given growing attention.
These outcomes are often ill-defined and cannot necessarily be measured with existing methods. The interindividual variation in outcomes may be wide and confounded by several new factors either at work or outside of
work. The outcomes, such as the reduction of functional
capacity or work ability can also be very context-dependent. A typical example is the work ability index (WAI),
which is dependent on both the capacity of the worker
and the demands of the job (13). Another example is the
risk of burnout, which is highly dependent on the person's resources, but also on the context of work and on
several factors occurring at the workplace (23,28). Such
a new development calls for a qualitative research approach to complement the quantitative one.

Musculoskeletal disorders
In most of the western industrialized countries, musculoskeletal disorders constitute a major cause of work disability and premature retirement. The exposures associated with musculoskeletal morbidity vary widely, and for
only a minor portion of diseases is the etiology known.
The musculoskeletal disorders associated with the aging
of the working population, with previous traumas and
overloads, heavy work load, and unergonomic work conditions need to be further studied to find the risk exposures, mechanisms of action, and targets for prevention
(29,30).
There is also a need to develop validated methods for
the measurement of exposures and to sharpen the criteria for outcomes in order to identify more in detail the
possible associations between work conditions and
health. The development of research on physical work
load and the risk of injury of the musculoskeletal system, particularly in light physical work, such as that done
at worksites with visual display units, is also necessary.
Simultaneously the combined effects of psychological
stress and unergonomic work with hand-arm systems on
musculoskeletal morbidity need to be studied (31, 32).
The challenge for basic research is the elucidation of the
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biomedical mechanisms of various musculoskeletal disorders, starting from mechanisms of arthrosis, injury of
muscular and connective tissue structures by static and
repetitive work load and ending up with studies on the
etiology of chronic muscular and connective tissue pain.

Hypersensitivity
Allergies and other hypersensitivity diseases are gaining
more importance in the whole population, and allergies
are one of the most rapidly growing groups of occupational diseases. The increasing hypersensitivity of the
young population increases the number of susceptible
people entering worklife. There are several research
needs in relation to occupational allergies, for example,
the identification and risk assessment of allergens at
work, the determination of indicators for immunologic
properties of allergenic exposures, and the development
of early and more specific indicators for immunologic
hypersensitivity responses. Some new exposures, such as
mold contamination in wet buildings and its impact on
health, still require study, and the characterization of exposures, the outcomes, and studies of the causal associations and risk assessment are needed (33-35).

Stress-related disorders
An increasing prevalence of mental work, the introduction of new technologies with demands for the quick
learning of their use, high time pressure, long workhours,
unconventional workshifts, information overload, poor
work climate at the workplace, high pressure for increased productivity, continuous change, adaptation to
new work organizations, uncertainty about continuation
of employment, threat of violence at work, and high emotional load in certain care-giving occupations all increase
the psychological load of working people and may lead
to stress reactions. One of the key issues from the health
point of view is the organization of flexible workhours.
Several different models have been utilized in Europe,
the United Kingdom, and the United States (36), and
these models differ substantially in their consequences
to health (37). While the total annual worktime has decreased in the past 120 years by 30-50% in the industrialized countries, productivity has grown by 10004000%, and the gross domestic products of various countries by 500 to 2600% (38). Although most of the productivity has been obtained through technology, also better organization, intensive use, and increased competence
of human resources have played a role. Stress is the consequence of the overuse of human capacities at work.
According to recent studies, over 50% of Finnish
workers, 54% of workers in the European Union, and
equal numbers of workers in the United States perceive
high time pressures, growing demands at work, and long
workhours as factors increasing stress at work (23, 22,
39). Particularly the combination of high demands at
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work and a low degree of control of work conditions by
the employees themselves seems to increase stress reactions. Time pressure at work is one of the factors signaling both a high demand and a low degree of freedom.
Continuous unreasonable stress has been found to be associated with an elevated risk of somatic diseases, such
as coronary heart disease and hypertension (40, 31, 39),
and evidence of an increased risk of musculoskeletal disorders under stress is increasing (32). A look at the development of the conditions of work in modern worklife
and predictions of trends for the next 5 to 10 years support the expectation that occupational stress in its different forms, and derived from different sources, will be one
of the major occupational health epidemics of the next
decade.
The research challenges are many, including the identification of the factors at work and outside work that
contribute to stress, an explanation of wide interindividual variation in stress reactions, the development of "objective" indicators for stress reactions and particularly for
the risk of ill health and the development of preventive
measures at the individual, workplace, and company level. There is a special need to develop early indicators of
psychological overload and the risk of exhaustion in order to enable preventive actions in time. Occupational
stress is not only an issue of individual stress management capacity, but also a question of work organization.
The optimal way to organize work in view of stress prevention needs to be studied further. A multidisciplinary
approach in such research is likely to be the most fruitful.

How should the three roles of research be carried
out in the future?
There are 2 types of research questions asked, first, new
questions concerning old problems, such as how to prevent the risk of accidents in modern work environments
(so-called zero accident strategy) and, for example, the
question concerning the immunologic mechanisms of
work-related allergies. Another group of questions concerns the assessment and management of new hazards
and risks, such as the potential health effects of new communication technologies and, for example, the impact of
new work organizations on health. The new demands of
information-intensive work on the cognitive performance
of the worker are one of the key questions determining
the health and productivity of the information society.

Increasing knowledge
In rapidly changing worklife the routine registers of exposures, problems, and outcomes are at risk of lagging
behind real developments. To get an up-to-date situation

analysis on health, safety, and other aspects of worklife
in rapidly changing environments requires new strategies
for the compilation of information. Quick field surveys
with modern information and communication technologies will substantially facilitate such information collection. Internet-based questionnaires and computer-assisted telephone interviews (CATI) provide the infrastructures for such activities. Computer-assisted systems
should also be maximally used for making an analysis of
collected data and for transmitting the information to users. The possibilities provided by new information and
communication technologies and new software have so
far been less effectively utilized (41).
Modern biomedical, psychological, and behavioral
sciences produce markers and indicators for exposures
and conditions that can affect health, and growing numbers of indications for the early effects of such conditions are also being developed. It is the challenge for occupational health research to scrutinize carefully such
new opportunities and assess their feasibility for occupational health practice. In such developments the issues
of ethics, the protection of human dignity and integrity,
and the confidentiality of data need to be considered (42).
New structural developments in the collection of information and its registration need also to be made because of fragmentation. While company files contain data
on big enterprises only, the growing numbers of selfemployed and small and medium-sized enterprises remain uncovered. Even for these types of workplaces the
surveillance strategy may be the most effective solution.
With the help of information and communication technologies, such a collection of information can be organized so that the data produced in routine services and other activities are automatically transmitted to the research
units or to registers. Internet-based real-time monitoring
systems are under development and may become an important tool for data compilation.
Modern technologies permit registration and monitoring of almost endless numbers of parameters for humans at work (often by telemetric techniques) and of the
work environment, tools, machines and processes. Such
high numbers of data are difficult to transmit, analyze
and process into comprehensible results. It may be possible to process them more effectively by using modern
computing methods, for example, learning neural networks, which can be used in the organization and analysis of high volumes of complex information. Such an experiment is currently underway in analyzing multifactoral indoor air problems.

Understanding
Due to the growing complexity of the world of work there
are several activities aiming at understanding the relationship between health and work. Modern analysis and
visualization methods provide new possibilities for

generating user-friendly syntheses of results. Developments in mathematics and biostatistics provide new possibilities for modeling that help generate a comprehendible picture of complex phenomena (43-45).
Another level of understanding concerns studies relating exposures and other conditions of work to health
effects (ie, elucidation of the etiology of problems). This
process may require detailed and deep-going studies of
mechanisms to understand how health effects are generated. Mechanism studies are also important for generating hypotheses for population studies, for confirming the
conclusions on observed associations in epidemiologic
studies, and for identifying the precise targets for prevention. The establishment of dose-response relationships
is of utmost importance in the future, particularly in view
of risk assessment. Risk assessment is one of the key tools
in the management of adverse health effects. There is a
need to develop additional risk assessment methods that
are sensitive not only for risks derived from the past, but
which also are able to predict the risks of the future.
The 3rd level of research improving understanding is
the analysis and evaluation of the consequences of the
exposure, the conditions, or the activity of concern. Such
an analysis is needed for both the evaluation of consequences to health and for the analysis of social and economic consequences. New methods for consequence
analysis have been developed for economic appraisal, and
particularly in environmental impact assessment they are
very practice-oriented (46,47). In complex worklife the
causality between the exposing factor and the health outcomes may occur at different levels. There are direct and
visible factors observed at the local or enterprise level,
while the question of why such factors occur at work may
be determined at a totally different level and by totally
different factors. The elucidation of such "causes of causes" is an important step in the understanding of the picture as a whole and in the targeting of actions for prevention and promotion.

Making an impact on practices
If extrapolated from the Finnish data, occupational health
research produces a world output of a maximum of
35 000 reports annually (about 0.3% of the total world
annual research output of 1.151 million reports). It is generally assumed that a substantial part of such research
remains unused and lacks any application. No systematic analysis of the degree of utilization of occupational
health research has so far been made.
While the justification of financing applied research
is its proved utility value, it is important to study how
research results are put into practice. Such "research on
research" is relatively scarce, and even the paradigm for
such studies is not well developed. One of the few systematic approaches is the national program for tobacco
control of the Department of Health and Human
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Services in the United States. The biomedical basic research approach is followed by applied research and ultimately by research on applications and intervention.
Each stage has its own research paradigm and research
questions to be answered. In the rapidly changing society, all these steps may need to be studied in parallel as
they previously were researched consecutively. For this
purpose, large research programs, instead of individual
projects, are needed (48).
Since the implementation of results in real life practice may differ from the effects obtained in experimental
settings, it is important to test the feasibility in practice,
starting with implementation stepwise on a limited scale
and, if appropriate, ending with full-scale system-wide
intervention.
The application of research is closely dependent on
the knowledge and understanding that develops through
training and practical experience (figure 2). The routes
of application of occupational health research results may
be multiple, training, information, guidelines, standards
or norms, service methods or practices, inspection practices, intervention, and the like. The use of route or their
combinations may vary according to situation. Typical
for occupational health programs, several routes are used
simultaneously. For example, the Finnish Asbestos Program employed legislation and standard setting, training
and counseling, intervention, information campaigns, surveys and screening, and practical guidelines to eliminate
the further use of new asbestos and to make the demolition work safer. The scope of application was wide, covering 6 different jurisdictions under public administration, and all the main industries which used or were exposed to asbestos were involved (49).

Figure 2. Three roles of research and their relation to training.
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A new approach to making an impact in practice for
the development of workers' work conditions, health, and
safety and also to supporting the overall development of
the enterprise has been generated in Finland. The approach to the maintenance and promotion of work ability comprises a comprehensive multidisciplinary program
for the improvement of health, work ability, safety, work
organization, and management, plus the development of
professional competence of both employees and managers. This approach requires the workers' own activity, but
it is supported by external occupational health services
or by organizational development experts. On the basis
of massive research over the past 20 years, the Finnish
Institute of Occupational Health has collected packages
of validated methods for good practice in the maintenance and promotion of work ability, particularly for expert use (50). The experiences are so far positive; more
than 80% of Finnish employees work at workplaces
where a work ability program has been implemented and
over 85% of both workers and managers are convinced
of the positive impact on health, work ability and the
economy of the company. Activity to maintain and promote the work ability of employees is well on its way to
becoming an important instrument for strengthening both
the overall development and sustainability of companies
and the health and well-being of employees (50,5 1).
The application of research in the future may become
more demanding for several reasons. First, the multicausal, multifactoral character of problems makes actions
more complex. The fragmentation of worklife scatters the
targets and makes them difficult to cover. Unemployed
persons are easily dropped out. The dynamic change in
base lines does not permit long-term follow-ups, and participation of target populations and enterprises is becoming more difficult to arrange. While big enterprises are
able effectively to participate in such programs with the
help of their own resources, the growing numbers of
smaller enterprises and the self-employed need external
support, both expert and financial (7).
Some new strategies have been experimented with in
view of making an impact on the scattered system.
Branch-oriented intervention in collaboration with respective branch organizations or commercial chambers
has been successfully utilized in several programs. Community-based activities covering a certain geographic
area were effective in the prevention of accidents at work
and in the community. Internet networks between research institutions and target enterprises or occupational
health units have been experimented with in Finland, and
the WISE approach of the International Labour Organization operates in collaboration with commercial chambers that have good contacts with small and mediumsized enterprises (7,52).
Research applications are needed in the prevention
and control of both the traditional occupational health and
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safety hazards and their consequences and of problems
related to new hazards. The new development-oriented
approach not only focuses on prevention and control, but
also on continuous improvement and the promotion of
the health, safety and well-being of people at work, the
good functioning of enterprises, the effective management of change, and continuous individual and collective learning at work. Such an approach provides a new
paradigm for occupational health and safety, and it has
been found to be productive in several aspects, in the
improvement of health, safety, work ability and social
relations and in terms of economy and productivity (53).
The new approach also implies an ever-continuing need
for research in occupational health in order to provide a
sound scientific knowledge basis for continuous development. The most modern enterprises and institutions are
gradually moving from the stage of risk-specific prevention to comprehensive promotion and development-oriented strategy, in which the ability to manage the change
and provide responses to new demands of worklife are
possible (figure 3).
Such development can be accelerated by competition.
Competitions for the improvement of health and safety
have been organized in a certain geographic area with
excellent results, for example, improved order, tidiness,
and safety measures at the workplace reduced accidents
rates by 75% in a 2-year period (54). The quality management systems imply continuous improvement of
health and safety at enterprises. Such activity needs the
development of instruments and new knowledge from
research. There is a possibility to transmit such information to users through modern ICT networks (54).

Summary
The macro- and micro-scale trends described in this article will substantially change the conditions under which
research in occupational health is carried out in the future. Great challenges are set by globalization, fragmentation, the introduction of new technologies, new work
organizations, aging, and the increasing mobility of
working populations. The dynamic changes in structures
of worklife make the collection of data on exposures,
hazards, the health of working people, and the impact of
control measures more difficult than in the past. New innovative strategies using modern communication and information technologies need to be generated.
While many of the traditional health and safety problems, such as accidents and "old" occupational diseases
still remain actual, several new health outcomes need to
be considered, such as growing psychological stress and
psychological overload, problems of information-intensive work and the intensive use of new information technologies, the maintenance and promotion of workers'
work ability and, particularly, aging individuals, and the
possible unexpected health hazards from new technologies, new allergies and new infections. Health impacts
of new flexible work organizations and worktime schedules also need to be studied.
The 3 roles of research of improving knowledge, increasing understanding, and providing a sound scientific
basis for developing practices will still be valid in the
future, and they often need to be played in parallel rather than consecutively, as was done in the past. New strategies for taking health research as a tool for the overall
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/
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Figure 3. Evolution of occupational health strategies
and the impact on social and economic dimensions.
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development of health, the environment, work ability,
and work organization, plus the competence of workers
and enterprises, provides a never-ending mission for occupational health research.
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