NATIONAL INSTITUTE FOR HEALTH AND WELFARE

RESEARCH

)

Mikko Pohjola

Assessments are to change
the world

Prerequisites for effective environmental
health assessment

Research Societal needs

Assessors

Shared
understanding

Stakeholders

Other interests



RESEARCH 105 - 2013

Mikko Pohjola

Assessments are to change
the world

Prerequisites for effective environmen-
tal health assessment

ACADEMIC DISSERTATION

To be presented with the permission of the Faculty of Science and Forest-
ry of the University of Eastern Finland for public examination in Mediteknia
Auditorium MET, Yliopistonranta 1 B, on Friday 10™ of May, at 10:00
National Institute for Health and Welfare,

Department of Environmental Health, Kuopio, Finland
and
University of Eastern Finland,

Faculty of Science and Forestry,

Department of Environmental Science, Kuopio, Finland
Kuopio 2013

£4) NATIONAL INSTITUTE
FOR HEALTH AND WELFARE



This thesis is published under the Creative Commons Attribution-Share Alike
License 2.0 (CC-BY-SA)

Cover image: Tuomas Pohjola

ISBN 978-952-245-882-7 (printed)

ISSN 1798-0054 (printed)

ISBN 978-952-245-883-4 (pdf)

ISSN 1798-0062 (pdf)
http://urn.fi/URN:ISBN:978-952-245-883-4

Juvenes Print, Tampere University Press
Tampere, Finland 2013



Supervisors

Adjunct Professor Jouni Tuomisto, MD, PhD
National Institute for Health and Welfare (THL)
Department of Environmental health

Kuopio, Finland

Professor Juha Pekkanen, MD, PhD

National Institute for Health and Welfare (THL)
Department of Environmental health

Kuopio, Finland

and

University of Eastern Finland

Unit of Public Health and Clinical Nutrition
Kuopio, Finland

Reviewers

Professor Erik Lebret

Utrecht University

Institute of Risk Assessment Sciences

Utrecht, the Netherlands

and

RIVM National Institute of Public Health and the Environment
Bilthoven, the Netherlands

Professor Juhani Lehto
University of Tampere
School of Health Sciences
Tampere, Finland

Opponent

Professor Roland Bal

Erasmus University Rotterdam

Institute of Health Policy and Management
Rotterdam, the Netherlands



Dedicated to
Whom it may concern



Abstract

Mikko Pohjola. Assessments are to change the world - Prerequisites for effective
environmental health assessment. National Institute for Health and Welfare
(THL). Research 105. 210 pages. Tampere, Finland 2013.

ISBN 978-952-245-882-7 (printed); ISBN 978-952-245-883-4 (pdf)

This thesis presents the main results of the research conducted in support of devel-
oping the open assessment method (http://en.opasnet.org/w/Open_assessment) and
the Opasnet web-workspace (http://www.opasnet.org) at the National institute for
health and welfare (THL) during 2006 — 2012.

Environmental health assessment is science-based support to decision making.
It looks into the characteristics of our living environments, analyses and models
how they affect human health, and considers how different decisions and actions
influence the environment-health relationships. The information provided by as-
sessments is intended to support knowledge-based decisions and actions particu-
larly in public policy, but also e.g. by decision-makers in business and individual
members of the society. In principle, environmental health assessment is a prag-
matic endeavour of applying scientific knowledge and means for practical needs.

Due to many complexities related to environmental health assessment, there
are several different assessment approaches addressing environment and health.
Despite theoretical and practical differences, they share the idea of providing sci-
ence-based support to decisions on issues of societal relevance. However, many
approaches are more based on pushing expert knowledge than responding to the
practical needs of decision making. Consequently, tendencies towards 1) increased
assessment-policy interaction, ii) broad, yet practical, framing and 1iii) explicit
consideration of values have emerged in the recent development of environmental
health assessment. Similar characteristics and challenges exist in assessments
within other fields related to environment, health and well-being.

Participation of stakeholders and public is a central topic in environmental
health assessment and policy. It is seen as essential for democracy, but also as a
means for improving assessments and policy making. In practice, participation is
still mostly perceived as a burden and it often takes place as a separate process
alongside assessment and policy. However, environment and health are relevant to
virtually all members of the society, which makes anyone a potentially relevant
participant, and openness a necessity. Openness brings about some challenges, but
they are mostly practical rather than fundamental in their nature.

The success of environmental health assessments is increasingly considered in
terms of their outcomes, i.e. the changes in the world outside the walls of the ex-
pert-domain. An outcome-oriented turn is taking place in assessment and its eval-
uation. Most perspectives to evaluation and management of performance still fo-
cus primarily on the assessment procedures and outputs and their technical fea-
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tures. Extending the perspective to cover their practical use and its effects requires
a thorough account of the interrelations between knowledge and action in a social
context. Unfortunately, these aspects are barely even recognized in most ap-
proaches to environmental health assessment and modelling.

Broad collaboration and tight linkage with practical implementation of
knowledge are essential to effective environmental health assessment, i.e. such
that contributes to decisions, their implementation as well as outcomes. However,
only few serious developments building on pragmatism and collaboration have
emerged following the development of collaborative software, social media, as
well as the theories of collective learning. As an example, open assessment meth-
od and the Opasnet web-workspace provide an arena for experts, policy makers as
well as anyone interested to initiate, follow and contribute to environmental health
assessments and policy making. They implement the methods of scientific
knowledge creation also in the development of practical solutions to decision
problems, not only in the analysis of the underlying environment-health relation-
ships. Easily re-usable modular information objects of Opasnet also reduce work
and increase efficiency in future assessments on related topics.

The application and evaluation of Opasnet has shown that open collaboration is
feasible in environmental health assessment, although experiences from broad
collaboration are still scarce. Openness and transparency are highly appreciated,
but even despite the lack of barriers, broad active participation in assessment can
be difficult to obtain. Particularly engagement of the intended users of assessment
results, e.g. policy makers or industrial decision makers, remains a challenge.

The emerging methods and tools of environmental health assessment make
broad collaboration and tight linkage between production and application of
knowledge possible. In addition, the development of digital networks and social
media has paved the way for open knowledge in the society. However, a broad
cultural change from disengagement and withholding of knowledge towards open-
ness, transparency and collaboration is still needed for effective environmental
health assessment and policy. The future development should focus particularly on
the practices of using knowledge in policy making.

The focus of this research is in environmental health assessment. However, the
emphasis is on the creation and application of knowledge in the processes of as-
sessment, policy making and participation. Correspondingly, the characteristics,
challenges and solutions identified here are mostly generalisable and applicable to
science-policy interaction in general.

Keywords: environmental health assessment, open assessment, Opasnet, effec-
tiveness, evaluation, science-policy interaction, evidence-based policy, collabora-
tive learning
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Tiivistelma

Mikko Pohjola. Arvioinnit muuttamaan maailmaa — Edellytykset vaikuttavalle
ympdristdterveysarvioinnille. Terveyden ja hyvinvoinnin laitos (THL). Tutkimus
105. 210 sivua. Helsinki, Suomi 2012.

ISBN 978-952-245-882-7 (painettu); ISBN 978-952-245-883-4 (pdf)

Tama viitoskirja esittdd terveyden ja hyvinvoinnin laitoksella vuosina 2006 —
2012 tehdyn avoimen arvioinnin (http://en.opasnet.org/w/Open_assessment) ja
Opasnet verkkotydtilan (http://www.opasnet.org) kehitystyon tueksi tehdyn tutki-
muksen péétulokset.

Ympiéristoterveysarviointi on tieteeseen perustuvaa pédidtoksenteon tukemista.
Se huomioi elinympiristdmme ominaisuuksia, analysoi ja mallintaa niiden vaiku-
tuksia ihmisten terveyteen ja tarkastelee kuinka pédtokset ja toimenpiteet vaikutta-
vat ympdriston ja terveyden yhteyksiin. Arvioinnein saatava informaatio on tarkoi-
tettu tukemaan tietoon perustuvia paétoksiéd ja toimenpiteitd erityisesti yhteiskun-
nallisten pééttdjien, mutta myos esim. liikke-eldmén pééttédjien ja yksittdisten kansa-
laisten, toimesta. Pohjimmiltaan ympéristoterveysarviointi on pragmaattista tie-
teellisen tiedon ja menetelmien soveltamista kdytdnnon tarpeisiin.

Koska ympdéristoterveysarviointiin liittyy monenlaista monimutkaisuutta, on
olemassa useita ldhestymistapoja ympéristdd ja terveyttd koskevaan arviointiin.
Teoreettisista ja kdytdnnollisistd eroista huolimatta niitd yhdistdd pyrkimys tarjota
tieteeseen perustuvaa tukea yhteiskunnallisesti merkittdviéd asioita koskevalle paa-
toksenteolle. Monet ldhestymistavat kuitenkin pyrkivdt enemminkin tyontdméain
asiantuntijatietoa kuin vastaamaan paitoksenteon kéytanndllisiin tarpeisiin. Tdméan
johdosta viimeaikaisessa ympdristoterveysarvioinnin kehityksessd on ilmennyt
pyrkimyksid i) arvioinnin ja péitoksenteon parempaan vuorovaikutukseen, ii)
arviointien rajaamiseen laajasti, mutta kdytdnnon tarpeet huomioiden sekéd iii)
arvojen selkeddn huomioimiseen. Vastaavia ominaispiirteitd ja haasteita on myds
muissa ymparistoon, terveyteen ja hyvinvointiin liittyvissi arvioinneissa.

Sidosryhmien ja kansalaisten osallistuminen on keskeinen aihe ympéristoter-
veysarvioinnissa ja padtoksenteossa. Se nihdddn oleellisesti demokratiaan kuulu-
vana, mutta my0s keinona parantaa arviointeja ja padtoksentekoa. Kéytdnndssé
osallistuminen kuitenkin koetaan yha taakaksi ja usein toteutetaan erillisend pro-
sessina arvioinnin ja péadtoksenteon ohessa. Ympdristd ja terveys ovat kuitenkin
lahes kaikkia kansalaisia koskettavia asioita, joten kuka tahansa saattaa olla merki-
tyksellinen osallistuja, ja avoimuus on siksi vilttdimétontd. Avoimuuden myoté
tulee joitain haasteita, mutta ne ovat luonteeltaan ennemminkin kéytdnnollisid
kuin perustavanlaatuisia.

Ympiristoterveysarviointien onnistumista tarkastellaan lisdéntyvdssd maérin
niiden aikaansaamien vaikutusten, eli asiantuntijoiden toimintapiirin ulkopuolises-
sa maailmassa tapahtuvien muutosten, mukaan. Arviointi ja sen tarkastelu on
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muuttumassa vaikutuspainotteiseksi. Useimmat suorituskyvyn seurannan ja ohja-
uksen nékokulmat kuitenkin yhd tarkastelevat pidasiassa arvioinnin menettelyta-
poja ja tuotoksia sekd niiden teknisid ominaisuuksia. Ndakokulman laajentaminen
arviointien soveltamisen sekd siitd seuraavat vaikutukset kattavaksi edellyttdé
perinpohjaista tiedon ja toiminnan yhteyksien tarkastelua sosiaalisessa viitekehyk-
sessd. Valitettavasti nditd seikkoja tuskin edes huomioidaan useimmissa ympéris-
toterveysarvioinnin ldhestymistavoissa.

Laajamittainen yhteisty0 ja kiinted yhteys tiedon soveltamiseen ovat oleellisia
vaikuttavalle, eli paatoksid niiden toimeenpanoa sekd seurauksia edistdvélle, ym-
paristdterveysarvioinnille. Kuitenkin vain joitain pragmatismiin ja yhteistyohon
pohjautuvia vakavasti otettavia kehitelmié on ilmaantunut kollaboratiivisten tieto-
konesovellusten, sosiaalisen median ja kollektiivisen oppimisen teorioiden kehi-
tyksen myotd. Erdédnd esimerkkind avoimen arvioinnin menetelmid ja Opasnet
verkkotyotila tarjoavat asiantuntijoille, pattijille ja kaikille asiasta kiinnostuneille
ndyttdmon, jolla voi kdynnistdd ja seurata arviointeja sekd niihin osallistumalla
vaikuttaa paitoksiin. Ne toteuttavat tieteellisen tiedonhankinnan menetelmii myds
kaytannollisten padtosongelmien ratkaisemiseen, ei vain niihin liittyvien ympéris-
ton ja terveyden yhteyksien analysointiin. Lisdksi, Opasnetin uudelleen kdytettavi-
en modulaariset informaatio-olioiden avulla tulevia vastaavaa aihetta kisittelevié
arviointeja saadaan aikaiseksi vihemmallé tyolld ja tehokkaammin.

Opasnetin soveltaminen ja sen tarkastelu on osoittanut, ettd avoin yhteistyd on
mahdollista ympéristdterveysarvioinnissa, vaikka kokemukset laajasta osallistumi-
sesta ovatkin vield véhiisid. Avoimuutta ja ldpindkyvyyttd arvostetaan, mutta
esteiden poistamisesta huolimatta laajan aktiivisen osallistumisen synnyttiminen
voi olla vaikeaa. Etenkin arviointitulosten kayttdjiksi tarkoitettujen tahojen, esim.
yhteiskunnallisten tai teollisten piéttédjien, sitouttaminen on edelleen haasteellista.

Uudet ympdristoterveysarvioinnin menetelmét ja tydkalut mahdollistavat laa-
jan yhteistyon ja kiintedn yhteyden tiedon tuotannon ja kdyton vililld. Myos digi-
taalisten tietoverkkojen ja sosiaalisen median kehittyminen on tasoittanut tietéd
avoimelle tiedolle. Vaikuttavaan ympdaristSterveysarviointiin ja pédiatoksentekoon
kuitenkin tarvitaan kulttuurinen muutos sitoutumattomuudesta ja tiedon salailusta
kohti avoimuutta, ldpindkyvyyttd ja yhteistyotd. Tulevassa kehitysty0ssd huomio
pitdd kiinnittdd erityisesti tiedon soveltamisen kayténtoihin paédtoksenteossa.

Tama tutkimus keskittyy ympdristdterveysarviointiin. Painopiste on kuitenkin
tiedon kdytossd ja hyddyntdmisessd arvioinnin, padtdksenteon ja osallistumisen
prosesseissa. Téten tunnistetut ominaisuudet, haasteet ja ratkaisut ovat yleistetta-
vissd ja sovellettavissa tieteen ja politiikan vuorovaikutukseen yleisesti.

Avainsanat: ympdristoterveysarviointi, avoin arviointi, Opasnet, vaikuttavuus,
evaluointi, tieteen ja politiikan vuorovaikutus, ndyttodn perustuva politiikka, kol-
laboratiivinen oppiminen
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1 Introduction

1.1 Environmental health assessment

Environmental health is a scientific discipline that studies the characteristics of our
living environments, and how these characteristics affect human health (Frumkin,
2010, Knol 2010). Environmental health assessment applies the knowledge pro-
vided by environmental health research, considers how different decisions and
actions influence the environment-health relationship, and provides that infor-
mation to support policy making (Pohjola et al. 2012). The results of environmen-
tal health assessments are intended to influence the knowledge-involving decisions
and actions particularly in public policy, but also e.g. by decision-makers in busi-
ness as well as individual members of the society. The purpose of environmental
health assessment is thus to improve deliberate plans of actions that guide deci-
sions aiming for desired outcomes (cf. Jones 2009). As is discussed in subsequent
chapters, there are several different, more or less overlapping, assessment ap-
proaches that address issues relevant to environment and health. These approaches
have certain differences e.g. in emphasis, scope, theoretical basis, and context of
development and application, but they all share the basic idea of science-based
support for decision making on issues of societal relevance.

Fundamentally, environmental health assessment can be characterized as a
pragmatic endeavour of applying scientific knowledge and means for supporting
the practical needs of decision making upon societally relevant issues related to
environment and health. Here, scientific refers to the simple ideas of scientific
knowledge creation that all claims are considered tentative, subject to revision on
the basis of new evidence, and should be exposed for testing and critique by other
investigators. Environmental health assessments typically focus on the issues of
interest in environmental health research, but in order to be useful, the information
provided to support decision making often needs to be embedded in a context of
other relevant influences of decisions and actions and take into account the needs
and capabilities of the society also beyond the scope of environmental health. In
addition, the issues of environmental health are important to virtually all members
of the society, which makes anyone a potentially relevant stakeholder in environ-
mental health assessment and policy. Consequently, there are many kinds of com-
plexities related to the substance, making, communication as well as the imple-
mentation of assessments and the information they produce. Due to these com-
plexities, achieving effective environmental health assessments, i.e. such that con-
tribute to policy decisions, their implementations as well as outcomes, can be very
challenging.
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"Buttons are to keep people warm" is one of the seemingly funny, but funda-
mentally wise, definitions in the classic children's book A hole is to dig (Krauss
and Sendak 1952, Hughes 2009). In essence, it says that the function of a button to
fit through a buttonhole gets its meaning from the practical need of keeping jack-
ets closed and thereby protecting people from cold. Thus, buttons are to keep peo-
ple warm. Although at first it may seem that this little sentence has nothing to do
with the topic of this thesis, the following chapters will show how it actually en-
tails an important lesson for the practice and development of environmental health
assessment.

1.2 Structure of the thesis

Chapter 2 presents the questions and aims that have been guiding the research
described in this thesis. Each of the chapters from 3 to 8 consist of individual arti-
cles published in or submitted to scientific journals, thereby comprising the main
content of this thesis. Due to the structure, references are listed at the end of each
chapter and the figures and tables are numbered within chapters.

In chapter 3, approaches to environmental health assessment are reviewed and
analyzed in order to describe the contemporary state of the art in environmental
health assessment as well as identify existing tendencies for further development
of the field. In this article, the author of this thesis participated in choosing the
approaches to be reviewed, designed the framework for analysis, characterized
five of the eight approaches, and was the main responsible for compiling the char-
acterizations, drawing conclusions as well as writing the article.

Chapter 4 compiles and compares the results of chapter 3 with five correspond-
ing state of the art reviews from different fields and identifies opportunities for
developing the analysis of benefits and risks to support policy making. In this
article, the author of this thesis characterized the state of the art in environmental
health assessment, was the main responsible for designing the framework for
analysis, engaged actively in the identification and description of development
opportunities, and took part in writing the final article together with the first au-
thor.

Chapter 5 reviews the literature on participation in environmental and envi-
ronmental health assessment and policy making and proposes a dimensions of
openness -framework for the scrutiny of limitations and possibilities for effective
participatory assessment. In this article, the author of this thesis has made the re-
view and writing of the article. He is also the main developer of the proposed
framework.

Effectiveness is further elaborated in chapter 6, which reviews currently com-
mon perspectives to model and assessment performance and discusses their limita-
tions to supporting evaluation and management of model and assessment effec-
tiveness. Also in this article, making of the review, design of the framework for
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analysis, drawing of conclusions as well as writing of the article have been mainly
conducted by the author of this thesis.

Chapter 7 proposes collective knowledge creation and learning as the concep-
tual basis for considering environmental health assessment as well as other en-
deavours of policy support and scrutinizes three novel information systems that
build on the idea of collective knowledge creation and learning. In this article, the
author of this thesis characterized Opasnet, one of the scrutinized information
systems, designed the framework for analysis, and was the main responsible for
compiling different parts and writing the article.

Chapter 8 is a case study compiling many aspects brought up in previous chap-
ters. It looks into two assessments on alternative biofuel sources, which apply the
principle of openness discussed in chapter 4 by means of Opasnet web-workspace
analyzed in chapter 7. The assessments are evaluated according to the dimensions
of openness framework proposed in chapter 4 as well as the properties of good
assessment framework mentioned in chapter 6. Feasibility and applicability of
openness, Opasnet as well as the evaluation frameworks is discussed. In this arti-
cle, the author of this thesis was responsible for identifying research questions,
describing the applied approach to and evaluation of effectiveness, designing the
questionnaire, statistical analysis of results, and aiding the first author in compil-
ing different parts and writing the article.

Chapter 9 takes an epistemological perspective to environmental health as-
sessment and discusses the implications of the research in the broader context of
interaction between science and policy. Chapter 10 then provides conclusions in
the form of brief answers to the research questions presented in chapter 2.
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2 Aims of the study

This thesis summarizes some of the most essential results of the research regard-
ing environmental health assessment conducted in support of the development of
open assessment method (http://en.opasnet.org/w/Open_assessment) and Opasnet
web-workspace (http://www.opasnet.org) at the National institute for health and
welfare (THL) during the years 2006-2012. The research has been guided by the
following four research questions:

*  What is environmental health assessment and what is its purpose?

*  What are the different approaches to making environmental health assessment
and what limitations do they have?

* What needs and possibilities are there for developing environmental health
assessment?

*  What challenges are there for developing environmental health assessment in
practice, and how can the challenges be overcome?

These questions underlie all parts of this thesis. However, the contents are or-
dered according to the questions so that the chapters in the beginning, starting
from Introduction, primarily address questions 1 and 2, while the emphasis in the
later chapters moves towards addressing questions 3 and 4.

Specific methods and frameworks of analysis are described in more detail
within each individual article (chapters 3-8), but overall the perspective adopted in
this research can be characterized as pragmatic, in the sense of pragmatism e.g. by
Charles Sanders Peirce and James Dewey. In brief, it means that theory and prac-
tice are not perceived as separate entities, but instead the question in consideration
is whether practices are intelligent or uninformed. Knowledge and action are thus
seen as deeply intertwined. Altogether, the thesis aims to provide a comprehensive
pragmatic account of contemporary approaches to environmental health assess-
ment and guide the way for their future development and practice, for the purpose
of enhancing health and well-being in the society. However, the interaction of
knowledge and action, particularly assessment and policy, is approached from the
point of view assessment. Therefore, the emphasis in this thesis is on the aspects
of producing and providing policy-relevant knowledge, rather than seeking and
using it. Correspondingly, the social and political science literature on policy and
decision processes is addressed to a lesser extent.
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Abstract

Environmental health assessment covers a broad area: virtually all systematic
analysis to support decision making on issues relevant to environment and health.
Consequently, various different approaches have been developed and applied for
different needs within the broad field. In this paper, we explore the plurality of
approaches and attempt to reveal the state-of-the-art in environmental health as-
sessment by characterizing and explicating the similarities and differences be-
tween them. A diverse, yet concise, set of approaches to environmental health
assessment is analyzed in terms of nine attributes: purpose, problem owner, ques-
tion, answer, process, use, interaction, performance and establishment. The con-
clusions of the analysis underline the multitude and complexity of issues in envi-
ronmental health assessment as well as the variety of perspectives taken to address
them. In response to the challenges, a tendency towards developing and applying
more inclusive, pragmatic and integrative approaches can be identified. The most
interesting aspects of environmental health assessment are found among these
emerging approaches: (a) increasing engagement between assessment and man-
agement as well as stakeholders, (b) strive for framing assessments according to
specific practical policy needs, (c) integration of multiple benefits and risks, as
well as (d) explicit incorporation of both scientific facts and value statements in
assessment. However, such approaches are yet to become established, and many
contemporary mainstream environmental health assessment practices can still be
characterized as relatively traditional risk assessment.
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3.1 Introduction

The term “environmental health assessment” covers a broad area. In principle, all
endeavours of systematic analysis aiming to support decision making on all issues
relevant to the relationships between environment and human health could be
considered environmental health assessments. Given this breadth and complexity,
it is not surprising that a diverse range of approaches building on different grounds
and addressing different needs within the field have evolved. They all share the
basic idea of applying science-based means and methods for producing knowledge
to support decision making on societally relevant issues. Due to differences in
emphasis, scope, theoretical basis and context of development and application, the
basic idea becomes manifested in different ways in each approach. Figure 1 illus-
trates the complexity of environmental health field and the domains, as well as
limitations, of certain assessment approaches. As can be seen, some approaches
focus on risks only, while others consider benefits as well. Approaches also differ
in terms of what risks and/or benefits are included for explicit consideration and
comparison in an assessment.

This paper reviews a concise set of approaches to environmental health as-
sessment. It does not attempt to be an exhaustive review of all relevant approaches
in the field, but an overview of a sufficiently extensive and diverse set of existing
approaches so that the plurality of views, as well as the essential characteristics
present in contemporary approaches to environmental health assessment, can be
explicated. The summary of the overview results provides a general description of
contemporary practices and a basis for conclusions on the most essential aspects
of environmental health assessment in terms of contemporary and future benefit—
risk analysis, within environmental health as well as other domains.

3.2 Framework for analysing approaches to environmental
health assessment

The set of approaches selected for the overview is intended to be extensive, di-
verse, yet concise, in order to be sufficiently representative of the field of envi-
ronmental health assessment, but still analyzable. The final composition of the set
of approaches results from a process of reasoning by the authors, and is based on
prior knowledge and experience in the field of environmental health. The guiding
principles in choosing approaches were that all the main areas and aspects of envi-
ronmental health assessment should be covered, but only approaches significantly
adding to the diversity of the set were included in the overview.

The final set includes approaches that identify themselves as risk assessment,
impact assessment or integrated assessment. Some of the included approaches
have been explicitly developed to serve the needs of regulatory work, while some
build more on the tradition of academic research. The approaches also vary signif-
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icantly in terms of novelty and establishment. As different interpretations on the
essence of many of the chosen approaches exist, we have tried to pick the hall-
mark examples of each. For the sake of transparency and clarity, only as few

sources of information as possible have been chosen as the basis for describing
and characterizing each approach.
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Figure 1. Outline of relevant issues to address in environmental health assessment
and coverage of certain common approaches to risk and impact assess-
ment. The figure is adapted from a framework for integrated environmen-
tal health impact assessment (Briggs, 2008).

We created a framework for the analysis in order to guarantee a consistent
scrutiny across the set of approaches, and to produce comparable characteriza-
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tions. The basic structure and the attributes of the framework are adapted from the
PSSP (purpose, structure, state, performance) ontology (Pohjola 2003, 2006) de-
veloped originally in the context of process design. The attributes address the way
each approach frames its purpose, issues of interest, assessment practice, linkage
with use, as well as goodness of the assessment process and product. The attrib-
utes are presented and briefly explained in Table 1.

Table 1. The framework for characterising approaches to environmental health
assessment.
Attribute Explanation
Purpose What need(s) does an assessment address?

Problem owner | Who has the intent or responsibility to conduct the assessment?

Question What are the questions addressed in the assessment? Which issues are
considered?

Answer What kind of information is produced to answer the questions?

Process What is characteristic to the assessment process?

Use What are the results used for? Who are the users?

Interaction What is the primary model of interaction between assessment and using its

products? (see Table 2 for options)

Performance What is the basis for evaluating the goodness of the assessment and its
outcomes?
Establishment Is the approach well recognized? Is it influential? Is it broadly applied?

The characterizations of the different assessment approaches are in the form of
freely formatted textual expressions and graphical illustrations, and are primarily
based on one or two selected sources of information — books, scientific articles or
websites. In cases where these sources do not contain sufficient or explicit descrip-
tions of the characteristics of the approach, additional information sources or au-
thor’s own interpretations are used as complementary material. In particular, the
characterizations of interaction, performance, and establishment often include
author judgments informed by the source material and authors’ experience within
the field.

All process diagrams (Fig. 2, Fig. 3, Fig. 4, Fig. 5, Fig. 6, Fig. 7, Fig.
8 and Fig. 9) have been taken from the primary information sources and modified
into the same format, still maintaining their original characteristics. In these dia-
grams the process of doing work in a part of an assessment is described as either a
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thin-border box or a white, bulky arrow. The products of this work (often reports
of some kind) are described as thick-border boxes. Information flows between
work processes are described with thin solid arrows. Unlike Fig. 2, Fig. 3, Fig. 4,
Fig. 5, Fig. 6, Fig. 7, Fig. 8 and Fig. 9, which are process diagrams, Fig. 1 is an
influence diagram. It describes real-world phenomena (white nodes) and their
causal connections (thin arrows).

The categorization of the models of interaction is an adaptation of a categoriza-
tion for models of linking knowledge and action developed by van Kerkhoff and
Lebel (2006) in the context of sustainable development. The adapted categories of
interaction are presented and briefly explained in Table 2. The categories are per-
ceived to form a continuum of increasing engagement and power sharing when
moving from trickle-down towards learning.

Table 2. The models of interaction between the assessment process and the
use of the products of assessment.

Linkage Explanation

Trickle-down Assessor’s responsibility ends at publication of results. Good results are
assumed to be taken up by users without additional efforts.

Transfer and One-way transfer and adaptation of results to meet assumed needs and
translate capabilities of assumed users.
Participation Individual or small-group level engagement on specific topics or issues.

Participants have some power to define assessment problems.

Integration Organization-level engagement. Shared agendas, aims and problem defini-
tion among assessors and users.

Negotiation Strong engagement on different levels, interaction an ongoing process.
Assessment information as one of the inputs to guide action.

Learning Strong engagement on different levels, interaction an ongoing process.
Assessors and users share learning experiences and implement them in
their respective contexts. Learning in itself a valued goal.

The main characteristics of the selected assessment approaches are summarized
and combined for comparison and synthesis. The purpose of the overview is not to
rank the different approaches, but to highlight the essential similarities and differ-
ences between them, and to represent the plurality of views on environmental
health assessment. Some of the most interesting findings are also taken for a fur-
ther scrutiny. Finally, conclusions regarding the aspects of environmental health
assessment that other fields of assessment, e.g. food benefit-risk assessment,
could benefit taking account of are drawn based on the overview summary.

Assessments are to change
THL — Research 105 < 2013 30 the world



State of the art in benefit-risk analysis: Environmental health

3.3 Approaches to environmental health assessment

This chapter contains the characterizations of eight different approaches to envi-
ronmental health assessment: Red Book risk assessment (NRC, 1983), Under-
standing risk (NRC, 1996), IRGC (International Risk Governance Council) risk
governance framework (IRGC, 2005), Chemical risk assessment: REACH (Regis-
tration, evaluation, authorization, and restriction of chemical substances) (ECHA
2008a), Environmental impact assessment (EIA): YVA (Ympéristovaikutusten
arviointi, Finnish for EIA) (Act on Environmental Impact Assessment Procedure
468/1994, revised 267/1999 and 458/2006; EIA Decree 794/1994, revised
268/1999 and 713/2006), Health impact assessment (WHO, 1999), Integrated
environmental health impact assessment (Briggs, 2008), and Open assessment
(Opasnet website; Tuomisto and Pohjola (Eds.), 2007). The main characteristics of
all approaches are summarized in Tables 3a and 3b and discussed in chapter 4.

3.3.1 Red Book risk assessment

In 1983, the Committee on the Institutional Means for Assessment of Risk to Pub-
lic Health in the National Research Council (NRC) in the United States of Ameri-
ca (USA) published a report commonly referred to as the ‘‘Red Book’’, which
explored the intricate relations between science and policy in assessing adverse
health effects associated with human exposure to toxic substances (NRC, 1983).
This description of a systematic process that separates risk assessment from policy
making and unifies the risk assessment guidelines for all regulatory agencies can
be considered as the cornerstone of contemporary risk assessment.

The purpose of a risk assessment is to characterize the potential adverse health
effects of environmental hazards and the uncertainties related to the assessment.
The assessment is produced to serve the needs of risk management, i.e. the process
of evaluating alternative regulatory actions and selecting among them. Risk man-
agement is an agency decision making process that entails consideration of politi-
cal, social, economic, and engineering information to develop, analyze, and com-
pare regulatory options and to select the appropriate regulatory response to a po-
tential chronic health hazard. Risk assessment and risk management are consid-
ered as independent entities. The problem owners in risk assessment process are
the scientific experts dealing with the issue. Respectively, the decision making
problems in risk management are owned by the public officials in the agencies
responsible for dealing with the particular issue.

Risk assessment aims to answer the question: what is the estimated incidence
of an adverse effect in a given population? As an answer, the assessment provides
an estimate of the risk.

The risk assessment process (Fig. 2) consists of four steps: hazard identifica-
tion (does the agent cause an adverse effect?), dose— response assessment (what is
the relationship between dose and incidence in humans?), exposure assessment
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(what exposures are currently experienced or anticipated under different condi-
tions?), and risk characterization, which summarizes the results of the previous
steps. Risk assessment is considered to be a strictly scientific process conducted
by experts, and it should be separated from the decision making and risk manage-
ment to safeguard the objectivity and credibility of the assessment.

Risk assessment results are used in a federal agency policy decision making
process. In the risk management process, agency decisions and actions are taken
based on the risk estimates considered together with information on regulatory
options and their potential public health, economic, social, and political conse-
quences. In principle, the risk management addresses the question: ‘‘which regula-
tory option regarding the risk should be chosen?”’.

Risk assessment Risk management
Observations Hazard Regulatory
» identification options
A 4
Extrapolation Dose-response
| assessment il
Risk Evaluation of
characterization options
Measurements Exposure ' * '
actions
Figure 2. The Red Book risk assessment process. For an explanation of format-

ting, see chapter 2.

The model of interaction is best described as transfer and translate. Results of
an assessment are intended and targeted for a predefined need, but there is no
interaction between the assessment process and use, not to mention stakeholders,
besides transferring of the risk assessment results to the risk management process.
The performance of risk assessment is evaluated based on an uncertainty analysis
of the estimates produced in the risk characterization step. Goodness of the deci-
sions made based on the risk estimates is an issue belonging to the risk manage-
ment process and it is not considered as an aspect of assessment performance.

The Red Book approach is the cornerstone of nearly all contemporary risk as-
sessment related practices. Despite its several recognized limitations, practical
implementations of the Red Book approach can be seen everywhere where risk

Assessments are to change
THL — Research 105 < 2013 32 the world



State of the art in benefit-risk analysis: Environmental health

assessment is being practiced. The approach is undoubtedly established and forms
the core of most subsequently developed risk and related assessment approaches.
For example, a good account of application of the Red Book principles in food and
nutrition risk assessment is given in Tijhuis et al. (this issue).

3.3.2 Understanding risk

In 1996, the Committee on Risk Characterization of the National Research Coun-
cil (NRC) in USA published a report ‘‘Understanding Risk: Informing Decisions
in a Democratic Society’” (NRC, 1996). This report can be considered as a follow-
up on the Red Book assessment framework (NRC, 1983). It focuses on re-
interpreting risk characterization as an analytic-deliberative process between pub-
lic officials, scientists, and stakeholders.

The purpose of the analytic-deliberative process is to improve decision making
upon risks. The essential role of risk characterization is to integrate risk assess-
ment (understanding) and risk management (action) into one risk decision process,
and thereby enhance practical understanding of risks and their management op-
tions. The application area of the approach is not limited as such, but in the report
the Committee positioned their considerations explicitly within the field of gov-
ernmental and industry level risk management, particularly in the context of the
USA. The problem owners are the public officials with a legislative mandate to
protect the public health.

Risk characterization is considered as a decision-driven activity, where a diag-
nosis of the decision situation is needed already in a problem formulation stage.
The questions addressed may be related to many different kinds of risk-related
issues, for example regulating industrial processes; setting emissions standards;
taxing emissions and effluents; establishing cancer potency values; informing
individuals at risk; improving risk analysis techniques (e.g. selection of default
assumptions) or guidelines for making inferences from data; or creating policy
strategies or implementation. The questions asked in different cases may be for-
mulated in different ways. As answers, the analytic-deliberative process synthesiz-
es information gathered and interpreted concerning the decision options chosen for
consideration. No complete agreement or single solution is required, or even ex-
pected, to be achieved.

Analytic-deliberative risk characterization is an iterative process of problem
framing, process design, option and outcome selection, information gathering, and
synthesis, which ultimately leads to a decision by the responsible actors (Fig. 3).
The analytic-deliberative process also extends to implementation and evaluation of
the decision made.
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Figure 3. The analytic-deliberative risk decision process. For an explanation of

formatting, see chapter 2.

The public officials with a legislative mandate to protect the public use the as-
sessment results in their decision making. The model of interaction is best de-
scribed as negotiation. The analytic- deliberative process is an on-going process
between public officials, experts, and other stakeholders that takes learning and
feedback into account. The actual decision making and use of produced infor-
mation, however, takes place outside the analytic-deliberative process, and the
results of risk characterization are considered as only one of the inputs into the
decision making.

Because the analytic-deliberative process extends to the implementation and
evaluation of the decision made, the performance of the assessment process is
addressed in terms of the goodness of implemented decisions. As the name, ana-
lytic-deliberative process implies, evaluation is based on both analytical data and
interpretation. On the other hand, the analytic-deliberative process is, in itself, a
process of interpreting the quality of knowledge obtained by scientific risk as-
sessment and the deliberating the implications of the knowledge quality to deci-
sion making regarding the specific issues.

The report ‘‘Understanding risk’’ has gained considerable recognition among
professionals working in the related fields, particularly in the USA. On the other
hand, despite that the approach builds on the cornerstone of the contemporary risk
assessment (the Red Book approach), broad scale implementation of the analytic-
deliberative process as described by the report is rare, and the establishment of the
approach can not be considered very strong. However, it can be considered to have
significantly influenced the development and implementation of several subse-
quently developed risk assessment, risk management and related approaches and
practices.
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3.3.3 IRGC risk governance framework

The International Risk Governance Council (IRGC), founded in 2003, is a private,
independent, not-for-profit Foundation based in Geneva, Switzerland. Its mission
is to support governments, industry, non-governmental organizations (NGOs) and
other organizations in their efforts to deal with major and global risks facing socie-
ty and to foster public confidence in risk governance. The IRGC risk governance
framework was published in an IRGC white paper in 2005 (IRGC, 2005). The
white paper intends to provide an integrated, holistic and structured approach, a
framework, by which risk issues and the governance processes and structures per-
taining to them can be investigated.

The purpose of the risk governance framework is to integrate scientific, eco-
nomic, social and cultural aspects and include the effective engagement of stake-
holders. The framework reflects IRGC’s own priorities, which are the improve-
ment of risk governance strategies for risks with international implications and
which have the potential to harm human health and safety, the economy, the envi-
ronment, and/or the fabric of society at large. It particularly emphasizes dealing
with so called ‘systemic risks’ (OECD, 2003). Furthermore, it places most atten-
tion on risk areas of global relevance (i.e. transboundary, international and ubiqui-
tous risks) which additionally include large-scale effects (including low-
probability, high-consequence outcomes), require multiple stakeholder involve-
ment, lack a superior decision-making authority, and have a potential to cause
wide-ranging concerns and outrage. Depending on the issue the problem owners
can be various, e.g. members of governmental bodies, scientific communities,
business organizations, NGOs or the civil society.

The questions asked in the IRGC risk governance framework do not cover all
risk areas but its efforts are confined to (predominantly negatively evaluated) risks
that lead to physical consequences in terms of human life, health, and the natural
and built environment. It also addresses impacts on financial assets, economic
investments, social institutions, cultural heritage or psychological well-being as
long as these impacts are associated with the physical consequences. By linking
risk governance with societal context, the framework reflects the important role of
risk—benefit evaluation and the need for resolving risk-risk trade-offs. The pre-
assessment phase frames the issue (what risks, what boundaries, who are stake-
holders, what is the capability to address the problem). Scientific risk assessment
describes and quantifies the physical aspects (potential damages, probability of
occurrence, cause-effect relationships, measures to tackle the problem). In con-
trast, concern assessment describes societal and psychological aspects (public
concerns and perceptions, social response, roles of institutions, governance struc-
tures, media, stakeholder objectives and values, inequities). Characterization and
evaluation look at the societal outcomes in the arena of possible actions (econom-
ic, environmental, quality of life, ethical issues, risk reduction, substitution, or
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compensation, stakeholder commitment). Risk management considers aspects of
decision making related to the issue (responsible parties, management options,
priorities, trade-offs, effectiveness of measures).

Management sphere:

Decision & implementation of actions

_—

Risk management
Implementation
= Option realization
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reduction options

Figure 4. The IRGC risk governance framework. For an explanation of formatting,

see chapter 2.

The answers to risk questions always refer to a combination of two compo-
nents: the likelihood of potential consequences and the severity of consequences
of human activities and/or natural events. Such consequences can be positive or
negative, depending on the values that people associate with them. Investigating
systemic risks goes beyond the usual agent-consequence analysis and focuses on
interdependencies and spillovers between risk clusters. IRGC’s approach puts
particular emphasis on categorizing the knowledge about the cause-effect relation-
ships considered in the assessment sphere. The risks can be categorized as simple,
complex, uncertain, or ambiguous. The categorization of risks can be used as the
basis for choosing risk management strategies and deciding on the appropriate
level of stakeholder involvement.
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The process of handling systemic risks is a holistic approach to hazard identifi-
cation, risk assessment, concern assessment, tolerability/ acceptability judgments
and risk management (Fig. 4). The process breaks down into three main phases:
‘pre-assessment’, ‘appraisal’, and ‘management’. A further phase, consisting of
‘characterization’ and ‘evaluation’ of risk, is placed between the appraisal and
management phases and, depending on whether those charged with the assessment
or those responsible for management are better equipped to perform the associated
tasks, can be assigned to either of them. The risk process has ‘communication’ as
a companion to all phases of addressing and handling risk and is itself of a cyclical
nature. However, the clear sequence of phases and steps offered by this process is
primarily a logical and functional one and will not always correspond to reality.

The concept of risk governance comprises a broad picture of risk: not only
does it include what has been termed ‘risk management’ or ‘risk analysis’, it also
looks at how risk-related decision making unfolds when a range of actors is in-
volved. Governing choices in modern societies is seen as interplay between gov-
ernmental institutions, economic forces and civil society actors (such as NGOs).

The intended use of the framework or assessments conducted according to its
principles has not been explicitly specified. In principle, the range of users can be
as broad as the range of problem owners, but particularly those with the power to
influence and manage systemic risks in a global context.

The model of interaction is best described as participation. Multiple stakehold-
ers and different aspects of risk are integrated into a single framework. The
framework does, however, build on relatively sharp demarcations between expert-
driven risk assessment practices, decision maker-driven risk management practic-
es, and distinct practices of stakeholder involvement.

Performance is evaluated separately for the assessment sphere and the man-
agement sphere. The state and quality of the knowledge applied in the risk as-
sessment is evaluated in terms of complexity, uncertainty, and ambiguity, and the
results of the evaluation serve as an important input into the risk characterization
and evaluation phase. In the risk management phase, performance is evaluated by
a procedure adopted from the decision theory. Risk management options are gen-
erated, assessed, evaluated, selected, implemented, and monitored. The view on
the risk management performance can be characterized as a checklist-type quality
assurance procedure that ensures that all steps in the sequence have been given
proper attention. However, the practical work is not meant to be based strictly on
the sequence. Rather, it is a dynamic process where different steps are iteratively
improved whenever new information and understanding becomes available.

IRGC was founded in 2003 and the risk governance framework published in
2005. Hence, the framework can be considered as a relatively novel construct.
However, the framework appears to be well recognized among actors in environ-
mental health assessment, and can be assumed to have influenced the thinking in
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this field. However, because the framework does not describe any specific assess-
ment or governance practice, it is difficult to estimate to what the extent it has
been applied in practice. Therefore, in terms of establishment the framework could
be considered a relatively well-established theoretical construct, but not broadly
applied in practice.

3.3.4 Chemical safety assessment: REACH

Registration, Evaluation, Authorization and Restriction of Chemicals (REACH) is
a European Community Regulation on chemicals and their safe use. It aims to
improve the protection of human health and the environment through better and
earlier identification of the intrinsic properties of chemical substances. Under
REACH, a chemical safety assessment (ECHA 2008a) is required if a substance is
manufactured or imported into the European Union (EU) at 10 tons or more per
year per registrant. Comprehensive description, guidance and documentation on
REACH can be found from the FEuropean Chemicals Agency website
(http://echa.europa.eu/).

The purpose of the assessment (Chemical Safety Assessment, CSA) is to eval-
uate risks arising from the manufacture and use of a substance, and to define con-
ditions under which the manufacture and use are safe in terms of both human
health and the environment. The assessment covers the manufacture, all identified
uses (processing, formulation, consumption, storage, keeping, treatment, filling
production of an article or any other utilization) and the life cycle stages resulting
from these, and health risks are evaluated for workers, consumers, and those ex-
posed through the environment. The novelty of REACH is that the responsibility
to assess and manage the risks is placed on industry. Hence, the problem owner is
the manufacturer or importer of the chemical substance.

The question asked in the assessment is whether a chemical substance poses a
health or environmental hazard, and if so, what uses and use conditions can be
considered safe in terms of both human health and the environment. As an answer,
the substance is classified and labelled according to hazards related to its use. If a
substance meets certain classification criteria in regard to the potential hazards,
safe exposure scenarios and use conditions are described.

The assessment process consists of a hazard assessment, exposure assessment
and risk characterization (Fig. 5). The latter two are conducted only for substances
classified as dangerous (based on Directive 67/548/EEC), PBT (persistent, bioac-
cumulative and toxic) or vPvB (high persistency and high tendency to bioaccumu-
late, but not necessarily proven toxicity) in the hazard assessment. Exposure sce-
narios are defined and exposure estimated based on all identified uses, use condi-
tions and life stages of the substance. Risk is characterized by comparing the esti-
mated exposures to safe exposure levels. Risks are considered to be adequately
controlled when exposures do not exceed the safe levels, or the emissions and
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exposures are minimized or avoided. If risks are not under control, the assessment
is refined by obtaining better data on the substance properties or exposures, or
changing the manufacturing or use conditions. This iterative process continues
until the risks are shown to be under control, and a so-called final exposure scenar-
io is defined. If risks can not be shown to be controlled for a specific use, and no
more iterations are possible or economically viable, the chemical safety report
must advise against the use of the chemical.

Information: available vs. required/ineeded
= Substance intrinsic properties
= Manufacture, use, tonnage, exposure, risk management

y

Hazard assessment Exposure assessment

= Hazard identification = Exposure scenarios building

= Classification & labeling = Exposure estimation

= Derivation of threshold

levels g

» PETAPvE assessment =
S
2

no yes v

Dangerous ; et
or PETAPYE Risk characterisation

Risk
controlled

Chemical safety
report

Figure 5. The chemical safety assessment process in REACH. For an explanation
of formatting, see chapter 2.

Assessment results are used in communicating the substance properties and
safe use conditions (operational conditions and required risk management
measures) to the downstream users in the supply chain. The CSA is also used as
an important source of information in substance evaluations conducted by the
REACH authorities. Substance evaluations are performed for all priority substanc-
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es. These are substances for which there is some health or environmental concern
and which meet the priority criteria developed by the REACH authorities.

The model of interaction adopted by the approach is best described as transfer
and translate, although to some extent also as participation. Manufacturers and
importers of the same substance are encouraged to work in collaboration when
conducting the risk assessment. The assessor collects information on the exposure
conditions along the supply chain, and may establish a dialog with representative
customers in doing so. The downstream users also have the right to notify the
assessor regarding their own uses of the substance. When the assessment is com-
pleted, the assessor is obliged to communicate the results to the downstream users.

The performance of the assessment is formally evaluated by the REACH au-
thorities. The quality of information used has to meet the minimum information
requirements. Uncertainty analysis is recommended but voluntary. The European
Chemicals Agency (ECHA) performs compliance checks for a selection of regis-
tration dossiers (including the CSA). It is stated in the guidance document on dos-
sier and substance evaluation that the percentage of checked dossiers is not to be
lower than 5% of all dossiers received by the agency for each tonnage band, and
that both random and non-random selection methods are applied. The aim of the
process is to ensure that all required information is included in the dossier, and
that this information is adequate. The contents of the CSA are also further re-
viewed by REACH authorities in case a substance evaluation is conducted.

Implementation of REACH is still in the beginning stages. Therefore, the as-
sessment process has not yet been implemented to a large extent in practice. How-
ever, due to its regulatory status in EU, the methodology will become widely es-
tablished in the following years.

3.3.5 Environmental impact assessment: YVA

Y VA is a Finnish regulatory framework for environmental impact assessment (Act
on Environmental Impact Assessment Procedure 468/1994, revised 267/1999 and
458/2006; EIA Decree 794/ 1994, revised 268/1999 and 713/2006). It is a national
implementation of the European EIA Directive (Council Directive 85/337/EEC of
27 June 1985 on the assessment of the effects of certain public and private projects
on the environment, amend. 97/11EC, 2003/ 35/EC and 2009/31/EC), and can
therefore be here assumed to somewhat representative of the whole target area of
the directive as well as the mainstream theories of EIA underlying the directive.
The aim of the YVA regulation is to promote consideration of environmental is-
sues, including environmental health issues, when deciding upon permissions and
constraints for activities, which may have wide societal and environmental impli-
cations. The framework emphasizes information flow and public participation in
impact assessments. The main specific characteristics of YVA in regard to the
European EIA Directive are its confinement to large projects (only approximately
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50 assessments/year), and legal requirement for participation in 2 phases (Jantunen
and Hokkanen, 2010).

The purpose of an YVA assessment is to evaluate all potential environmental
impacts of a proposed large-scale project. The assessment should take into account
health, environmental and social impacts as well as technical and economical is-
sues. Problem owners are the ones with the intent to plan and execute the project
and they have the legal obligation to initiate the assessment process.
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Figure 6. The Finnish environmental impact assessment procedure (YVA). For an

explanation of formatting, see chapter 2.
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The YVA process addresses questions related to potential impacts of planned
projects on human and animal health and well being, environment (e.g. soil, water,
air, climate, and vegetation), composition of society (e.g. building, landscape,
cultural heritage) and exploitation of natural resources. Annually between 30-50
projects undergo the assessment prescribed by the EIA act in Finland (P6l6nen et
al., 2010). Smaller projects undergo a lighter environmental assessment procedure
in the form of the environmental permit system. Answers are provided as impact
estimates and a synthesis of all quantitative/qualitative information gathered con-
cerning the potential impacts of the planned activity, possible alternative activities,
and in a situation where no activity takes place.

The assessment process is divided into two phases, planning of the assessment
as well as execution and reporting the assessment (Fig. 6). In the planning phase,
an evaluation program is constructed based on all available information on the
project and potential issues related to it. Statements on the evaluation program are
requested from the stakeholders by an appointed liaison authority, typically an
unbiased, neutral expert from a regional environmental administration or from the
ministry of employment and the economy. After this, the assessment is conducted
and reported. The final evaluation report should contain detailed information on
all the relevant issues, such as technical applications, land use, environmental
protection, comparison of alternatives, and suggestions for a follow-up program.
However, there are no specific legal requirements for the contents of the assess-
ment. Statements on the final assessment report are again requested from the
stakeholders by the liaison authority.

Information produced in the assessment is used by the public officials respon-
sible for making the decision about permission and possible restrictions for project
execution. There is no legal requirement to comply with the conclusions of the
assessment, but the assessment results, including also stakeholder statements, must
be taken account of in the decision making process by an authority. The model of
interaction can be described on one hand as participation and as transfer and trans-
late on the other. The procedure enables and emphasizes public participation, and
there are no restrictions on who can be considered a stakeholder. All interest
groups, particularly people living near the site of the planned activity, are given a
possibility to state their opinions and concerns. Participation is arranged in the
form of public hearings, small group discussions and public gatherings at certain
phases along the assessment process. The possible impact of the stakeholder
statements in the assessment and related decision making and follow-up is often,
however, unclear. Despite the participatory approach towards the public, the inter-
action between Y VA assessment and the related decision making has been identi-
fied to be weak (P6lonen et al., 2010).

Performance evaluation is based on quality control by the contact official.
However, stakeholders can also give comments on the quality of the assessment.
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The framework is widely established in Finland due to its regulatory status. Simi-
lar kinds of environmental impact assessment practices also take place in all EU
member states under the same EIA Directive as well as many other countries.
However, due to the variation in the scale and nature of projects and the lack of
legally binding requirements for the assessment contents and the use of assessment
results in related decision making and follow-up, application of environmental
impact assessment can vary widely. An interesting research project on the effec-
tiveness of YVA has recently been carried out and a summary of the results have
been reported by Pélonen et al. (2010).

3.3.6 Health impact assessment

Health, social, economic and other policies in both the public and private sectors
are closely interrelated, and proposed decisions in one sector may impact objec-
tives on other sectors. Health Impact Assessment (HIA), as proposed by the World
Health Organization (WHO) (WHO, 1999, http://www.who.int/hia/en/), is a com-
bination of procedures, methods and tools for judging the potential health effects
of a policy, program or project on a population, particularly on vulnerable or dis-
advantaged groups. Hence, it is a tool to dynamically improve health and well-
being across sectors. However, it should be noted that many people and organiza-
tions have proposed definitions for HIA, and there is no ‘correct definition’ but
rather a variety of ways in which HIA can be described.

The purpose of HIA is to inform decision makers about the potential health ef-
fects of a policy, program or project, particularly on vulnerable or disadvantaged
population groups, and to provide recommendations for maximizing the pro-
posal’s positive and minimizing the negative health effects. It also aims to address
inequalities in the potential health impacts and to promote joined-up working and
participation. Problem owners are those with an interest or mandate to deal with
the specific issue at hand, for example project managers or governmental insti-
tutes. They can thus be either those with the means to assess the issue or those
with the means to make decisions upon the issue.

The ultimate question asked is of the form: ‘“How to maximize a proposals
positive health effects and minimize its negative health effects?’” HIA is thus a
positive approach, as it does not only look for negative impacts. Issues addressed
can be various, for example building a new road near residential areas, increasing
runway and passenger capacity at an airport, common agricultural policy or a local
village school policy for safer routes to school. Answer is provided by highlight-
ing the relevant positive and negative health impacts and their distribution in the
population and identifying the vulnerable population groups. Recommendations
are given concerning the decision at hand. Health impact estimates can be qualita-
tive or quantitative. In terms of quantification, WHO has strongly promoted the
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use of a disability adjusted life year (DALY), which is a summary measure of
population health.

The starting point of a HIA process often is a proposal or a suggestion of mak-
ing changes in an existing policy, or of launching a completely new policy or pro-
ject. An assessment should preferably be conducted in early stages to better sup-
port decision making. While there is no single agreed method for undertaking
HIA, a general pattern has emerged. Guidance documents often break the process
into four, five or six stages (Fig. 7). Despite the differing number of stages, it is
important to note that there are no large differences between the methods. The
work is often done in three tiers, starting from a crude estimation of health impacts
and moving onto in-depth analyzes and reviews of the impacts. In the screening
phase, potential linkages between a policy, program or project and health are
sought, and different aspects of health that could be affected are identified. If po-
tential health impacts are identified, the process continues to a scoping phase. The
aim of the scoping is to define the question addressed in the assessment, and to
identify further information needs. Population subgroups of special interest and
the degree of participation are also addressed. Once scoping is defined an apprais-
al phase, where health hazards are identified and evidence of impact is considered,
is conducted. When moving towards policy or program implementation, HIA pro-
cess continues with reporting and monitoring. Reporting aims at developing rec-
ommendations for reducing hazards and/or improving health. Finally, monitoring
of the implementation of the proposal ensures that any recommendations that deci-
sionmakers agreed to, actually occur. Stakeholders are given an opportunity to
express their opinion concerning the results. Ultimately, the goal of HIA is to
create a continually developing process.

The primary users of the assessment results are intended to be those who de-
cide upon the particular policy, program, or project. They are expected to take the
assessment results into consideration, to weigh the population health interest
against any other interests related to the issue at hand, and to adjust the policy,
program or project to maximize the positive and minimize the negative health
impacts. The model of interaction is best described as participation. The assess-
ment is mainly carried out as collaboration between scientific experts, but other
stakeholders are also given an opportunity to participate in the process. HIA clear-
ly intends to be policy-relevant and tightly bound with policy making, but as such
it contains no measures for guaranteeing involvement or use of assessment results
by policy makers.

Performance can be evaluated in terms of the process, its immediate impacts,
and its long-term outcomes. There are four values that link the assessment to the
policy environment in which it is being undertaken: democracy, equity, sustaina-
ble development, and ethical use of evidence. People are to be democratically
allowed to participate in the development and implementation of policies, pro-
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grams or projects that may impact on their lives. Equity rises from the idea that the
assessment addresses the distribution of impacts in the population, and puts a par-
ticular emphasis on the potential effects on the vulnerable sub-groups (in terms of
age, gender, ethnic background or socio-economic status). Sustainable develop-
ment means that both short and long-term, as well as the obvious and less obvious,
impacts are to be considered. Ethical use of evidence refers to using best available
quantitative and qualitative evidence.
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Figure 7. The health impact assessment process as defined by WHO. For an ex-

planation of formatting, see chapter 2.

HIA is a well established approach, and it is high on the agenda of some gov-
ernments in Europe (at national, regional and local levels) and international organ-
izations including WHO and the World Bank. A similarly increased interest is
reflected in the research field. The WHO approach to HIA, examples of its appli-
cation, and international policies in its support are nicely described on the WHO
website (http://www.who.int/hia/en/).
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3.3.7 Integrated environmental health assessment

Integrated environmental health impact assessment (IEHIA) is an assessment ap-
proach developed in two EU funded research projects: INTARESE (Integrated
Assessment of Health Risks of Environmental Stressors in Europe, 2005-2011)
and HEIMTSA (Health and Environment Integrated Methodology and Toolbox
for Scenario Assessment, 2007-2011). The IEHIA approach has been described in
a peer-reviewed journal article by the INTARESE project coordinator, Professor
David Briggs (2008). IEHIA is an approach that extends the principles of integrat-
ed assessment, developed mainly in the field of environmental policy, to issues of
human health.

The purpose of IEHIA is to inform policies addressing systemic risks. These
policies are more wide-ranging in scope, more collaborative and more precaution-
ary than traditionally perceived, and address complex risks within wide social,
economic, and environmental contexts. IEHIA assesses interventions affecting the
environment and, subsequently, human health and well-being. Impacts can be due
to traditional chemical hazards or other types of factors (e.g. traffic accidents), and
can be direct or indirect in their nature. Human behaviours and perceptions, as
well as personal characteristics, attitudes, and values are also considered. Assess-
ment takes account of the complexities, interdependencies and uncertainties of the
real world. Integration of issues can occur in many ways, e.g. across different
sources, health outcomes, sectors of administration, geographical regions, and
time. The framework builds on traditional risk assessment methods, but expands
them to cover more complex, multi-sectoral issues and policies (cf. Fig. 1).

The problem owners are not explicitly listed, but it appears that the approach
sees the scientists as problem owners. It is their task to identify policy needs to be
addressed by means of assessment. Assessment results are intended to be of use to
policy makers and they, as well as other stakeholders, are engaged already in
framing of the assessment problem at hand.

Different types of questions can be asked. Diagnostic assessments aim to iden-
tify and prioritize policy actions by determining whether a problem exists, and if
so, its magnitude and causes. Prognostic assessments help to choose between op-
tions by evaluating and comparing the potential implications of new policies.
Summative assessments evaluate the effectiveness of existing policies, and, there-
fore, inform decision-making on adjustments to prevailing policies. Assessment
models how interventions feed through the environment to affect health and an-
swers are often given in the form of evaluations and comparisons of different poli-
cy scenarios. Outcomes are usually presented as impact measures. The impact
indicators are selected at the issue-framing stage, and may differ substantially
depending on the nature of the analysis and the stakeholders or users concerned.
Indicators may be performance-based (distance from a legislative target), accepta-
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bility related (e.g. based on public opinions), health impact measures (number of
mortality/morbidity cases, disability adjusted life years), or economic measures.
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Figure 8. The integrated environmental health impact assessment process. For an

explanation of formatting, see chapter 2.

The assessment process is much more extensive compared with the traditional
risk assessment. More attention is focused on the earlier stages of analysis in order
to ensure that the issue at hand is fully defined and agreed upon, and that an ap-
propriate form of assessment is chosen. Effort is also put into the interpretation
and evaluation of the results to make sure that they are properly understood and
accepted by the stakeholders involved in the process. The assessment procedure
consists of four-stages: issue framing, design, execution and appraisal (Fig. 8).
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The object of IEHIA is to inform policy making on systemic risks, but the ap-
proach does not explicitly specify what kind of policy processes the assessment
results are intended to be used and how. However, the framework description
implies that IEHIA serves in particular the needs of institutional policy making on
regional, national, and EU-level issues of environmental and health relevance.

The model of interaction is best described as integration. Interaction with users
and other stakeholders takes place in the issue framing and design phases of the
assessment, as well as in appraisal of the assessment results. The framework
acknowledges that methods enabling wider public participation in the assessment
process are emerging (e.g. citizen panels and interactive websites). However, the
core of the process, assessment execution, is considered to be an exclusive expert
process.

The performance of an assessment is considered in terms of uncertainty of the
assessment results. In the appraisal stage, the stakeholders can also express their
views on the results and their implications for action. Appraisal also provides
closure to the assessment process by linking the results back to the original objec-
tives defined in the issue framing, and thereby help to ensure the acceptance of the
outcomes by the stakeholders.

The framework has been developing in the INTARESE and HEIMTSA pro-
jects since 2005. As the projects are still on-going, its application has thus far been
limited to the assessment case studies conducted within these projects. In terms of
establishment, IEHIA can be characterized as a novel approach that has not yet
gained much popularity in the field of environmental health, and examples of its
application are few. However, the framework builds and extends on a combination
of well established, even traditional, approaches of risk, impact, and integrated
assessment.

3.3.8 Open assessment

Open assessment is an approach to environmental health assessment developed in
the National Institute for Health and Welfare in Finland in collaboration with mul-
tiple partners in several projects funded by the EU, the Academy of Finland, and
the Finnish Funding Agency for Technology and Innovation (TEKES). The meth-
odological foundation was addressed particularly in the EU-funded BENERIS
project (Benefit—Risk Asessment of Food: An iterative Value- of-Information
approach, 2006-2009). The characterization of open assessment is based on in-
formation available in the Opasnet web-workspace (http://en.opasnet.org) and a
report on Open risk assessment (Tuomisto and Pohjola (Eds.), 2007). The ap-
proach has been developed in the context of environmental health, but the method
is applicable in all kinds of systematic knowledge creation. The approach imple-
ments the idea of mass collaboration (Tapscott and Williams, 2007) as an open
trialogical process of collective knowledge creation (Hakkarainen and Paavola,
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2009; Paavola and Hakkarainen, 2009) to support decision making on issues with
high societal relevance.

The primary purpose of open assessment is to improve societal decisions
through generation of shared knowledge and understanding among experts, deci-
sion makers, and stakeholders. A more detailed purpose of a particular assessment
is always defined according to the specific problem at hand. The problem owners
in an open assessment can be anyone, for example scientific experts, political
decision makers, business organizations, NGOs, or members of the civil society at
large.

The formulation of assessment questions is not strictly determined, but typical-
ly they are of the form: ‘‘given the defined problem, which action should be tak-
en?”’. In principle, any issues can be addressed. The question formulated for a
particular assessment should include a description of the purpose, boundaries,
scenarios, and intended use(s) of the assessment. Typically, the answers provide
recommendations and reasoning for certain decision/action options (or sets of
options) to be taken, although the specific format of the answer depends on the
assessment question. Often they include causal network descriptions of factors
relevant to the outcome of interest and results of different analyses, e.g. value of
information analysis, on parts of or the whole network. Sufficient answers to ques-
tions in open assessment often requires aggregation, weighing, and comparison of
multiple risks, impacts, costs and benefits as well as explicit consideration of val-
ue statements.

The phases of open assessment process resemble those of most assessment ap-
proaches: (1) issue framing, (2) designing variables, (3) executing variables and
analyses, and (4) reporting, through which the process progresses in iterative cy-
cles. What is distinctive for open assessment is that it considers assessments as
open collaborative processes of creating shared knowledge and understanding.
Openness means welcoming all types of knowledge, possessed by all kinds of
actors and found from all types of sources, into a systematic analysis. Exclusion of
participants or inputs is allowed only based on well-argued, explicated and cogent
reasons. The open process brings scientific experts, decision makers, and stake-
holders to the same collaborative process. Collaboration is facilitated by the
Opasnet web-workspace (http://en.opasnet.org), consisting of a wiki-interface, a
modelling environment, and a database (see Fig. 9).

Both the use process and the users can be any, depending on the problem ad-
dressed, but they should be explicitly specified for each assessment. Societally
important decisions are made by decision makers in policy and business, but also
by lay-people in their everyday lives. The intended user may be, but is not neces-
sarily, the same as problem owner. There can also be multiple secondary uses and
users for assessment results.
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The model of interaction that open assessment builds on is learning. To en-
hance effectiveness of assessments, it is essential that intended users are strongly
engaged in the assessment process, and that their needs and capabilities are taken
account of in all phases of the assessment process.

Participant’s
knowledge
\\ Participant’s [_]
N\, updated

knowledge

Decision

Participant’s
knowledge .

Figure 9. Collaborative knowledge creation in open assessment. Adapted from an
illustration of collaborative knowledge building with wikis (Cress and
Kimmerle, 2008). For an explanation of formatting, see chapter 2.

In an open collaborative process, all information is continuously subject to
open criticism. Performance of an assessment is evaluated in terms of (a) quality
of the information produced, (b) applicability of the information in the intended
use context, and (c¢) efficiency of the assessment process. The performance evalua-
tion framework is used as a means for evaluating past assessments, but also, and in
particular, as a means to guide design and execution of assessments. All assess-
ment participants can rate the information produced in terms of its scientific quali-
ty and usefulness with I rating tool in the Opasnet web-workspace.

The systematic development of open assessment began in 2006. The ideas,
theories and technological enablers that differentiate open assessment from the
mainstream assessment approaches can all be considered emergent. Open assess-
ment and Opasnet have been developed and tested in several assessments and
research projects. They begin to be ready for a full-scale use, but experiences on
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broad participation are still limited. In terms of establishment, open assessment
can be described as a novel, emergent approach that has not yet gained much pop-
ularity in the field of environmental health assessment, and examples of its appli-
cation are still few.

3.4 Comparison of main characteristics of approaches to
environmental health assessment

The main characteristics of the assessment approaches are summarized in Tables
3, 4 and 5 below according to the attributes of the analysis framework. The varia-
bility in scope and aggregation as well as consideration of risks and benefits
among the approaches is described in Table 6. Different information sources pro-
vided quite varying kinds of descriptions of different approaches and emphasized
different aspects. Therefore some interpretation by authors was necessary in order
to achieve complete and balanced characterizations of each approach. However,
all in all the applied analysis framework can be said to have produced clear and
comparable information. The characterizations are discussed below first attribute
by attribute, then across the range of attributes, and finally in terms of the big
picture provided by the analysis.

From Table 3 it can be observed that the purpose definitions are relatively sim-
ilar across the range of approaches. The importance of supporting societally rele-
vant decision making is addressed in every single one, although some approaches
define their scope quite narrowly while others very broadly. The main differences
between approaches emerge from the means for striving towards fulfilment of the
stated purposes. The problem owners in different approaches vary from scientists
in charge of the assessment to policy makers with a mandate to take action upon
the issue at hand and onto the operators whose projects or products are being as-
sessed. The most flexible approaches allow assessments where the problem owner
can be anyone. Variation exists also in the questions asked and answers provided
in assessment. While some approaches focus on estimating impacts or risks, others
aim also to complement the estimates with explicit guidance on which decisions
and actions to pursue and which not.
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Table 4 illustrates some further differences among the approaches. The process
conceptualizations vary from strict separation of risk assessment and management
processes to intertwined assessment and decision making. The perspectives to-
wards public participation and stakeholder involvement vary similarly between
limiting the assessment to exclusive expert process and complete openness. In-
tended uses are in concordance with the purpose definitions, although some ap-
proaches explicate certain specific uses while the most flexible approaches allow
for broad ranges of possible uses. Considering the variability in process descrip-
tions and interaction models (Table 5) adopted, it may be observed that different
approaches adopt quite different means for attempting to serve relatively similar
uses and purposes. Furthermore, the mapping of the interaction models in Table 4
shows that in general the approaches are more prone to disengagement than en-
gagement.

Perspectives to evaluating assessment performance also vary. The biggest
source of differences appears to be whether the goodness of assessment is consid-
ered in terms of conforming to a rigorous assessment procedure, the quality of
assessment results, or the outcomes of using those results. Some differences also
exist in whether performance is predominantly evaluated in qualitative or quantita-
tive terms. Characterizations of establishment indicate that there are traditional,
well-recognized, and broadly applied, but also emergent, novel, and less known
approaches included in the overview. For the purpose of this analysis, such diver-
sity is valuable in order to get a grasp of the contemporary conventions, but also to
identify the directions where the field of environmental health is shifting.

By considering characterizations of different approaches across the attributes
of the analysis framework, further interesting observations can be made. One is
that of how the approaches vary in their consideration of risks and benefits (Table
6). Differences exist in several dimensions: (i) if only single or multiple phenome-
na are considered (ii) if benefits or positive impacts are considered in addition to
risks and negative impacts, (iii) how estimates of positive and negative impacts are
compared and/or aggregated, and (iv) which domains and respective phenomena
are included (cf. Fig. 1) in scrutiny. Again, the range spans from very strict and
narrow definitions of estimating risks of single substances to overarching, nearly
all-embracing, approaches where health risks are considered as factors in a broad-
er context of multiple direct and indirect risks, benefits, and impacts.

Unfortunately, this analysis does not have the power to reveal very much of the
details within the dimensions of scope and aggregation of outcomes of interest. It
rather aims to identify and explicate their nature. However, it may be noted that
the means for aggregating multiple risks and benefits in environmental health
assessment are mostly the same as in any other field concerned with health, for
example DALYs, QALY (quality adjusted life years) and monetizing.
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Certain patterns are also identified among the analyzed approaches, for exam-
ple by considering the novelty of approaches and whether they are developed and
applied in a regulatory or an academic setting. In the more regulatory approaches,
particularly YVA and REACH, the problem framing, question setting and conse-
quently the assessment process are relatively predetermined according to the spe-
cific regulatory uses of risk prevention. The more academic approaches, e.g. IRGC
risk governance framework and Open assessment, allow for much more flexibility
in adapting the question setting and the assessment process according to changing
contexts and situations. On the other hand, the flexibility could also be interpreted
as vagueness of the approach.

A somewhat similar pattern exists in terms of novelty or traditionalism of the
theory bases of the approaches. Traditionalism seems to be more strongly linked
with disengaging and novelty with engaging perspectives towards the relationships
between assessment and decision making as well as stakeholders and public.
There also seems to be a correlation between regulatory approaches and tradition-
alism as well as academic approaches and novelty. Furthermore, it appears that the
more traditional or regulatory an approach is, the more established it is, although
this can not be considered a universal rule.
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All in all, the most distinctive overall characteristic of contemporary environ-
mental health assessment is plurality, although the weight of establishment seems
to be mostly on relatively traditional risk assessment as well as regulatory assess-
ment. However, the characterizations of different approaches to environmental
health assessment raise a question whether and to what extent the stated aims of
the approaches, the conceptualizations of the approaches, and their practical appli-
cations actually meet? In other words, are the assessment purposes fulfilled, and
do the approaches provide sufficient means to achieve that, even in theory? For
example, in several approaches the evaluation of performance does not seem to
consider aspects of using the results of the assessment at all, indicating that these
approaches may not try to maximize what is stated as their aims, but possibly
something else instead. Somewhat similarly, one may well ask if the approaches
which do not explicitly consider intended use in their process descriptions, and
which apply models of interaction that do not provide much power for the user
side, even seriously strive for their stated purposes. Then again, the more engaging
approaches often provide little practical means for achieving the interest, attention
and involvement of the user side, and, thereby, for reaching the desired level of
engagement. One may also well ask if environmental health assessment profes-
sionals truly consider the engagement of users and stakeholders as essential and
desired, or whether it is rather seen as an obligatory add-onto a fundamentally
expert-driven assessment process? Also, little guidance is usually provided on how
to manage assessments with broad scopes and high levels of aggregation across
domains, outcomes of interest, and types of phenomena considered in practice.

The overview of the eight approaches above can be considered sufficiently rep-
resentative to reveal the essential aspects of the complex field of environmental
health assessment. However, it could well be reasoned that, for example, nuclear
safety assessment as described by the International Atomic Energy Agency
(IAEA, 2010), life cycle assessment (LCA) as described by the Scientific Applica-
tions International Corporation (SAIC, 2006) for the United States Environmental
Protection Agency (U.S. EPA), or the NRC’s risk-based decision-making frame-
work (NRC, 2009) that builds on the Red Book risk assessment and Understand-
ing risk approaches, should have been included in the overview. Their inclusion
would have added to the plurality of approaches, probably in terms of all of the
attributes of analysis. However, according to the authors’ understanding, it would
not have affected the main conclusions, as described below, remarkably.

3.5 Conclusions

In several aspects, the theoretical ideals, conceptual means and common practices
seem to be quite far from each other in the field of environmental health assess-
ment. This is also acknowledged by Knol (2010) in her characterization of the
current status of integrated assessment approaches in environmental health: ‘‘inte-
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grated environmental health impact assessment might seem too complex and ex-
tensive to carry out [...but] integrated environmental health impact assessment is
not extensive and complex enough.”” The emerging assessment approaches are
more complex than the currently established ones. While pursuing for more flexi-
bility, engagement, and wide-ranging integration, the novel and academic ap-
proaches may lose the power of detailed guidance that the more narrowly scoped
and rigorous regulatory and traditional approaches have. Then again, it appears
that even the new integrated approaches are still too simple to effectively analyze
and solve many of the current problems.

Despite the challenges in practical application, there are clear tendencies to-
wards (a) increasing engagement between assessment and management as well as
stakeholders, (b) pragmatic framing of assessments according to specific and prac-
tical policy needs, (c) integration of multiple benefits and risks from multiple do-
mains, and (d) explicit incorporation of both scientific facts and value statements
in assessments. These tendencies can be considered as a response to the inherent
challenges brought about by the complexity of environmental health assessment,
as well as an indication of the incapability of the traditional and established ap-
proaches to sufficiently serve the whole range of needs in policy making.

How to address the above issues in assessments in practice is a clear develop-
ment need for the novel approaches and the field of environmental health assess-
ment as a whole. For example, many means and tools already exist for stakeholder
engagement and aggregation of multiple risks and benefits to support decision
making. However, they need to be developed as feasible and essential aspects of
functional assessment and policy processes. Therefore, an important question in
further development is whether an approach is flexible enough to incorporate cur-
rent and future means and tools required to fulfill the declared aims.

From an outsider’s perspective, the most interesting aspects of environmental
health assessment are likely to be found among the emerging approaches. While
the traditional and regulatory assessment approaches resemble those common also
in other fields of assessment, the above stated aspects of engagement, pragmatism,
integration, and explicit inclusion of values can be considered as interesting and
innovative particularities of assessment in the field of environmental health.
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Abstract

An integrated benefit-risk analysis aims to give guidance in decision situations
where benefits do not clearly prevail over risks, and explicit weighing of benefits
and risks is thus indicated. The BEPRARIBEAN project aims to advance benefit—
risk analysis in the area of food and nutrition by learning from other fields. This
paper constitutes the final stage of the project, in which commonalities and differ-
ences in benefit-risk analysis are identified between the Food and Nutrition field
and other fields, namely Medicines, Food Microbiology, Environmental Health,
Economics and Marketing—Finance, and Consumer Perception. From this, ways
forward are characterized for benefit-risk analysis in Food and Nutrition. Integrat-
ed benefit-risk analysis in Food and Nutrition may advance in the following ways:
Increased engagement and communication between assessors, managers, and
stakeholders; more pragmatic problem-oriented framing of assessment; accepting
some risk; pre- and post-market analysis; explicit communication of the assess-
ment purpose, input and output; more human (dose-response) data and more effi-
cient use of human data; segmenting populations based on physiology; explicit
consideration of value judgments in assessment; integration of multiple benefits
and risks from multiple domains; explicit recognition of the impact of consumer
beliefs, opinions, views, perceptions, and attitudes on behaviour; and segmenting
populations based on behaviour; the opportunities proposed here do not provide
ultimate solutions; rather, they define a collection of issues to be taken account of
in developing methods, tools, practices and policies, as well as refining the regula-
tory context, for benefit-risk analysis in Food and Nutrition and other fields. Thus,
these opportunities will now need to be explored further and incorporated into
benefit-risk practice and policy. If accepted, incorporation of these opportunities
will also involve a paradigm shift in Food and Nutrition benefit-risk analysis to-
wards conceiving the analysis as a process of creating shared knowledge among
all stakeholders.
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4.1 Introduction

Benefit-risk analysis of Food and Nutrition is developing fast. Benefit-risk analy-
sis aims to give guidance in decision situations where both benefits and risks have
been identified; when the benefits do not clearly prevail over the risks, explicit
weighing of benefits and risks is indicated. Benefit-risk analysis can be seen as a
triad of the (1) assessment, (2) management and (3) communication of integrated
benefits and risks, analogous to the common contemporary risk analysis paradigm
(Fig. 1) (WHO/FAO, 1995).

Benefit-Risk Analysis Framework

Assessment Management

(science) (policy)

Communication

(interactive exchange of
information and opinions
among all stakeholders)

Figure 1. Contemporary benefit—risk analysis framework. Based on the risk analy-
sis framework by WHO/FAQO (1995).

Benefit-risk assessment of Food and Nutrition comprises a science-based pro-
cess intended to qualitatively or quantitatively estimate the benefits and risks for
humans following exposure (or lack of exposure) to a particular food or food
component and includes the potential to integrate them into comparable measures.
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Benefit-risk management entails the process of weighing policy alternatives in
light of the results of benefit-risk assessment and other relevant information. Ben-
efit-risk communication covers the interactive exchange of information and sci-
ence-based opinions concerning benefits and risks among assessors, managers,
consumers and other stakeholders.

The scope of Food and Nutrition risk assessment is fairly well established
(Renwick et al., 2003); it deals with the assessment of adverse health effects
caused by physical or chemical agents, occurring naturally in foods or as environ-
mental contaminants, or resulting from food preparation or manufacturing pro-
cesses. However, in the benefit-risk context, the scope of benefit-assessment is a
point of discussion. A beneficial effect can be looked at as the reverse of an ad-
verse effect (WHO, 1994), i.e. a physical or other change within a person that
improves functional capacity or the capacity to deal with stress or that decreases
susceptibility to harmful effects. This can be measured as prevention of disease,
i.e. reduction of risk, but currently it is difficult to measure benefits directly, at an
early stage or as an ‘above-normal’ capacity. Cases where the benefit is obvious
but where different risks are involved (in severity and mechanism) could also be
taken under the wing of benefit-risk analysis. Benefit-risk analysis presents up-to-
date knowledge in a dynamic public health process, aimed at optimization, i.e.
looking for ways to maximize benefits while minimizing risk.

In recent years, many projects have done significant work to identify the possi-
bilities and difficulties of benefit-risk analysis in the Food and Nutrition field
(Tijhuis et al., 2011). Much progress has already been made, but benefit-risk
thinking and practise have not yet become commonly established. Therefore, for
further development, the field of Food and Nutrition could benefit from looking
beyond its borders and learning from other fields of research (and possibly also
vice versa) and this is the explicit goal of BEPRARIBEAN project
(http://en.opasnet.org/w/Bepraribean) (Verhagen et al., 2011). To serve this goal,
we recently compiled reviews covering the state of the art in benefit-risk analysis
for Food and Nutrition (Tijhuis et al., 2011) and five other fields: Medicines (Lu-
teijn et al., 2011), Food Microbiology (Magnusson et al., 2011), Environmental
Health (Pohjola et al., 2011a), Economics and Marketing—Finance (Kalogeras et
al., 2011) and Consumer Perception (Ueland et al., 2011). The individual reviews
were led by the researchers from within the respective fields and were contributed
to by the researchers from the other fields. Summaries of the key issues from the
reviews and a summary of the contemporary regulatory context for Food and Nu-
trition management and assessment are presented in Section 2.

In Section 3, the focus is on identifying how the benefit-risk approaches in the
different areas compare to and differ from the benefit-risk approaches in the area
of food and nutrition. In order to exemplify the (combined) perspectives and ap-
proaches from within the different areas, we include an example of a case: the
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effects of replacing current animal protein sources by more sustainable dietary
protein sources. This topic was considered suitable because it is inherently multi-
disciplinary and currently of global interest. This example is meant as an illustra-
tion and does not aim to be a conclusive analysis.

From this, in Section 4, we aim to identify opportunities for further develop-
ment of benefit-risk analysis in food and nutrition.

In Section 5, we sum up the main points of this paper, and the whole
BEPRARIBEAN project, and indicate some implications that these points will or
may have for Food and Nutrition benefit-risk analysis in the future.

4.2 Summaries of key issues by focus area and EU regulato-
ry context for Food and Nutrition

In 2.1-2.6 we summarize the key issues from the 6 state of the art reviews: Food
and Nutrition (Tijhuis et al., 2011), Medicines (Luteijn et al., 2011), Food Micro-
biology (Magnusson et al., 2011), Environmental Health (Pohjola et al., 2011a),
Economics and Marketing—Finance (Kalogeras et al., 2011) and Consumer Per-
ception (Ueland et al., 2011). They are complemented in 2.7 with a short overview
of the contemporary regulatory context for Food and Nutrition management and
assessment in the European Union.

4.2 1 Benefit-risk analysis in Food and Nutrition (Tijhuis et al. 2012)

This paper addresses the three components of benefit—risk analysis, but focuses on
assessment. Benefit-risk assessment in Food and Nutrition is geared to weigh the
beneficial and adverse effects a food or food component may have, in an integrat-
ed measure, in order to make better-informed policy decisions regarding public
health issues.

Historically, the assessments of risks and benefits have been separate process-
es. In risk assessment, toxicology is the main contributor as the toxicological ap-
proach is demanded by regulation. It traditionally assumes that a maximum safe
dose can be determined from studies in experimental animals or sometimes hu-
mans and that division of this dose by appropriate safety factors defines the ‘safe’
intake for the human population. Epidemiology plays a minor role in risk assess-
ment. Epidemiology describes associations between risk (or beneficial) factors and
disease endpoints in humans. It has traditionally focussed more on relative than on
absolute risks. Nutrition, as a science, uses a mixture of methodologies and is
involved in estimating risks specifically for nutrients and other dietary factors.
Benefit assessment for Food and Nutrition is newly developing in regulatory
terms, but has been the subject of nutritional epidemiological research for a long
time. Benefit assessment is working on concepts such as whether reduction of risk
of disease should be termed a benefit, whether a benefit can be measured as a state
rising above the average health and in which time frame (short or long term), and
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how broad its scope should be. In nutrition, current interest is in ‘optimal’ food
and nutrient intake, implying knowledge of both intakes where risks occur and
intakes where benefits occur. In this, there is a scientific development away from
general population intakes towards an intake based on subgroups. In summary, the
goal of risk assessment in food and nutrition is to reasonably guarantee absence of
an effect (risk) whereas the goal of benefit assessment is to reasonably guarantee
the presence of an effect (benefit). This distinction affects the assessment ap-
proach, the evaluation of the generated data and the way these can be used. In both
risk and benefit assessment, good dose-response data, i.e. with relevant intake
levels and suitable for the target population, are scarce. Better integration of all
underlying disciplines and an approach focussed more on humans and continuous
data is indicated.

Current approaches to bring benefit and risk assessment together mirror the
traditional risk assessment paradigm of hazard identification, hazard characteriza-
tion, exposure assessment and risk characterization. A tiered approach is advocat-
ed, as this allows for transparency, in-between consultancy with the benefit-risk
manager and the possibility of an early stop in the assessment and thus increased
efficiency. There is agreement about the importance of a good description of the
benefit-risk question and the uncertainties in its assessment. Benefit-risk compar-
ison can be qualitative and quantitative, with increasing data requirements. In a
quantitative comparison, benefits and risks are expressed in a common currency.
Severity of disease can be taken into account by attributing weights, e.g. using
disability adjusted life years (DALY’s). These integrated measures need to be
accompanied by at least (1) a description of the unintegrated benefits and risks on
subgroups and (2) data uncertainties. In the quantification process, deterministic
input may be substituted by probabilistic input; well-accepted methodology for
probabilistic assessment is available.

Close communication, between and within benefit-risk assessors and manag-
ers, requires attention. In benefit-risk management some risk will have to be con-
sidered acceptable in order to achieve more benefits. Thus, current risk manage-
ment will also need to consider a shift from striving for zero risk towards explicit
weighing of risks and benefits in order to achieve an optimal outcome. The com-
munication of benefits and risks to the public used to be separate, but the impact
of combined benefit-risk messages is being explored.

In conclusion, benefit-risk assessment is developing steadily in the field of
food and nutrition. General point of attention is the communication between fel-
low scientists, managers and the general public. General strengths are the ability to
systematically and transparently show the current knowledge and its gaps and to
provide what is likely the best answer to a question with a large potential impact
on public health.

Assessments are to change
THL — Research 105 < 2013 69 the world



Looking beyond borders: Integrating best practices in benefit-risk analysis into the field of food and
nutrition

4.2.2 Benefit-risk analysis in Medicines (Luteijn et al. 2012)

Medicines can lead to significant health benefits. The health benefits come at the
risk of potential adverse drug reactions. Since the thalidomide disaster in the early
1960s, increased regulatory attention has been placed in the benefit-risk profiles
of medicines. This key-event has lead to not only demands on safety demonstra-
tion before registration of a medicine, but also to demands in regard to demonstra-
tion of efficacy, i.e. the effectiveness of a medicine under controlled conditions.
Benefit-risk assessment in medicine is highly regulated and has been devel-
oped for decennia. Benefit-risk assessment (and monitoring) takes place both in
the pre-registration and the post-registration phase of a medicine. In the pre-
registration phase, the candidate medicine goes through a process of phase I-III
trials, involving populations of increasing size and different aims and designs as
discussed in the state of the art paper. These clinical trials are conducted by the
manufacturer and involve a considerable financial investment. Trials will only be
continued if the manufacturer feels the drug stands a chance to successfully gain
marketing authorization by sufficient proof of efficacy and safety. Data gathered
by these clinical trials, reinforced by animal model data and possible post-
marketing experience with similar compounds, will provide the safety and efficacy
data for the marketing authorization procedure. The pre-marketing clinical trials
have been criticized for being designed for fast approval instead of the generation
of scientific knowledge. A number of mainly quantitative benefit—risk methods are
employed during the pre marketing phase, including ‘number needed to treat’ and
‘number needed to harm’. Expert opinions play a big role in benefit-risk assess-
ment of medicines, both pre-registration and post-registration. There is no stand-
ard protocol for analyzing the benefit-risk profile of a drug, after the manufacturer
submits the clinical trial data, responsible authorities will take the evidence into
account and form an expert opinion on the registration submission. Both the bene-
fits (efficacy) and the risk (adverse drug reactions, ADRs) play a role in this expert
opinion: larger benefits can justify larger risks. No consensus has been reached on
a standardized methodology for benefit-risk assessment in medicine registration.
The European Committee for Medicinal Products for Human Use recommends the
use of multiple types of mainly qualitative, benefit-risk methodology and argues
that use of quantitative methodology can lead to a misleading feeling of precision.

4.2.2.1 Pre-registration

The pre-registration clinical trials themselves suffer from a number of practical
limitations; these include the small number of subjects in clinical trials, a restricted
population in terms of age, gender and ethnicity, restricted co-medication and co-
morbidity, a short duration of exposure and follow up and statistical problems with
assessing multiple outcomes. These problems are acknowledged by the responsi-
ble authorities. Because the clinical trials take place in a controlled environment,
situations of off-label use, drug—drug interactions and non-compliance will be
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limited to theoretical consideration. Therefore, clinical trials will provide infor-
mation on the efficacy of a medicine, rather than effectiveness of a medicine. De-
spite the differences between efficacy and effectiveness, efficacy will provide an
indication of effectiveness of a drug. It should be realized there is no solution for
the majority of these problems. For example; it would be ethically unacceptable to
conduct safety experiments in pregnant women. Experience in this population will
be limited to animal models and post-registration data.

During the application process, a risk management program will be submitted
along with the clinical trial data, outlining risk minimization and post marketing
surveillance activities.

4.2.2.2 Post-registration

After registration, the benefit-risk profile of medicines will be monitored by post-
marketing surveillance. Pre-marketing knowledge on the benefit-risk profile of a
medicine will be limited for reasons mentioned above. Post-marketing surveil-
lance is conducted by responsible authorities, marketing authorization holders and
independent researchers in order to collect data on ADRs and monitor the effec-
tiveness of existing risk management activities. In case a new ADR is discovered,
responsible authorities can reassess the benefit risk profile forming a new expert
opinion. Information discovered during post-marketing surveillance can lead to
modification of marketing authorizations, risk management programs or even
suspension of marketing authorizations in the case of serious ADRs. Many recent
developments and initiatives are currently ongoing in post-marketing surveillance,
many of them involving large databases to collect information on ADRs. The
more statistical power, the better the investigators are able to detect ADRs. For
this reason, an increasing amount of international cooperation is taking place in
Europe. Other problems include different legislation between European countries.

A different type of benefit-risk assessment in the post-registration phase is
Health Technology Assessment (HTA). In HTA, the health impact and economic
impact of a new health technology are assessed using (economic) modelling tech-
niques, usually in order to be included in public formularies. The main challenge
of HTA is to assess the trade-offs between financial investment and health bene-
fits. For this purpose, indexes such as QALY and DALY have been developed.
The trade-off between financial investment and health benefits is perceived as
controversial by many. Marketing authorizations have become less meaningful
without reimbursement (after a positive HTA assessment) in many countries. The
mandate and methodology of HTA agencies differ between countries.

The state of the art paper concluded that no ‘one size fits all’ approach is avail-
able for benefit-risk assessment in medicines. Choice of methodology depends on
the context of the benefit-risk assessment, including indication, patient groups and
the stage of the regulatory process. Also, use of multiple methodologies is encour-
aged due to each having its own specific strengths and weakness. Furthermore,

Assessments are to change
THL — Research 105 < 2013 71 the world



Looking beyond borders: Integrating best practices in benefit-risk analysis into the field of food and
nutrition

improved cooperation between responsible authorities and HTA agencies can be
of value in benefit-risk assessment.

4.2.3 Benefit-risk analysis in Food Microbiology (Magnusson et al.
2012)

Microorganisms, i.e. bacteria, fungi and viruses, are all constituents of our natural
environment. The field of food microbiology concerns the multitude of microor-
ganisms that inhabit and contaminate our foods. Food and nutrition are essential
for sustaining human life. However, no food carries zero risk for microbiological
hazards. The risk varies considerably depending on food types and matrices. Some
foods have a higher risk than others of containing microbiological contaminants
and pathogenic microorganisms that can be hazardous to our health and well be-
ing. Furthermore, consumer sub-groups can be variably susceptible to foodborne
infections and intoxications; the elderly, young children and individuals with un-
derlying diseases being more at risk.

Food microbiology is largely focused on food safety and limiting public expo-
sure to harmful food borne pathogens. However, the great majority of microorgan-
isms are harmless to our health and many microorganisms are even important to
various food production processes e.g. the making of cheese, wine, beer and bread.
Microorganisms are used in various ways for the benefits of humans e.g. through
advances in medical technology, biotechnology, agriculture and in food pro-
cessing, to name a few. Although microorganisms can be seen as indirectly bene-
ficial to human health through the above-mentioned activities, the human health
consequences of microorganisms in foods are often either neutral or adverse. In
food microbiology the reduction in human exposure to food borne pathogens can
commonly be regarded as the main public health benefit. Probiotic microorgan-
isms and the activities of the gut microflora can be mentioned as an exception to
this — the effect of probiotics can be seen as directly beneficial to human health. It
must be noted, however, that to date all such probiotic health claims have been
refuted by EFSA, the European Food Safety Authority,
(http://www .efsa.europa.eu/en/topics/topic/article13.htm); currently, there is lack
of evidence for the direct beneficial effects as judged by EFSA’s criteria, but at the
same time there is lack of evidence that beneficial effects do not exist.

Benefit-risk analysis is a relatively new and to-date largely undefined field of
research within food microbiology. The benefit-risk analysis approach is con-
cerned with issues affecting public health and improving public health manage-
ment based on the balanced weighing of risks and benefits. From a food microbio-
logical standpoint studies using methods that balance risks and/or risks and bene-
fits using composite metrics are scarce. Published studies to date have mainly been
intervention assessments or risk comparison studies that apply risk assessment
criteria for comparing the level of two individual risk factors — with the purpose of
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identifying the most important health risks — commonly a chemical risk and the
benefits of reduced microbiological risk. The criteria for the assessment of risks
are well established within food microbiology (and are based on risk assessment
criteria developed within toxicology), but at present the criteria for assessing posi-
tive health effects are not well defined.

A key issue in food microbiological benefit-risk analysis is how to address the
assessment of benefits and the multidisciplinary discussion of how to aggregate
risk and benefit estimates. The most straightforward approach to be used for bene-
fit-risk analysis in food microbiology could be envisioned to follow the tiered
approach for benefit-risk analysis formulated in the field of food and nutrition.
Food microbiological benefit-risk analysis converges largely with that of food and
nutrition. In addition, it often involves the evaluation of chemical as well as mi-
crobiological risks and benefits.

A key issue in food microbiological benefit-risk analysis is how to address the
assessment of benefits and the multidisciplinary discussion of how to aggregate
risk and benefit estimates. The most straightforward approach to be used for bene-
fit-risk analysis in food microbiology could be envisioned to follow the tiered
approach for benefit-risk analysis formulated in the field of food and nutrition.
Food microbiological benefit-risk analysis converges largely with that of food and
nutrition. In addition, it often involves the evaluation of chemical as well as mi-
crobiological risks and benefits.

In conclusion, the field of benefit-risk analysis in food microbiology is in its
infancy and the assessment criteria for benefits are not well defined. Reduced
pathogen risk can be seen as the principal benefit regarding food microbiology
while scientific data on direct microbial benefits are lacking.

4.2.4 Benefit-risk analysis in Environmental Health (Pohjola et al.
2012)

The field of environmental health is very broad and involves significant physico-
chemical, biological, technological and social complexity. Consequently there is
no single state-of-the-art approach, but a multitude of approaches to assess envi-
ronmental health risks and benefits have been developed for different purposes
and contexts within the field. These approaches can be characterized e.g. as either
regulatory or academic, depending on the context of development and application
for the approach, or rather traditional or novel, depending on how strictly and
narrowly the assessment scope and procedure are determined by the approach.

In comparison to the traditional and regulatory approaches the emphasis among
the more novel and academic approaches is on (a) increased engagement between
assessors, decision makers, and stakeholders, (b) more pragmatic problem-
oriented framing of assessments, (c) integration of multiple benefits and risks from
multiple domains, and (d) inclusion of values, alongside scientific facts, in explicit
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consideration in assessment. These tendencies can be considered as responses to
the challenge of complexity within the field, but also as indications of the incapa-
bility of the currently established approaches to adequately address all aspects of
this complexity. On the other hand, the all-embracing aims of the novel academic
approaches may also lead to lack of clarity in comparison to the regulatory and
traditional approaches, unless duly designed and implemented.

The key issues in benefit-risk analysis in environmental health are not so much
related to the technical details of performing the analysis, but rather to (i) the level
of integration, and (ii) the perspective to consider the relationship between as-
sessment and the use of its outcomes. The level of integration can range from
producing health risk estimates for single substances to aggregation, weighing,
and comparison of multiple benefits, risks, impacts, and costs alongside explicit
account of values of those concerned. Significant differences are also brought
about by whether an “assessment push” or an “information need pull” perspective
is adopted. The perspective largely defines what, how and why, issues are consid-
ered in an assessment.

In the “assessment push” perspective, the issue to be assessed is defined by
those responsible for the assessment, and the focus of assessment is to produce an
objective estimate of the risks, benefits, etc. according to certain defined principles
and means, whatever the estimate may be used for. Approaches taking an assess-
ment push perspective thus also predetermine the possible levels of integration in
terms of e.g. what phenomena are considered, whether also benefits or costs are
considered in addition to risks, and what means of aggregation or comparison are
used. In the “information need pull” perspective the issue to be assessed, as well
as the principles and means for its assessment, is formulated according to a speci-
fied practical need. The need thus determines the suitable format of the assessment
outcome, which further determines how the assessment should be made. Therefore
inclusion of all relevant issues, all levels of integration, and all means of aggrega-
tion and comparison are, at least in principle, available for use as required to serve
the need. Naturally, most of the approaches to environmental health assessment
fall somewhere in between these extremes by incorporating aspects of both push
and pull. However it can be identified that the regulatory and the most traditional,
simultaneously the currently most established, approaches clearly position them-
selves closer to the assessment push end of the continuum.

Challenges lie in the aggregation, weighing, and/or comparison of multiple
benefits and risks. For example: the use of DALY’s, QALYSs or euro’s as general
aggregate measures, incommensurability of benefit estimates aiming for avoidance
of false positives and risk estimates aiming for avoidance of false negatives, and
taking account of perceived risks and benefits together with “scientifically as-
sessed” risk and benefit estimates.
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In conclusion, probably most of all commonly known methods for benefit-risk
analysis are applied among the various different approaches to environmental
health assessment, but there is no single view to dominate the whole broad field.

4.2.5 Benefit-risk analysis in Economics and Marketing-Finance (ka-
logeras et al. 2012)

Risk is a key component of economic behaviour. All market participants (e.g.
investors, producers, consumers) accept a certain level of risk as necessary to
achieve certain benefits. There are many types of risk including price, production,
financial, institutional, and individual human (e.g. health-related) risks. All these
risks should be effectively managed in order to derive the utmost of benefits and
avoid disruption and/or catastrophic economic consequences for the food industry
and market participants’ wellbeing.

In (food) economics, finance and marketing-management literature, the utility
concept (total satisfaction received from consuming a product/service) plays a
crucial role in determining market participants’ benefit-risk trade-offs that drive
economic phenomena. This utility is often derived from outcomes such as wealth,
income, profit, selling price, among others. That is, the outcome domain is a mon-
etary one. Yet, in behavioural economics, behavioural finance, economic psychol-
ogy, marketing and consumer behaviour literature, market participants may also
derive utility from non-monetary outcomes by exposing a combination of cogni-
tive and affective behaviour.

The dominant paradigm in business economics on which decision makers (e.g.
farmer, food manufacturer, retailer, consumer) rely in their benefit-risk trade-offs
is the expected utility model. This model is concerned with choices among risky
prospects. The goal of a decision maker is the maximization of his/her expected
utility. In the expected utility framework, the shape of the utility function is as-
sumed to reflect a decision maker’s risk preference. Therefore, the expected sub-
jective utility function of any prospect reveals the individuals’ attitudes towards
risk. There is a continuous stream of research on decision makers’ risk preferences
in the fields of food economics and marketing—finance that employs expected
utility models that are objective or normative, i.e. assumption and establishment of
norms implying the rationality principle in economic behaviour of market-
participants: maximization of their utility, by using time series and/or panel data
for production, consumption, pricing levels of food products; and subjective, i.e.
relaxing the rationality assumptions inherent in the normative models by using
survey- and experimental-based data gathering instruments involving psychomet-
ric constructs or lotteries. Both theoretical and empirical research accounts show
that decision makers can be simultaneously risk-seeking and risk-averse in differ-
ent domains, implying that risk preference is context-specific.
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In the context of agribusiness and food markets, concerns about food safety,
quality, and nutrition have persistently been present at all levels of decision mak-
ing (operational, tactical and strategic) by food producers, manufacturers, com-
modity traders, retailers, and consumers. However, business economic scholars are
often confronted with conceptual and methodological challenges due to the unob-
served and multidimensional nature of human decision making process. That is,
the actual behaviour of market participants is not always consisted with the “true”
level of risk that they face.

Recent research in management sciences and decision analysis argued that by
decoupling the benefit-risk trade-offs of decision makers into separate dimensions
a more robust conceptualization and prediction may be achieved. Specifically,
market participants have two kinds of evaluation systems on which perceived
and/or actual benefits of an investment or consumption object cognitively rely on:
(a) utilitarian dimension of instrumentality and (b) a hedonic dimension. The first
dimension refers to how useful or beneficial the investment or consumption action
is. The second dimension of benefits refers to the experiential affect associated
with the investment and consumption. These two dimensions are neither mutually
exclusive nor need to be evaluative consistent. Similarly, risk behaviour may be
decoupled into the separate dimension of risk attitude and risk perception. Risk
attitude is formed by one’s predisposition to the content of the risk in a specific
market situation and reflects a decision-maker’s interpretation of this risk content
in a specific way, whereas risk perception refers to the likelihood of one’s expo-
sure to the risk content. This decoupling approach may serve as the basis for stud-
ying the decision-making process of market participants regarding food safety-
and nutrition-related issues, in the light of benefit-risk trade-offs. Yet, one may
recognize the challenges for operationalising such a framework, adapt it to specif-
ic decision contexts, and accounting for its dynamics.

In conclusion, the study of market participants’ benefit-risk trade-offs in busi-
ness economics rely on the utility concept. Although the dominant paradigm in
economics is the expected utility model that has a normative nature, the behav-
ioural study of market participants’ benefit-risk trade-offs emerges. Nowadays,
there are various and different approaches and techniques to businesses economics
to identify and evaluate the benefit-risk trade-offs on institutional or individual
market participants. Yet, there is no single view to dominate the whole discipline.
The decoupling of benefit-risk behaviour into separate components that deal with
both the utilitarian as well as hedonic aspects of benefits and risks may offer more
robust conceptualizations and predictions for studying benefit-risk trade-offs in
various highly uncertain decision contexts entailed in the agribusiness and food
markets.
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4.2.6 Benefit-risk analysis in Consumer Perception (Ueland et al. 2012)

Food and nutrition are central to the survival of human beings as well as to their
well-being and quality of life. However, a “nutritionally perfect life” is not neces-
sarily consistent with consumers’ feelings of how a perfect life should be which
again has implications for what motivates consumers’ food choice. The inconsist-
encies are partly the result of consumers’ perceptions of benefits and risks with
regard to food and nutrition and of the way consumers trade off between benefits
and risks in order to maximize the outcome they prefer. Thus, by incorporating the
study of consumers’ perception of benefits and risks in a food and nutrition con-
text, possible outcomes of food and nutrition measures can be better understood.

For consumers, benefit perception of food is usually more important than risk
perception. The benefits are particularly related to the hedonic perspective; food
should taste good, be pleasurable and fulfil expectations to an enjoyable experi-
ence. Risks, on the other hand, are more often subject to conscious deliberations
and external factors, such as available information, media coverage and personal
interest that contribute to consumers’ risk perception.

Consumers’ perception of risks is associated with mortality and morbidity and
goes along two main dimensions related to; the extent that the risk is unknown,
and what are the consequences of the risk. Food risks are not perceived to be as
severe as are for instance risks associated with firearms or airplanes. However,
some foods, particularly those that score high on the unknown dimension, are
perceived with trepidation by consumers. Conversely, foods that are perceived as
risky are often foods that are unfamiliar or produced by novel technologies. Fur-
thermore, foods that are (perceived to be) highly processed are considered to be
less desirable and more risky, than foods perceived to have a low level of pro-
cessing. The possibility to discern what the food product is made of, or what it is
derived from, contributes to a feeling of safety and to lower risk perception among
consumers.

There are ways to reduce perceived risk of foods for instance through familiar-
ising the consumer with the food, or by adding characteristics that may be seen as
benefits to the food product. Increasing healthiness and enhancing taste are factors
that make consumers more willing to accept the product. Adding benefits to a
product does not reduce the risk itself but reduces the consumers’ perception of
the risk. Benefit and risk perception of foods are in many cases inversely correlat-
ed: when something is perceived as being highly beneficial, it is correspondingly
perceived as having low risk. However, slightly different paths are used in the
formation of these perceptions; benefit perception is based on heuristics and expe-
rience, while risk perception is largely the result of cognitive information pro-
cessing.

Nutrition is one aspect belonging to food products that is normally not associ-
ated with hedonic benefits of foods. However, nutrition is accepted as an essential
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part of consumers’ life, and health attributes of foods are perceived as benefits
when diet considerations are important for the consumers. Consumers easily per-
ceive risks belonging to malnutrition, both related to over- and under-consumption
of nutrients, but consumers’ may choose not to pay attention to these risks.

In conclusion, in a food and nutrition setting it is important to understand
which food attributes related to perceived and real benefits and risks that influence
food choice, in order to provide for an optimal diet from both a health perspective
as well as from a hedonic perspective.

4.2.7 Contemporary regulation context for Food and Nutrition as-
sessment and management

The European Union (EU) Food Safety legislation
(http://ec.europa.eu/food/food/foodlaw/index_en.htm, EU, 2000) is built around
high food safety standards, of which the final aim is to protect the health of the
consumers and to reduce the risks connected to unsafe food (van der Meulen and
van der Velde, 2008).

The development of the requirements is the result of stratified legislative
measures, often approved by incidents (food safety crises consequent to foodborne
diseases) rather than by a systematic legislative plan. Regulation EC/178/2002 is
the General Food Law, containing general provisions useful to orientate the inter-
preter in understanding the mechanisms and procedures to be followed in order to
reduce risks related to unsafe food. The general principles of food law may be
considered the top of the ideal pyramid of a regulatory food control systems. Reg-
ulations and directives have been formulated within this frame.

The aim of EU food policy is to assure a high level of food safety, animal
health, animal welfare and plant health within the European market. In this sense,
the General Food Law constitutes the main reference point of the EU food legisla-
tion. It applies to all stages of the production, processing and distribution of food
and also to feed produced for, or fed to, food producing animals. More in detail,
the General Food Law establishes the principles of risk analysis in relation to food
and establishes the structures and mechanisms for the scientific and technical
evaluations which are undertaken by the European Food Safety Authority (EFSA).
As an exception of the general tendency to regulate risks rather than benefits, it is
worth mentioning the EFSA health claims procedure under Regulation (EC) No
1924/2006, which plays a relevant role in the regulation of the benefits. Neverthe-
less, also in this case, we may see that the final objective of regulating benefits
turns into the legislative intention to prevent risks, both connected to the function-
ing of the market and to the consumers’ protection, if we consider that the general
objective of the Regulation is to ensure the effective functioning of the internal
market as regards nutrition and health claims whilst providing a high level of con-
sumer protection (EC, 2006).
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Food law, and in particular measures relating to food safety have to be based
on scientific expertise. The EU has developed its own risk analysis principles in
conformity with the International standards. Regulation EC/178/2002 establishes
in EU law that the three phases of risk analysis (risk assessment, risk management
and risk communication) provide the basis for food law as appropriate to the
measure under consideration. Therefore, the General Food Law states that scien-
tific assessment of risk must be undertaken in an independent, objective and trans-
parent manner based on the best available science. Risk management is the pro-
cess of weighing policy alternatives in the light of results of a risk assessment and,
if required, selecting the appropriate actions necessary to prevent, reduce or elimi-
nate the risk to ensure the high level of health protection determined as appropriate
in the EU. In the risk management phase, the decision makers need to consider a
range of information in addition to the scientific risk assessment. These include,
for example, the feasibility of controlling a risk, the most effective risk reduction
actions depending on the part of the food supply chain where the problem occurs,
the practical arrangements needed, the socio-economic effects and the environ-
mental impact. Regulation EC/178/2002 establishes the principle that risk man-
agement actions are not just based on a scientific assessment of risk but also take
into consideration a wide range of other factors legitimate to the matter under
consideration (http://ec.europa.eu/food/food/foodlaw/principles/index en.htm).

In sum, at a legislative level we may observe that the main objective is to regu-
late risks connected to unsafe food, rather than benefits and the balance between
risks and benefits. Risk management is a procedure which involves legislative
tools together with scientific expertise. The choice to regulate risks rather than
benefits is deeply linked to the necessity to reduce the risks on the market by de-
fining the tasks of the European Commission, the European Food Safety Authority
(http://www.efsa.europa.eu) and the national competent authorities in charge to
implement at local level the European provisions.

4.3 Commonalities and differences, and illustration in a case
study

This section contains some of the characteristics that the different fields, described
in the previous section, share in common and in which they differ with respect to
benefit-risk analysis.

The general settings in which benefit-risk analyses within the different fields
currently may take place are described in Table 2. The general characteristics of
integrated assessment of benefits and risks within different fields are described in
Table 3. In order to illustrate the commonalities and differences, a conceptual case
example of replacing animal protein with environmentally more sustainable die-
tary protein is presented in Table 4. The case example described here is meant as
an aid, to illustrate and characterize the different fields that form this paper. The
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attributes in the tables, according to which benefit-risk analysis within the differ-
ent fields are described, are adapted from the framework applied for characterizing
approaches to benefit-risk analysis in the field of environmental health in Pohjola
et al. (2011a) and explained in Table 1.

In Section 3.1, general commonalities and differences are described, taking the
main points from Table 2 and Table 3. Issues arising from the illustrative case
study in Table 4 are discussed in Section 3.2.
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Table 1. Explanation of the attributes applied in Tables 2—4.

Attribute

Explanation

Management question

The public issue that is to be addressed

Main problem owners and
stakeholders

Those responsible for or involved in the analysis

Assessment-management
interaction

The nature of the relationship between management and
assessment

Assessment question

The issue that is to be addressed and requires an answer

Measurements of risk

The types of exposure and effect measurements used to
characterize the risks

Measurements of benefit

The types of exposure and effect measurements used to
characterize the benefits

Answer

The kind of information produced to answer the question

Approach

The main characteristics of the way the assessment is execut-
ed
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4.3.1 General commonalities and differences

The purpose of benefit—risk management is to arrive at the optimal decision, while
accounting for all relevant issues. The purpose of benefit-risk assessment is to
provide the science-based information on the integrated benefits and the risks to
support in answering the benefit-risk management question, i.e. to contribute to
evidence-based decision making. The focus of benefit-risk analysis in the differ-
ent fields is

* Food and Nutrition: improving public health/preventing disease by better food
and nutrition and generating knowledge for food improvement or innovation
and general understanding.

* Medicines: curing, slowing or preventing disease by means of medication and
monitoring benefit-risk profiles of marketed medicinal products with or with-
out its impact on budget.

* Food Microbiology: preventing food borne disease caused by micro-organisms
and generating knowledge for microbiological product innovation.

* FEnvironmental Health: preventing damage to health mediated through the
environment, possibly also reducing impact on economy, society and environ-
ment.

* Economics and Marketing—Finance: optimising public economic policies,
corporate investment and marketing strategies.

* Consumer Perception: stimulating good food choice by using insights in con-
sumers’ perceptions, attitudes and behaviour relating to a particular case and
by increasing acceptance through information, increasing familiarity, reducing
uncertainty, and product optimization.

The challenges of aggregating and weighing benefits and risks are shared by
the different fields. Two issues coming up in this connection are the inclusion of
multiple benefits and risks with different scopes, and the explicit inclusion of sub-
jective information. Among the fields that are considered, assessments in Food
and Nutrition, Food Microbiology, Medicines and Environmental Health focus
predominantly at health/disease, mostly physical health/disease (though several
approaches in Environmental Health are open to also include other domains).
Quantitative weighing of benefits and risks via DALYs or QALY's has been per-
formed in Food and Nutrition, Food Microbiology, Environmental Health and in
post-marketing modelling studies for Medicines. Mostly this is done within strict
and relatively narrow bounds, e.g. focusing on the health effects of food com-
pounds. In Economics and Marketing—Finance as well as Consumer Perception,
health is not the centre of attention. In the latter two, human perception and behav-
iour is an important topic of investigation, whereas the former four strive for more
‘objective’ health information. However, also there, the influence of perception
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and behaviour is acknowledged, at least to some degree, e.g. in the form of the
placebo effect and compliance to prescriptions or advice. Qualitative comparison
and use of expert judgment are part of all fields, but in differing degrees. For ex-
ample, expert opinions/judgments in different phases have an important role in the
progress of medicine benefit-risk analysis along the early stages of drug develop-
ment. In Food and Nutrition, (expert) value statements are explicitly named only
in comparison or combination of benefits and risks (e.g. qualitative comparison,
and disability weights). Non-expert value judgments are increasingly taken into
account particularly in Environmental Health.

Benefit

maximization — -
Economics &
Enviranmental health Marketing-Finance

novelfacademic

Food-Nutrition

future
position?

current position

N
Food and Nutrition:
nutrient quality/energy
Zer@ Risk
: itional/regulat
risk traditional/regulatory acceptance

current position

Food and Nutrition:
additives/contaminants

Benefit

negligence

Figure 2. Acceptance of risk and valuation of benefit within the different fields.
Location of each node represents a stereotypical approach to benefit—
risk analysis within a field. Fields with great variation regarding ac-
ceptance of risks and valuation of benefits are described as two stereo-
typical approaches representing two extremes within the field.

Another notable issue relates to differences in the valuation of benefits and the
acceptability of risks, both by consumers and managers. In Food and Nutrition and
Food Microbiology, chemical, biochemical and microbiological risks are not ac-
cepted, i.e. food safety issues are minimised to such a low level that risks are vir-
tually absent (see also Section 2.7). Especially Food Microbiology is illustrative of
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the important role of ‘risk’ in public health. In contrast, in many approaches to
Environmental Health and in Medicines, some risk is accepted for a greater bene-
fit. In Medicines, risk, in the form of adverse drug reactions, is accepted for the
greater benefit of recovery or of alleviation of symptoms. Also, by observing the
common everyday practices, some degree of risk coming from the environment in
the form of traffic, energy production, radiation, disinfection, etc. can be consid-
ered as accepted in order to meet the needs of modern society. However, the per-
ceptions of such risks may vary significantly among policy makers and the public,
and the differing perceptions may not always be backed up with well-reasoned
knowledge. Moreover, in Economics and Marketing—Finance and Consumer Per-
ception, (high) risks can be accepted if the expected benefits are higher and at least
some degree of risk is accepted as necessary to bring about benefits in general.
Some differences with respect to the degree in which risk is accepted and benefit
is valued are illustrated in Fig. 2. With respect to Food and Nutrition, there ap-
pears to be a discrepancy: risks brought about by unfavourable nutritional quality
and/or quantity of the diet (i.e. unbalanced intake of nutrients and foods resulting
in deficiencies and/or chronic disease), are more readily accepted (as voluntary,
right to choose) both by consumers and policy makers.

The field of Medicines stands out by being aimed at a single product or tech-
nology, which is tested within a controlled environment (pre-registration); the
situation in ‘real life’ (e.g. interference from other medication or from food, low
compliance) can be observed only after market approval. In all phases of the life
of a medicine, the benefit-risk balance can be different. The benefit-risk balance
can also change during the life of an individual. Within Medicines, as well as
Consumer Perception, there is a stronger individual basis than in the other areas.

Notable in Environmental Health is the development towards more interaction
between all those who are in some way related to the process (assessors, manag-
ers, industry, NGO’s, and citizens) and to let actual problems drive analyses. In
Food and Nutrition, increasing engagement between assessors and managers is
recognized to be valuable, but presently there is virtually no role for stakeholders
in assessment.
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4.3.2 lllustrative case example

The case example presented here (Table 4) to illustrate Section 3.1 from a practi-
cal viewpoint deals with dietary protein sources, in particular the effect of replac-
ing less sustainable sources with more sustainable sources. Protein and the amino
acids that build protein are important, as they form the body’s system of structural
and functional elements that exchange nitrogen with the environment and have
many other functions (Millward et al., 2008 and WHO, 2007). Converting plant
protein sources into animal protein sources is relatively inefficient and negatively
affects the ecosystem when applied on a large scale (FAO, 2006). With the in-
creasing world population and the net increased affluence, the consumption of
animal protein is increasing. Without policy action, the ecosystem is overly pres-
sured and food security is endangered. Alternative protein sources, with less im-
pact on the ecosystem, are known. They include plant sources, algae, insects and
cultured meat. The aim of the benefit-risk assessment is to support well-informed
policy making with respect to a protein transition by providing the best available
science.

From Table 4 it can be seen that the fields of Food and Nutrition, Medicines
and Food Microbiology have a rather tight focus, whereas the fields of Environ-
mental Health, Economics and Marketing—Finance and Consumer Perception
apply broader scopes in their assessments. Especially in the latter two the effect on
health/disease is only one of many considerations in the broader implications that
a shift in focus from animal to plant protein has. Table 4 also shows the different
types of measurements and approaches used to answer the assessment question.

Furthermore, the case study shows that a successful protein transition, even
when a net benefit is supported in terms of health and sustainability, co-depends
on consumer perceptions and actions in terms of its actual realization. Sustainabil-
ity and health are, for a large segment of consumers, less important drivers of food
choice than e.g. the liking of animal protein rich products. For alternatives to be
accepted, some criteria will have to be considered, among others: taste, expense,
use of technology/naturalness, and trust. Marketing and communication strategies
will be essential in creating acceptance. However, if long-term net benefit is to be
achieved, there is also an essential role for the authorities in actively ‘making the
healthy and sustainable choice the easy choice’ and implementing necessary regu-
lations towards food industry.

From the regulatory point of view, the eventual choice to shift to dietary pro-
tein sources that are more sustainable than the current animal products should not
constitute a further burden for the legislator. In case new products are being intro-
duced, the general framework to regulate risks connected to these products re-
mains the General Food Law and in particular the Novel Foods Regulation (EC
258/97).
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4.4 Opportunities for Food and Nutrition benefit-risk analysis

In this section we discuss how benefit—risk analysis for food and nutrition may
improve from looking at other research areas. A number of issues that require
further attention in Food and Nutrition have been identified (Tijhuis et al., 2011).
To name some key issues:

Paradigm. In the contemporary benefit-risk analysis paradigm (Fig. 1), as-
sessment and management are marked entities. Communication and some degree
of interaction, though acknowledged, may not currently receive the attention they
deserve, both within and between the analysis components. In addition, manage-
ment of public health in Food and Nutrition is currently still very much focused on
risk and aimed at identifying numbers below which intake is presumed to be safe.

Data. The arms of the benefit-risk assessment paradigm are not symmetric;
they currently serve different goals (i.e. to demonstrate presence of benefit and
absence of risk), they are built on different methodologies, they are rooted in dif-
ferent research traditions, etc. For a benefit-risk analysis in Food and Nutrition it
is essential that quantitative data on beneficial and adverse effects are available,
covering the relevant exposure and target population. For many foods and ingredi-
ents this is currently not available. A fundamental difficulty in this is the transla-
tion of dose and effect found in animal studies to the human situation. Apart from
this species issue, lack of dose-response data is also a problem for human studies.
There are several possible reasons for this, not always easily solvable: perfor-
mance of studies in humans is expensive, is ethically not acceptable or scientists
are not used to quantifying or presenting dose-response information; also, in bene-
fit assessment the legal situation is new.

Context and implementation. Besides issues relating to assessment and com-
parison of benefits and risks, there is currently often no explicit consideration of
which benefits and risks should be considered in different contexts and why; and
whether only health risks and benefits induced by foods and food ingredients are
sufficient in light of the practical uses of the benefit-risk analysis results. With
respect to outcomes in the form of advice, there is a discrepancy between results
from assessment of benefits and risks in the form of advice, and consumers’ be-
haviour. Input of the public and other more specified stakeholders into assessment
and management, to drive the analysis or to find solutions, is currently not com-
mon.

Below, these issues are addressed further in the form of concepts and practices
from other fields that may be incorporated (more) in Food and Nutrition benefit—
risk analysis.
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4.4.1 Paradigm

4.4.1.1 Increased engagement and communication between assessors,
managers, and stakeholders
Thus far, benefit-risk analysis in Food and Nutrition has been building on (the
clearly demarcated) assessment and management, and virtually no role has been
provided for stakeholders in these processes. However, the experiences from other
fields indicate that more intimate interaction between assessors, managers, and
stakeholders is essential for effective implementation of existing and available
knowledge. This would take form in assessors, managers, and stakeholders in the
field of Food and Nutrition each having their specific roles and responsibilities
while engaging in the shared process of developing and applying knowledge (Fig.
3). Increased engagement can enhance e.g. clarity of the relevance of assessment
questions and applicability of assessment results as well as acceptance of the out-
comes of their practical implementation.

Research Societal needs

understanding

Stakeholders

Other interests

Figure 3. A new framework for benefit—risk analysis emphasizing increased com-
munication and engagement. Creation of shared understanding based on
both science and values is at the core of the joint knowledge process.
Communication is essential during the whole process of benefit—risk
analysis. Stakeholders are explicitly acknowledged as participants in the
process.
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Communication is (increasingly more) important between all those involved in
the analysis: next to a role for professional communication specialists to address
the stakeholders/general public, the assessors and managers could benefit from
increased communicational skills between and amongst them, to result in a shared
understanding of science and values (Fig. 3). Standardized forms, formats, prac-
tices, and procedures can be helpful in facilitating communication e.g. by allowing
participants in the analysis to focus on the content instead of the format or by mak-
ing the general public more familiar with risk and benefit information. However,
the standardized formats and practices should not be made too strict and coercive,
yet be flexible enough so that they can adapt to changing needs and contexts. For
example, the information structure of Opasnet, a web-workspace for conducting
open assessments, provides a universal information structure that is applicable for
describing any kinds of phenomena, but allows quite free formatting of the actual
substance of the descriptions (Pohjola et al., 2011b). Another example is the web-
based QALIBRA software for quantitative benefit-risk assessment in foods. The
software is web-based and free to users after completing a short online training
session (www.qalibra.eu). It provides a consistent conceptual framework to help
think about, organise and execute benefit-risk assessment, and optional sharing
and discussion of assessments and data with other users.

4.4.1.2 More pragmatic problem-oriented framing of assessment

One of the aspects that can be enhanced by increased engagement, as also men-
tioned above, is framing of assessments and formulation of assessment questions
to better serve the practical needs of those who (are intended to) use the assess-
ment results in practice. Although purely curiosity-driven question setting is de-
fendable in traditional science, assessments may better be considered as processes
of applying scientific means and knowledge for practical problem solving, and
thus adopting a demand-driven pragmatic approach. In order to achieve this, in-
corporation of decision makers as well as stakeholders, e.g. consumers and indus-
try, in analysis is necessary.

Along this line, in most cases food products that consumers actually ingest
(whole foods) may be more relevant objects of benefit-risk than mere isolated
food ingredients or substances in food. Also, in addition to looking at only the
health risks or benefits of the food itself, the rest of the food pattern should receive
some attention to be practically useful.

4.4.1.3 Accepting some risk: inevitable interlinkage of risk and benefit

Risk is omnipresent, but it should be realised that so is benefit. Risk and benefit go
together. Policy aimed at the combination of minimizing risk and maximizing
benefit may result in a net higher benefit for public health than policy aimed at
minimizing risk only (van Kreijl et al., 2006). This approach implies accepting
some level of risk. Or, from a positive perspective, it means acceptance of taking
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benefit into explicit consideration. This will not only result in more informed pub-
lic health decisions, but also create more public support and understanding of the
broader picture within which decisions are made. Where the optimum for health
lies needs to be assessed on a case by case basis, addressing also the needs and
context of each specific case (see Section 4.3).

4.4.1.4 Pre- and post-marketing analysis of benefits and risk of food prod-
ucts

Based on the experiences from the medical area, both pre- and post-market anal-
yses could be required for certain food products. A pre-market assessment may be
conducted by the producer of relevant foods or food ingredients (and evaluated by
independent authorities), prior to market introduction, to address benefits and risks
according to the current knowledge level. A post-market analysis (also termed
‘postlaunch monitoring” (de Jong et al., 2007) and ‘post-market monitoring’
(Hepburn et al., 2008)) would engage all stakeholders, in particular authorities,
with inputs from consumer organisations, science and industry. Post-market anal-
yses may be triggered whenever new important evidence is gained, thus resulting
in a follow-up over years. (Passive) surveillance systems can form the first step in
identifying signals of potentially unknown risks. In addition, surveillance systems
can also follow up on beneficial physiological effects of food or food ingredients
(de Jong et al., 2007) and can be used for evaluation purposes: did a benefit-risk
advice or decision have effect? Such post-market effectiveness monitoring may
form an elegant and desirable addition to the health claims area (de Jong et al.,
2007 and Hepburn et al., 2008). This post market effectiveness monitoring could
be part of a dynamic and pro-active management plan where there is feedback
between public health efficacy, management and manufacturers.

4.4.2 Data

4.4.2.1 Explicit communication of the assessment purpose, input and out-
put

If benefit-risk analysis intends to achieve its goals of improving public health
through the realized net benefits of consuming food products, it needs to produce
explicit messages of their benefits and risks as well as the factors that influence
them. There is ongoing discussion regarding the common currencies being devel-
oped and applied for aggregating and communicating multifaceted health and
other outcomes (Tijhuis et al., 2011). One area of research that is still open is how
to better take account of above average health states within the aggregated
measures, e.g. quality weights. Also, the long-accepted definition of health (WHO,
1948) is now increasingly being debated to include the ability to adapt (Anony-
mous, 2009 and Huber et al., 2011).
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Often it is advisable, if possible, to use more than one outcome measure, for
example DALY and cost effectiveness. This will also show the broader perspec-
tive that surrounds each case, and may prevent or lower a false sense of security
that quantification of complex issues in one measure may give. Finding optimal
(combinations of) aggregated measures is important, however, it may be even
more important to consider how to best explicate the essential aspects of the in-
formation produced in the analysis in different situations and contexts.

It needs to be realized that all models are inherently false if the goal is to 100%
reflect reality; they can be useful, however, when used and interpreted in the right
way. Some input into the models is surrounded by more uncertainty than other.
This can be at least evaluated by sensitivity analyses or value of information anal-
ysis (Saltelli and Annoni, 2010 and Tuomisto et al., 2004). The uncertainties can
be made explicit. Some uncertainties may not be very important for the outcome.
Uncertainty is more important for the parameters that drive the outcome, or in
other words: that form the basis for the ultimate decision. It also needs to be real-
ized that different expertises are involved and required in creating the output, such
as mathematicians, nutritionists, toxicologists, medical doctors, etc. Increased
interaction between disciplines and domains will optimize the modelling, the input
the models require and their interpretation.

4.4.2.2 More human (dose-response) data and more efficient use of hu-
man data

Human data are more valuable than animal data for assessing both benefits and
risks, as there is no need to extrapolate/translate dose, effects and physiological
differences. Human data, however, are also less available: they are often more
expensive and more difficult (sometimes impossible) to obtain than animal data.
On two accounts, however, benefit-risk analysis could benefit relatively easily
from data that already exists or is conveniently available.

Firstly, researchers often can present more quantitative data in their publica-
tions. For example, when presenting a group risk covering a range of exposures
(e.g. a quartile), information on exposure and its variation can be included.

Secondly, human data can also be obtained in the post-market phase for prod-
ucts for human use (see also Section 4.1). Obtaining data in the post-market phase
has advantages. It allows real-life information to be incorporated into the assess-
ment, such as compliance, compensation behaviour and real-life effect size. Also,
it benefits from high numbers compared to pre-market data. Experience in Medi-
cines has also shown limitations of post-marketing surveillance, however, such as
reporting bias and selection bias. In the social sciences, there is a new trend to
actively let consumers participate in data generation, in the form of creating panels
to obtain research data. It may be informative to follow this development.

As the availability of applicable data is hampering the use of benefit-risk anal-
ysis in Food and Nutrition, it may be relevant to establish a database on benefit
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and risk data and research to promote and coordinate its further development.
However, selective reporting should be prevented and thus a system of registration
before execution of the assessment (as required in the clinical trial database)
would have to be considered.

4.4.2.3 Distinguishing physiologically different populations within the cus-
tomer population

As in Medicines, where the dynamics of the benefit-risk profile throughout the
life cycle is recognized, some researchers in Food and Nutrition are also develop-
ing towards a more inter- and intra-individualised approach. For example, in the
window of benefit approach, inter- and intra-individual variation is explicitly tak-
en into account (Tijhuis et al., 2011). One disadvantage of population health
measures is that its effects are not always visible for individuals (prevention para-
dox). This could be overcome by a more individualised approach, which may have
an additional psychological advantage of increased compliance. Difficulty is that
the more a subgroup approaches the individual (i.e., n = 1), the more difficult it
becomes to show the effectiveness of a measure, using traditional statistical meth-
ods.

In some cases, benefits and risks apply to different population segments. For
example, by fortifying a staple food with folic acid, the children of women in the
Ist trimester of pregnancy (the target group) will benefit from the risk reduction of
neural tube defects, but other groups may also be affected (and not always favora-
bly) (Hoekstra et al., 2008). Both an opportunity and a challenge lie in specifically
targeting the population groups that benefit most from the food product.

4.4.2.4 Explicit consideration of value judgments in assessment

Value judgments, based e.g. on opinions, interpretations and perceptions, have an
important influence on decision making and behaviour e.g. by food safety manag-
ers, food producers, marketers and consumers. Therefore, identification and un-
derstanding of the values that drive e.g. decisions of managers and behaviour of
consumers need to be explicitly taken into account in systematic assessment
alongside scientific facts. This is essential for the assessments to serve the practi-
cal needs of decision making. This is not to say that subjective value judgment
could replace systematically obtained research-based data and information in as-
sessment (though assumptions, choices and interpretations are actually already an
integral part of obtaining the objective quantitative data, and the use of assessment
results is subsequently guided by subjective opinions in policy making). But it can
complement scientific knowledge by making it more coherent, relevant, and appli-
cable. For example, in the context of the case study (Table 4), a good benefit-risk
assessment must systematically consider the differing value judgments regarding
e.g. the importance of environmental protection, biodiversity, human health, per-
sonal preferences about different foods, and cultural traditions that relate to the
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issue of replacing animal protein with protein from other sources in the diet. Fail-
ing to do so would likely result in assessment outputs that are of little value in
practical decision making. Value judgments are thus relevant and valuable input to
the science-based assessments as parts of effective benefit-risk analysis.

4.4.3 Context

4.4.3.1 Integration of multiple benefits and risks from multiple domains
Integration of multiple benefits and risks from multiple domains is an essential
means for achieving enhanced applicability of assessment results. Most often, a
reductionist approach to benefit-risk analysis, focusing on narrowly bound prob-
lems, is not adequate for serving practical real needs that do not obey disciplinary
boundaries. Therefore, assessment and management should allow for broad inte-
gration of both benefits and risks from multiple domains, according to needs. By
taking a holistic view of benefit-risk analysis at an early stage, decisions on which
scientific areas should be included in the benefit-risk analysis will focus the as-
sessments. Not all other factors can be integrated into a common measure and
aspects of health may remain in the focus of the process. However, they can be
placed within a reasonable context, or bigger picture, provided by the other as-
pects to be considered. For example, benefit-risk assessment on fish consumption
can show that benefits prevail over risks, but consideration of sustainability issues
or consumer preferences may steer the analysis towards inclusion of farmed fish
raised on sustainable feed or alternative non-fish sources.

The importance of integration and contextualization is also illustrated by the
case study in Section 3.2. In the field of Food and Nutrition, dealing mostly with
health, it can be quite relevant to consider also consumer perception and behav-
iour, ethics, environment, industry interests, etc. It should be noted that the rele-
vance of context is already part of the principles of Food Law as “other legitimate
factors” http://ec.europa.eu/food/food/foodlaw/principles/index en.htm, making
room for consideration also of benefits. However, good documenting of the factors
and practices to incorporate them are still lacking.

4.4.3.2 Explicit recognition of the impact of consumer beliefs, opinions,
views, perceptions, and attitudes on behaviour

Consumers are an essential stakeholder group regarding food and nutrition. In the
process of benefit-risk analysis of Food and Nutrition, it needs to be taken into
account in what direction and to what extent food and nutrition aspects may influ-
ence consumer behaviour. This includes studies on human decision making, on
behaviour of market segments and on benefit-risk tradeoffs in these groups.
Alongside benefit-risk assessment on a physiological level, consumer characteris-
tics such as perceptions or values can be measured in order to correct for differ-
ences between consumers or target groups in how they behave with respect to the
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problem. For example, in the case of monosodium glutamate (MSG), concerns by
consumers and consumer groups about MSG consumption (Freeman,
2006 and Williams and Woessner, 2009), influenced by commonly available non-
scientific information, override scientific knowledge (Singh, 2011) to the extent
that food industry has begun reducing or removing MSG from their products
(http://www.toro.no/index.php?mapping=344;
http://www.unilever.com.vn/brands/foodbrands/knorr/index.aspx). Whether or not
the consumer behaviour in this case can be backed up by Food and Nutrition re-
search results, recognition of its existence and understanding of its basis and im-
pacts is important in assessment as well as decision making by food safety manag-
ers, consumers, producers, marketers and other stakeholders. Consumer studies
can qualitatively and quantitatively assess consumers’ compliance with advice and
why benefits and risks are acted upon in different ways, both cognitively and un-
consciously. The data thus provided can be used as feedback in the benefit-risk
analysis, to overcome the difficulties associated with the traditional science-
decision-communication approach. Just as a hazard is not a risk until there is
exposure, a food is not healthy until it’s eaten. An important contribution of con-
sumer research to benefit—risk analysis in food and nutrition is particularly related
to how to implement measures to achieve the best effects. Identification of rele-
vant target groups and formulating communication strategies that work, are major
aspects that could benefit the goals of benefit-risk analysis in food and nutrition.
From a management perspective, taking consumers’ view-points into account is
relevant in the implementation phase when the aim of the benefit-risk analysis is
to provide advice, directions or action plans. Specifically: in case consumer’s
viewpoints are not in conformity with current scientific insights, risk managers
should strive for means of an appropriate consumer information and education.

4.4.3.3 Segmenting market participants behaviour

Differentiation of sub-groups can take place in terms of physiological characteris-
tics, as addressed before, but also in terms of their cultural, cognitive and behav-
ioural characteristics.

The segmentation criteria for grouping the behaviour of market participants
depending on whether the food offering is aiming to reach the end-user (e.g. con-
sumer) or another business are different. The more typical criteria for segmenting
prospects at a corporate business level usually entail the industry type, the size of
the corporation, e.g. in terms of revenues or employees, time-related factors, ac-
cess to competitive offerings, and the need for customization, among others. The
criteria that are often used to group the behaviour of individual market participants
(e.g. consumers) may include demographics, cultural-, economic-, religion-related,
social-status, accessibility to food offerings, and avocation-related interests,
among others. Yet, once the identification of specific segments has been achieved,
there is a series of subtle influences on the buying behaviour such as the beliefs,
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views, concerns, attitudes, perceptions, information needs, brand awareness, and
commitment to specific values and business operations of market participants.
That is, a series of unobservable (e.g. latent) factors may influence the purchasing
behaviour and/or decisions of different segments of food producers, wholesalers,
retailers, managers, and consumers. Moreover, the differing preferences of market
participants that are attributable to their heterogeneous desires and varying wants
may be driven by several unobservable factors often referred in the academic liter-
ature as behavioural anomalies, such as humans’ personality traits (e.g. need for
cognition, ambiguity, need for certainty, risk-aversion, loss-aversion, myopia,
overconfidence) or heuristics (i.e., rules of thumb) that lead people to find things
out for themselves, usually by trial and error.

The consideration of a heterogeneous food market as a number of smaller ho-
mogenous food markets, highlights the diversity in market participants attitudes,
perceptions and preferences and their driving forces. This view reflects the mar-
ket-orientation of the food industry. Such an orientation is essential if segmenta-
tion of market participants’ behaviour in the agribusiness and food markets may
be used as one of building blocks of effective food and nutrition policy-making
and marketing-management planning.

4.5 Conclusions

The BEPRARIBEAN project has looked into benefit-risk analysis within six dif-
ferent, but somewhat interrelated, scientific fields. The main findings of the pro-
ject are described in the previous sections, particularly in the form of the key mes-
sages in the section ‘Opportunities for food and nutrition benefit-risk analysis’.

While looking into benefit-risk analysis from different scientific perspectives
we realized that different fields are facing similar problems. All fields struggle
with the challenges of aggregation, weighing, and comparison of multiple benefits
and risks. This stresses the need for an interdisciplinary approach and mutual
learning. We identified some differences with respect to the degree in which risk
is accepted (Fig. 2). Consumer and marketing sciences could give useful insight in
the psychological mechanisms behind this and give advice in how to target specif-
ic groups or how to put risk perceptions into perspective. Stakeholder participation
is increasingly valued as important, thereby granting it a position in the benefit—
risk analysis-triad next to assessment and management (Fig. 3). Increasing interac-
tion between the three is essential for making policy decisions addressing real
public health issues, using the best available scientific data on diet-health rela-
tions. We want to emphasize again that interaction can and should take place
without each losing its own responsibilities, roles and interests. The tiered ap-
proach and transparency in assessment proposed for the Food and Nutrition field
(Tijhuis et al., 2011) is one way to support this.
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Altogether, the key messages suggest that benefit-risk analysis in Food and
Nutrition should be considered as a joint process where the experts, professional
decision makers, as well as consumers and other stakeholders come together to
create shared understanding (Fig. 3). In this, different domains of benefits and
risks are explicitly considered, as are their greatest net benefits (taking subgroups
into account). Focusing on food safety and not addressing food benefits is a risk
management decision just as much as accepting some risk in order to achieve
more benefits. Either way, both policy makers and consumers should let go of the
artificial line between risk coming from chemicals and micro-organisms in the diet
(captured in regulation for consumer protection) and risk coming from a bad quali-
ty and quantity of the diet (captured in dietary advice for consumer protection). In
the end, for both situations, the result is disease and burden to society; as the for-
mer is currently relatively well taken care of, the latter currently has much larger
impact on public health and resources (Tijhuis et al., 2011, UN, 2011 and van
Kreijl et al., 2000).

The identification of several key messages that describe how Food and Nutri-
tion benefit-risk analysis, as well as benefit-risk analysis in general, should be
practiced is not an end in itself. Rather, it gives guidance for developing and im-
plementing such practices in order to make this vision a reality. This work will
require further development of the systems and tools started in previous projects
and adoption of new methods, tools, and data sources to support the improved
benefit-risk analysis practices. Contributions are required from all relevant actors
in the analysis in order to promote the realization of improved benefit-risk analy-
sis. Regulatory frameworks may need to be adjusted to allow and support the new
contexts and practices of analysis. Managers may need to adopt a more active role
as participants in knowledge creation and allow for broader involvement of other
participants in the analysis. Assessors also need to adapt their attitudes towards
considering themselves in the role of facilitating the development of shared under-
standing, not only among experts, but also among managers and stakeholders.
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Abstract

Issues of environment and environmental health involve multiple interests regard-
ing e.g. political, societal, economical, and public concerns represented by differ-
ent kinds of organizations and individuals. Not surprisingly, stakeholder and pub-
lic participation has become a major issue in environmental and environmental
health policy and assessment. The need for participation has been discussed and
reasoned by many, including environmental legislators around the world. In prin-
ciple, participation is generally considered as desirable and the focus of most
scholars and practitioners is on carrying out participation, and making participa-
tion more effective. In practice also doubts regarding the effectiveness and im-
portance of participation exist among policy makers, assessors, and public, leading
even to undermining participatory practices in policy making and assessment.
There are many possible purposes for participation, and different possible models
of interaction between assessment and policy. A solid conceptual understanding of
the interrelations between participation, assessment, and policy making is neces-
sary in order to design and implement effective participatory practices. In this
paper we ask, do current common conceptions of assessment, policy making and
participation provide a sufficient framework for achieving effective participation?
This question is addresses by reviewing the range of approaches to participation in
assessment and policy making upon issues of environment and environmental
health and some related insights from recent research projects, INTARESE and
BENERIS. Openness, considered e.g. in terms of a) scope of participation, b)
access to information, ¢) scope of contribution, d) timing of openness, and e) im-
pact of contribution, provides a new perspective to the relationships between par-
ticipation, assessment and policy making. Participation, assessment, and policy
making form an inherently intertwined complex with interrelated objectives and
outcomes. Based on experiences from implementing openness, we suggest com-
plete openness as the new default, deviation from which should be explicitly ar-
gued, in assessment and policy making upon issues of environment and environ-
mental health. Openness does not undermine the existing participatory models and
techniques, but provides conceptual means for their more effective application,
and opens up avenues for developing new kinds of effective participatory practices
that aim for societal development through collaborative creation of knowledge.
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5.1 Introduction

Stakeholder and public participation is undoubtedly one of the most central topics
in contemporary discourse regarding environmental and environmental health
policy and assessment. Environmental issues typically involve multiple interests
regarding e.g. political, societal, economical, and public concerns and particularly
in cases where they are known or perceived to relate either directly or indirectly to
human health and well-being, the concerns often also become very personal. In
such a setting of physical, chemical, biological, and societal complexity, it is
widely accepted as important to include plural perspectives, particularly from the
“affected parties”, in the processes of policy making as well as the processes of
producing information to guide and support policy making. As the idea of partici-
pation mainly builds on the theories and practices of democracy [1,2], this is par-
ticularly the case in the so called Western democracies, but increasingly also in
countries not generally considered as democratic by their constitution, such as the
People’s Republic of China [3,4].

In addition to being founded on the principles of democracy, public participa-
tion is addressed in several intergovernmental agreements, e.g. the Principle 10 of
the Rio Declaration [5], and the Aarhus Convention on Access to Information,
Public Participation in Decision- Making and Access to Justice in Environmental
Matters [6]. Also several laws on different levels of governance around the world,
e.g. the EU Strategic Environmental Assessment Directive (2001/42/EC), the EU
Public Participation Directive (2003/35/EC), The Law of the People’s Republic of
China on Environmental Impact Assessment [4], and the Finnish Environmental
Impact Assessment (EIA) Act (468/94) and corresponding EIA Decree (713/
2006), explicitly consider public participation and describe legal frameworks for
its application. The legal requirements provide, however, only one perspective to
participation. Importance of participation is also argued for example based on
ethical, political, pragmatic, and epistemological [7] as well as substantive, norma-
tive, and instrumental reasons [1], and participation is seen to have the potential to
deliver e.g. substantive, procedural, and contextual effects [8,9]. Participation in
assessment and policy making upon issues of environment and environmental
health has become commonplace.

This paper explores the following question: do current common conceptions of
assessment, policy making and participation provide a sufficient framework for
achieving effective participation? By effectiveness we mean influence on the out-
comes, i.e. changes in values, attitudes, and behaviour in the society (cf. [10]), of
the processes that the participation relates to, e.g. participatory assessments or
policy making.

Policy making is here understood as decision making upon issues of societal
importance and assessments are considered as systematic science-based endeav-
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ours of producing information to support policy making. Public participation and
stakeholder involvement are here seen as instances of the same issue which is
mostly referred to as participation, meaning contributions from the parties, organi-
zations or individuals that do not have formal roles as decision makers or experts
in the assessment or policy processes in question.

These broad definitions allow inclusion of various types of participation, as-
sessment, and policy making, practiced in and designed for several societal, insti-
tutional and geographical contexts by many different actors. For example, risk
assessment, environmental impact assessment, and health impact assessment,
whether practiced by consultants, federal agencies, or academic researchers, in
Europe, USA, or China, are considered as just different manifestations of the fun-
damentally same process of science-based policy support. They are, however,
clearly distinguishable from curiosity- driven research, ad hoc assessments, or
assessments made to justify predetermined decisions. Here we focus on issues
relevant to environment and environmental health, but the implications can be
extended also to many other substantive contexts.

Answers to the question are sought for by discussing recent literature relevant
to the question. That knowledge is complemented with some insights from recent
research projects, INTARESE (Integrated Assessment of Health Risks of Envi-
ronmental Stressors in Europe) [11] and BENERIS (Benefit-Risk Assessment of
Food: an Iterative Value-of-Information Approach) [12].

INTARESE was an EU-funded research project running from 2005 to 2011,
developing methodology and tools for integrated environmental health impact
assessment (IEHIA), and testing them in case studies. BENERIS was also an EU-
funded research project running from 2006 to 2009, developing a framework and
tools for complicated benefit-risk situations, and applying them for analyzing
benefits and risk of certain foods.

The review starts from purposes of participation and ends in consideration of
openness. Overall, it presents a new perspective to the relationships between par-
ticipation, assessment, and policy making.

5.2 Review

5.2.1 Purpose of participation

The discourse on participation, involving both scholars and practitioners has pri-
marily focused on implementation of participation while the multiple objectives
and purposes of participation, particularly in relation to the objectives and purpos-
es of the processes they relate to, have received much less attention [13]. This
discourse has resulted for example in various guidance documents for stakeholder
involvement [8,14,15], detailed presentation and discussion of various models for
public participation, [16-21], and analysis of the applicability of participation
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techniques [22-24]. Although they are all important contributions to developing
understanding about participation and its implementation, it is not always easy to
identify how they link to the “outcome effectiveness of participatory processes in
their societal context”, as Newig [25] put it in developing his analytical framework
for evaluating the impact of participation to improved environmental quality.
Many means for public participation exist, but the ends they serve may not always
be explicitly identified (for more on the theory of means-ends relationships, see
e.g. [26]).

Despite the theoretical stance that participation is generally viewed as highly
desirable and its benefits are often assumed to be obvious and substantial [13], the
practices of policy making and assessment do not always represent this view. For
instance, in a Finnish environmental permit case on a waste treatment activity the
decision-maker, the permit applicant, as well as the stakeholders all questioned the
meaningfulness of participation in the process, although in principle participation
was seen as important by all [27]. The inconsistent utilization of public’s contribu-
tions has also been seen as a general weakness in the Finnish environmental im-
pact assessment system due to being strongly dependent on the developer’s atti-
tudes towards participation as well as the weak links between the assessment and
related decision making processes [28]. This can be assumed representative of
many other environmental impact assessment systems conducted under the EU
Environmental Impact Assessment Directive (85/337/EEC) as well. Also in Cana-
da the record of project-based environmental assessment in delivering on the
promise of meaningful public participation has been identified as less than promis-
ing [29].

A major source of the problem with participation is that it has been more fo-
cused on process and access, rather than on outcomes [29]. It appears that the
issue of effective participation needs to be considered in terms of the different
possible purposes of both participation and assessment as well as their roles in the
related policy making processes. O’Faircheallaigh [13] has presented a nice char-
acterization of ten specific purposes and activities, categorised under three broad
purposes, for public participation in environmental impact assessment. The char-
acterization is made in such a generic way, i.e. not bound to any specifics of con-
temporary environmental impact assessment practices, that we here assume it
generalisable to all policy making and assessment regarding environmental and
environmental health issues. According to O’Faircheallaigh [13] the three broad
purposes for participation are:

* Obtain public input into decisions taken elsewhere
¢ Share decision making with public
e Alter distribution of power and structures of decision making
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These categories roughly correspond to 1) participation influencing assess-
ments and (potentially) their outputs, 2) participation influencing policy making
and (potentially) policy decisions, and 3) participation as a means for influencing
policy making from outside the existing institutional policy making structures.
Within the broad purposes there can be several more specific sub-purposes, many
of which are identified and discussed by O’Faircheallaigh [13], e.g. according to
the kinds of expected, desired or allowed participant contributions. It is important
to note that the purposes for participation are not exclusive, but can, and in fact
often do, co-exist and interact. Advancing of different purposes of participation is
strongly dependent on the attitudes towards participation among those who control
the policy making and assessment processes, but also the types of interaction be-
tween assessment and policy making. Particularly this becomes apparent when
attempting to advance several specific purposes of participation across categories,
for example simultaneously filling information gaps with local knowledge, invit-
ing public to decision making, and especially empowering marginalized groups
(cf. [13]).

The relationships between participation, assessment, policy making, and their
outcomes are outlined in Figure 1 and discussed in following sections.

5.2.2 Role of participation in assessment

There are multiple kinds of assessment that serve different purposes and address
different kinds of questions, and thereby provide different contexts for participa-
tion. For example, Pope et al. [30] have differentiated between a) ex-post, project-
based assessments (a typical kind for environmental impact assessment), b) ex-
ante, objectives- led assessment (a typical kind for strategic environmental as-
sessment), and c) (a more theoretical) assessment for sustainability. Briggs [31],
on the other hand has differentiated between i) diagnostic assessment (does a
problem exist, is policy action needed?), ii) prognostic assessment (implications of
potential policy options, which option to choose?), and iii) summative assessments
(effectiveness of existing policies). Assessment approaches may also be character-
ized according to their contexts of development and application as more regulatory
or academic in their nature [32].

Many other classifications exist and new ones could be made, but what is im-
portant from the point of view of participation in assessments is the possible influ-
ence that is allowed for participation in different assessment settings. For example,
does the assessment structure allow for rethinking a project at the time the public
is engaged in a project-based environmental assessment (cf. [29])?, can the stake-
holders influence the choice of policy options to be considered in a prognostic
integrated environmental health impact assessment (cf. [31])?, or does a down-
stream user of a chemical product have any other role besides providing assessors
with information on specific chemical use contexts in a REACH (Registration,
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Evaluation, Authorisation and Restriction of Chemical Substances (EU)) chemical
safety assessment [33]? The framing of an assessment approach can be a signifi-
cant constraining factor for potential effectiveness of participation.

Quite often stakeholder involvement and public participation are seen as spe-
cific steps or stages in the assessment process (e.g. [31,34,35], Finnish EIA Act
(468/94)), which may limit the possible influence of participation to only certain
questions topical at that particular stage. Also according to the study on the state-
of-the-art in benefit-risk analysis conducted in the BEPRARIBEAN (Best Practic-
es for Risk-Benefit Analysis of Foods) project [36], the commonly applied, con-
temporarily well established approaches to environmental health assessment treat
stakeholder involvement and public participation rather as an add-on, often
brought about by legal requirements, than as an essential aspect of assessment or
decision making processes [32].

Other influence

Assessment Decision making |
Participation
Figure 1. Relationships between participation, assessment, policy making, and

their outcomes. Arrows depict alternative routes for potential influence
from participation to outcomes.

5.2.3 Role of participation in policy making

On the other hand, in many aspects the level of influence that participation in as-
sessments can have is not directly in control of the assessors. For example, in the
aforementioned Finnish environmental impact assessment system, where partici-
pation is legally enforced as a part of the assessment process, the decision making
structures outside the assessment may induce that certain aspects of assessment
results, e.g. in particular public concerns regarding social impacts, cannot be given
weight in the decision making [28]. Also the Finnish land use planning system, in
which there are legal requirements for impact assessment including public partici-
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pation, treats planning (zoning) and development as separate processes, which
means that the details of planned development, issues of great public interest, are
outside the scope of assessment and stakeholder involvement [37]. Both of these
examples describe national implementations of EU directives, and are thereby
somewhat representative of the whole target area of the corresponding EU legisla-
tion.

The influence of assessment, participation, as well as all other potential inputs
to policy making is much determined by the setting in which policy decisions are
being made. As an example from another kind of societal context, the Chinese
authorities may welcome public participation if it improves the quality of infor-
mation available to government decision makers, but may not at all be willing to
give public the power to contribute to and influence decision making by participat-
ing in the formulation of a proposal, the whole assessment process, the implemen-
tation, and the evaluation of a proposal [4,13].

5.2.4 Indirect participatory influence

If no satisfactory roles are provided for public, or even expert, input directly in
decision making or indirectly through assessment, alternative options for influenc-
ing policy need to be looked for outside the institutionalized decision making
structures, as pointed out also by O’Faircheallaigh [13]. In fact, quite many, par-
ticularly the more academic, assessment approaches, although explicitly aiming to
support policy making, do not explicitly describe their linkages to any particular
specific policy uses [32]. This may be interpreted indicative of their, more or less
implicit, intentions to activate also other channels than only direct influence to
policy making. An alternative way to advance the societal purposes of assessments
is e.g. to promote social learning among public officials, market players, and citi-
zens. Also in the recent evaluation of the existing EIA legislation in Finland the
indirect influence of the information and knowledge obtained in the participatory
assessment, which does not directly serve the formal sectoral permit decision pro-
cesses related to the assessed project, was interpreted as an important aspect of the
Finnish EIA system by contributing to the general awareness among the society
upon the environmental and health impacts of on-going developments [38].

5.2.5 Assessment-policy interaction

As has been pointed out above, the interaction between assessment and policy
making can be crucial for effective participation. Another question then is what
influences the assessment results, potentially influenced by participation, have in
the related decision making processes. Although often quite credulously assumed
by assessors and assessment scholars that assessments have significant impacts to
the decision making processes they aim to serve (cf. [13]), few approaches to as-
sessment actually even explicitly consider assessment performance in terms of the
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outcomes of using the assessment results in their intended contexts of use [32,39].
Concerns have also been expressed that the emphasis in environmental impact
assessment has been more on process and procedure, rather than on purpose and
effects [40,41].

Assessment-policy, as well as related science-policy and research-practice, re-
lationships have recently been subjects of intense discussion and several character-
izations of the interfaces or boundaries in between them have been presented from
different viewpoints. For example Sterk et al. [42] have characterized five bounda-
ry arrangements of varying levels of engagement between science and policy, van
Kerkhoff and Lebel [43] have presented six categories of relationships between
research-based knowledge and action, a continuum of increasing engagement and
power sharing, and Cashmore [40] has described a spectrum of five models repre-
senting varying conceptions of the role of science, and participation, in environ-
mental impact assessment. In addition, the relationships have been considered in
multiple other discourses, e.g. on trans- and interdisciplinary research [44-47],
regulatory science [48], Integration and implementation sciences [49], post-normal
science [50], integrated research [51], informing science [52], knowledge broker-
age [53,54], science integrators [55], boundary organizations, objects and systems
[56-58], science-policy interfaces [59], participatory integrated assessment
[60,61], environmental health assessment [32], making use of science in policy
[62-64], adaptive governance [65-67], policy integration [68], policy practice [69],
and policy analysis [70].

Although the viewpoints, bases and contexts in the above mentioned discours-
es vary, in aggregate they seem to be pointing to the direction of increased open-
ness. According to our interpretations in the context of this paper, of the main
lessons from these discourses regarding assessment-policy interaction and partici-
pation are as follows:

* The traditional model of disengaged scientific assessment and policy making is
increasingly considered both by policy makers and researchers as inadequate to
address existing policy needs sufficiently

* There is a need for more pragmatic needs-oriented question setting in assess-
ments

* Deeper engagement between assessment and policy making is essential for
policy effectiveness

» Stakeholder and public participation is essential for relevance both in assess-
ment and policy making

* Values are an important aspect of the needed knowledge input for both assess-
ment and policy making.
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This broad gradual movement could be characterized as a shifting of both as-
sessment and participation from the lower degrees of involvement, e.g. informing
or information collection, towards the higher degrees of involvement, e.g. co-
deciding, delegated power, joint planning, or partnering, in relation to policy mak-
ing (cf. [8,15,20,40]). The shift can also be identified e.g. by observing the devel-
opment in the perspectives to the relationship between risk assessment and risk
management adopted in the publications of the NRC (National Research Council
(USA)): from strict disengagement in the so called Red Book [71] to binding
through deliberative characterization in the so called Orange Book [72], and on to
an intertwined process of risk-based decision making in the recent so called Silver
Book [73]. Also the role of stakeholder involvement has grown alongside the de-
velopment of assessment-policy interaction.

Participation, assessment, and policy making are becoming to be perceived as
an intertwined complex that needs to be considered as a whole, not as separate
independent entities. The question of effective participation is thus meaningful
only in the broader context that also concerns the purposes and effects of policy
making and the processes of producing the knowledge that it is based on. Howev-
er, as has been pointed out above, the common current practices of participation,
assessment, and policy making are not necessarily always in line with the latest
discourses in the literature.

5.2.6 Dimensions of openness

One obstacle for effectively addressing the issue of effective participation may be
the concept of participation itself. As long as the discourse focuses on participa-
tion, one is easily misled to considering it as an independent entity with purposes,
goals and values in itself, without explicitly relating it to the broader context of the
processes whose purposes it is intended to serve. The conceptual framework we
call the dimensions of openness attempts to overcome this obstacle by considering
the issue of effective participation in terms of openness in the processes of as-
sessment and decision making. The framework was developed as a part of the
assessment methodology development in the INTARESE project, and it is intend-
ed as guidance for designing and managing participatory assessment and decision
making practices. In the project, the development work was originally motivated
by a notion of a simultaneous need to improve effectiveness of assessments in
environmental health policy making as well as to improve effectiveness and mean-
ingfulness of stakeholder involvement in environmental health assessments.

As the name implies, the framework consists of five essential dimensions of
openness in assessment and decision making, or more generally, creation and use
of collective knowledge. The dimensions of openness does not attempt to provide
an exhaustive and mutually exclusive list of all aspects of openness, but to expli-
cate and emphasize those that are seen as the most essential ones in the context of
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environment and health assessment and policy. The five dimensions of openness
are:

* Scope of participation, referring to who are allowed to participate in the pro-
cess.

* Access to information, referring to what information regarding the issue at
hand is made available to participants.

* Timing of openness, referring to when participants are invited or allowed to
participate.

* Scope of contribution, referring to which aspects of the issue at hand partici-
pants are invited or allowed to contribute to.

* Impact of contribution, referring to what extent are participant contributions
allowed to have influence on the outcomes, i.e. how much weight is given to
participant contributions.

The dimensions of openness compile the main issues of participation in one
solid framework. In the framework, the more commonly addressed questions of
access (to process and to information) and timing of participation are comple-
mented with less commonly addressed questions of extent and influence of partic-
ipation on the outcomes of the process. The five dimensions can be considered as
the determinants of the possibilities and limitations provided by the context for the
effectiveness of participation. As such, the framework explicates the aspects of
openness that need to be taken account of in order to match the processes and
procedures of collective knowledge creation and use, e.g. environmental health
assessment and related policy making, with their aims and purposes. Thereby it
also provides a means for identifying the relationships between participation, as-
sessment, and decision making.

The framework bears resemblance e.g. to the criteria for evaluating implemen-
tation of the Aarhus Convention principles by Hartley and Wood [23], the catego-
ries to distinguish a discrete set of public and stakeholder engagement options by
Burgess and Clark [74], and particularly the seven categories of principles of pub-
lic participation by Webler and Tuler [75]. However, whereas they were con-
structed for the use of evaluating or describing existing participatory practices or
designs, the dimensions of openness framework is explicitly and particularly in-
tended to be used as a checklist type guidance to support design and management
of participatory assessment and decision making processes.

The perspective adopted in the framework can be characterized as contentual
because it primarily focuses on the issue in consideration and describing the pre-
requisites to influencing it, instead of being confined to only considering tech-
niques and manoeuvres to execute participation events. Thereby it helps in partici-
patory assessment and decision making processes to achieve their objectives, and
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on the other hand in providing possibilities for meaningful and effective participa-
tion. The framework does not, however, tell how participation should be arranged,
but rests on the existing and continually developing knowledge base on participa-
tory models and techniques. Although a contentual perspective to participation,
dimensions of openness does not contradict with the procedural perspectives to
participation, but rather provides a backdrop for their effective application.

The contentual perspective makes the framework applicable in design and
management of both assessment and policy making processes. Although assess-
ment and decision making may appear as very different kinds of processes, the
choice of point of view is actually only a question of adjusting the scope of appli-
cation of the framework; whether decision makers are included in an assessment
or not? After all, assessment and related decision making should ideally only be
alternative perspectives to the same issue, the former emphasizing the develop-
ment of knowledge, the latter emphasizing the use of knowledge. Within the con-
tentual perspective, everyone, including also e.g. authorities, project managers,
and experts, not only public, stakeholders, NGO’s (non-governmental organiza-
tions) etc., are considered as participants to development and implementation of
knowledge. They are all considered as, at least potentially, relevant contributors to
either creating knowledge or deciding about an issue of interest. The different
kinds of participants naturally take different roles according to their interests, ca-
pabilities, professions, as well as formal and legal positions in relation to the issue.

The degree of openness can be managed in terms of the dimensions of open-
ness according to specific purposes and goals. The situational, contextual, and
practical issues, for example legal requirements, public perceptions, available
resources, time constraints, complexity of the case, confidentiality etc. also need to
be taken account of in deciding upon suitable degree of openness. The degree of
openness can be adjusted separately for different groups of participants, or even on
an individual basis, and varying from a case to another, as needed. The overall
openness of the process can be considered as a function of all five dimensions
across all roles, although it should be noted that the dimensions are not independ-
ent, but rather interrelated.

For example, the first dimension, scope of contribution, determines the partici-
pant groups among which questions regarding e.g. access to information or scope
of contribution are only even relevant. In addition, while all dimensions contribute
to the overall openness, it is the fifth dimension, the impact of contribution, which
ultimately determines the effect on the outcome. Accordingly, it is recommended
that aspects of openness in assessment and decision making processes are consid-
ered step-by-step, following the order as presented above.

The greatest power of the framework is that it puts the issue at hand in focus
and does not build on any preconceptions about possible or acceptable inputs to its
development. It allows to first ask what are the inputs needed to develop the issue
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to achieve its purpose, and then consider the arrangement for its realization, with-
out being preconfined to existing conventions and institutions of participation,
assessment and decision making, which, as argued above, are in many cases
known to be inadequate. The framework 1) provides a context for evaluation and
constructive criticism of existing conventions and institutions, ii) facilitates inno-
vative application of existing means for participatory processes within and along-
side the existing conventions and institutions, and iii) promotes development of
new means, conventions and institutions for participatory practice. Thinking in
terms of openness provides a new perspective to participation in assessment and
policy making.

5.2.7 Implementation of openness

The first version of the dimensions of openness framework was developed already
in the early phases of the INTARESE project. At the same time also an alternative,
procedural, assessment approach was developed within the project, eventually
leading to the formulation of the IEHIA method [31]. Although in retrospect it can
be seen that the dimensions of openness framework and the IEHIA method are
complementary rather than fundamentally contradictory, some practical difficul-
ties in merging these views led into their development side by side rather than
together within the project. Consequently, the dimensions of openness framework
was eventually taken for further development and application also outside the
project. In practice, this meant that the authors, also the initiators of the framework
development, began to develop and apply the dimensions of openness framework
in their work for developing a new, more holistic approach for environmental
health risk analysis within one of the partnering institutions, the National Institute
for Health and Welfare (THL) from Finland. The approach was first known as
Pyrkild (originating from the Finnish word pyrkid, to strive for), and later as open
risk assessment [76]. Eventually the method became named open assessment and
the web-workspace for conducting open assessments became named Opasnet
[32,77-79]. A major part of the early development of the Opasnet web-workspace
was particularly carried out in the BENERIS project.

The method development work took account of several of the aspects of policy
making, assessment, and participation discussed above, and was influenced by the
research results and experiences e.g. on collective knowledge creation in fields of
education, psychology, and philosophy [80], computer-supported collaborative
learning [81,82], mass collaboration [83] as well as crowd-sourcing [84,85]. Ap-
plication of the framework in this setting led into a somewhat extreme interpreta-
tion of participatory practice in the context of environmental health: the assess-
ments should be made completely open by default and limitations in degree of any
dimension of openness should be done only based on cogent and explicitly argued
reasons! The framework also illuminated that assessments, the knowledge creation
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processes, need to be deeply intertwined with the decision making processes, the
knowledge use, if they seriously attempt to achieve their purposes of influencing
policy. This makes decision makers a particularly essential kind of active assess-
ment participants. These ideas, quite contrary to the currently common concep-
tions of assessment and participation, became two of the fundamental principles
guiding open assessment method and Opasnet web-workspace development. The
idea of open assessment is illustrated in Figure 2.

Figure 2. Open assessment as a collaborative social knowledge process. The
straw men depict the members of a society. The paper sheet depicts an
assessment in Opasnet (Q = question, R = rationale, A = answer). Ar-
rows depict observation (here of an undesired event, a toxic liquid spill),
information flow (from members of society to an assessment in Opasnet,
from the assessment to members of society, or directly between mem-
bers of society), and knowledge-based action (correctly taking care of the

spill).

The unconventionality of the principle of complete openness, and how it re-
lates to the interrelations between participation, assessment, and decision making,
is illustrated by the comparison, in terms of the dimensions of openness, of five
assessment approaches relevant in the field of environment and environmental
health in table 1. The comparison also demonstrates the application of the frame-
work in evaluating existing practices. For the sake of clarity the focus of compari-
son is here on “external participation” in the assessment processes, e.g. by deci-
sion makers, stakeholders or public. The possible differences in the roles of the
expert assessors nominated for the assessment task are thus not explicitly consid-
ered. The five assessment approaches included in the comparison are 1) Open
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assessment [32,76-79] (State of the art in benefit-risk analysis: Environmental
health. Unpublished manuscript developed in the BEPRARIBEAN project), IE-
HIA [31], YVA - the Finnish environmental impact assessment system (Finnish
EIA Act 468/94) [28], the so called “Red Book™ risk assessment [71], and its re-
cent update, the “Silver Book” risk-based decision making framework [73].

In addition to describing varying degrees of openness, the comparison illus-
trates striking differences in how the approaches see the interrelations between
participation, assessment, and decision making. Open assessment and the Red
Book risk assessment represent the two extremes. Whereas the former sees partic-
ipation, assessment, and policy making as aspects of the same collaborative pro-
cess, the latter does not even consider participation and explicitly recognizes inter-
action between assessment and the external world only in distribution of assess-
ment results to decision making. The three other examples, IEHIA, YVA, and
Silver Book fall in between these extremes by allowing some degrees of openness,
although in somewhat different ways, and identifying linkages between participa-
tion, assessment, and decision making. However, as was mentioned earlier, the
linkage from YVA assessments, and participation organized within them, is
known to be weak. Also for IEHIA, the description of the relationship between
assessment and decision making remains quite implicit. The Silver Book perspec-
tive makes a radical update to the Red Book perspective, yet it still retains the risk
assessment as a fundamentally independent and exclusive expert process.

The scrutiny of openness according to the dimensions of openness framework
can, as exemplified above, reveal interesting aspects of participation, assessment,
and policy making practices, and their potential to deliver what they intend to.
Although in many discourses participation seems to be assumed to have “value in
itself”, or plainly seen to “belong to democracy”, from a contentual point of view
this kind of reasoning misses the main point of openness. Openness is not an end
in itself, but rather a means for advancing societal development through creation
and use of broadly distributed collective knowledge. Openness calls into question
the assumptions behind the institutional practices that we have accustomed our-
selves to take for granted.

Assessments are to change
THL — Research 105 < 2013 121 the world



Openness in participation, assessment, and policy making upon issues of environment and

environmental health: a review of literature and recent project results

Jayyo pue o1iqnd jo Junodde bupe) osje ‘A
-loyine uosiel| ay] ‘Bupew uoisioap 1o ubis
-op J09(oud ul JO JUNOOJE UBYE) BlE SjuBW
-a)els a1ignd moy pue §i ap1oap 0} siayew
uols1oap ay} pue siadojarap jos8foid ay}

0} dn AjgjeWN "Sjuawale)s Aluoyine uos

-lloyine uosiel ‘saseyd
yjoq ul sejoyine Isyjo
woJj sjuswale)s oyIo
-ads yse Aew Ajioyjne
uosiel| 8y} pue ‘sjusw

-9)e1s Aue aAIb ued aAl

"Jodal Juswssasse
pue ue|d Juswssas
-se yjoq Buipiebal
sjuswajels Ajoyine
a|qissod ‘spouad Bul
-leay 21|gnd ‘saseyd

0} SS900E Sey os|e
Ajloyine uosier
‘1adojanap j08foud
8y} Aq o1jgnd ayy
0} papiaoud Jodal

juswssasse pue

‘saljlIoyIne Jayjo ‘(a4
-U80 |BJUBWIUOIIAUS
Jjeuoibal -6-8) Ayl

-1el] 8y} yum Buoje pajiy sjuswaels odlignd -ejuasaidal o1gnd Auy omj ul uonjedioiied ueld Juswissassy | -loyine uosiel| ‘olgnd YAA
S8W092)N0 a8y} }dadde panjoAul
S0y} ey} ainsus 0} pawnsse Bujwely ‘(eseyd
anssi ul pauyap sjeob ayy 0} abexul| J1ay} *S}INsal Jo uolne) uonnoaxa Buunp jou) -ajedioied o}
pue ‘uonoe Joj suones)dwi JIsy} ‘synsal -aidisjul pue Juswissas saseyd |esieidde pue payaul (Axoid Aqg Alge
juswissasse ay) buipiebal asinoosip aseyd -se Jo ubisap pue bul ubisep ‘Bulwely anss| -19)01d) siapjoysels
|esielddy ‘}JOMBWEl} JUBWISSASSE 8y} JO -doos ul ajedionied ued Bunnp uonedioued pue ‘(siexew Aajjod
UONONJISUOD By} doUBN|JUI SMBIA Juedidiyed | sJapjoysyels pue sias | Japjoyayels pue Jasn i '6'9) siasn payoadg VIH3I
‘aoedsyiom uenodwi Aje|
-gam paleys e ul sjuedioiied buowe -noied uonedionied
uoneald abpajmouy aA1308|100 ybnoayy Jas -ejedioied
Uol}oE. O}UI UJN} 0} PapUBIUI UoljeIOge| ‘sjuedioied 0} pamoj|e ‘suadxa
-|0D Wolj SUOISNDUOY "JUNOJJE OjUl USYE} ‘auohlane |le 0} a|qejieAe |eulalxa ‘suazio
ag }SNW SUOINQUIU0D JUBASIBI ||y "92IN0S Aq passaippe aqg ued apew aq p|noys ‘S,09N ‘sleyew uols JUBWISSOS
jou ‘Bujuoseas pue @oUBA3|aI UO paseq anss| ay} Jo syoadse ||y ‘snonupuo) uonewoul || -109p ‘69 ‘auohiang -se uadQ
uolnew uon} yoeouddy

uollnguoo jo joedwy

uolnquuo9 jo adoosg

ssauuado jo Bujwi]

-10jU] 0} SS829Y

-edjoijued jo adoosg

/ uoisuawiqg

“yJomawely ssauuado Jo suoisuswip
ay) 0} Buipioooe palapisuod sayoeoldde Juswssasse sjdwexa oAl 4o} uonedioied [eusalxa, ul ssauuado 0] saAldadsiad

‘L ?lqel

Assessments are to change

the world

122

THL — Research 105 « 2013



Openness in participation, assessment, and policy making upon issues of environment and

environmental health: a review of literature and recent project results

"o|qeorjdde jou = y/N
01N0S UONEULIOJUT AT} UO Poseq PAUTULIANOP 8q JOU PINOd = ¢, |

Assessments are to change

'sauljapInb pue spie
-puBIS UMO S} JOpuN JNO PaLLIED S YoIYM
‘yS1l JO JUBLUSSESSE [B01UYD8) BY) 8siwoid
-woo Aem ou ui pjnoys uoiedoted ‘Jars

"Juswabeuew

3SH pue ‘Juswssasse
sl jo Ayin jo uoy
-ewyuoo ‘Buidoos pue

‘Juswabeuew

S pue ‘JuUsWssas
-SE Sl JO }ONpuod
pue Buiuueld ‘Bul
-doos pue uope|nwIo}

‘sobe)s

Ile je siepjoy
-9)e}s [BuIBIXd
pue [euJajul Joy

‘slo
-ployaxe)s Jayjo pue
‘sjsi|eloads [e01UY08)

-MmoH ‘sjuedioied aAljoe se slapjoyayels uone|nwIo} wajqold | wajgoud :sebejs ey | suoisinoid jewloS ‘slayew-uolsoag yoog JoA|IS
"salouabe
|esapay} Ag uonoe pue Buiyew uoisioap
ul ‘uonenjeas suopdo apisbuoje ‘Junod ‘(Ajuo suadxa
-0k 0}Ul U8 e} 8q 0} POpUSIUI pue Siaxew 21J13UBI0S pajeuIwou
uoIsIoap Jo} papirocid s}Nsal JUSWSSISSY V/IN V/IN V/N | 10}3uswssassy) /N yoog pay
‘sjuaw | -109foud ayj 0} Juea

“Jadojanap 109foid ayy Aq papinoid aq o}
UOI}eW.OojUl [EUOIHIPPE JBYJO JO JUBWSSSSSE
BU} Ul paJapIsSu0d 8q 0} S8NSS| UIepad

‘B'@ puewap os|e ued ‘syuswale)s Ajuoyne

‘Wodal Jusuwissasse ay)
pue ue|d Juswissasse
8y} Yjoq Uo juswalels

[[eJano ue sanb A}

-a)eys Ajoyine Jayjo
ay} pue oljgnd sy}
Jajje sjuswaless sj
saAlb Ajuoyine uosier

-a]aJ suonesado
pue sjosfoid ‘sue|d
Jayjo "6°e Buipseb
-8l uojjewJoyul

the world

123

THL — Research 105 + 2013



Openness in participation, assessment, and policy making upon issues of environment and
environmental health: a review of literature and recent project results

For example, complete openness, as adopted in open assessment, actually ap-
plies an inverse interpretation of the dimensions of openness, i.e. who should not
be allowed to participate, what information should not be made available to partic-
ipants etc. From this perspective it often becomes difficult to argue e.g. for exclu-
sion of any specific groups or individuals from assessments, or withholding im-
portant information, especially if also the arguments are exposed to open critique.
Particularly this is the case in the context of environment and environmental
health, where the issues addressed are often relevant to virtually everyone and
every organization or individual is a potential source of relevant contributions. As
an example, issues regarding global climate change involve a nearly infinite
amount of actors in different roles e.g. as contributors to climate change, its miti-
gation and adaptation, or parties affected by impacts of climate change or its miti-
gation and adaptation actions.

Openness necessarily also requires a more inclusive view to assessment than
what the conventional conceptions of assessment provide. Assessment should not
only be confined to mean the expert-driven, natural science influenced, fact-based,
sometimes strictly quantitative, so called scientific assessments aiming to find
objective answers. It should also extend to explicit inclusion of values and all
kinds of knowledge from all sources, qualitative treatment of information, and
creation of contextual, situational, and pragmatic knowledge among assessment
participants. Such a conception of assessment actually ideally also includes deci-
sion making, and other possible uses of knowledge created by assessment. Alt-
hough confronted with “scientific assessment” above, the open conception of as-
sessment is actually not any less scientific. After all, the heart of science is in de-
velopment of shared belief systems based on open critique, evidence, interpreta-
tion, and argumentation, which necessitates openness. Creation of new fora for
scientific discourse, and invitation of new participants and new topics to enter
these fora does not in itself guarantee scientifically valid outputs, but it provides
possibilities for overcoming the identified limitations to effectiveness in policy
making, assessment, and participation in the conventional approaches that build on
exclusivity and disengagement rather than openness.
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5.3 Conclusions

In conclusion, based on the review of literature and insights from recent research
projects, we state that:

* Inclusion of stakeholders and public to participate in assessments and policy
making upon issues of environment and environmental health is an issue of
both great interest and importance.

* The discourses on both assessments and participation in the contexts of envi-
ronment and environmental health have been too much focused on processes
and procedures, and too little attention has been given to their purposes and
outcome effectiveness in policy making.

* Consideration of effective participation is meaningful only in the context of
purposes and effects of the assessment and policy making processes that partic-
ipation relates to.

* The dimensions of openness framework provides a conceptual means for iden-
tifying and managing the interrelations between the purposes and outcomes of
participation, assessment, and policy making, and thereby also for effective ap-
plication of existing participatory models and techniques.

* The dimensions of openness framework also provides a context for evaluation
and constructive criticism of contemporary conventions and institutions of par-
ticipation, assessment, and policy making, and a basis for developing new con-
ventions and institutions.

* From a contentual point of view, it can be argued that participation, assess-
ment, and policy making upon environmental and environmental health issues
should be considered as completely open rather than exclusive processes by de-
fault.

* Openness should not, however, be considered as an end in itself, but rather a
means for advancing societal development through creation and use of broadly
distributed collective knowledge upon issues of great societal relevance.

* Openness brings about challenges, but they are mostly practical, rather than
fundamental in their nature.
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Abstract

The calls for knowledge-based policy and policy-relevant research, invoke a need
to evaluate and manage environment and health assessments and models accord-
ing to their societal outcomes. This review explores how well the existing ap-
proaches to assessment and model performance serve this need. The perspectives
to assessment and model performance in the scientific literature can be called 1)
quality assurance/control, 2) uncertainty analysis, 3) technical assessment of mod-
els, 4) effectiveness and 5) other perspectives, according to what is primarily seen
to constitute the goodness of assessments and models. The categorization is not
strict and methods, frameworks and tools in different perspectives may overlap.
However, altogether it seems that most approaches to assessment and model per-
formance are relatively narrow in their scope. The focus in most approaches on the
outputs and making of assessments and models. Practical application of the out-
puts and the consequential outcomes are often left unaddressed. It appears that
more comprehensive approaches that combine the essential characteristics of dif-
ferent perspectives are needed. This necessitates a better account of the mecha-
nisms of collective knowledge creation and the relations between knowledge and
action. Some new approaches to assessment, modelling and their evaluation and
management span the chain from knowledge creation to societal outcomes, but the
complexity of evaluating societal outcomes remains a challenge.
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6.1 Introduction

In a time when knowledge base of policies and policy-relevance of research is
called for probably more than ever before, there is an increasing need to evaluate
the success of environment and health assessments and models according to their
societal effectiveness. In a recent thematic issue on the assessment and evaluation
of environmental models and software [1], Matthews et al. [2] suggested that the
success of environmental modelling and software projects should be evaluated in
terms of their outcomes, i.e. changes to values, attitudes, and behaviour outside the
walls of the research organization, not just their outputs. However, until now,
there has been limited appreciation within the environmental modelling and soft-
ware community regarding the challenges of shifting the focus of evaluation from
outputs to outcomes [2].

The situation in the domain of environment and health related assessments,
such as integrated assessment [3], health impact assessment [4], risk assessment
[5-7], chemical safety assessment [8], environmental impact assessment [9], and
integrated environmental health impact assessment [10] appears to be similar. A
recent study on the state of the art in environmental health assessment revealed
that although most assessment approaches aim to influence the society, this is
rarely manifested in the principles and practices of evaluating assessment perfor-
mance [11].

The emphasis in the scientific discourses on evaluating assessments and mod-
els has been on rather scientific and technical aspects of evaluation within the
research domain, and perspectives that address the impacts of assessments and
models in broader societal contexts have emerged only quite recently and are still
relatively rare (cf. [12]). Such evaluations are qualitatively different [2], which
indicates a need to reconsider the criteria and frameworks for evaluating assess-
ment and model performance.

Furthermore, evaluation of assessments and models is not only a matter of
judging how good an assessment or a model is, but it also guides their making and
the use of their outputs (cf. what you measure is what you get (WYMIWYG) in
[13]).

In evaluation of socictal effectiveness, assessments and models are considered
as instances of science-based support to decision making upon issues relevant to
environment and health. Assessments always involve modelling of some kind, at
least implicit conceptual models. Conversely, modelling is also often identified
with assessment [14]. In addition, decision support systems, information support
tools, integrated modelling frameworks and other software tools and information
systems to assist in developing, running, and analyzing models are here perceived
as integral parts of assessment and modelling (cf. [15]).
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Assessments and models can be considered e.g. as diagnostic, prognostic, or
summative according to the kinds of questions they address [10], ex-ante or ex-
post according to their timing in relation to the activities being assessed [16], and
regulatory or academic according to the contexts of their development and appli-
cation [11]. They can also be developed, executed, and applied by many kinds of
actors, e.g. consultants, federal agencies or academic researchers. However, as-
sessments and models, as perceived here, should be clearly distinguished from
purely curiosity-driven research, ad hoc assessments, and assessments or models
made only to justify predetermined decisions.

Altogether, assessments and models can be considered as fundamentally hav-
ing two purposes: i) describing reality, and ii) serving the needs of practical deci-
sion-making. Accordingly, the structure of the interaction between assessments
and models and their societal context can be described as in Figure 1.

Context

Assessment & modelling

|
|
|
|
Enablers i
i Outcomes
|
|
Constraints )| T
| i
1 I
T om0 R |
Figure 1. Assessment and modelling in interaction with their societal context (influ-

enced e.g. by [2,17-20]).

The endeavours of assessment and modelling are here broken down into:

* Process, the procedures and practices of their assessment and modelling
* Output, the assessment and model results and products, and
* Use, the application of the assessment and model outputs

The surrounding context enables, and on the other hand also constrains, as-
sessment and modelling e.g. in the form of funding, facilities and education, but
also as acceptance of or demand for assessments and models. The societal context
is also the medium where the outcomes of assessments and models are realized.
Use is located on the boundary between the assessment/modelling domain and the
context, which indicates that the application of assessment and model outputs is
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the primary point of interaction between assessments or models and their societal
context.

In following, the approaches to environment and health assessment and model
performance in the scientific literature are reviewed and categorized according to
which aspects are primarily seen to constitute the goodness of assessments and
models. The perspectives identified are called i) quality assurance/control, ii) un-
certainty analysis, iii) technical assessment of models, iv) effectiveness, and v)
other perspectives. The question underlying this review is how much and how is
the interaction with the societal context reflected upon in the approaches to envi-
ronment and health assessment and model performance in contemporary scientific
literature? The purpose is thus not to discuss the details of different methods, tools
and frameworks, but instead map how the approaches relate to the aspects of as-
sessments and models in interaction with their societal context, as illustrated in
Figure 1. Recent contributions in the literature are emphasized, but some im-
portant or illustrative examples that were published before 2000 have been includ-
ed as well. After the review, the approaches and perspectives are discussed in
terms of their capability to serve the needs of outcome oriented evaluation and
management of assessments and models. In addition, a framework for developing
more comprehensive outcome oriented approaches is proposed.

6.2 Perspectives to model and assessment performance

6.2.1 Quality assurance/control

One of the major themes in assessment and model performance related literature
can be referred to as quality assurance/control (QA/QC) perspective. The focus in
this perspective is primarily on determining how the processes of assessment and
modelling, sometimes also decision making, are to be conducted in order to assure
the quality of the output.

There are multiple alternative definitions for quality (see e.g. [21]). However,
as regards assessment and models, the interpretation is mostly analogous with the
perception in the ISO-9000 framework, i.e. as the organizational structures, re-
sponsibilities, procedures, processes, and resources to assure and improve quality
[22]. Also the hierarchy of evidence in medical science, ranking types of evidence
strictly according to the procedure by which they were obtained [23], is an exam-
ple of the quality assurance/control perspective. However, as pointed out by Cart-
wright [24] with regard to randomized controlled trials, the procedure alone can-
not guarantee delivery of useful information in practical contexts.

One common variation of this perspective is stepwise procedural guidance
(Table 1). Such guidance provides relatively strict and detailed descriptions of the
steps or phases of an assessment or modelling process that are to be executed in a
more or less defined order. Faithful execution of the procedure is assumed to lead

Assessments are to change
THL — Research 105 < 2013 135 the world



Societal impacts of environment and health assessments and models — from outputs to
outcomes?

to good outputs. A similar, but often less rigorous, variation of the QA/QC per-
spective is checklist guidance emphasizing issues that need to be taken account of
in the assessment or modelling process or their evaluation. The checklists can be
more or less detailed and they usually do not strictly define the order or sequence
of execution.

Table 1. Examples of quality assurance/control perspective to assessment and
model performance.

Type Description

Ten iterative steps in development and evaluation of environmental
models [25]
HarmoniQuA guidance for quality assurance in multidisciplinary model-
based water management [26]
Methodology for design and development of integrated models for policy
Stepwise procedural support [27]
guidance Framework for integrated environmental health impact assessment [10]
BRAFO tiered approach for benefit-risk assessment of foods [28]
Generic framework for effective decision support through integrated
modelling and scenario analysis [29]
Formal framework for scenario development in support of environmental
decision making [30]

Seven attributes of good integrated assessment of climate change [31]
List of end use independent process based considerations for integrated
. . assessment [32]
Checklist guidance . .
QA/QC performance measurement scheme for risk assessment in
Canada [33]

Checklist for quality assistance in environmental modelling [34]

Pedigree analysis in model-based environmental assessment [35]
Evaluation of input Methodology for recording uncertainties about environmental data [36]
quality Method for analyzing assumptions in model-based environmental as-
sessments [37]

In addition, the accounts that address evaluation of input quality can be consid-
ered as manifestations of the QA/QC perspective (Table 1). However, the primary
focus in QA/QC is often on the outputs, and the input quality evaluations typically
complement uncertainty analysis or technical assessments of models (see below).
For example, model parameter uncertainty analysis can be considered as an exam-
ple of evaluation of input quality, but in practice, it is most often considered as an
aspect of either uncertainty analysis or technical assessment of models.

Characteristic for stepwise guidance is that it attempts to predetermine a proce-
dure in order to guarantee good quality of outputs. As such, it takes a proactive
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approach to managing performance. Checklist guidance and evaluation of input
quality can also be applied proactively, but the examples found in literature mostly
represent a reactive approach of evaluating already completed assessments and
models.

6.2.2 Uncertainty analysis

Another major theme in the assessment and model performance literature is the
uncertainty analysis perspective. The contributions within this perspective vary
significantly, ranging from descriptions of single methods to overarching frame-
works, but the common idea is characterization of certain properties of the as-
sessment and model outputs. Fundamentally, the perspective builds on quantitative
statistical methods based on probability calculus [38], but also other than probabil-
ity-based approaches to uncertainty have been presented [39]. Many manifesta-
tions of this perspective in the context of environment and health assessment and
models also extend to consider qualitative properties of the outputs.

One variation of the uncertainty analysis perspective is identification of the
kinds and sources of uncertainty in assessment and model outputs (Table 2). Some
uncertainties are often considered as being primarily expressible in quantitative,
while others in qualitative terms. The sources of uncertainty may include aspects
of the assessment and modelling processes, and in some cases also intended or
possible uses and use contexts of the outputs are acknowledged.

Table 2. Examples of uncertainty analysis perspective to assessment and
model performance.

Type Description

Conceptual basis for uncertainty management in model-based decision
support [40]
Uncertainty in epidemiology and health risk and impact assessment [41]

Identification of
kinds of uncer-

tainty Uncertainty in integrated assessment modelling [42]

Guidance on Knowledge quality assessment for complex policy decisions [43]

dealing with Operationalising uncertainty in integrated water resource management [44]

uncertainties Framework for dealing with uncertainty in environmental modelling [45]
Approaches for performing uncertainty analysis in large-scale ener-
gy/economic policy models [46]

Methods for Modelling of risk and uncertainty underlying the cost and effectiveness of

uncertainty anal-  water quality measures [47]

ysis Addressing uncertainty in decision making supported by Life Cycle Assess-

ment [48]
Sensitivity analysis of model outputs with input constraints [49]
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Also guidance on how to assess or deal with different kinds of uncertainties ex-
ist (Table 2). Such frameworks usually combine qualitative and quantitative as-
pects of uncertainty deriving from various sources. Consequently, aspects of the
assessment and modelling processes, e.g. input quality and user acceptance, are
often also included in the frameworks. The primary focus still remains in the char-
acteristics of the assessment and model.

In addition, also numerous more or less explicit methods, means and practices
to analyse uncertainties of assessment and model outputs exist (Table 2). In addi-
tion to the standard statistical characterization, for example sensitivity, im-
portance, and value of information analysis and Bayesian modelling are essential
in the context of environment and health assessment and models. Such methods
are dominantly quantitative.

In the uncertainty analysis perspective, it appears typical that the issue of un-
certainty is approached from an external observer’s point of view. The evaluation
of performance is thus mainly considered as a separate, often ex-post, activity
taking place in addition to the actual assessment or modelling process, not as its
integral proactive part.

6.2.3 technical assessment of models

This perspective focusing on characteristics of models is particularly present in the
modelling literature. In addition, also different kinds of software tools that are
applied in developing, running, and analyzing models can be evaluated similarly
as models.

Particularly the object of interest in technical assessment of models is devel-
opment and application of formal methods for testing and evaluating models with-
in defined domains of application (Table 3). Generally, model evaluation and
performance is considered to cover structural features of models, representative-
ness of model results in relation to a certain part of reality, as well as usefulness
with regard to a designated task (cf. [50]). However, usefulness mainly refers to
expert use of models, corresponding mostly to the so-called process effects, i.e.
changes in the capacity of those engaged in the modelling and assessment endeav-
ours, rather than outcomes (cf. [2]). Most commonly, technical assessment of
models takes place in terms of validation and verification by comparing models
and their results against each other or measurement data.

A variation of this perspective, more common for the discourses in assessment
literature, is analysis of model uncertainty (Table 3). Here the aim typically is to
characterize the properties of a model in order to be able to correctly interpret or
evaluate its outputs. Model uncertainty is often considered as one aspect of a
broader uncertainty analysis concept.

Assessments are to change
THL — Research 105 < 2013 138 the world



Societal impacts of environment and health assessments and models — from outputs to
outcomes?

Table 3. Examples of technical assessment of models perspective to
assessment and model performance.

Type Description

Criteria for environmental model and software evaluation [51]
Terminology and methodological framework for modelling and model
evaluation [52]
Evaluation methods of environmental modelling and software in a
comprehensive conceptual framework [53]
Means for model and Top-down framework for watershed model evaluation and selection [53]
software evaluation Overview of atmospheric model evaluation tool (AMET) [54]
Appropriateness framework for the Dutch Meuse decision support
system [55]
Empirical evaluation of decision support systems [56]
Numerical and visual evaluation of hydrological and environmental
models [57]

Evaluation of an ecosystem model for wheat-maize cropping system in
North China [58]
Parameterisation and evaluation of a Bayesian network for use in an
. ecological risk assessment [59]

Evaluation of models . o o .
Evaluation of quantitative and qualitative models for water erosion
assessment in Ethiopia [60]
Evaluation of modelling techniques for forest site productivity prediction

using SMAA [61]

. Model uncertainty in the context of risk analysis [62]
Analysis of model . o
tain Scenario, model and parameter uncertainty in risk assessment [63]
uncertain
Y Framework for dealing with uncertainty due to model structure error [64]

The technical assessment of models is predominantly a reactive perspective to,
as it requires an existing model or software system that can be tested and analyzed.
The evaluation, however, is usually perceived as an integral part of the model
development, not a separate entity, enabling application of technical assessment of
models in different developmental stages within the modelling or assessment pro-
cess. On the other hand, the common practice of self-evaluation of models may
also lead e.g. to limited usability, credibility and acceptability due to lack of inter-
action with the context.

6.2.4 Effectiveness

Whereas the three former perspectives can be considered conventional, emphasiz-
ing of assessment and model effectiveness has become a major topic only recently
in assessment and model performance related literature.
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Table 4. Examples of effectiveness perspective to assessment and model
performance.
Type Description

Framework for the effectiveness of prospective human impact assessment [67]
Process, impact and outcome indicators for evaluating health impact assess-
ment [68]
Criteria for appraisal of scientific inquiries with policy implications [69]
Frameworks . o . . . .
o Necessary conditions and facilitating factors for effectiveness in strategic envi-
and criteria for
. ronmental assessment [70]
effectiveness . . . . .
Policy effectiveness in participatory environmental assessment [71]
Dimensions of openness for analyzing the potential for effectiveness in participa-
tory policy support [72]

Properties of good assessment in evaluating effectiveness of assessments [73]

Several cases of evaluating effectiveness of health impact assessment in Eu-
rope [74]
General effectiveness criteria for strategic environmental assessment and their
Effectiveness adaptation for Italy [75]
evaluations Environmental impact assessment evaluation model and its application in Tai-
wan [76]
Effectiveness of the Finnish environmental impact assessment system [77]
Example of outcome evaluation for environmental modelling and software [2]

Framework to assist decision makers using of ecosystem model predictions [78]
Analysis of contribution of land-use modelling to societal problem solving [79]
Use of decision and information support tools in desertification policy and man-
agement [80]
Use of mod- . . .
Developing tools to support environmental management and policy [81]
els, tools and o . .
Role of computer modelling in participatory integrated assessments [82]
outputs . . - . O
Usage and perceived effectiveness of decision support systems in participatory
planning [83]
Credible uses of the distributed interactive simulation (DIS) system [84]

Analysing interaction between environmental health assessment and policy [10]

In the effectiveness perspective, the aim of assessments and models is per-
ceived as promotion of changes in values, attitudes, and behaviour outside the
walls of the research community (cf. [2]) by maximizing the likelihood of an as-
sessment process to achieve the desired results and the goals set for it [65]. In
principle, here performance of assessments and models is thus determined by the
impacts delivered into the broader societal context. However, due to the complexi-
ty of reality, evaluation of outcomes is often perceived as very difficult, if not
impossible [66], and possibly even leading to incorrect conclusions regarding
effectiveness (cf. [67]). Consequently, the effectiveness criteria and frameworks
(Table 4) often address aspects of process and output, as well as contextual ena-
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blers and constraints, rather than outcomes, as determinants of effectiveness. Some
contributions also make a distinction between (immediate) impacts and (indirect)
outcomes. As a result, although the aim is to address the outcomes, some ap-
proaches to effectiveness in the end turn out quite similar to checklist guidance in
quality assurance/control (see Table 1).

The approaches emphasizing the use of models, tools and their outputs can also
be considered as a manifestation of the effectiveness perspective (Table 4). They
can generally be characterized as attempts to operationalise the interaction be-
tween assessments or models and the practical uses of their outputs. Most of the
contributions are, however, relatively tool-centred, and most often little attention
is given to the cognitive processes involved in the delivery and reception of infor-
mation produced by assessments and models.

The approaches to effectiveness range from external ex-post evaluations to
supporting of development and management of assessments as well as decision
processes. All approaches, however, explicitly acknowledge the role of use in
delivering the effects of knowledge provided by assessments and models, although
the criteria for evaluating effectiveness may vary.

6.2.5 Other perspectives

Many contributions to assessment and model performance in relevant literature
can be quite comfortably located within the four perspectives above. However,
also some other aspects addressing credibility and acceptability, information quali-
ty, and communication (Table 5) that deserve a mention.

Table 5. Examples of other perspectives to assessment and model
performance.

Type Description
Acceptance and Obtaining model credibility through peer-reviewed publication process [51]
credibility Model credibility in the context of policy appraisal [87]

A conceptual framework of data quality [88]

Information An asset valuation approach to value of information [89]
quality Ten aspects that add value to information [90]

Knowledge quality in knowledge management systems [91]

Uncertainty communication in environmental assessments [92]

o Checklist for assessing and communicating uncertainties [93]

Communication o . .
Communication challenges from a release of a pathogen in urban setting [94]

Clarity in knowledge communication [95]

Credibility is often considered necessary for acceptance of assessment and
modelling endeavours and their outputs. It can be obtained more or less formally
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or informally e.g. through peer review, extended peer-review [85] or reputation.
Credibility and acceptability are often considered as aspects of broader perfor-
mance concepts.

Assessment and modelling are essentially processes of producing structured in-
formation. Therefore, the contributions regarding information quality, even out-
side the fields of assessment and modelling, are of relevance here. Like the uncer-
tainty analysis perspective also information quality looks into certain properties of
an information product. Similarly, the variation among contributions addressing
information quality is big.

In addition, communication of results, e.g. in terms of communicating uncer-
tainties and risk information, relates to performance of assessments and models.
However, the issues of communication are often not considered as integral parts of
modelling and assessments endeavours. For example, risk assessment, risk man-
agement and risk communication are traditionally considered as separate, yet in-
terrelated, entities, each having their own aims, practices, and practitioners (e.g.

[86]).

6.3 Discussion

6.3.1 Overview of approaches and perspectives

It seems that none of the perspectives nor any individual approaches alone suffi-
ciently serve the needs of outcome oriented evaluation and management of as-
sessment and model performance. In most approaches, the main emphasis is on
the processes and outputs of assessment and modelling while use, outcomes and
other contextual aspects are addressed to a lesser extent, although more frequently
in recent literature. Although the approaches focusing on processes and outputs
may be robust, they tend to miss important aspects of interaction with the societal
context. On the other hand, the approaches focusing on the interaction may be
more vague and still provide only partial solutions to considering how and why
assessments and models influence their societal contexts.

Many approaches to performance seem to perceive evaluation as a separate en-
tity, often taking place only after the making of an assessment or model. In many
cases evaluation is considered as a responsibility of others than assessors and
modellers, but for example in the essentially proactive stepwise guidance in the
quality assurance/control perspective, and the technical assessment of models
perspective, the evaluation is usually integrated in the model development. In
addition, some of the effectiveness frameworks explicitly aim to support design
and execution, not only evaluation, of models and assessments.

The emphasis on processes and outputs in evaluation and management of as-
sessment and model performance is in line with the fact that the issues of effec-
tiveness and policy-relevance of assessments and models have become major top-
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ics only during the last decades. As assessors, modellers and researchers more
generally, have been lacking requirements and incentives for effectiveness and
policy-relevance (cf. [96]), correspondingly the practices, principles and methods
of performance management and evaluation have not developed to address these
issues. Instead, the impacts of assessments and models have mostly been consid-
ered mainly in terms of their process effects (cf. [2]) within the communities of
assessors and modellers. However, virtually all assessment and modelling endeav-
ours in the fields of environment and health are motivated, at least nominally, by
the aim to influence societal decisions and actions and the need to evaluate and
manage them according to their societal outcomes seems justified.

6.3.2 Towards new approaches

It appears that more comprehensive approaches that provide a better coverage of
the different aspects of assessments and models in their societal context, are need-
ed to support evaluation and management of assessments and models. In practice,
this requires taking account of the making of assessments and models, their use in
decision making and implementation as well as their consequential outcomes
(Figure 2). Such approaches would combine the essential characteristics of the
different perspectives into one framework, methodology or combination of tools
and provide both rigour and better linkage to the outcomes.

However, a mere compilation of features taken from different perspectives
would probably not be sufficient. A more thorough account of the mechanisms of
collective knowledge creation and the relations between knowledge and action in a
societal context is needed in order to bridge assessments and models with their
outcomes [97] (Pohjola et al., 2011). Unfortunately these aspects are barely even
recognized in most current approaches to model and assessment performance.

The need to span the whole chain from knowledge creation to outcomes and
bringing the producers and users of knowledge to a more intimate interaction is
recognized in some new approaches to assessment, modelling and their evaluation
and management (e.g. [2, 98-99] Koivisto and Pohjola 2012; Matthews et al.,
2011; Tijhuis et al., 2012). However, the complexity of evaluating the outcomes
remains a challenge. In the eyes of an evaluator, the relative simplicity of consid-
ering only processes, outputs or direct impacts in tightly bound settings of expert
activities may still appear inviting in comparison to attempting to account for
complex indirect impacts within the broader social context. However, this would
not be adequate for serving the purposes of assessment, models and their evalua-
tion.
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Figure 2. A framework for comprehensive evaluation and management of assess-

ment and model performance. The chain from assessment and modelling
to outcomes mostly consists of production, communication and applica-
tion of knowledge in a societal context.

In order to overcome this challenge, the new comprehensive approaches should
not only focus on either processes, outputs, uses or outcomes of assessments and
models, but particularly consider and address the knowledge that is created, trans-
ferred and applied within the intertwined processes of modelling, assessment and
decision-making (see Figure 2). In practice this also means that the evaluation and
management should be a continuous counterpart of designing and making assess-
ments and models and applying their outputs in practice. After all, models can
only be evaluated in relative terms, and their primary value is heuristic [100].
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Abstract

Knowledge, innovations and their implementation in effective practices are essen-
tial for development in all fields of societal action, e.g. policy, business, health,
education, and everyday life. However, managing the interrelations between
knowledge, innovation and practice is complicated. Facilitation by suitable
knowledge services is needed. This paper explores the theory of converging
knowledge, innovation, and practice, discusses some advances in information
systems development, and identifies general requirements for pragmatic
knowledge services. A trialogical approach to knowledge creation and learning is
adopted as a viable theoretical basis. Also three examples of novel knowledge
services Opasnet, Innovillage, and Knowledge Practices Environment (KPE), are
presented. Eventually, it is concluded that pragmatic knowledge services, as hy-
brid systems of information technology and its users, are not only means for crea-
tion of practical knowledge, but vehicles of a cultural change from individualistic
perceptions of knowledge work towards mediated collaboration.
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7.1 Introduction

Knowledge and innovations are essential for the guidance and development of
virtually all fields of practice, e.g. policy, business, health, education, and every-
day life. The development of current knowledge societies has changed the ways of
working with knowledge towards producing and cultivating knowledge in collabo-
ration with different stakeholders and transfer of practices in relation to the ad-
vances in knowledge and innovations [Knorr-Cetina, 07]. This societal change
also generates challenges to which the ways of conducting knowledge work and
the related knowledge services need to answer. A pervasive example of challenges
in converging knowledge, innovation and practice is climate change, where ad-
vances in climate science and efforts invested in international climate policy fail to
result in effective mitigation and adaptation actions [Brunner, 06], [TARU, 09],
[TIPCC, 07], [Mickwitz, 09]. An example discourse from a scientific Climate Con-
gress (Copenhagen, March 2009) illustrates the reality of contemporary climate
science-policy interaction. While the IPCC chair re-stated in his keynote speech
that "we in the Intergovernmental Panel on Climate Change do not prescribe any
specific action, but action is a must", the keynote speeches by the policy repre-
sentatives urged the scientific community to "use their expertise to guide policy"
[Hedegaard, 09], "provide the necessary knowledge needed to make the necessary
decisions" [Sander, 09], and "express the knowledge in a way that has an intended
effect” [Ashton, 09]. The conventional models of linking knowledge and action
with chain-like mechanistic relationships between two distinct communities do not
suffice in addressing the complexity of sustainable development [van Kerkhoff,
06].

As alternative models for knowledge-practice interaction, for example van
Kerkhoff and Lebel [van Kerkhoff, 06] suggest regarding knowledge-action rela-
tionships as arenas where research-based knowledge and practice interact, but not
necessarily in a simple or straightforward manner, and Brunner [Brunner, 06] calls
for a pragmatic paradigm for policy practice that i) considers knowledge as inter-
twined with action, ii) develops context-sensitive practical knowledge, and iii)
evaluates knowledge and actions according to their purposes. The relationships
between science and policy, research and practice, or assessment and decisions are
subjects of intense discussion in current research [Pohjola MV, manuscripta].
These discourses highlight the main points of improvement, but provide only mar-
ginal guidance on practical implementation (see also [van Kerkhoff, 06]). For
example, while the academic discourse on assessments in environment and health
emphasizes the importance of dialogue with stakeholders and public, the assess-
ment practices often remain a monologue of experts, where contact with users,
other experts and public is taken only when obligatory [Pohjola MV, manu-
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scriptb]. Research to date has fallen short on what it means to manage the bounda-
ry between science and policy [McNie, 07].

It appears that the importance of converging knowledge, innovation, and prac-
tice as well as its main challenges are identified, but the conceptual and practical
means for its implementation are lacking. Suitable knowledge services are needed.
It is here argued that such knowledge services must: i) build on solid conceptual
understanding about the interrelations between knowledge, innovation, and prac-
tice, and ii) possess corresponding functionalities to activate effective interaction
between knowledge, innovation and practice. It is fundamental that these two
issues are considered as intertwined aspects of the same whole. In the following,
we briefly present a trialogical framework as a potential foundation for explicating
what is required for such knowledge services. By presenting and discussing three
novel knowledge services that implement the trialogical approach, we aim to ex-
plicate the practical implications of these requirements for what we call pragmatic
knowledge services.

7.2 Knowledge, innovation and practice

Shaping of human activity and practices requires innovations and cultivation and
creation of knowledge in collaboration. Integration of plural interests and perspec-
tives is an essential part of these processes. Development of shared practices also
requires innovative development and use of technologies as well as creation of
new kinds of modes of action. These issues are considered below, particularly in
terms of their implications for the development of supporting knowledge services.

7.2.1 Collective knowledge creation

Creation of new knowledge is rarely a cognitive process of a single individual.
Typically, cognitive tasks are physically, socially and temporally distributed and
the new ideas and hypotheses are often materialized as external artefacts [Paavola,
06]. Approaches to distributed cognition have for long emphasized that inquirers
in a search of knowledge are not usually processing things only in their heads, but
use various resources from their environment to guide the search for new ideas
(see [Hutchins, 95], [Salomon, 93]). Also argumentative processes of producing
new hypotheses and ideas, i.e. abductive search for hypotheses, can be considered
collaborative rather than happening only in individuals' heads [Paavola, 06]. Ab-
ductive inference produces tentative solutions to be worked collaboratively. They
can be either applied in practice until better solutions are formulated or as inter-
mediate steps that guide and promote the search for better solutions. In pragmatic
knowledge creation process the search for novel ideas can be supported by, and
often necessitates, abductive argumentation [Paavola, 09a]. By means of argumen-
tation it is possible to reason why one tentative solution should be considered as
superior to others or argue about the types of a preferred solution even before such
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solutions are found. Argumentation also functions as a mediator between collabo-
rators.

The central idea deriving from pragmatism, aiming to integrate the issues of
knowledge, innovation and practice, is that people through participation "continu-
ously construct and re-construct the social meanings that shape our thoughts and
actions" [Simpson, 09, 1333]. This means that knowledge creation is fundamental-
ly a social process and this process is essentially linked with the ways we act and
the kinds of practices we create and maintain. Knowledge becomes intertwined
with action and especially with social action [Simpson, 09, 1334-6]. Also the tools
and artefacts we use as the means of our action are a part of this continuous pro-
cess of construction and re-construction. Although the idea of the social aspect of
knowledge is not new, in current knowledge societies it extends from socially
maintained and explicated knowledge also to the means of knowledge construc-
tion.

7.2.2 Innovation

In innovations knowledge becomes integrated into action as systematically devel-
oped means for practice. The process of innovation relies on application and gen-
eration of knowledge aiming to develop something that can be grounded in prac-
tice. The outcomes of innovation can be realized in many ways, not only in terms
of economical benefits, and the common definition of innovations as commercial-
ized inventions is too narrow and technology-centred. In recent literature, innova-
tion has been described as the multifocal development of social practice [Tuomi,
03]. It has also been argued that the criterion for successful technical innovations
is that they become social institutions, i.e. their use becomes rooted in the com-
mon everyday practice [Pohjola P, 09]. The ideas concerning systemic innovations
[Andersen, 08], open innovations [Chesbrough, 03], and democratized innovations
[von Hippel, 05] point out additional challenges for knowledge services to support
innovation by highlighting both the importance and complexity of networked in-
novation activity.

Contemporary investigations on innovation processes imply that they cannot
be understood as linear sequences of independent sub-processes, but rather as
multidirectional [Pinch, 84] and multifocal [Tuomi, 03]. They are not merely pro-
cesses carried out by product developers and R&D departments, but require the
participation of various groups of stakeholders, from users to different kinds of
professionals. For example, innovation in health care, such as new drug treatment
for some disease, requires expertise and involvement of various parties: from pa-
tients, nurses and doctors to drug developers, directors of health care organiza-
tions, legislation etc. It is only in these systems or networks of multiple actors
where the innovations become existent. Involvement of these actors in the early
stages of multifaceted innovation processes is essential and knowledge services
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need to provide support for collective knowledge creation and innovation
throughout the whole process, from idea generation to normalization of practices
[May, 09].

7.2.3 Trialogical approach to knowledge creation and learning

The “trialogical” approach has been suggested and applied especially in the con-
text of computer-supported collaborative learning (CSCL) as a novel framework
for considering the issues of knowledge creation and innovation (see
[Hakkarainen, 09], [Lakkala, 09], [Paavola, 09b]. It emphasizes the role of collab-
orative development and reconstruction of concrete, shared artefacts in mediating
knowledge creation, as well as reflecting and transforming knowledge practices,
the ways of collaboratively working with knowledge, with supporting processes,
and executing knowledge tasks.

Knowledge acquisition Participation

metaphor . metaphor
within mind §oc;a|
monologue dialogue

Knowledge-
creation
metaphor
object-oriented
trialogue

s

Figure 2. The three metaphors of learning.

A basis for the trialogical approach is an epistemological distinction between
three basic metaphors of learning and human cognition associated with mono-
logues, dialogues, and trialogues (figure 1). The monological processes of infor-
mation sharing and knowledge acquisition, and dialogical processes of learning
through communication and participation, are supplemented with knowledge crea-
tion as a trialogical process of collaborative development of epistemic artefacts
and practices.
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Innovative activity from the trialogical perspective means that all relevant par-
ties should become involved in the processes of learning and production of
knowledge artefacts. There are various unsuccessful examples of attempts to rou-
tinise new technology without appropriate inclusion of relevant users into the
development and learning processes (for an example in health technology assess-
ment, see [Edmondson, 01]). The trialogical processes extend to the organization
of work around concrete artefacts and practices in addition to mere information
sharing or communication.

The trialogical approach has been developed in the context of collaborative
learning. We maintain, however, that the explicit linking of knowledge creation
with practices (e.g. [Hakkarainen, 09]) and with cognitive processes and artefacts
as their products and mediators, the trialogical approach is a viable foundation for
the convergence of knowledge, innovation and practice also more generally.

7.2.4 Facilitation of converging knowledge, innovation, and practice

The development of information systems has been dominated by two general ap-
proaches: technology-centred development and research, and user-oriented devel-
opment and research. The former has focused on the systems, applications, and
technology for representing, organizing, and manipulating information (and
knowledge), while the latter has put its emphasis on the ways of interaction be-
tween the users and the system [Pohjola P, 10]. These conventional views are
currently challenged e.g. by mass collaboration and the Pragmatic Web.

In the early phases of the web (Web 1.0) the emphasis was on presenting exist-
ing information in a syntactically structured way (syntactic web) provided by the
HTML markup for representing information in the web for users to browse and
search. In the Web 2.0 era, the Semantic Web initiative promoted meaningful
description of data by means of ontologies that were intended to provide taxono-
mies of concepts where meanings and relations between concepts could be defined
in a unifying way. The increasing interest towards the Pragmatic Web relates to
the limitations of the Syntactic Web and the Semantic Web, for example the lim-
ited possibility of describing meanings of signs and symbols. Like in any other use
of signs and symbols, their meanings become defined and changed in use and
interaction between people (and knowledge systems). Meaning is a social phe-
nomenon.

Investigations regarding the Pragmatic Web have been directed for example to
examining how communicative actions within a pragmatic context are performed
via Web media. These investigations have analyzed how mutual understanding
and commitments to actions can evolve in conversation in knowledge systems that
support pragmatic aspects of knowledge [de Moor, 10]. Some Pragmatic Web
investigators have also proposed extensions to the Semantic Web, such as enhanc-
ing human collaboration with techniques for ontology negotiations and pragmatic
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ontology building in communities of practice [Schoop, 06]. It has also been argued
that the Pragmatic Web is not merely a knowledge exchange medium; it should be
an active knowledge system that supports human interaction and accomplishment
of knowledge tasks [Delugach, 06]. Accordingly the Pragmatic Web, as well as
any other information system, should be conceived as a hybrid network constitut-
ed by both the users and the technology [Pohjola P, 10].

The emergence of wikis and other web-based collaborative software have ena-
bled the development of new kinds of practices for co-producing knowledge in
virtual workspaces where masses of people can engage in collaborative work (e.g.
[Tapscott, 06], [Noveck, 09]). These means of collaboration and the artefacts they
produce have also become interesting objects of research and development [Cress,
08], [von Krogh, 09]. The rise of social media is said to have brought conversation
back into the heart of the Internet, but now, in contrast to the early stages of Inter-
net, intricately interlinked with content [de Moor, 10]. Building on what has been
discussed above, certain general requirements for knowledge services to facilitate
convergence of knowledge, innovation, and practice can be identified. A pragmat-
ic knowledge service should:

* Enable collaborative knowledge creation

* Support development and application of collaborative knowledge practices
* Support practical implementation of knowledge

* Adapt to changing contexts, situations, and purposes

The first requirement is centred on the technical properties of the system that
constitute the workspace by which the users engage in collaboration. This may
mean e.g. tools and functions for managing shared artefacts and collaboration
among plural participants with heterogeneous capabilities, as well as organization
of contributions.

The second and third requirements extend more to address also the content of
the system in guiding the dynamics of the user collective. The technical properties
can also provide support e.g. by re-use of shared artefacts, and tools for discuss-
ing, developing, and sharing practices. Relying solely on tools and information
provided by the workspace may not, however, be sufficient and also social prac-
tices outside or besides the workspace may be relevant.

In a pragmatic setting the issues in creation and use of collective knowledge
are contextual and situational and vary from a case to another. Consequently, the
technical properties and contents of the workspace, the practices of its use, and the
practices of knowledge implementation need to be allowed to adapt through the
interactions between the workspace, the user collective and the societal context.
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7.3 Three examples of novel knowledge services

The examples, Opasnet, Innovillage, and Knowledge Practice Environment
(KPE), represent different perspectives to implementing the trialogical approach in
a knowledge service. Opasnet and Innovillage are developed by the National Insti-
tute for Health and Welfare (THL) in Finland in collaboration with multiple part-
ners in Finland and Europe. KPE is a development of a multi-partner project
where the research work has been coordinated by the University of Helsinki, and
the technical development of KPE by Metropolia University of Applied Sciences,
Helsinki.

All the examples are described in terms of their a) purpose, b) method, c¢) sys-
tem, d) use, and e) contextual fit. Of the three examples, Opasnet and KPE are
already existing and functioning knowledge services and described in terms of
their current manifestations, while Innovillage is still in its early development and
mainly considered according to planned designs.

7.3.1 Opasnet

Opasnet is a web-workspace for producing and providing science-based support
for policy making in the field of environment and health. It provides a virtual are-
na for open collaboration on generating practical solutions to problems of societal
relevance. Opasnet aims to improve increased awareness and understanding
among both those who make decisions and those who are affected by those deci-
sions. It welcomes decision makers in public policy, industry and commerce, ex-
perts of different kinds, as well as civil society organization representatives, con-
sumers, and citizens as active participants in open assessments. Opasnet is devel-
oped in the context of environmental health, but its scope of application is intend-
ed as extensible in principle to all systematic practice-driven endeavours of collec-
tive knowledge creation.

The main principles in organizing open assessments are:

* Assessments create collective knowledge by searching solutions to practical
problems by means of science and account of plural values.

* Assessments are endeavours of describing reality as causal networks of interre-
lated phenomena. Conclusions to guide decisions and actions are drawn based
on analyses made over the network. No intentional distortion of information
(e.g. going for the worst-case scenario) is accepted.

* Participation in assessments is unlimited. Limiting of openness is allowed only
based on well argued cogent reasons. [Pohjola MV, manuscripta]

* Information objects produced in assessments should be freely available for
anyone to use and develop further.
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* Assessment performance comprises of 1) quality of information in relation to
the problem addressed, ii) applicability of produced information in its intended
use, and iii) efficiency of its production process [Pohjola MV, 10].

* Also methods and tools of open assessment are subject to open critique.

The most distinctive aspect in open assessments is openness. As the issues of
environmental health are relevant to virtually anyone, anyone can be a relevant
contributor to an environmental health assessment, and the knowledge created in
environmental health assessments can be of relevance to anyone. Openness is also
seen as an essential aspect of scientific inquiry and to enhance the relevance and
applicability of the knowledge created in assessments. On the other hand, it brings
about practical challenges for managing assessments.

Opasnet is a collaborative workspace for conducting open assessments. It pro-
vides the assessment participants a) the virtual location of and access to the work-
space, b) the information available in the workspace, c) a structure for organizing
information, and d) tools to aid and guide collaborative production of information
within the workspace. Opasnet is located in the open internet
(http://en.opasnet.org).

Technically Opasnet consists of a wiki, a database, and a modelling and simu-
lation environment. The main interface between Opasnet and its users is the wiki.
It is built on the Mediawiki platform, and many of its basic functions resemble
those e.g. in Wikipedia (http://en.wikipedia.org). The database stores numerical
information for and from the modelling and simulation environment used for
mathematical operations and analysis. They are also essential, as quantitative data
and models often form the core of the information produced in environmental
health assessments. Collaboration, however, mainly takes place through textual
and graphical communication that a wiki supports well. Thereby it is most often
adequate that the models, their application, and their results are described and
discussed as parts of the assessment, although those actually participating in mod-
elling and analysis would only constitute a small fraction of the collaborators in
the assessment as a whole.

The main information content of Opasnet consists of past and on-going as-
sessments and their parts, i.e. variables. In addition there are descriptions of the
methods and tools needed in open assessments and other supporting information
e.g. about research projects, studies, terminology, lectures etc. The supporting
information aims to guide and aid in using the system effectively according to its
purpose. The information is structured as wiki pages (figure 2), and related data
(in the database) and models (e.g. files for external applications) can also be read
or launched from or linked to the wiki pages. Every wiki page also has a related
discussion page.
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Certain information objects, e.g. assessment and variable have a predefined
formal structure; name, scope, definition, and result. The sub-attributes under each
attribute vary depending on the object (table 1.). A simple unified information
structure is cognitively ergonomic and aids in targeting contributions to relevant
locations within the system, and enhances the re-use of previously produced ob-
jects.
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Figure 2. An assessment page in Opasnet.

Most contributions to Opasnet take place in textual or graphical form in the
wiki. The ways of contributing are: a) reading existing content, b) commenting of
existing content with a page-specific comment box, c) participating to or starting a
free discussion on a discussion page, d) participating to or starting a formal argu-
mentation on a discussion page, e) structuring comments and freely formatted
discussion fragments into formal argumentation structure on a discussion page,
and f) editing contents of a page or creating a new page.

The two first kinds of contribution are possible without logging into the sys-
tem, but the latter require creating a user account and logging in. Anyone can cre-
ate an account. Contributions by multiple discussants can be organized on discus-
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sion pages according to pragma-dialectical argumentation [van Eemeren, 02].
Argumentation consists of a statement regarding the actual content describing the
issue of interest, a hierarchy of arguments either attacking or defending the state-
ment or other arguments, and a resolution. Corresponding templates for discussion
structure, attacking argument, defending argument, and (neutral) comment have
been implemented as buttons in the edit window of Opasnet. Once a stable resolu-
tion has been found, it should be implemented on the content page accordingly. If
no single solution can be found, the resolution consists of all views that are still
considered valid after the argumentation. Also other comments and discussions
should be taken account of when editing the pages.

Table 1. The attributes and sub-attributes of assessment and variable objects.
Attribute Explanation Assessment sub- Variable sub-
attributes attributes
Name A descriptive identifier
Scope A question describing the issue(s) of Purpose
interest Boundaries
Scenarios

Intended use
Participants

Definition | Explains how the question is answered Decision variables Dependencies
and provides rationale for the answer Indicators Data

Value variables Unit

Other variables Formula
Analyses
Indices

Result The current answer to the question Results

Conclusions

Opasnet users can also contribute by rating Opasnet pages according to their 1)
scientific quality and ii) usefulness (see figure 2). The user evaluation provides
feedback the contributors to the page and guides other users in perceiving and
interpreting the content. Opasnet also has some project managerial functions, e.g.
task lists for nominating/suggesting tasks to different users. The users can also
volunteer as moderators of wiki pages and the user community is assumed to self-
organize to adopt different housekeeping roles as happens e.g. in Wikipedia.

The development of Opasnet started in 2006, and it has been piloted in several
assessments in research projects, e.g. a benefit-risk assessment on farmed salmon
(http://en.opasnet.org/w/Benefit-risk_assessment _on_farmed salmon). It begins to
be ready for full-scale use, but experiences on broad participation are still limited.
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In addition to the main Opasnet site in English, there is a Finnish language version
of Opasnet focusing on issues of domestic interest (http://fi.opasnet.org), and a
limited access site Heande for use e.g. in research projects or other situations
where complete openness of all content is not possible due to different reasons. In
the main Opasnet in English there have been more than 300000 visits since
Opasnet was opened, and there were more than 2000 individual visitors during
2009. The number of active editors is currently between 20 and 50, and there are
nearly 1500 content pages. At the Assessment and Modelling Unit of National
Institute of Health and Welfare, the primary developer of the system, Opasnet has
gradually become one of the main tools for carrying out everyday work tasks.

Mostly Opasnet has been used by a relatively limited group of scientific ex-
perts in environmental health in roles of developing content in the system. Certain
assessments, e.g. on a plan to build a municipal solid waste incineration plant in a
town in south-west Finland, (http://fi.opasnet.org/fi/Poltto, in Finnish), have also
attracted considerable attention by public, mainly as readers, but also as discus-
sants. Serious attempts to involve professional decision makers and other intended
users of assessment results into using Opasnet have been rare and results thus far
are scarce. Thereby the effectiveness of the approach has not yet been sufficiently
demonstrated. However, there are several new research projects that have adopted
Opasnet as their collaborative workspace. For future development it will be neces-
sary to attract more practitioners and public to participate in creation, and particu-
larly use, of knowledge.

The most common challenges in using Opasnet appear to relate to: a) finding
information, or whether it exists, within the system, b) knowing what one is "al-
lowed" to do within the system, c) overcoming the fear of making mistakes in an
open system, d) using the edit-window to make contributions to Opasnet-wiki, €)
applying the argumentation format to organize discussions, f) deciding upon the
object type and name when creating a new object, g) applying the attribute struc-
tures, 1) managing relations between related and/or similar objects, j) managing the
relations between wiki pages and external models addressing same phenomena, k)
uploading data to Opasnet Base, 1) creating a real linkage between assessments
and their intended use, and m) invoking active collaboration among more than 2-3
individual users on a shared object or set of objects. It appears that the threshold to
adopt Opasnet should be lowered and the benefits of using the system need to be
better demonstrated. Some of the technical barriers can also be expected to be
gradually overcome through the technical development of the Mediawiki platform
as well the increasing familiarity among the potential users with collaborative
software.

Participation has become a central issue in public policy making upon envi-
ronmental issues during the last few decades. Participation is addressed e.g. in the
Rio Declaration on Environment and Development [UNEP, 92] and the Aarhus
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Convention on Access to Information, Public Participation in Decision-Making
and Access to Justice in Environmental Matters [UNECE, 98], as well as in envi-
ronmental legislation on different levels. Also the public has become more accus-
tomed to use open information sources to obtain knowledge upon issues of their
interests and also to use that knowledge to influence decisions regarding those
issues. However, the currently common approaches to environmental health as-
sessment are still relatively conservative and in practice assessments mostly tend
to be exclusive rather than open [Pohjola MV, manuscriptb]. Among researchers
openness is often met with concerns regarding e.g. reduced quality, loss of credi-
bility, vandalism, and intentional bias.

In this setting Opasnet has been received with apparent interest, but also quite
persistent reluctance to adopt it into everyday use. This is probably partly due to
underdevelopment of the method and incomplete or complicated properties of the
workspace as well as the effort required to become acquainted with the system.
Partly it also derives from the conflicts between the principle of open collabora-
tion and the prevailing practices in research as well as policy making. Researchers
often fear that operating in an open system hinders, or completely prevents, scien-
tific publications, and thus accumulation of scientific merit. It may also be per-
ceived to lead to the erosion of the traditional expert status. Also professional
decision makers may be unwilling in practice to share their power, and the mean-
ingfulness of participation in decision making processes is sometimes questioned
by decision makers, stakeholders, and problem owners alike (see e.g. [Inkinen,
07]).

All in all, it still appears that the society at large is gradually moving towards
broader acceptance of systems and practices that build on openness and collabora-
tion. One example is the first prize recently awarded to Opasnet in the World
Summit Awards Finland competition in the e-government & institutions category
(http://www.mindtrek.org/2010/wsa), opening up a chance for Opasnet to partici-
pate in the global World Summit Awards in 2011 (http://www.wsis-award.org/).

7.3.2 Innovillage

Innovillage is an environment for the development, assimilation and evaluation of
technology and services in the social and health sector. Its central idea is to sup-
port open participation in the development processes of social and health care
services and to provide a method for evaluating the effectiveness and outcomes of
these development processes. It promotes a multifaceted perspective to innova-
tions where all the relevant participants should have a possibility to engage in the
innovation process. This means that the participants in a service innovation pro-
cess can include patients, health or social care professionals, developers, research-
ers and management. Innovillage provides an approach and tools for innovations
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that can overcome the shortcomings of existing approaches, for example, in ad-
dressing the local and contextual dependencies of social and health services.

The theoretical background of Innovillage is in multi-perspective view of sys-
temic innovations, founded on the Actor-Network Theory (ANT). Initially, ANT
has been developed in science and technology studies (Latour, Callon) and is here
extended with the trialogical approach. ANT sees innovations and technology as
embedded in a network of both human and non-human actors [Latour, 05], in
which the technology and innovations become defined. This nature of innovations
(both social and technical) requires that the knowledge service needs to provide
support for extracting information about the relevant aspects of development and
implementation of a practice. From the trialogial perspective, it is crucial that all
relevant members of the network can contribute to a shared object of work and
provide their perspectives for the innovation process. Ignoring issues of usability,
practical know-how or ethical aspects, not to mention legal or economic issues,
can lead to the failure of the innovation process.

For conceptualizing the services and assessing the effectiveness of the services,
the developers of Innovillage have developed a Relational Evaluation Approach
(REA), a framework for the development and assessment of technology and ser-
vices in social and health care. The REA is at the heart of Innovillage and it is
applied in Innovillage for i) describing the essential components of the service
innovation, and ii) assessment of its outcomes in relation to the purposes that the
service has been developed for. REA is applied in three stages:

* As a conceptual tool for developing ideas in the early stages of the innovation
process, and developing an Implementation Model (IM) for the service.

* Assessment of the implementation process of the service in a certain context
(according to the IM).

* Assessment of the longer term effects of the service in relation to the purpose
and expected outcomes of the service described in the IM.

When constructing the IM of the service, the REA 1is applied in describing its
central and essential elements as a hypothesis of what is required in order to pro-
duce the intended outcomes and to fulfil its defined purpose. The aspects of the
REA framework are 1) definition of purpose and expected outcomes, ii) a descrip-
tion matrix for more specific characterisation (table 2), and iii) a process-like
summary.

In its general form, the description matrix consists of six topics which are de-
scribed from three perspectives (if necessary): clients', professionals', and organi-
sational perspective. The required level of detail in descriptions depends on the
purpose and outcomes of the service. For example, the purpose of a new kind of
service for the home care of elderly people could be specified as providing more
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quality life years at home, and the outcomes e.g. as maintaining a good quality of
life, reducing mental problems from institutionalization, and cost-effectiveness in
terms of reduced amount of labour. The characteristic features of the service are
detailed in the description matrix e.g. in terms of what kind of professionals are
required, what kinds of clients there are, what education is needed, what use of
tools is required from the professionals and the clients, and what of organisational
prerequisites does the service have. Eventually, the summary describes the pro-
cesses (actions) that the service is made of, such as daily food delivery, medical
examinations etc.

The Implementation Model is used as a conceptual tool or an artefact for com-
municating the features of the service. It is also the model for implementing the
service in different contexts. Each implementation in a certain context naturally
has its specific independent features, as the resources and skills of professionals
vary between organizations, the clients are not a homogeneous mass, and organi-
zational structures are different. The implementation of the service thus requires
tailoring of the general model according to the specifics of the context. Innovillage
also provides tools and concepts for specifying the implementation processes and
for evaluating both the implementation and the outcomes of the service.

The development work and innovation processes are carried out in a collabora-
tive web-workspace. The REA is built into the system and the collaboration in the
web-workspace is structured by its concepts. It provides an environment for the
participants to collaborate on specifying the general features as an IM of services
in relation to their specified purposes and expected outcomes and assessing exist-
ing services according to an IM. These processes are conducted in the system by
enabling the users to create projects, create networks with other projects and other
tasks to support and enhance collaboration. The IM's and the assessments are
shared knowledge artefacts that coordinate the collaborative work. The work car-
ried out within the system is supported with a library of methods for the develop-
ment and evaluation of health and social services. The workspace also consists of
a database of (descriptions of) existing services which can be exploited as tem-
plates in the development of a new service. The Innovillage workspace actually
has much in common with Opasnet: a collaborative working environment, empha-
sis on open participation and involvement, aim to combine the expertise of various
stakeholders into the development process, and shared objects of development.

The main functionalities for facilitating collaboration are 1) management of
projects in which the innovation or assessment processes are conducted, 2) collab-
orative workspace where the service and its assessment are conceptualized, 3) a
network manager for enhanced interprofessional collaboration between different
people from different professions, and 4) a search interface, which provides both a
professional-type systematic search with specific keywords and a more natural-
type of interface for searches (see [Hearst, 09]). The main user group is profes-
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sionals who conduct development projects and work in the social and health sec-
tor. Other relevant user groups are clients participating in the development of ser-
vices, managers responsible for the projects, as well as project funders.

Table 2. REA description matrix with some example questions.
Topic of de- Clients’ perspective Professionals’ per- Organisational per-
scription / spective spective

perspective

Tasks and What kind of tasks is What kind of tasks the What kind of organisa-
division of la- required from the professionals are re- tional tasks does the
bour clients? quired to take? service require?

What kind of division of

labour is required

among the profession-

als?
Actors/Agents What kind of actors do | What kind of profes- What kind of organisa-

the clients consist of? sionals is required in the | tional actors does the

service? service require?
Tools, skills, What kind of What kind of What kind of knowledge,
knowledge knowledge, skills and knowledge, skills and skills and use of tools

use of tools does the
service presuppose
from the clients?

use of tools are required
from the professionals?

are required from the
organisational actors?

Rules and prin-
ciples

What kind of ethical
and other rules and
norms relate to the
clients' activity?

What kind of ethical and
other rules regulate the
professionals' work?

What kind of ethical and
other rules regulate the
organisation?

Laws and regu-

How do laws and

What kind of influence

How do laws and regula-

lations regulations relate to do laws and regulations | tions affect the organisa-
clients' activities? have for professional tional activities?
work?
Economics What kind of econom- | What kind of effects do What kind of economical

ical resources does

the service require

from clients?

the activities of the
professionals have on
economical resources?

resources are required
from the organisation?

In addition to a web-workspace for collaborative development and assessment,
the knowledge service also entails support for collaboration and transfer of
knowledge and skills within and between networks, such as face-to-face meetings,
consultation thematic workshops, and tutoring. Their function is to promote inter-
professional working practices and democratic participation by different stake-
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holders. It is not presumed that mere technology (as a knowledge service) with its
functionalities and affordances could facilitate open and interprofessional innova-
tion processes in an effective way. Instead, the knowledge service should be a
combination of technology and other facilitating services and practices.

The Innovillage knowledge service is a combination of open participation and
more structured and managed types of work. Rather than relying on the assump-
tion of self-organizing communities as the users of the system [Pohjola P, 10], the
system aims at supporting the development of effective working practices that
enhance the multifaceted approach to developing novel services. This can be done
in the service e.g. by inviting different professional networks into co-development
and co-creation of services, the ways of creating an interprofessional network by
inviting various stakeholders into a development process or by interacting with
other projects and developers.

An example of interprofessional collaboration is the ongoing pilot project with-
in Innovillage where more than ten municipalities in Finland implement a devel-
oped and piloted set of five services in social and health care. The services are first
described as an Implementation Model by local service development professionals
together with a group of forthcoming users and other social and health care profes-
sionals. At the second stage, the municipalities create an implementation plan
according to the IM's and specific needs of their organisation. During the course of
implementation they conduct an assessment of the service and its implementation
within their individual contexts. The individual projects involve various stake-
holders ranging from managerial level to social workers, nurses as well as health
and social service clients. The central participants from different municipalities
that work with similar services also come to form a wider interprofessional net-
work within Innovillage.

One central aim in developing Innovillage is to provide support for develop-
ment and management of working practices. Experiences from the use of
knowledge services show that even services with the best functionalities and af-
fordances do not generate collaborative development and innovation activity with-
out motivated and committed practitioners. It has also been noted that the practi-
tioners need to be engaged into knowledge creating processes and be motivated to
work for the outcomes of the process (see [Engestrom, 08]). Successful collabora-
tion also requires the creation of the ways of working with knowledge, i.e., creat-
ing knowledge practices [Hakkarainen, 09]. By providing the support for manag-
ing work roles and work tasks, the system aims at supporting the development of
effective working practices that can become normalized in the practicing commu-
nity [May, 09]. This means that the service should enable the practitioners to con-
struct the ways and practices of collaboration both within and outside the system.
Facilitation of the socio-technical innovation process of Innovillage requires con-

Assessments are to change
THL — Research 105 < 2013 168 the world



Pragmatic Knowledge Services

sideration of the supporting knowledge service as a hybrid system of both tech-
nology and its users.

Innovillage has been developed according to the acknowledged need for en-
hancing the creation and assessment of services in social and health care. Alt-
hough there is much pep talk for creating more customer-oriented ways of service
development, much of existing practices and social structures (funding, organiza-
tions, etc.) support project-oriented and professional-driven development process-
es. An increasing amount of work where clients and client perspectives are more
involved is, however, being made. As Innovillage is in a developmental phase, the
experiences of contextual fit are still limited. The workspace and the REA are
currently being piloted and tutoring and workshops based on REA are only just
starting. However, Innovillage builds on an existing system for describing services
in social care, so there already are professionals who are familiar with the ap-
proach and have previous experiences that support the kind of work that Innovil-
lage promotes. Generally the professionals are also eager to get involved with the
new extended approach to describing and assessing services.

The challenges of the Innovillage knowledge service in a national scale relate
to a required cultural change in social and health care service innovation. Much
development work in the social and health sector is done in individual projects and
there is a lot of overlapping work being done. In many cases also the outcome
effectiveness of these projects is not properly evaluated. What is required is a
change towards increasing and more open distribution of the services developed in
the projects and more efforts on the implementation and assessment of these ser-
vices. Innovillage aims to facilitate this kind of cultural change, but also participa-
tion of the multiple stakeholders is required to make it happen.

7.3.3 KPE

Knowledge Practices Environment (KPE) is a virtual environment with a set of
integrated tools and functionalities for working with knowledge artefacts, and for
planning, organizing and reflecting on related tasks, artefacts and user networks
[Markkanen 08], [Lakkala 09]. It is developed in a large, five-year (2006-2011)
EU-funded Knowledge-Practices laboratory (KP-Lab) project (see http://www.kp-
lab.org/ and http://www.knowledgepractices.info). An explicit goal of the KP-Lab
project has been to develop and investigate tools, practices, and models that sup-
port collaborative knowledge creation processes and trialogical learning. A basic
starting point for the project has been to develop tools to support flexible work and
learning with knowledge artefacts and related practices and processes both in edu-
cational and working contexts. The focus has been especially in higher education
courses where students and teachers collaborate with outside organizations and
learn “authentic” project work and knowledge practices. These more regularly
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take place in universities of applied sciences, but similar practices have been also
investigated in universities.

In the KP-Lab project following design principles have been formulated to
characterize the general features of trialogical learning (cf. [Paavola 09b]):

* Organizing activities around shared objects: A central idea of trialogical learn-
ing is that work and learning are organized around developing shared, concrete
objects, that is, conceptual artefacts (e.g., ideas, plans, models) through con-
crete, material products (e.g., prototypes, design artefacts) and/or practices
(e.g., ways of working in higher education).

* Supporting integration of personal and collective agency and work: People
integrate their own personal work and group’s practices and resources for de-
veloping shared objects, combining participants’ expertise and contribution in-
to the shared achievement.

* Emphasizing development and creativity on shared objects through transfor-
mations and reflection: Interaction and transformations between tacit
knowledge, knowledge practices, and conceptualizations are seen as a driving
force in processes of knowledge creation.

* Fostering long-term processes of knowledge advancement with shared objects
(artefacts and practices): Trialogical learning requires sustained, long-standing
work for the advancement of the objects of inquiry.

* Promoting cross fertilization of various knowledge practices and artefacts
across communities and institutions: Knowledge work in KP-Lab engages
people in solving complex, authentic problems and producing objects also for
purposes outside the educational institution. An essential aspect of the KP-Lab
project is hybridization between schooling/studying and research cultures as
promoted in various investigative learning practices.

* Providing flexible tools for developing artefacts and practices: Trialogical
learning cannot easily be pursued without appropriate technologies that help
the participants to create, share and elaborate, reflect and transform knowledge
artefacts and practices. Collaborative technologies should provide affordances
for trialogical learning processes.

These design principles are quite general, meaning that they could not be im-
plemented straightforwardly to guide the practices and technology development.
They have, however, provided broad outlines for characteristics of learning and
for the needs required from the mediating tools developed in the KP-Lab project.

KPE is a web-based application providing tools, functionalities and features for
sustained collaborative working with shared artefacts, processes, and practices.
KPE provides virtual working spaces, called shared spaces, for the collaborative
work, enables viewing the knowledge objects and their relations from different
perspectives and supports object-bound development of all items in a shared
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space. Basic tools and functionalities include, in addition to the common upload,
versioning etc. functions, the following: integrated wiki, note editor, commenting,
context-based chat, semantic tagging, linking of items allowing also spatial organ-
isation, real-time and history based awareness features, and various analytic tools,
among others. The tools and functionalities are highly integrated into the basic
views to enable versatile and flexible connection, organization and reflection of all
information related to the knowledge objects, processes and people concerned.
The role of technology for enhancing trialogical practices is framed by four types
of mediation which specify the above mentioned design principles to the general
aims of the technology development. These types of mediation are reformulations
of the ones introduced by Rabardel and Bourmaud [Rabardel 03], see
[Hakkarainen 08], i.e., epistemic, pragmatic, collaborative, and reflective media-
tion (table 3).

Table 3. Short descriptions of the types of mediation supported by KPE.

Type of me- Description
diation
Epistemic Creating and working with knowledge artefacts. The aim is to give support for
mediation users to create, transform and organize shared knowledge artefacts, to support

commenting on shared artefacts (object-bound commenting and chat), and
development of shared artefacts (drafting and versioning iteratively), as well as
sustained use of knowledge artefacts and conceptualizations.

Pragmatic Organizing and coordinating knowledge-creation processes. The aim is to pro-
mediation vide flexible possibilities and support for planning work processes, support for
updating and revising the plans, as well as coordinating the collaborative
knowledge processes with other practices.

Collaborative Building and managing networked communities and social relations required for
mediation carrying out knowledge-advancement efforts. The aim is to support networking,
community building and interaction around shared processes and artefacts as
well as interaction across different groups and communities allowing users to
lean, learn, share and combine on each others' competencies, expertise and

experience.
Reflective Making visible, reflecting on, and transforming knowledge practices. The aim is
mediation to enable users to reflect on their practices (processes), and jointly analyze and

developed the practices and processes.

The system is designed to support multimediation by providing a shared
knowledge space that facilitates all four modes of mediation and their flexible use.
A shared space in KPE can be either a personal space or a collective space. A
collective space is created for the knowledge community involved in a trialogical
process. Each shared space includes three main views: a Process View, a Content
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View and a Community View. The Process View supports time based chronologi-
cal way of organizing tasks. It is mainly used for projects with explicit tasks and
deadlines. The Content View includes all the items that the users have produced,
e.g. content-based chat, notes, uploaded files, web-links, wiki-links or Google
documents, as well as the tasks (figure 3). The items can be commented, dis-
cussed, tagged and linked. The Community View provides a visual presentation of
all members of the shared space and textual description of the members contact
information, items, action and assigned responsibilities they have. The members
can create groups and assign roles to themselves as well as create specific e-mail
lists for groups or shared space. The views can also be tailored by users according
to their specific needs (Tailored View).

All of the views provide synchronous awareness features, e.g. a lock if some-
one works on an item, a hand if someone is moving an item, colour-based coding
of on-line information, etc. In addition, asynchronous awareness information is
provided by means of recent changes, notifications and histories (version lists) of
items.

Inline-eciting mode on;
icons for save and cancel

An open note, where students
have started 10 write research
questions.

1o on the iters 1o Indicate thelr type:

VE Fe o0

Uploadabie fle  Wiki page  Web link Model Note Chat

Figure 3. Content View: ltems and tasks of a student pair in an example course.

KPE has been developed and investigated in large research cases in higher educa-
tion courses and projects especially in Finland, Netherlands, Austria, Germany,
and Sweden. It has also been used in various smaller courses all over Europe. In
the production version of the environment there are 105 shared spaces and in total
the amount of registered users is around 1200. At the moment of writing this, the

Assessments are to change
THL — Research 105 < 2013 172 the world



Pragmatic Knowledge Services

project is still ongoing, meaning that the system, following the agile development
method ideas, is a beta version and has some usability issues to be settled. KPE
has provided a test bed, which has amounted to such requirements, that it has not
turned out as useful as was expected in the design process. Therefore, some of the
functionalities and features need to be simplified and the core functions need to be
brought to the front of the user experience. Strong points of KPE have been the
possibility to structure and organize the group work in a flexible manner, for ex-
ample visually and/or non-linearly, to use one platform for various tasks and pro-
cesses, and to use different tools for various purposes. Some restrictions have been
experienced with some tools, e.g. for producing text documents, conferencing,
etc., which are not integrated, but users would like to be integrated with KPE.
Multimediation, e.g. combining epistemic and pragmatic activities together, is,
however, seen as a clear advantage of KPE.

The KP-Lab project challenges existing practices in the higher education. Ex-
isting knowledge practices in regular university courses are still more oriented
towards individualistic learning. More widely used virtual learning environments,
such as Moodle or Blackboard, provide only limited support for collaborative
knowledge creation practices, and support more information sharing or work with
ready-made tasks provided by teachers. Furthermore, none of the current learning
environments combine the spatial, semantic and filtered categorization and organ-
ization of knowledge artefacts and practices/tasks in similar holistic manner as
KPE does. Courses in universities of applied sciences are more often oriented to
learn project work done collaboratively but also there the challenge is to learn
more in-depth practices of collaboration. There is a clear need for developing
courses and projects aiming to develop tools and practices needed in the modern
knowledge work.

7.4 Summary and comparison of examples

The main characteristics of the three example knowledge services are summarized
and compared in table 4 according to the general requirements for pragmatic
knowledge services identified above. Much of the differences in the approaches
can be considered to derive from the different use purposes in their contexts. De-
spite some differences, all of the examples hold properties related to each of the
requirements. Conceptually they also address the essence of the trialogical ap-
proach, collaborative development of shared artefacts, in a similar fashion, alt-
hough the technical implementations vary from one to another.
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KPE is a collaborative learning environment making it primarily a service for
creating knowledge for its own sake, although not indifferent to the uses of
knowledge. The approach in KPE more or less assumes a specified group of users,
such as a class or participants of a course, although in principle it does not pose
any restrictions to the size of the group. The KPE workspace provides a multitude
of tools for flexible use by its users for a broad range of specific purposes.

Opasnet is a knowledge service for creating knowledge to support societal de-
cision making. As such it explicitly includes the intended use of knowledge in its
method as well as the workspace implementation. Also the descriptions of meth-
ods and tools are explicit objects of collaborative development. Opasnet adopts an
extreme approach to openness by allowing unlimited participation, and provides a
general structure to guide collaboration, which leaves space for improvised use in
collaborative knowledge creation for virtually any purpose.

Innovillage is an innovation environment, which inherently brings the practical
implementation of knowledge into the core of the knowledge service. This also
results in explicit inclusion of activities of supporting knowledge practices and
knowledge implementation outside or besides the workspace in the knowledge
service concept. The approach can be characterized as semi-open, as it opens some
aspects of the process for unlimited participation, but leaves certain aspects for
professional collaboration. Innovillage provides the most rigorous structure for the
service, which also makes it most bound to the specific purpose it is primarily
developed for. This does not, however, prevent its flexible use within its intended
context of use.

All of the examples challenge the prevailing paradigms in their contexts. The
basis of the challenge is the same for all; the trialogical approach. The individual-
istic perceptions of learning and knowledge creation appear as deeply rooted in
common practices of all knowledge work, not only education. This appears as
resistance to adopt collaborative trialogical knowledge processes, even if their
purposes, methods, and practical implementations were in principle welcomed and
accepted. It does not, however, undermine the needs to develop the current meth-
ods and implementations, but does indicate a need for a simultaneous cultural
change.

7.5 Conclusions

The trialogical approach to knowledge creation and learning provides a good
framework for considering convergence of knowledge, innovation, and practice,
and developing pragmatic knowledge services. Such knowledge services are re-
quired to enable collaborative knowledge creation, support development of
knowledge practices and practical implementation of knowledge, and adapt to
changing needs. They can not be considered as mere information systems, but as
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socio-technical hybrids, including also the human actors engaging in creation and
use of knowledge.

The theories of knowledge creation and learning, the advances in information
systems development, and the three examples of novel knowledge services indi-
cate that the conception of pragmatic knowledge services is feasible. Although
experiences from the three examples highlight needs for conceptual and technical
improvement in developing effective pragmatic knowledge services, also broader
cultural changes regarding knowledge work is needed. The change from individu-
alistic learning and knowledge creation towards trialogical collaboration can be
considered as representing the shift from an information society towards a
knowledge society. The current and future pragmatic knowledge services are not
only means for creation of practical knowledge in their specific contexts of use,
but also vehicles of this broader cultural change.
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Abstract

Biofuels have raised controversial debate regarding environmental, social and
economical aspects and sustainability. The complexity of biofuel decisions and
investments by the industry and the society necessitates inclusion of knowledge,
information, and opinions from a diversity of sources. Environmental assessments
estimate environmental and other impacts of the options before a decision. Open,
collaborative knowledge creation can support decisions in two ways: by building
trust and credibility, and by developing a more sound knowledge base. Open as-
sessment is a decision support method that allows open participation in assess-
ments with a transparent and freely accessible process. In this paper, we evaluate
two open assessment case studies about biodiesel production decisions. The evalu-
ation compiles the views of the participants regarding the potential of the assess-
ments to influence the decisions in terms of quality of content, applicability, and
efficiency as well as openness. According to the evaluation, openness can be fea-
sibly implemented and it was much appreciated by the participants. More experi-
ences on broad and active participation are still needed for further development of
methods and tools. However, the currently common practices and attitudes for
closed and disengaged processes seem to limit open decision support the most. In
addition, open collaboration needs to be facilitated by suitable tools and practices
as well as participants with sufficient skills for their application for the issues
being assessed.
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8.1 Introduction

Growing energy demand and greenhouse gas emissions from fossil fuels have
increased the interest in the production of renewable energy. Within these biofu-
els, i.e. liquid or gaseous fuels for transport produced from biomass (EU, 2009),
are of special interest. Biofuel production is a fast growing industry and it has
received a lot of attention as it is considered e.g. to aid in reducing greenhouse gas
(GHG) emissions from the transport sector, decrease the dependence on fossil
fuels and contribute to the economic growth of the developing countries (Ryan et
al. 2005; Mathews, 2008; Cassman & Liska, 2007). To help to reach the GHG
emission reduction goals European Union has set a target to cover at least 10 % of
the energy demand of the transport sector with renewable energy resources by
2020 (EU, 2009).

However, the sustainability of the production has been criticized and whether
biofuels offer carbon savings depends on how they are produced. Converting na-
tive ecosystems to biofuel production can create so called “biofuel carbon debt”
and release many times more CO2 comparing with the annual GHG reductions
that these biofuels would provide by replacing fossil fuels (Fargione et al. 2008).
The use of nitrogen fertilizers in the crop production of commonly used biofuels
such as biodiesel from rapeseed and bioethanol from corn, can contribute as much
or more to global warming as the combustion of fossil fuels (Crutzen et al. 2008).
Additionally the production itself can require more energy input from fossil fuels
than can be created (Pimentel & Patzek 2005). Furthermore, many other ethical
and environmental issues have been addressed, such as the conflict between biofu-
el production and the global food security, the use of limited water resources, land
ownership and the conflicts between land owners and indigenous territories, com-
petition with grazing wild and domesticated animals and the possible threats to
biodiversity and soil fertility (Gomiero et al. 2010, Tilman et al. 2009, Giampetro
& Mayumi 2009). Due to the many controversial issues associated with the biofuel
production, the sustainability of the production can vary significantly and their use
may not be such an easy, and trouble-free solution to climate change as at first
might have appeared.
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Research Societal needs

Shared
understanding

Stakeholders

Other interests

Figure 1. Complex decisions need to take account of multiple needs, interests and
sources of knowledge (reproduced from Tijhuis et al. 2012 with permission).

When deciding about new investments in biofuel production and supply, indus-
trial decision makers have to consider a wide range of scientific and non-scientific
information that has to do with financial, environmental and social aspects of the
production chain. For example, the GHG-emissions as well as other impacts and
costs of the production can vary considerably between different raw materials and
production sites. In addition, the policies and the views of stakeholders and the
public on local, regional and global level pose significant constraints on the biofu-
el investment decisions.

Public participation and stakeholder involvement in assessment and policy
making is built on the ideas of democracy (Fiorino, 1990), and it is seen to en-
hance acceptance, integrate local knowledge to the scientific information and pro-
duce more flexible and transparent decisions (Reed, 2008; van den Hove, 2000).
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However, the emphasis of environmental assessment is claimed to often be more
on process and procedure, rather than its purpose and effects (Cashmore, 2004;
Jay et al. 2007) and only few approaches to assessment actually even explicitly
consider assessment performance in terms of the outcomes of using the assessment
results in their intended contexts of use (Pohjola et al. 2012, Pohjola et al. manu-
script). Correspondingly, although participation is increasingly appreciated as a
part of environmental assessment and decision making, its implementations have
often concentrated in process and access rather than outcomes (Doelle & Sinclair,
2006).

Open assessment method was created to provide a means for more purpose-
driven and effective support to decision making in open collaboration (Pohjola &
Tuomisto 2011, Pohjola et al. 2012). It aims to support decision making by means
of systematic analysis of different decision options and providing a forum for all
involved parties to collect and integrate knowledge and views and thereby influ-
ence the decisions. As its name implies, open assessment differs from most com-
mon assessment approaches in terms of openness. In principle, everyone is al-
lowed to participate in and contribute to open assessments (Pohjola & Tuomisto
2011). In addition, tight linkage between assessments and the use of their results is
seen as a necessity for effectiveness (Pohjola et al. 2012, Pohjola et al. manu-
script). Ideally, everything in the process should be transparent and all content
subject to open scientific criticism. The method emphasizes substantive content
over participatory procedures. This means that the assessors seek all relevant
views rather than a set of views expressed by a balanced representative group, and
that arguments are evaluated based on how they hold against criticism rather than
how many participants support them. In this thinking, there is no need to discrimi-
nate participants with vested interests as long as there is a large enough a pool of
participants and information sources. As long as the above mentioned fundamental
principles (for more detailed list of principles, see Pohjola et al. 2011) are not
violated, open assessments can address almost any topics and apply many kinds of
methods for assessing impacts, risks, benefits etc. and analyzing decision options.
The open collaboration, however, needs to be facilitated by sufficient tools and
practices as well as assessment coordinators, which help in converging the
knowledge and views of different participants into shared descriptions of the is-
sues being assessed. One essential means for avoiding divergence and vandalism
in open assessment is the application of structured discussion
(http://en.opasnet.org/w/Discussion) for sorting out irrelevant, unreasoned, or
repeated statements when compiling participant contributions.

Open assessments are usually conducted in the Opasnet web-workspace
(http://www.opasnet.org, Pohjola et al. 2011), which is particularly designed to
host open assessments and contains functionalities that are useful for open assess-
ment. The Opasnet web-workspace is discussed more in the next section. Open
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assessment and Opasnet have been developed in several research projects involv-
ing both national and international collaboration, e.g. EU-funded INTARESE-,
HEIMTSA and BENERIS-projects involving partners from more than 30 Europe-
an countries. They are currently applied as one of the central assessment tools in
Department of Environmental Health of the National Institute for Health and Wel-
fare in Finland (THL). Application examples include EU-funded research project
URGENCHE (http://www.urgenche.eu) for developing healthy city-level climate
policies in  eight cities in  Europe and  China, Vesiopas
(http://fi.opasnet.org/fi/Vesiopas, currently in Finnish only) for online modelling
of health effects of microbiological hazards in drinking water in support of the
water safety planning in waterworks according to the EU legislation, and Tekaisu-
project (http://en.opasnet.org/w/Tekaisu) for developing the use of environmental
and health knowledge in municipal policy making in Finland. Currently the
Opasnet in English contains in total 2600 pages and more than 30 open assess-
ments with a wide variety of topics (see
http://en.opasnet.org/w/Category: Assessments). Most open assessments up to date
have addressed issues of environment and health, but the methods and tools are
applicable to all practical knowledge support in open collaboration. Correspond-
ingly, most open assessments have thus far been coordinated by THL, but open
assessments can be initiated, as well as coordinated, by anyone. Opasnet is located
in the open internet and is available for use by anyone.

In this paper we evaluate two open assessment case studies that assessed the
feasibility of two alternative biodiesel feedstock, Jatropha curcas oil plant (later
referred to as Jatropha) and the oil extracted from fish waste by-products from fish
farming. The cases were limited to only assessing biodiesel production, not bioal-
cohol or other forms of bioenergy. The assessments were requested and financed
by Neste Oil Corporation and they were performed by THL in the open Opasnet
workspace (http://en.opasnet.org). The information produced in the assessment
was primarily collected and analyzed in order to support the decision making pro-
cesses of the primary user (Neste Oil), but at the same time it was also intended to
be applicable in societal decision making processes in other situations.

This paper aims to contribute to the development of improved assessment and
policy making methods, tools and practices by evaluating the effectiveness of two
open assessment cases in terms of their quality of content, applicability, efficiency
and openness (Pohjola & Tuomisto 2011, Pohjola et al. manuscript). By effective-
ness we fundamentally mean influence of assessment on the outcomes, i.e. chang-
es in values, attitudes, and behaviour in the society (Matthews et al. 2011), but in
practice what is possible to evaluate rather reflects the likelihood of an assessment
to achieve the desired results and goals set for it (Hokkanen & Kojo, 2003). Open
assessment has been developed and argued as a means for overcoming the limita-
tions of effectiveness in science-based decision support (cf. Matthews et al. 2011,
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Pohjola & Tuomisto 2011, Pohjola et al. manuscript). Therefore, evaluation of its
application is important both to the development of open assessment and Opasnet,
but also to the development of science-based decision support in general. Corre-
spondingly, the research questions we sought answers for were:

1. Was open assessment method and the Opasnet workspace feasible means for
the assessments?

2. Did they provide means for all participants to influence the assessments?

3. Did the assessments influence the knowledge of the primary users and other
participants?

4. Was the applied evaluation approach feasible for evaluating assessment effec-
tiveness?

First, we present the two open assessment case studies, discuss the theory be-
hind our evaluation approach, and describe the implementation of the evaluation.
Then we present and discuss the results of evaluation, and ultimately draw conclu-
sions upon their implications to assessment theory and practice.

8.2 Material and methods

8.2.1 Open assessment case studies

Environmental health assessments are typically rather limited in openness (Pohjola
et al. 2012), and therefore there is a need for a proof of concept for more open
approaches. Many of the previous open assessments by THL had been motivated
by scientific rather than practical interests. Therefore, THL was interested in per-
forming this kind of assessments in order to test open assessment in a real-life
situation with a clear customer need.

The basic idea behind open assessments is to collect information and create
knowledge that is needed for decision making in broad collaboration among par-
ticipants (Figure 2). The information is organized as an assessment that predicts
the impacts of different decision options on some outcomes of interest. Decisions,
outcomes, and other issues are modeled as distinct parts that are, in practice, web
pages in Opasnet, an open web-workspace dedicated for making these assess-
ments.

In Opasnet, users can collect, synthesize, describe, discuss, and distribute in-
formation using a wiki; upload data to a database; upload files; and build and run
computational models. The main interface between Opasnet and its users is the
wiki. It is built on the Mediawiki platform, and many of its basic functions resem-
ble those e.g. in Wikipedia (http://en.wikipedia.org), but many additional func-
tionalities e.g. for modelling and organization of information have been devel-
oped. The wiki provides a forum for the participants to collaborate upon finding
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well-founded solutions to practical problems (see Figure 2). Opasnet is located in
the open internet. Anyone can read its contents and post comments on its pages.
Editing of the pages, however, requires logging into the system. Anyone can cre-
ate a user account.

Both assessment cases were performed in Opasnet and each part of the assess-
ments (e.g. cultivation of Jatropha, amounts of oil produced from the harvest, or
social impacts) were described, discussed and estimated on a separate page in the
workspace. Both assessments were done and published in Opasnet in Finnish, but
a summary is provided in English (http://en.opasnet.org/w/Biofuel assessments).

Figure 2. In open assessment, members of a society adopt different roles in rela-
tion to identifying needs, making assessments, making decisions, and
taking actions. An assessment page in Opasnet has a central role in col-
lecting observations (here of an undesired event, a toxic liquid spill) and
spreading information to and from members. Knowledge-based actions
are taken to clear up the spill. Reproduced from Pohjola & Tuomisto
2011 with permission.

The two biofuel assessments in question were requested and financed by Neste
Oil Corporation (a Finnish refining and marketing company focusing on advanced,
cleaner traffic fuels, http://www.nesteoil.com) and they were performed by THL
between June 2011 and February 2012. The primary aim of the assessments was to
investigate the feasibility of the two potentially interesting alternative raw materi-
als in biodiesel production, Jatropha and waste oil from fish industry. The focus
was on the environmental, climate, and social impacts and the acceptance of the
production by Finnish stakeholders. The production of biodiesel from waste oil
from fish industry was considered to take place in Southeast Asia using local or
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regional raw material sources. The location for biodiesel production from Jatropha
and origin of raw material was not specified.

Previously, Neste Oil had assessed that palm oil is an ecological and economi-
cal alternative to fossil fuels. To their surprise, there was a major outrage and anti-
Neste Oil campaign after Neste Oil started fuel production based on palm oil in
Singapore in 2010 (http://www.greenpeace.org/finland/en/media/Press-
releases/Protest-against-Neste-Oils-palm-oil-diesel/). Therefore, Neste Oil had an
interest in understanding how open, participatory assessments would work in prac-
tice and seeing whether open assessments could explore the attitudes about certain
topics in the society. Jatropha and waste oil from fish industry had already been
identified as potential economically and technically feasible raw materials for
biodiesel production. As a Finland-based company, Neste Oil was primarily inter-
ested in the views of the Finnish stakeholders. However, participants were invited
to discuss the issue from a global or local point of view. In addition to producing
supporting information to Neste Oil and societal decision makers, the assessments
aimed to increase the awareness and knowledge of stakeholders and public on the
two new potential alternatives for biofuel sources.

The work started in June 2011. The topics of interest and underlying motiva-
tion were clarified in discussions with THL and Neste Oil. Assessments started as
exploratory, because no exact assessment questions were given in the beginning.
A key interest was to identify potential reasons for not using Jatropha or waste oil
from fish industry in biofuel production. In the beginning, more attention was paid
to Jatropha, because the first information sources found in the beginning of the
work were optimistic about Jatropha cultivation on poor lands. The scoping of the
fish oil case was not clarified in the beginning, and the assessment team started by
looking at ocean fishing; the current megatrend of depletion of ocean fishery
stocks (e.g. Myers & Worm, 2003) was seen as a major obstacle of using waste oil
from fish industry in large quantities at least for long periods of time. Only later,
the scope was redirected by Neste Oil to South East fish farming.

The assessments were performed by a group of assessment coordinators (a
group of four of environmental scientists, open assessment experts, and model-
lers). In addition seven university or high school students worked as summer
trainees doing most of the practical work in the assessments. The coordinators
were not experts in Jatropha, fish industry, or fuel distillation, but the focus was on
environmental issues and attitudes. Neste Oil participated in the assessments as the
primary user of their results and contributed mostly in assessment scoping. In
addition, a group of stakeholders was invited to contribute to any parts of the as-
sessments. As the assessments were conducted as open assessments, it was possi-
ble for also anyone else to participate.

Most of the assessment work was done between June and August 2011. The in-
formation sources included both scientific and non-scientific journal articles and
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web pages. The results were summarised on wiki pages of the Opasnet assessment
workspace (numerically when possible) and used as parts of the computational
models built for the assessments. Uncertainties were described as probabilities
handled by Monte Carlo simulation algorithms. The models, coded in an open
source R language, were built in the same web workspace as all the text content,
and they can be read and run by anyone directly from the web pages.

In September 2011, THL and Neste Oil organised a meeting where the draft re-
sults were presented and discussed. It had been found out that Jatropha is actually
not a very productive plant unless cultivated on rich land, possibly leading to land
use competition with food crops. In contrast, waste oil from fish industry turned
out to be more interesting, especially when Neste Oil wanted to focus on large fish
farming industry in Southeast Asia. This stimulated a period of new data collec-
tion. Key findings are presented in http://en.opasnet.org/w/Biofuel assessments.

Assessment coordinators contacted stakeholder groups in October and Novem-
ber 2011 and invited them to participate. Participation intended i) to inform stake-
holders about the assessments and their results, ii) to help in collecting further
information and iii) to get a comprehensive picture of different stakeholder’s
views. Altogether 18 stakeholders including 3 energy companies, a human rights
organization, 5 environmental organizations, 10 researchers, research centres or
expert organisations (detailed list at http://en.opasnet.org/w/Biofuel assessments)
were invited to collaborate by commenting on the existing assessment and intro-
ducing possible lacking information. Feedback was received from six groups or
individuals. All the process took place in a wiki-based internet page where anyone
could comment.

The stakeholders were asked to comment on the assessments and to argue
whether from their point of view it was feasible to invest in Jatropha or waste oil
from fish industry as feedstock for biodiesel production. All feedback was includ-
ed in the assessments in the form of formal argumentation and relevant page con-
tents. Conclusions were updated when warranted. A few new aspects were raised
(e.g. about the role of EU climate policies), but the main conclusions of the study
did not change due to the feedback.

The main conclusion about Jatropha was that it might be useful in small-scale
fuel oil production, especially if the plant has other simultaneous uses such as
prevention of erosion, but not in large-scale industry. The main conclusion about
waste oil from fish industry was that it is a promising source and seems to be
available in large enough quantities at least in Southeast Asia, but ecologically it
has dual impacts and the balance is uncertain: it reduces the side stream of fish
industry waste, but it may stimulate the primary process of fish farming and its
potentially harmful impacts.

In February 2012, the assessments had reached a sufficient degree of maturity.
The website and a small seminar were the final products for Neste Oil. Finally, all
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participants (Neste Oil, stakeholders, summer trainees, and coordinators) were
asked to evaluate the final output and the making of the assessments. The evalua-
tion is described in more detail below.

8.3 Assessment effectiveness

While the assessments were conducted according to an approach allowing open
participation via a web-based assessment workspace throughout the assessments,
also a novel approach to evaluating effectiveness of assessment was adopted. This
approach is based on the frameworks Properties of good assess-
ment and Dimensions of openness recently developed in the EU-funded IN-
TARESE (Integrated Assessment of Health Risks of Environmental Stressors in
Europe) and BENERIS (Benefit—Risk Asessment of Food: An iterative Value- of-
Information approach) projects, and it considers assessment effectiveness in terms
of quality of content, applicability, efficiency and openness (Pohjola & Tuomisto
2011, Tuomisto & Pohjola 2007). The actual objects of interest in evaluating ef-
fectiveness of assessments are the changes they provoke (Matthews et al. 2011),
but as it would require follow-up and post-hoc analysis, such evaluation would
provide little guidance on the assessment in question. Therefore the evaluation
approach adopted here focuses on identifying the potential of the assessment to
serve its explicated purposes (cf. Hokkanen & Kojo 2003), and thereby providing
guidance already to the design and execution phases of the assessment. Simulta-
neously it also creates a basis for possible post-hoc analyses effectiveness that
address the realization of that potential. It should be noted, however, that in the
case study assessments discussed in this paper the evaluation of assessment effec-
tiveness was done only after the delivery of results, not so much as an intrinsic
part of conducting the assessment.

In this study, two separate frameworks were utilized for the evaluation of the
effectiveness and performance of the assessment. The first framework, called di-
mensions of openness (Pohjola & Tuomisto, 2011) was designed as a tool for
characterizing the approaches and settings of supporting decision making by
means of science-based analysis and participation. It considers the possibilities
and constraints for assessors and participants to influence the decisions and conse-
quent actions in terms of:
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* Scope of participation, Who are allowed to participate in the process?

* Access to information, What information about the issue is made available to
participants?

* Timing of openness, When are participants invited or allowed to participate?

* Scope of contribution, To which aspects of the issue are participants invited
or allowed to contribute?

* Impact of contribution, How much are participant contributions allowed to
have influence on the outcomes? In other words, how much weight is given to
participant contributions?

In this study, the framework "dimensions of openness" was primarily applied
to evaluate the effectiveness of participation by characterizing the possibilities of
the invited stakeholders to influence the assessment as well as the decisions and
actions of the primary user (Neste Oil) through the assessment. It should be noted,
however, that the framework itself is not limited to considering only external par-
ticipation, but all activities in assessment-policy interaction.

The second framework (the properties of good assessment -framework) was
designed as a tool for evaluating and managing performance of models and as-
sessments, particularly in the context of environment and health (Tuomisto &
Pohjola 2007) considers the potential of the processes and outputs of assessments
to meet their explicated purposes and influence the decision processes and conse-
quential actions that they address in terms of their i) quality of content, ii) applica-
bility, and iii) efficiency (Table 1). The first version of the framework was pub-
lished in 2007 (Tuomisto & Pohjola 2007) and it has recently been updated
(http://en.opasnet.org/w/Properties_of good assessment). In this study we applied
a slightly simplified version (Table 1.), particularly emphasizing the properties
characterizing applicability, as the basis for the participant evaluation question-
naires.

In Table 1, the description column provides a general explanation of the mean-
ing of each category or property. The question column then attempts to explicate
what is intended by the description by providing sample questions that could be
asked in evaluating a model or assessment in terms of that category or property.
The category quality of content characterizes the information content in the as-
sessment output. The properties under applicability characterize both the output
and the process according to their capability of delivering the information content
to the intended use. Attributes under efficiency characterize how much output is
delivered with the spent effort.

The two above described frameworks, dimensions of openness and properties
of good assessment, overlap most apparently in relation to the properties under the
applicability category. For example, have the needs of different participants been
taken account of in scoping and question setting of the assessment (relevance), to
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what extent is it possible for different participants to contribute to assessment
(availability), is assessment content comprehensible to all participants (usability),
and are there possibilities to participate to an acceptable degree (acceptability).
The focus in this study are, however, in evaluating the potential of participatory
influence to assessment and the potential of the assessment to influence its prima-
ry users as well as other participants.

Table 1. A simplified version of the properties of good assessment as applied as
a basis for the evaluation questionnaire for the participants of the biofuel
assessment.
Category Description Questions

Quality of Specificity, exactness and How many possible worlds does the answer rule

content correctness of information. out? How few possible interpretations are there
Correspondence between for the answer? How close is the answer to
questions and answers. reality or real value? How completely does the

answer address the assessment question? Is
everything addressed? Is something unneces-
sary?

Applicability | Relevance: Correspondence How well does the information provided by the
between output and its in- assessment serve the needs of the users? Is the
tended use assessment question good in relation to the

purpose of the assessment?
Availability: Accessibility of the | Is the information provided by the assessment
output to users in terms of e.g. | available when, where and to who is needed?
time, location, extent of infor-
mation, extent of users.
Usability: Potential of the Can the users perceive and comprehend the
information in the output to information provided by the assessment? Does
generate understanding users' understanding increase about the as-
among its user(s) about the sessed issue?
topic of assessment.
Acceptability: Potential of the Are the assessment result (output), and the way
output being accepted by its it is obtained and delivered for use, perceived as
users. Fundamentally a matter | acceptable by the users?
of its making

Efficiency Resource expenditure of How much effort is spent in the making of an
producing the assessment assessment? If another (somewhat similar)
output either in one assess- assessment were made, how much (less) effort
ment or in a series of assess- would be needed?
ments.
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8.3.1 Evaluation of assessment effectiveness

After completion of the assessments and delivery of results to the primary user, all
participants were contacted again and asked to evaluate the performance of the
assessments by completing evaluation questionnaires based on the properties of
good assessment and dimensions of openness -frameworks described above (see
http://en.opasnet.org/w/Talk:Biofuel assessments for the questionnaires). To get a
comprehensive feedback of the assessments, the questionnaires were sent to the
representatives of the primary user (3), invited stakeholders (19) and summer
trainees (7) as well as the assessment coordinators at THL (4).

Due to different roles and perspectives adopted, the questionnaires were slight-
ly modified for each participating group (see also Table 2). The question 1 on
inclusion of stakeholder contributions was targeted only to stakeholder representa-
tives, questions 2-6, addressing quality of content and applicability of assessment,
were targeted to all groups, and question 7 on assessment efficiency only to the
primary users (see http://en.opasnet.org/w/Talk:Biofuel assessments for question-
naire). Respondents were free to choose which questions they provided their an-
swers to, and some respondents left some questions unanswered e.g. due to not
feeling capable or willing to evaluate those aspects of the assessments. Both as-
sessments (Jatropha and the fish oil cases) were evaluated together, but so that the
respondents were allowed to provide differing numerical values or comments on
each assessment if needed. For each question, the respondents were asked to pro-
vide a numerical integer value between the range 1-5 (1 meaning bad and 5 mean-
ing good). In addition, textual comments were asked to accompany the numerical
values.

We received in total 12 responses (38 % response rate). Three of these were
from primary users, four from stakeholders (one with only textual comments), two
from summer trainees, and three from assessment coordinators. Although the
number of responses was low, the group of respondents can be considered as rep-
resentative of those participants who were actively involved in and contributed to
the assessments. With such a small data set it was not, however, meaningfully
possible to conduct proper statistical analyses for the numerical data. Therefore,
only the characteristics, including number of respondents (N), range from lowest
to highest score, as well as arithmetic mean (Mean), of the numerical data for each
question are presented in this article. In addition, the averages for questions 3-6
(applicability) and questions 1-7 (effectiveness) were calculated using all existing
values and omitting missing values. For those interested, the results of some statis-
tical tests are at http://en.opasnet.org/w/Talk:Biofuel assessments#Analyses.

The characteristics of the numerical data can only be considered as providing
some indication of possible variation between evaluations of different properties
and by different respondents. Instead, the focus of evaluation is on the textual
comments provided with the numerical responses. These are scrutinized along
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with informal communications during the assessments, subjective experiences
among the assessment coordinators, as well as the indications based on numerical
results in the next section as an overall evaluation of the assessment effectiveness
in these two cases.

8.4 Results

The characteristics of the numerical results of the evaluations asked from all par-
ticipants provide some indication of possible variation between evaluations of
different properties and by different respondents. The characteristics of the numer-
ical data are presented in Table 2.

Table 2. Characteristics of the numerical data from the evaluation
questionnaires.

Question type Question N Mean (Range)
Influence of participation 1. Are stakeholder comments included 2 3(3-3)
(stakeholders only) well in assessment?

Quality of content 2. Is assessment question answered 10 | 3.7 (3-4)
accurately, truthlikely and comprehensive-
ly?

Applicability 3. Relevance: Does assessment serve 9 3.44 (1-4)
well your (organization's) knowledge
needs?
4. Availability: Has assessment content 7 3.29 (1-5)

reached you (your organization)?

5. Usability: Has assessment influenced 11 | 3.55(1-5)
your understanding on the assessed

issues?

6. Acceptability: Was assessment made in | 9 4.22 (3-5)
a good and acceptable way?

Questions 3-6 average 11 | 3.59 (1.00-5.00)
Efficiency (Primary users 7. How good is assessment output given 3 4.67 (4-5)
only) the resources used?
Effectiveness Questions 1-7 average 11 | 3.72 (1.80-4.70)

On a general level, the numerical results can be interpreted to indicate that the
participants evaluated the assessments at least moderately effective across all
questions. Looking at the data it seems that the external participants, i.e. users and
stakeholders, would be slightly more critical in their evaluation than the internal
participants, i.e. summer trainees and assessment coordinators, regarding some
questions. The data is, however too small for reliably testing this with statistical
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analysis (see http://en.opasnet.org/w/Talk:Biofuel assessments#Analyses). These
findings are applied as complementary to the analysis of textual comments from
respondents discussed below in terms of openness, quality of content, applicability
and efficiency.

8.4.1 Openness

In theory, everyone was allowed to participate in the biofuel assessments. In prac-
tice the active participation was mainly reduced to the three representatives of the
user (from Neste Oil) initiating and following the assessment, the seven summer
trainees doing most of the assessment work, the four coordinators guiding the
assessment work, and the eighteen stakeholders that were invited to participate
and out of which six actually contributed to the assessment. The webpage statis-
tics, however, show that there was also some passive participation in the assess-
ment, meaning that outside of the group of the active participants some people
were reading the wiki pages of the assessment, but not contributing to the content
of the pages.

The web pages of the two assessments were downloaded 9403 times in total
between June 2011 and June 2012. This made the biofuel assessments one of the
most popular assessments in Opasnet. A download was counted every time some-
one loaded a page for reading, and when someone saved contributions on a page.
Most of the downloads were made by the coordinators and the summer trainees, as
implied by the 5673 downloads already during the active work period in June -
August 2011. There are no detailed statistics about who was actually downloading
the pages, but time-wise statistics imply that there was also a lot of activity from
outside the contributor group during the commenting period in November - Febru-
ary (2422 downloads). The number was clearly lower earlier, during the updating
period (730 downloads) and after the commenting period (578 downloads).

The number of downloads suggest that there was clear activity related to the
assessments, and the information produced was indeed absorbed by a fair group of
interested people. On the other hand, biofuels are a hot topic that is of interest to a
much larger group than what was reached. In a sense, the potential of informing
people was larger than what actually was realised, probably because marketing of
the results was not set as a high priority and the related activities were modest.

The assessments were performed in the Opasnet website and all the infor-
mation in the assessment pages was available not only to all active participants,
but also to anyone interested throughout the assessment. All contributions were
added on the assessment pages even if they had been provided via other means of
communication than the Opasnet wiki. However, along the course of assessments
it became apparent that the users did not openly reveal all the information they had
regarding the assessed topics nor their interests, which had effects both on the
process and the output of the assessments. It is also difficult to estimate how much
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relevant knowledge possessed by the invited persons may have been left out of the
assessments due to unwillingness to participate, technical difficulties of contribu-
tion and other reasons.

In principle it was possible to follow and contribute to the progress of the as-
sessments continuously via the assessment pages in the Opasnet workspace. The
assessments developed rapidly between June and August 2011 as a result of the
work by the summer trainees, and at a slower rate until February 2012 mainly as a
result of the work by the assessment coordinators. The stakeholders were contact-
ed only after some months of assessment work, when the assessments were al-
ready in quite comprehensive form, and most of the stakeholder contributions
were given in reaction to this request. The contributions of the users were mostly
given via meetings or discussions between them and the assessment coordinators
regarding initiation, intermediate checkpoint and delivery of assessment results.
Only a few spontaneous contributions were made by the stakeholders and users
outside these somewhat formal contribution periods.

All participants, and in fact anyone, were allowed to comment and contribute
to all parts of the assessment, except for the assessment questions that were dis-
cussed between the users and coordinators. All contributions were compiled in
Opasnet and integrated in the assessment. Stakeholder comments were listed on
corresponding assessment pages in the form of formal argumentation
(see http://en.opasnet.org/w/Talk:Biofuel assessments for examples) and relevant
page contents and conclusions were updated accordingly when needed. Because
most stakeholder participants were unfamiliar with working with wikis, many
contributions were provided by more conventional means, e.g. by e-mail or
through discussion, and added to corresponding Opasnet pages by the assessment
coordinators. However, this probably did not limit the contents of the contribu-
tions or which aspects they addressed.

Altogether, all types of contributions were allowed to influence the assessment
content. However, one stakeholder representative expressed her slight dissatisfac-
tion in the evaluation about the fact that her point regarding use of fish waste in
biogas production did not result in updating of the assessment scope, although the
point was agreed to be relevant. The discussion was, however, included in the
assessment.

At this point it is not easy to estimate what impact that the assessment, and all
contributions to it, has on the decisions and actions of the user. However, the as-
sessments did not link directly to any on-going decision process. In addition, the
evaluation comments indicate that the assessments confirmed rather than changed
the understanding about the assessed topics among the users. The influence on
practical decisions and actions most likely remained at best moderate.
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8.4.2 Quality of content

The quality of the assessment outputs were considered relatively good by the par-
ticipants. Particularly, the inclusion of various aspects of the production chain in
the assessment was appreciated. In addition, the comments provided by stakehold-
ers had only little impact on the output of the assessment as most of the provided
information was already found in the assessments, which can be seen as an indica-
tion of their comprehensiveness. However, the assessment questions were origi-
nally formulated as too vague and thereby difficult to be answered accurately. The
questions were clarified during the assessment, but eventually also many issues
that were out of the scope of the final questions were addressed. In addition, the
reliability of the information produced was criticized by some of the participants
due to the information sources used, as not all the data of accurate, up-to-date
information was available.

8.4.3 Applicability

The applicability in general was evaluated as relatively good by the participants,
but some variation between questions as well as respondents can be seen.

As regards relevance, the phrasing of the original research questions was too
vague to provide users with the information they were looking for. That was partly
because the used approach was new for the users and they did not succeed in ex-
pressing their needs very clearly from the beginning. Eventually, after the research
questions were specified, both of the assessments succeeded relatively well in
fulfilling the users' needs in terms of describing the feasibility of Jatropha and
waste oil from fish farming as biofuel feedstock. Also learning about the open
assessment methodology was appreciated both by the users and the stakeholders.

Although the assessments were performed in the Opasnet environment and
were freely accessible to anyone interested throughout the assessments, the users
did not evaluate them as having reached their target participants very well. This is
probably mainly due to the limited active participation in the assessments. How-
ever, as mentioned above, the web page statistics indicate that the assessments did
reach some people (readers) also outside the group of active participants.

Aspects of usability seemed to split the opinions among participants most
clearly. While the users and the stakeholders mostly saw that the assessments had
little or no influence on their understanding of the topics, those mostly involved in
making the assessment, i.e. summer trainees and coordinators, saw them as very
enlightening. This could be interpreted so that the users and the active stakehold-
ers were already very familiar with the topics that were assessed, while the sum-
mer trainees and coordinators were not. In addition, some of the stakeholders
found the Opasnet workspace difficult to use, which limited or even prevented
their active participation.
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Acceptability of the assessments and the way they were performed was consid-
ered good by the participants. The openness of the process was especially appreci-
ated, as was also mentioned above. Within the questions on applicability the
greatest agreement between respondents was about acceptability.

8.4.4 Efficiency

The efficiency was considered good according to the users, although it must be
noted that the number of respondents was only three. In addition, it was interesting
to see that the work by a relatively small group of non-experts, the seven summer
trainees, could result in such good quality assessments in a reasonably short time.
However, as pointed out by one of the user representatives, efficiency also de-
pends on how much active participants can be attracted in assessments. Due to the
similarity of the two assessments, they both benefited from each other because
there were many variables that were possible to develop simultaneously for both
assessments. Even though the assessments are not active anymore, their infor-
mation remains in the Opasnet workspace, and it can be easily accessed and used
by anyone, e.g. in future assessments on related topics.

8.4.5 Effectiveness

The questionnaire results and other feedback indicate moderate success of the
assessments in the eyes of the participants. Indeed, when considering the assess-
ments only as processes of answer seeking and information producing, this is
probably a correct interpretation. In addition, it probably gives a fair characteriza-
tion of the potential of the assessments and the methods they applied in delivering
that information to use. However, as was discussed already above in relation to
openness, in practice the assessment effectiveness in terms of practical decision
support did not achieve much of its potential.

If we consider the effects as changes in the knowledge in the members of the
society and the decisions and actions influenced by this knowledge, it is hard to
see that these assessments have changed or will change the world much, even if
their contents were of good quality and their making efficient and credible. Based
on the evaluation, two specific aspects behind the gap between potential and reali-
zation can be pointed out. First, the mere possibility for unlimited continuous par-
ticipation did not result in broad and active collaboration. Second, the active and
open involvement of the users is crucial for obtaining meaningful assessment out-
puts and creating a true linkage between the assessment and use of its results. Both
of these aspects are relevant for the development of assessment methods and tools,
but particularly for the development of collaborative practices for creation and use
of knowledge. It is not enough that the methods and tools allow for openness and
deep engagement, if the assessment participants choose to act according to the
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traditional closed and disengaged models of participation, assessment and decision
making (cf. Pohjola & Tuomisto 2011, Pohjola et al. 2011).

The more or less positive evaluation in these example cases of limited partici-
pation is not a sufficient proof for the goodness of open assessment method and
the usefulness of the Opasnet workspace. Experiences with broader collaboration
and deeper engagement are needed. However, neither does the evaluation indicate
that the method and the workspace would not be functional. Despite some difficul-
ties, the approach enabled the assessments to fulfill the objectives set for them,
and the openness of the process was particularly appreciated. Although some par-
ticipants faced some difficulties in using the Opasnet workspace, inclusion of all
contributions worked well because of the technical assistance given by the coordi-
nators. Also the transparency and the possibility to criticize all the steps of the
assessment process make open assessment a method worth consideration. After
all, the effectiveness of typical assessments and models is usually not any better
(Pohjola et al. 2011, Matthews et al. 2011, Pohjola et al. manuscript). By means of
open assessment and Opasnet, all the assessment information at least remains
openly accessible for anyone in the internet for free possible further use. This
increases the potential for effectiveness.

The open assessment method and Opasnet workspace provided functional
means and tools to work openly and transparently and to involve various stake-
holders in the assessment process. However, the realization of broad, active and
continuous collaboration among plural participants remained far from its potential
in the two biofuel assessment cases. This was mainly due to the active involve-
ment of both users and stakeholders remaining relatively low.

8.4.6 Evaluation approach

Also the applied evaluation approach, based on the dimensions of openness and
properties of good assessment frameworks, was shown to be usable for evaluating
assessment effectiveness. Despite the recognized limitation that it emphasizes the
potential for effectiveness rather than actual changes influenced by assessments, it
still provides a more comprehensive and meaningful characterization of the as-
pects that contribute to assessment effectiveness (cf. Pohjola et al. 2011, Matthews
et al. 2011, Pohjola et al. manuscript). It also helps to illuminate the strengths,
weaknesses and points of improvement, and provides support to conveying the
assessment information to its intended use. However, this evaluation exercise was
done only after the assessments were completed, and the capabilities of this ap-
proach to aid design and execution of assessments was not sufficiently tested here.
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8.5 Conclusions

The possibility to participate and to influence the decision-making processes re-
garding environmental and health issues is an important matter for stakeholders
and the public in general. In this paper we presented two environmental open as-
sessment cases, where openness was implemented as a principal characteristic of
the procedure. Based on the evaluation it can be concluded that:

1. Open assessment method and the Opasnet workspace are feasible means for
performing assessments and providing decision support, at least regarding
topics such as those considered in the two case studies. Experiences on broad-
er and more active participation are needed to guide their further development.

2. Participants in the two case studies considered that they had good possibilities
to contribute to the assessments. In fact, open assessment and the Opasnet
workspace provided all assessment participants more means for contributing
to assessments than they were willing, capable, or ready to make use of. Con-
tradictingly this may have prevented some participants from contributing.

3. The assessment cases did not have a great influence on the users and other
participants, except for the learning about the assessed topics among the
summer trainees and coordinators, who were the people mostly involved in
making the assessment. This was mostly due to a weak link between the as-
sessment and its use, in other words weak involvement of the users. More ac-
tive engagement of the users would have been needed to realize the potential
of the assessments in terms of effectively supporting practical decision mak-
ing.

4. The evaluation approach applied in evaluating the two assessment cases was
shown to be feasible for evaluating effectiveness of assessments and decision
support in general. However, the small number of responses to the evaluation
questionnaires did not allow for proper application of statistical analysis with-
in the evaluation framework..

On a general level, it can be said that functional methods and tools allowing for
openness and effectiveness in assessment already exist. It seems that an open ap-
proach is also much appreciated. The currently common practices and attitudes
adapted for closed and disengaged processes, however, still seem to limit the ef-
fective application of open collaboration in practical science-based decision sup-
port. In addition, room still exists for improving the user-friendliness of Opasnet
and other tools for collaborative assessment. Also existence of sufficient skills and
knowledge for coordination, particularly compiling participant contributions into
clear shared descriptions, is important for the success of open assessments.
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O Discussion

The previous chapters have explored the traditions of and future insights in envi-
ronmental health assessment as well as other fields of assessment relevant to envi-
ronment and health. The considerations have addressed several aspects of envi-
ronmental health assessment including assessment-policy relationship as well as
the roles of participation, modelling and information systems in serving the pur-
pose of assessments, i.e. producing and providing scientifically sound knowledge
support to societal decision making. The aim of this work has been to identify the
essential characteristics that either enable or delimit environmental health assess-
ments in serving their purpose, i.e. being effective. The main findings are summa-
rized and discussed here.

9.1 Environmental health assessment as collaborative learn-
ing

By considering the contents of previous chapters from an epistemological point of
view, environmental health assessments can be characterized as means to ends
(von Wright, 1963) and their information outputs as intentional artefacts (Hughes
2009), where the intention is to influence the end of health and well-being through
societal decisions and actions. As such, assessments can take the form of ex ante,
ex tempore, ex nunc as well as ex post evaluation of policies (cf. Hinninen and
Junnila 2012, Pope et al. 2004). The knowledge about environment-health rela-
tionships and the actions to influence them are thus tightly interconnected in the
idea of environmental health assessment. However, as was shown in previous
chapters, surprisingly often this idea is all but missing in the currently common
practice of environmental health assessment. In some approaches, such as the so-
called Red Book risk assessment (NRC 1983), the disengagement is even consid-
ered as one of the cornerstones of assessment.

The interconnectedness of knowledge and action also means that the intended
uses and use plans of assessment results and communication thereof are essential
in the design and making as well as the application of environmental health as-
sessments (cf. Vermaas and Houkes 2006, Houkes 2006, Franssen 2006). Envi-
ronmental health assessment cannot be considered only as communication of re-
sults from environmental health research to policy making or the public. Identifi-
cation of purpose and meaningful contextualization according to a practical as-
sessment problem is required.

However, considering environmental health assessment as mere information
production about environment-health relationships is not sufficient either. It
should rather be perceived as an endeavour of collective learning regarding desir-
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able actions that influence the environment-health relationships in order to help
dealing with them. In essence, environmental health assessment is intentional
development of shared belief systems (cf. Hilpinen 1995) among those to whom
these environmental health-relationships are of relevance. Effective environmental
health assessment thus necessitates collaboration between environmental health
experts and relevant decision makers, but also those affected by or otherwise in-
terested in the issues at hand. In addition, an arena for such a collaboration to take
place, as well as means to guide the collaboration towards practical solutions, is
needed.

The idea of social learning has been brought up also previously in discourses
on public participation in assessment and policy. It has, however, been often con-
sidered mostly in the sense of educating stakeholders and the public to better un-
derstand the recommendations by experts and decisions by policy makers (e.g.
Steyart et al. 2007, Webler 1995), than in terms of equipping policy makers with
knowledge to be applied in decisions and actions (cf. Sanderson 2002). Altogeth-
er, the idea of learning has had little effect on the methods, tools, and practices of
assessment and policy making, as well as the assessment-policy-public interaction
in practice.

If aiming for effective science-based support to practical decision making in
environmental health, the principles of scientific knowledge creation should be
applied also in the exploration of problems and the search for solutions to them,
not only in the underlying analysis of environment-health relationships. This calls
for openness, transparency and broad collaboration in environmental health as-
sessment.

Altogether, the essence of environmental health assessment can be described
by means of an analogy with the pragmatic children's logic presented in the intro-
duction: The scientific characterizations of the relationships between environment
and health by environmental health experts get their meaning from their practical
application in the decisions and actions that influence health and well-being in the
society. In short, assessments are to change the world. The fundamental and prac-
tical purposes cannot be neglected in the practice and development of environmen-
tal health assessment. Instead, they should be explicitly recognized and imple-
mented along the whole chain from scientific research to societal outcomes in
order for the knowledge obtained through research to effectively influence the
world. Assessments and their interactions with policy need to be designed starting
from the purposes and knowledge needs of decision making and managed so that
they become satisfied (see figure 2 in chapter 6).

9.2 Implications to science-policy interaction in general

The above considerations are not specific only to assessment and decision making
regarding environmental health, but are generalizable and applicable to virtually
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all application of knowledge in policy as well as other practical decision making.
Similar characteristics and challenges as discussed in previous chapters can easily
be identified e.g. in the discourses on science-policy interfaces as well as evi-
dence-based policy.

On global scale, the science-policy interaction has traditionally been based on
the idea of producing scientific assessments in expert bodies such as the Intergov-
ernmental Panel on Climate Change (IPCC) and pushing the knowledge to policy
and public. In order to overcome the limitations identified in the effectiveness of
such efforts, improved policy relevance of scientific assessments as well as the
underlying research has been called for (Perrings et al. 2011). However, this alone
has been claimed as insufficient as it overlooks the reality and needs of policy
making and neglects often important non-scientific local knowledge (Briggs &
Knight 2012, Hulme et al. 2011). Altogether, the progress of the discourse resem-
bles closely what was discussed in previous chapters regarding environmental
health assessment.

Evidence-based policy has been a subject of remarkable interest for more than
a decade, but it has recently become a hot topic in Finland. In evaluations of poli-
cy effectiveness, it has been identified that the demand and supply of information
do not meet optimally, and both the policy relevance of research and the use of
research results in policy making need to be improved (Lankinen et al. 2012, Jun-
nila 2012). Correspondingly, it has been investigated that the municipalities in
Finland can be characterized at best only modestly active in applying impact as-
sessments to support municipality-level decision making (Kauppinen 2012). Inter-
estingly, however, the main mechanisms recently suggested to promote the
strengthening of the evidence-base of policies are a comprehensive reform of sec-
toral state research institutes and state research funding (Lankinen et al. 2012,
Junnila 2012) as well as enhanced education of science communication within
doctoral programs (Treuthardt and Nuutinen 2012). Similar indirect efforts at-
tempting to address the challenges in the use of science-based knowledge in deci-
sion making have been common also in the context of environmental health as-
sessment as was discussed in the previous chapters. However, as the history of
environmental health assessment shows, such attempts alone have not been suffi-
cient for resolving the challenges in effective provision and use of knowledge in
policy making.

Generally it is desired that policies are based on sound knowledge and reason-
ing, but it may be questioned whether the applied means and the attempts to im-
prove them really serve their purposes. In the end the most of the discourses ad-
dressing interaction between science and policy on different levels and within
different contexts seem to boil down to calling for "better knowledge input" to
policy as well as different kinds of bodies or arrangements to provide such input.
Little emphasis is put on the practices of making use of the knowledge inputs in
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the policy processes. Correspondingly, much of the work dealing with knowledge
and policy focus on the production of knowledge (Jones 2009), and the role of
policy making is typically delimited to at most creating a demand to drive the so
called policy relevant assessments and research.

On the other hand, it is also often reminded that science-based knowledge is
only one (minor?) input among all other inputs to societal decision making (e.g.
Briggs & Knight, 2012, Krohn & Wilskman 2012). Altogether, science and policy
remain perceived as distinct entities (van Egmond et al. 2011) and the effective
practices of obtaining and using knowledge in policy making are not paid any
more attention than in the discourses on environmental health assessment (cf.
Potter and Harries 2006, Almeida and Bascolo 2006). In fact, it appears that envi-
ronmental health assessment could be considered as a forerunner in developing
methods and tools for science-based support to policy making. The emphasis in
the development of environmental health assessment is shifting towards design,
management and facilitation of effective practices in intertwined production and
use of knowledge as an essential part of policy making, and it looks like the other
branches of science-policy interaction should follow.

9.3 Implementation in practice?

How can such assessment-policy interaction be realized? After all, environ-
mental health assessment, as suggested above, may sound very idealistic. Howev-
er, its implementation is for the most part already possible in practice, as has been
indicated by the development and application of open assessment and Opasnet
(see also http://en.opasnet.org/w/Category:Assessments for more assessment ex-
amples in Opasnet). On the other hand, it must be noted that the experiences from
practical implementation of these ideas, methods, and tools in intimate interaction
with policy making and broad public participation are still limited. It should also
be reminded that open assessment and Opasnet are only examples attempting to
apply the ideas of effective environmental health assessment discussed above.
Their functionalities and practices are thus inevitably imperfect, yet developing,
manifestations of the ideas. Correspondingly, this thesis presents a conceptual
basis for effective environmental health assessment, as well as science-policy
interaction in general, rather than a ready solution for its implementation.

Despite the limitations in the currently common methods and practices of envi-
ronmental health assessment, there already exists a lot of potential in the emerging
assessment approaches. In addition, the development of digital networks and the
rise of the social media have prepared the society for open production and sharing
of knowledge during the last decades. Consequently, the knowledge supply side of
the assessment-policy interaction can be considered to be in a relatively good or-
der as regards practical implementation. Correspondingly, it appears that the
greatest bottleneck for effectiveness of environmental health assessment is in poli-
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cy making, the knowledge demand side. Particularly the commonly adopted prac-
tices of obtaining and using existing and available knowledge in decision making
do not seem to make use of the knowledge supply by experts as well as non-
experts. As a result, the best available knowledge does not become properly em-
bedded in decisions, their implementations, and outcomes.

However, also encouraging examples exist, indicating that effective science-
policy interaction is possible. For example, in the context of evidence-based health
policy in the Netherlands, it has been possible to demonstrate productive interac-
tion between researchers and policy makers in co-production of research and
health policy (van Egmond et al. 2011, Bekker et al. 2010). This has required
learning and adapting to each other’s needs from both policy makers as users of
knowledge and researchers as suppliers of knowledge (van Egmond et al. 2011) as
well as intentional blurring of the boundary between science and policy. In addi-
tion, such co-production of research and policy does not just happen, but explicit
coordination as well as mediating infrastructures is needed for its realization
(Bekker et al. 2010). However, knowledge can only effectively contribute to the
policy making process, if policy makers and researchers together negotiate availa-
ble evidence and interpret its value for policy making (Bekker et al. 2010).

The characteristics of effective practices in the Dutch science-policy interac-
tion are close to what is proposed for environmental health assessment in this
thesis. They also resemble the conceptual basis of the on-going Tekaisu-project
(http://en.opasnet.org/w/Tekaisu, Pohjola et al. 2012) for developing knowledge-
based municipality-level decision making in Finland, particularly addressing im-
pacts to environment and health. From a theoretical perspective, the main aims of
the Tekaisu-project are to design and implement effective and sustainable practic-
es for collaborative needs-driven decision support as well as evaluation and man-
agement of decision making over the whole chain from knowledge creation to
societal outcomes.

What is necessary to realize in implementation of such practices for effective
environmental health assessment and policy, is that they necessitate acceptance
and involvement of not only environmental health and other experts in charge of
assessments, but also policy makers on different levels of governance as well as
the members of society at large. In fact, a broad cultural change is needed. Fun-
damentally the question is only about ensuring the existence of well-reasoned and
applicable knowledge where and when practical decisions and actions take place.
However, in the current situation, where many common practices and attitudes are
based on separation of experts, lay-people, and policy makers as well as withhold-
ing of knowledge, there are many practical limitations to implementing practices
that build on openness, transparency and collaboration. If, and when, these ideas
become implemented in everyday assessment-policy interaction, it can be consid-
ered a comprehensive reform of knowledge practices in policy making.
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10 Conclusions

As answers to the research questions in chapter 2, it can be concluded that:

1. In principle, environmental health assessment is development and delivery of
knowledge, not mere information, to the processes where decisions and ac-
tions that have influence on environment and health are made. The purpose is
to enhance health and well-being in the society.

2. There are many approaches to environmental health assessment, but they
share the idea of providing support to decision making on societally relevant
issues. The common practices based on physical, organizational or intellectual
separation of assessment and policy are insufficient for serving the needs of
practical decision making. Consequently, societal decisions on issues of envi-
ronment and health are often unoptimal and not based on best existing and
available knowledge.

3. Environmental health policy making based on best available knowledge re-
quires tight and transparent linkage of assessment and decision making, inclu-
sion of all relevant stakeholders, practical problem framing, and application of
the scientific methods of knowledge creation also in exploration of problems
and development of solutions, not only in analysis of the underlying environ-
mental health phenomena. Effectiveness of assessments and policy making
must be evaluated and managed across the whole chain from obtaining
knowledge to the outcomes of decisions and their implementation.

4. An outcome-oriented turn is already taking place in the development and
practice of environmental health assessment. The methods and tools of col-
laborative knowledge creation already enable pragmatic openness in environ-
mental health assessment. The development of digital networks and the social
media have prepared the society for open production and sharing of
knowledge. What is still needed is a broad cultural change from disengage-
ment and withholding of knowledge towards openness, transparency and col-
laboration for effective environmental health assessment and policy. The fo-
cus of future development shall be set particularly on developing practices of
effective use of knowledge in policy making. Also the knowledge and experi-
ence available in social and political sciences shall be incorporated in this de-
velopment more profoundly.

These conclusions apply primarily to environmental health assessment, but are
also generalizable to the interaction between science and policy in general.
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