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ABSTRACT
We compare how several forms of multicriteria decision analysis (MCDA) can enhance the practice of alternatives

assessment (AA). We report on a workshop in which 12 practitioners from US corporations, government agencies, NGOs,
and consulting organizations applied different MCDA techniques to 3 AA case studies to understand how they improved
the decision process. Participants were asked to select a preferred alternative in each case using a different decision
analysis approach: their unaided decision‐making method, individual or lightly facilitated group multiattribute value theory
(MAVT), and more extensively facilitated group structured decision making (SDM). Surveys conducted after each exercise
revealed that participants were positive toward the use of formal decision‐making methods for AA, reporting meaningful
increases in their understanding of the trade‐offs involved and their own values. Participants also reported challenges with
each approach. While the MCDA techniques were reported to enhance transparency and communication, they did not
consistently lead to higher satisfaction with a decision and/or outcome, and they were not more likely to be adopted within
their organizations than unaided approaches. More formal decision‐making methods have promise in the context of AA,
but practitioners will need more guidance to use such tools successfully. Practitioners will also need to define what
“success” constitutes; different approaches may be called for depending on whether the objective is increased under-
standing, satisfaction with the outcome, satisfaction with the process, or something else. Integr Environ Assess Manag
2021;17:27–41. © 2020 SETAC
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INTRODUCTION
Alternatives assessment (AA), also known as alternatives

analysis, involves the identification, assessment, and com-
parative evaluation of different options for satisfying a with
an aim to remove or reduce hazardous materials in con-
sumer products (Rossi et al. 2012). It attempts to be a more
rigorous and transparent methodology for comprehensive
assessment and decision making, directed at avoiding
substitutions where one undesirable outcome is replaced by
another equally or more undesirable one. The AA is integral
to implementing the “substitution” principle, which provides
that it is generally better to use a less hazardous chemical or
nonchemical alternative in products where feasible (Swedish
Chemicals Agency 2007).

An AA typically considers multiple criteria, including
human health impacts, environmental and ecological im-
pacts, technical performance, and economic feasibility. Each
of these include several subcriteria. For example, human
health impacts may include different endpoints (e.g., carci-
nogenicity, endocrine disruption, and neurotoxicity), ex-
posure routes, and populations. An AA can be challenging.
The data regarding the relevant criteria are often in-
complete and uncertain. The available data can be qual-
itative or quantitative and are usually incommensurable.
Selecting among alternatives can present thorny trade‐offs
and value‐based choices. For example, how does one
choose between reducing ecological impacts and main-
taining critical technical performance features of a product?
Or between an endocrine disrupting ingredient and a
moderately carcinogenic one? Therefore, AA is not just an
objective, expert‐driven process, but integrates expert
knowledge and judgment (often in the face of uncertainty)
with value‐based judgments (also sometimes under

Integr Environ Assess Manag 2021:27–41 © 2020 SETACDOI: 10.1002/ieam.4316

* Address correspondence to Malloy@law.ucla.edu

Published 7 July 2020 on wileyonlinelibrary.com/journal/ieam.

This article contains online‐only Supplemental Data.

mailto:Malloy@law.ucla.edu


conditions of conflict and uncertainty). The balance to be
struck between the role of expert knowledge and value‐
based judgment will vary depending upon, among other
things, the specific decision context.
The AA thus presents a classic multicriteria decision sce-

nario. Multicriteria decision analysis (MCDA) can assist
policy‐makers, businesses, and other stakeholders engaged
in AA. An MCDA is not a single decision‐making approach
or method, but a family of methods grounded in differing
theoretical bases designed to aid decision makers facing
difficult trade‐offs (Belton and Stewart 2002). Despite their
differences, the diverse MCDA methods all assist the user to
varying degrees in 4 dimensions (Keeney and Raiffa 1972;
French 1989):

• systematic structuring and communication of data and
trade‐offs;

• explicit articulation and consideration of stakeholder
preferences and values;

• transparency and accountability for the decision‐making
process;

• and creation of a framework for consensus building and
collaboration in a group setting.

There is limited literature on the relative value of MCDA
over unassisted decision making, particularly in the context
of AA. This study aims to assess whether MCDA approaches
do enhance decision making in the AA context and to
identify the challenges of using these tools, as well as
areas for improvement. We convened a working group of
12 representatives from government, industry, and non-
governmental organizations for a 2‐day workshop at the
UCLA School of Law on 5–6 December, 2017. The partic-
ipants used various decision‐analytic techniques (before and
during the workshop) and provided feedback on them
through surveys and discussion.
One challenge that immediately becomes apparent in as-

sessing whether MCDA approaches can enhance decision
making in AA is the absence of an objective performance
benchmark: one alternative is often not objectively better than
another. Rather, alternatives may be better or worse across
different considerations, the relative valuations of which are
inherently subjective. Therefore, we evaluated the value of
MCDA approaches along several dimensions, including the
extent to which participants were satisfied with the decision or
the decision approach, the extent to which the method
helped improve participants' understanding of their values or
the information involved, and the likelihood with which the
participants would use the method. No single method
emerges as clearly preferred along each of these criteria.

BACKGROUND

Alternatives assessment

AnAA is used in a variety of contexts. In some cases, AAwill
be driven by regulatory mandates. In 2013, California's De-
partment of Toxic Substances Control (DTSC) promulgated its

Safer Consumer Products regulations (DTSC 2013), requiring
manufacturers in certain circumstances to evaluate potential
alternatives to determine if their products can be made safer.
In the European Union, manufacturers seeking continued use
of certain substances of very high concern must demonstrate
through an “analysis of alternatives” that no appropriate fea-
sible substitute is available. Regulators may perform AA
themselves to control which substances are used and how. In
other cases, a business or NGO may perform an AA to see
whether products or processes involving substances of con-
cern (often of emerging concern) can be reasonably replaced
or eliminated. An AA may provide input to a single decision
maker, such as a regulatory official or senior executive, or it
may support collaborative or group decision making. The
particular context may influence how the AA is performed,
including which decision‐making approach is used.

There are numerous frameworks for conducting AA. While
the details vary, most frameworks contemplate the 4 steps
listed below (Jacobs et al. 2016):

• Identification of key criteria and metrics for evaluating
alternatives. The criteria typically fall within 5 major cat-
egories: physical chemical hazards (i.e., explosivity and
flammability); human health impacts; environmental and
ecological impacts; technical feasibility; and economic
feasibility.

• Identification of potential alternatives. This could include
drop‐in chemical substitutes, use of alternative materials,
or a product and process redesign which eliminates the
need for a chemical (Tickner et al. 2015).

• Collection and compilation of data. This could include
experimentally derived as well as predicted properties
(Zheng et al. 2019).

• Evaluation of alternatives. This involves evaluating the
performance of the alternatives relative to the baseline
product and each other and selecting a preferred alter-
native. However, most AA frameworks are primarily de-
scriptive; even if they include quantitative elements and
risk‐based ranking, most provide minimal guidance for
making that ultimate decision.

Illustrative scenarios of AA in practice

An AA could take many forms in practice. Rather than
describe all possible scenarios, we briefly sketch 3 different
contexts in which AA might be used in practice. These are
not meant as complete descriptions of actual scenarios, but
as exemplars of some of the main ways in which the appli-
cation context may differ. Later, when we interpret our
findings from the workshop, we will relate them back to
these 3 scenarios.

Scenario 1: A large company is concerned about the
health impacts of a chemical used in its consumer products,
even though use of the chemical is legal. An individual
within the company is asked to perform an AA to inform the
selection of an alternative to the substance. This individual
conducts the AA independently with expert input from
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others within the company regarding the performance of
the potential alternatives across a range of relevant criteria.
The individual makes a recommendation to senior man-
agement who ultimately has to choose which alternative to
proceed with. The ingredients in the products are propri-
etary and the AA and ultimate decision regarding alter-
natives will be kept confidential.
Scenario 2: A trade association tasks a working group with

recommending the best alternative for a substance that is
about to be banned. This group will conduct an AA to guide
its consensus‐based decision making. The group has rep-
resentation from several diverse members of the trade as-
sociation and needs to incorporate the varying values and
objectives of its members in determining which alternative
to propose. The trade association needs to be able to ex-
plain its choice to their members and to the public at large.
Scenario 3: A government agency, such as the federal

EPA, is considering a phaseout of an existing chemical and is
conducting an AA to confirm the availability of viable alter-
natives. The agency will not adopt a phaseout unless it is
satisfied that viable alternatives are or will be in the market-
place. An agency work group will perform the AA internally,
using existing data, but will invite interested stakeholders to
submit relevant data regarding the performance of the po-
tential alternatives across a range of relevant criteria. The AA
will be used by senior management at the agency to support
a decision based on the available alternatives. The decision
and the process which led to the decision need to be
documented and made available to outside stakeholders,
including the public, NGOs, companies, and others, any of
which may contest the decision, possibly in court. The
specter of such legal proceedings clearly changes the nature
of documentation required for every decision made, in-
cluding how public comment was taken into account.

Decision methods

A wide range of decision‐making methods is available to
AA analysts, ranging from informal rules of thumb to highly
complex, statistically based methodologies (NAS 2014;
Malloy et al. 2017). We categorize decision‐making tools
and methods, defined as formal and informal aids, rules, or
techniques that guide specific decisions, into 3 general
types: narrative, rule‐based, and analytical. Table S1 in the
Supplemental Data provides an overview, and for the pur-
pose of this paper further distinguishes between 3 different
analytical approaches: multiattribute value theory (MAVT),
outranking, and structured decision making (SDM). (Each of
these general methods could be used by individuals or
groups with varying degrees of facilitation.)
Narrative methods involve a holistic, qualitative balancing

of the data and associated trade‐offs. While in some cases
the decision is informed by stated rules of thumb or prin-
ciples, there is no quantitative scoring of the alternatives
and no explicit quantitative weighting of the relative im-
portance of the decision criteria (Linkov et al. 2004; Eason
et al. 2011). The narrative approach is widely used in regu-
latory decision making. The federal Superfund statute and

implementing regulations use it in selecting cleanup rem-
edies for hazardous waste sites (EPA 2018). Under the name
“verbal‐argumentative approach” it has also been used by
the European Chemicals Agency (ECHA) in prioritizing
chemicals for regulation under the European Union's
REACH program (ECHA 2010).
Rule‐based methods, also known as elementary ap-

proaches, provide more structure and specific guidance
than the narrative method, but do not require sophisticated
software or specialized expertise in decision analysis. Ex-
amples include a decision tree using an ordered series of
questions, a set of checklists, an integrated suite of specific
decision rules, or simple algorithms, all used to frame the
issues and guide the evaluation (Eason et al. 2011). Rule‐
based methods use both quantitative and qualitative data,
and may include either implicit or explicit weighting of the
decision criteria (Eason et al. 2011).
Analytic methods are tools that couple narrative evalua-

tion with a mathematically based formal tool such as MCDA
(Linkov and Moberg 2012). An MCDA consists of a variety of
methods drawing on a range of theoretical bases and
methodological perspectives. Some MCDA tools, such as
those relying upon Multi Attribute Value Theory (MAVT), are
“optimization tools” that seek to maximize the achievement
of the decision maker's preferences represented as value
functions (Linkov and Moberg 2012). Others, such as out-
ranking eschew value functions, instead seek to identify
“dominant” alternatives through pairwise comparisons
(Malloy et al. 2013). A third type is structured decision
making (SDM), a mixed approach integrating optimization
and pairwise comparisons within a particularly highly struc-
tured, facilitated process, often used in group decision‐
making contexts with extensive stakeholder involvement
(Wilson and McDaniels 2007). It uses an iterative 5 step
process to clarify the decision context, identify meaningful
decision objectives, develop creative alternatives that meet
those objectives, estimate performance, and evaluate trade‐
offs, and finally to decide on a preferred alternative
(Gregory and Wellman 2001; Gregory et al. 2012).
Despite their differences, these analytical methods share

common features which set them apart from the basic nar-
rative method (Belton and Stewart 2002). Each method
provides a systematic, observable process in which an al-
ternative's performance across the decision criteria is com-
pared to other alternatives, typically in a matrix. In most, the
relative importance of each decision criterion is quantified
and used to weight the performance of each alternative on
each criterion. This is then typically aggregated to charac-
terize the relative overall performance of each alternative
(Kiker et al. 2005). Analytical methods can also explicitly
address uncertainty in the data (Malloy et al. 2013).

Effectiveness of MCDA in environmental decision making

Environmental problems in general are inherently multi-
dimensional, and MCDA methods have been applied in this
context, although not yet extensively in the context of AA
(Lahdelma et al. 2000; Kiker et al. 2005; Steele et al. 2009;
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Huang et al. 2011; Linkov and Moberg 2012; Cegan et al.
2017). Guitouni and Martel (1998) offer general guidelines
for how to choose an appropriate MCDA method, such as to
use a group rather than individual decision‐making process
if there are many stakeholders. Cinelli et al. (2014) compare
5 MCDA methods along dimensions such as compensation
degree and ease of use; they note that in practice the
specific method is usually chosen based on familiarity rather
than on the actual decision context. Kain and Söderberg
(2008) found substantial differences between how various
MCDA methods perform on criteria such as functionality,
ease of use, transparency, and trust. Others find that MCDA
methods yield sometimes similar and sometimes different
results on a range of environmental problems (Salminen
et al. 1998; Yatsalo et al. 2007). The authors recommend
using multiple methods in practice.
Several studies focus on comparing MCDA methods with

unaided decision making (Arvai et al. 2001; Arvai and
Gregory 2003; Wilson and Arvai 2006; Hajkowicz 2007;
Bessette et al. 2014). Arvai and various colleagues (Arvai
et al. 2001, Arvai and Gregory 2003; Wilson and Arvai 2006)
compared unaided decision making to “value focused” de-
cision making in a range of simulated environmental set-
tings. In value focused decision making, participants were
instructed to consider how well each alternative advanced
the participant's values and objectives and to think through
the trade‐offs involved. This led to higher satisfaction and
comfort among decision makers than unaided decision
making. However, Wilson and Arvai (2006) found that al-
though subjects claimed that their (value‐focused) decisions
reflected their objectives, those decisions were not con-
sistent with their previously stated rankings of objectives.
The authors caution against overinterpreting this paradox
but argue that it highlights the importance of evaluating
environmental decisions both in terms of process (where
value‐focused decision making appeared to help) and in
terms of outcomes (where in their experiment it did not). We
find similar apparent inconsistencies between how partic-
ipants responded to the various methods they used.
Closest to our work are 2 papers by Bell and various

colleagues based on a 2 day workshop for 20 climate
change experts and policy‐makers (Bell et al. 2001, 2003).
Participants were asked to rank climate change policy op-
tions (e.g., a carbon tax of US$75 or $150, promotion of
nuclear power, etc.) using their own unaided decision‐
making approach, then used MCDA methods and in-
tegrated assessment risk‐based methods to revisit the
decision. The ranking of policies varied by method (for the
same person) and across participants (using the same
method). Different weighting methods produced very dif-
ferent weights, and the participants recommended using
weights from multiple methods. The participants preferred
the unaided assessment to any MCDA method (Bell
et al. 2003). Holistic assessment ranked highest on most
evaluation criteria. Participants did not find that MCDA
methods were likely to increase confidence in the decision
or consistency. Almost every MCDA method was the most

highly‐recommended by at least 1 participant, indicating a
wide diversity in preferences for methods (Bell et al. 2001).
This highlights the same challenge that we encountered,
associated with the lack of an objective performance
benchmark for evaluating the effectiveness of MCDA
methods.

There is substantially less research on the use of MCDA in
AA, and none that we are aware of on the use of SDM in AA.
It is now fairly accepted that MCDA methods have relevance
to the AA process (Ogunseitan 2016; Zheng et al. 2019),
including by the National Academy of Sciences (NAS 2014)
and the California Department of Toxic Substances Control
(DTSC 2017). Some research has started to explore con-
ceptual, methodological, and normative issues associated
with the use of MCDA in AA (Malloy et al. 2017; Zheng
et al. 2019), and has developed criteria to guide the se-
lection of decision‐making approaches and tools, including
MCDA (Malloy et al. 2015). Other work demonstrates the
use of various MCDA methods in AA case studies (Zhou and
Schoenung 2008; Malloy et al. 2013; Tsang et al. 2014).
There has been no systematic assessment of the benefits
and challenges associated with MCDA methods relative to
unaided decision making from the perspective of AA prac-
titioners. Our work begins to fill that gap. In the absence of
an objective performance benchmark against which to
evaluate the outcome of different AA approaches, we will
not be able to point to a specific MCDA method as being
superior, but we are able to identify how various methods
compare along dimensions such as participant satisfaction,
improved understanding, likelihood of use, and more.

METHODS
Studies of environmental decision making consistently

identify 3 challenges: dealing with large numbers of deci-
sion criteria, adequately incorporating decision makers'
values, and systematically addressing trade‐offs (Bessette
et al. 2014; Malloy et al. 2017). This study assesses the utility
and limitations of various MCDA approaches in overcoming
these challenges in the context of AA.

We convened a group of experts in chemical and product
assessment from government, industry, and non-
governmental organizations for a 2 day workshop to test
various decision‐analytic techniques and provide feedback
for the design of improved tools and processes. Figure 1
summarizes the structure and substance of the workshop.

Several weeks before the workshop, participants com-
pleted a simulated AA case study (detailed later), selecting a
replacement for Cu‐based marine paint without the use of
formal decision analytic tools. The workshop began with
short background presentations regarding AA, decision
analysis, and the second case study, which was identical to
the preworkshop case study aside from a different set of
alternatives. Participants then used one type of decision
software to reach a decision on case study 2 (either as in-
dividuals or part of a group) then used a different software
package to reach a decision on case study 3 (in a fully
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facilitated plenary exercise). Further details are provided
below.
After each of the 3 respective decision‐making exercises

for case studies 1, 2, and 3, participants individually com-
pleted an online survey regarding their experience. The
surveys were designed to evaluate the performance of the
alternative decision support tools against standards for
“good” decision making. Given the value‐based trade‐offs
inherent in alternatives analysis, one cannot simply ask
whether a method or tool leads to the right choice. There is
no correct outcome against which to evaluate or validate
such methods. (Wilson and Arvai 2006). Researchers have
identified a range of measures of decision quality focusing
on the decision makers' self‐reported experience with and
perceptions of the decision process itself (Gregory
et al. 2012; Bessette et al. 2014), the decision outcome
(Wilson and Arvai 2006), and the likelihood of adoption of
the tool or method (Hajkowicz 2007). We constructed survey
questions drawing upon each of those 3 general measures.
Multiple‐choice questions used 5 point scales, and open‐
ended questions solicited additional comments (Table 1).

Participants

Due to budget and practical constraints, we targeted
12 participants. We invited approximately 20 participants
familiar with the concept of AA through personal networks;
some accepted, and several others suggested alternates. All
participants had considerable work experience in decision
making concerning product alternatives, and had at least
some familiarity with sustainability, product chemistry, and
toxicology, as well as regulatory compliance. We covered
participants' travel, lodging, and meals; subjects received
no other compensation for their time. The study was certi-
fied as exempt from review for human subjects impacts by
the UCLA Institutional Review Board.

The 3 AA case studies

The case studies were built around a single semifictional
narrative—the search for alternatives to Cu‐based anti-
fouling paint for recreational boats. Marine organisms can
attach themselves (“fouling”) to boat bottoms, possibly
damaging the boat's structure and reducing its speed,

maneuverability, and fuel efficiency. Boats can also carry
invasive fouling organisms to other harbors. Antifouling
paint applied to boat hulls can prevent or reduce the at-
tachment of marine organisms. Many of these paints contain
Cu as a biocide, an active ingredient intended to kill bar-
nacles and other marine organisms. Copper enters the
marine environment through leaching and during hull
cleaning, causing marina Cu levels to exceed regulatory
standards and potentially affect aquatic organisms.
The participants played the role of marine paint manu-

facturers responding to a government mandate to conduct
an assessment of alternatives to Cu‐based antifouling paint.
The exercise focused on the last step of an AA—evaluation
of alternatives. The case studies did not include all relevant
data that would be considered in practice, nor deal with
data gaps or mixtures of chemicals in products. Instead, the
case studies highlighted certain thorny trade‐offs presented
by the alternatives.
Two types of antifouling products were considered: bio-

cidal and nonbiocidal. Biocidal products are typically paints
formulated with biocides that are released over time, con-
taining 1 or more active ingredients such as Cu, synthetic
organic biocides, or organo‐Zn compounds. Nonbiocidal
approaches include “photoactive” coatings that generate
H2O2 at the boat's surface for antifouling properties and
silicone‐based coatings that form slippery, low‐friction sur-
faces to which organisms have trouble attaching.
We selected a recently published report on alternatives to

antifouling paint in Washington State as our starting point
(Northwest Green Chemistry 2017). We constructed 3 case
studies each with a different set of alternatives to Cu‐based
paint. We simplified the problem to 4 categories of decision
criteria and related subcriteria: human health concerns,
ecological concerns, technical performance, and cost. We
did not attempt to structure the alternatives such that there
was a “best” or “optimal” alternative; whether an alternative
is preferred by a decision maker depends heavily upon
the particular respective weight placed by the decision
maker on each decision criterion. Rather the alternatives
were designed to introduce challenging trade‐offs across
different criteria. We asked participants to assume that
the data were sufficiently reliable and to not take data
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uncertainty into consideration. The performance matrices
are set out in Table 2. More specific descriptions of the
decision criteria are included in the Supplemental Data.

Decision analysis methods

Many combinations of decision methods, weighting ap-
proaches, and facilitation approaches could be used in AA.
Due to the workshop time constraints we focused on only
3 methods.

Session 1: Unaided decision making. Session 1 took several
weeks before the workshop convened. Prior to the work-
shop we gave participants a description of case study 1 with
its respective performance matrix and asked them to
select their preferred alternative using whatever approach
they desired. Participants submitted their decision along
with a narrative explanation of their decision‐making
method. Participants also completed a survey regarding
their experience.

Session 2: Individual and small‐group decision making aided
by MAVT. In session 2 at the workshop, participants were
split into 2 cohorts to work on case study 2 using Decerns
MCDA decision support software, which is part of the
framework that was initiated within the international project
DECERNS (Decision Evaluation in Complex Risk Network
Systems) (Yatsalo et al. 2016). Decerns MCDA was con-
figured to implement a basic MAVT, an optimization
method that seeks to maximize the achievement of the
decision maker's preferences. Using value functions, the
method normalizes the performance of the alternatives on
each criterion to a score between 0 and 1, then multiplies
that score by a weight assigned to that criterion. It ag-
gregates the weighted scores to arrive at a total score for
the alternative.

Multicriteria decision analysis approaches generally use
1 of several weighting methods: direct rating, pairwise
comparison (used in analytical hierarchy process and in
outranking methods), and “swing weighting” (often used
with MAVT methods) (Belton and Stewart 2002; Linkov and

Integr Environ Assess Manag 2021:27–41 © 2020 SETACwileyonlinelibrary.com/journal/ieam

Table 1. Decision metrics

Metric Question Reference

Process
questions

Overall satisfaction Overall, how satisfied are you with the [decision‐
making] approach?

Bassette et al. 2014

Ease of use How would you rate the difficulty or complexity of
applying [this approach] to this decision?

Lindahl 2006; Booker 2011

Enhanced knowledge Would you agree that using this approach improved
your understanding of the available information?

Bassette et al. 2014

Transparency How would you rate the level of transparency that is
possible using [this approach]—i.e., does it enable
users to clearly articulate assumptions, decision
process, and rationale?

Kain and Söderberg 2008;
Gregory et al. 2012

Understanding of own
values

Would you agree that using this approach improved
your understanding of your own values?

Hajkowicz 2007

Understanding of
trade‐offs

Would you agree that using this approach improved
your understanding of key trade‐offs between
alternatives?

Malloy et al. 2017

Enhanced
communication

Would you agree that using [this approach] could help
you to better communicate your decision‐making
results?

Outcome
questions

Overall satisfaction Overall, how satisfied are you with your decision? Bassette et al. 2014;
Wilson and Arvai 2006

Alignment with values Do you agree that the decision outcome using [this
approach] accurately reflects what matters to you?

Bassette et al. 2014;
Wilson and Arvai 2006

Alignment with intuition Do you agree that the decision outcome aligns with
your initial impression (or gut feeling) about what is
the best alternative?

Belton and Stewart 2002

Adoption
questions

Overall comfort How comfortable are you with applying [this
approach] to other decisions?

Likelihood of adoption How likely is it that you would use [this approach] in
your institution to support chemical alternatives
analysis?

Hajkowicz 2007
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Moberg 2012). While direct rating (i.e., simply assigning a
relative weight directly to the relevant decision criteria) is
typically easier for respondents to use, it may lead to
significantly biased results (Németh et al. 2019). This ex-
ercise used a swing‐weighting approach to elicit weights
that involved showing participants the “best” and “worst”
performance across alternatives for each criterion and
asking them “which criterion would you first ‘swing’ from
its worst performance to its best?” (Belton and Stewart
2002). The swing weighting approach helps participants
take into account the decision context by highlighting how
much the performance can be improved on each criterion
when selecting between different alternatives. For ex-
ample, as a general matter, a respondent might view
carcinogenicity as much more important than skin irrita-
tion. But in a context in which the alternatives all per-
formed well in terms of carcinogenicity, this criterion
becomes less important for the decision since the desired
level of performance will be satisfied by all alternatives.
Instead, the respondent would likely view skin irritation as
a more important concern for the given decision, since
there is a bigger (and meaningful) difference in perform-
ance on that criterion between alternatives. Swing
weighting takes this context into consideration, while
direct rating typically does not.
The Cohort 1 participants engaged in individual decision

making. They gathered in a small computer lab, where each
participant was asked to individually rank the alternatives
from most preferred to least preferred. Following this
ranking exercise, 2 of the authors provided a brief tutorial on
Decerns MCDA and remained available to assist participants
with the software. Participants used Decerns MCDA in-
dividually to assist in the generation of criteria weights and
an associated ranking of the alternatives. They each en-
gaged in a self‐guided sensitivity analysis in which they were
encouraged to vary weights and vary the value function
curves. After comparing the results from the ranking ex-
ercise and from their MAVT analysis, the Cohort 1 partic-
ipants selected their respective preferred alternatives.
The Cohort 2 participants engaged in small‐group deci-

sion making. They likewise were asked to individually rank
the alternatives, after which they took part in a lightly fa-
cilitated group exercise comparing alternatives in Decerns
MCDA on a shared screen. Cohort 2 participants each used
an online swing‐weighting tool developed by Compass
Resource Management (Compass) to generate individual
weights (Beaudrie and Schroeder 2017), which were ag-
gregated with equal weight given to each participant. This
was done to define weights for the group to use in Decerns
MCDA, which only allows 1 set of weights at a time. The
small group then reviewed and discussed the aggregate
weights before entering them in Decerns MCDA to compare
alternatives. They each engaged in a facilitated sensitivity
analysis of the Decerns MCDA results, and after group de-
liberation selected their respective preferred alternatives. At
the completion of the exercise, participants completed a
survey regarding their experience.

Session 3: Group decision making aided by SDM. For case
study 3, all participants engaged in 1 fully facilitated group
decision making using a SDMmethod that included pairwise
comparisons of alternatives (directly comparing perform-
ance in a consequence table to identify dominant alter-
natives and insensitive criteria, and to compare overall
performance), discussion on trade‐offs, elimination of poorly
performing alternatives, and a MAVT exercise to assess the
overall utility of the remaining alternatives. After providing a
brief introduction to SDM, 1 of the authors led an ex-
tensively facilitated group session to discuss the perform-
ance of the alternatives across each objective. Participants
looked for opportunities to simplify the performance matrix
by removing “dominated” alternatives (those that are out-
performed by 1 or more alternatives), and “insensitive” ob-
jectives and criteria (that do not vary much across
alternatives). Trade‐offs among objectives were then ex-
plored using pairwise comparison, and the group discussed
preferences. Weights were then elicited using an online
SMARTER weighting tool (developed by Compass, see
Beaudrie and Schroeder 2017), and visualization tools were
used to review similarities and differences in participant
weights and to investigate the sensitivity of MAVT value
scores to different weights. “SMARTER” is a variant of swing‐
weighting that simplifies the elicitation process by asking
participants only to rank order the criteria. Weights are as-
signed using a formula based on an empirically validated
association between weights and ranks (Edwards and
Barron 1994). Lastly, the group debated the results and
collectively arrived at a consensus preferred alternative.

RESULTS AND ANALYSIS

Preworkshop unaided decision‐making exercise

Of the 12 participants who completed the preworkshop
exercise, 8 chose the paint identified as “Zn2000” as the best
alternative, while another selected Zn2000 as 1 of the top 2.
Zn2000 scored very well on technical performance and fairly
well on cost but presented concerns regarding human and
ecological toxicity. We asked the participants to describe
how they arrived at their decisions. We categorized their
decision‐making approach based on whether it was primarily
narrative (4 participants), rule‐based (3 participants), a mix of
narrative and rule‐based (4 participants), or similar in spirit to
MCDA (1 participant) (see Table S2 in the Supplemental
Data for more detailed descriptions of their respective de-
cision approaches). Table 3 (survey results) shows that par-
ticipants were reasonably satisfied with their unaided
decision approaches (mean of 3.9 out of 5) and somewhat
satisfied with their respective choice of paint alternative
(mean of 3.6 out of 5) (see Figure S1 in the Supplemental
Data for histograms of the results for each survey question).

Session 2: Individual and group decision making aided
by MAVT

The participants in Cohort 1, the individual MAVT treat-
ment, were quickly comfortable with Decerns MCDA and

Integr Environ Assess Manag 2021:27–41 © 2020 SETACwileyonlinelibrary.com/journal/ieam
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were able to explore the effect of changing weights or value
functions. In the initial ranking exercise the participants
preferred several different alternatives (see Table 4). Fol-
lowing individual MAVT analysis and sensitivity analysis and
deliberation, each participant independently selected
Armor99 as their preferred alternative. As Table 3 shows, in
terms of the decision process, the individual MAVT was
rated higher than the preworkshop unaided exercise on
many dimensions.
The individuals in Cohort 2, the lightly‐facilitated group

MAVT treatment, fared differently. The group used the
same Decerns MCDA software; however, the group rejected
the highest scoring alternative, Armor99. During group
deliberation, participants expressed concern that because
individuals' weights were aggregated, they may not
accurately reflect the group's values. Individuals also dis-
liked the compensatory nature of MAVT, which allows poor
performance on 1 criterion to be offset by superior per-
formance on another. The participants in Cohort 1 (the in-
dividual MAVT treatment) may also have disliked the
compensatory nature, but they had more leeway to
explore the effect of changing their value functions in the
software, something the individuals in Cohort 2 were not
able to do. The group instead used a simple aggregated
ranking method to reach group consensus for “Barrier.” Each
alternative received points for each first (4 points), second
(3 points), or third (2 points) place ranking it received in the
individual ranking exercise at the start of the session. The
points were totaled for each alternative to generate the total
score, and the highest scoring alternative was selected.
Table 3 shows that the participants evaluated the in-

dividual and group MAVT exercises quite differently, rating
the group MAVT approach much lower than the unaided

approach on most criteria. Despite rejecting the MAVT
analysis' outcome, group MAVT participants did report that
the process increased understanding of the information,
trade‐offs, and their values.

Session 3: Group decision making aided by SDM. The
participants then regrouped for a more intensively facilitated
plenary session with SDM. Participants reported appreci-
ating the opportunity to explore trade‐offs between alter-
natives in a group setting before applying weights. Several
noted that taking the time to understand the relative per-
formance of each alternative helped them to better under-
stand trade‐offs. Participants rated SDM higher than unaided
decision making on improving understanding of information,
trade‐offs, and their values. Others liked how group mem-
bers were able to express their weights individually and then
“drill down” into the calculations as a group to explore how
the range of individual weights impacted overall MAVT value
scores. This allowed the group to use the MAVT results to
debate and come to a consensus on a preferred option,
rather than relying on 1 set of weights as in the group MAVT
exercise. However, several participants noted that SDM
would be challenging to implement in their organization
since it requires a skilled facilitator and more time from
participants. Additionally, participants indicated lower sat-
isfaction with the group SDM decision compared to the in-
dividual MAVT session (3.5 vs 4.4), despite equal ratings for
the 2 decision approaches (4.0). Three of the 4 participants
who ranked the SDM decision lower than individual MAVT
did so based on dissatisfaction with methodological features
(weighting and use of linear value functions). The fourth
participant was dissatisfied with the selected alternative.
Aside from these points, the participants' ratings for the SDM
exercise were mostly similar to the individual MAVT exercise.

DISCUSSION

Diversity of “unaided” decision methods but convergence
in decisions

Current AA guidelines lack specific guidance on how to
make decisions, so it is useful to note the wide variety in
decision methods the participants used for the individual
preworkshop unaided AA exercise. Even though all partic-
ipants had considerable experience in decision making
concerning product alternatives, their approaches varied
widely. Despite this variety, a large majority arrived at the
same choice: 8 of 12 participants chose Zn2000, and a 9th
chose Zn2000 as 1 of 2 top choices. Only 2 participants
chose other options, and 1 participant did not report
his choice of the 9 who chose Zn2000, 4 used a narrative
approach, 2 used a rule‐based approach, 2 used a com-
bined rule‐based and narrative approach, and 1 used an
MCDA‐like method. The 2 participants who did not choose
Zn2000 used a rule‐based or a rule‐based and narrative
approach. Given the diversity of decision‐making ap-
proaches among Zn2000 adopters (and the use of rule‐
based and rule‐based narrative methods by both Zn2000

Integr Environ Assess Manag 2021:27–41 © 2020 SETACwileyonlinelibrary.com/journal/ieam

Table 4. Session 2 alternative selections

Participant Individual ranking Final selection

Group 1 (individual exercise)

1 Armor99 Armor99

2 Aquaslide Armor99

3 HullSaver Armor99

4 Aquaslide Armor99

5 Armor99 Armor99

Group 2 (group exercise)

6 Barrier Barrier

7 Aquaslide Barrier

8 Aquaslide Barrier

9 HullSaver Barrier

10 Barrier Barrier

11 StreamXL Barrier

12 Barrier Barrier

36 Integr Environ Assess Manag 17, 2021—C Beaudrie et al.



and nonZN2000 adopters), it is unlikely that the decision‐
making approach itself played a substantial role in biocide
choice. Review of the participants' descriptions of their re-
spective decision processes indicates that their weighting of
the decision criteria played an important role. The 9 who
emphasized technical performance and cost tended toward
Zn2000; the 2 who placed equal or greater emphasis on
human health and environmental concerns selected other
biocides.

MAVT and SDM substantially enhance understanding of the
problem

Understanding and resolving trade‐offs among alter-
natives is essential in AA. As the number of criteria grows, it
becomes increasingly difficult to evaluate trade‐offs. MAVT
and SDM methods are often proffered as effective tools to
support the evaluation of trade‐offs (Kiker et al. 2005). The
results are consistent with this view. Participants reported
substantially higher understanding of the trade‐offs be-
tween alternatives after the individual MAVT (4.4) and SDM
(4.0) exercises, relative to their unaided decision approach
(3.3). Some participants found the visualizations of the
trade‐offs most helpful:

• “Being able to see the trend lines…really helped me see
how different products fare.” Participant 9 (MAVT—
Individuals)

• “DECERNS allowed us to visually see the effect of each
criterion (on the performance of alternatives).” Partic-
ipant 12 (MAVT—Individuals)

• “I like the ability to be able to see the impact of
weighting the different criteria on the alternative ranking
(e.g., human health, ecotox, performance, cost). It's a
great comparative tool for visualizing trade‐offs.” Partic-
ipant 3 (SDM)

• “It helped me to visualize the trade‐offs in a way that
balanced inherent importance with potential to change.”
Participant 5 (SDM).

In actual AA situations, it is often important for decision
makers to communicate and justify the chosen alternative to
various stakeholders. One benefit often claimed for formal
methods such as MAVT or SDM is that they can facilitate
communication about the choices made. Our results mod-
estly support this belief. Participants felt that the individual
MAVT and the SDM approaches would enable or promote
transparency more than their unaided approach would (both
3.8 vs 3.4 for unaided) and would help them communicate
the results and decision rationale more (both 4.0 vs 3.7 for
unaided). On the other hand, it is perhaps surprising that the
effects are not stronger.

Group vs individual decision making

It is unlikely that an individual will perform AA alone; the
AA process requires input from a variety of disciplines.
Likewise, stakeholders affected by the ultimate decision will
no doubt engage with the AA process as well. However, the

trade‐off analysis at the core of AA—deliberation over and
selection of the preferred alternative—could be done either
by an individual or by a group. This raises the question of
the relative usefulness of various decision analysis methods
in group and individual settings. The evidence from our
workshop is mixed in that regard.
Compare the results between the individual and group

MAVT sessions. Recall that these 2 exercises were done in
parallel, based on the same case study and using the same
software. Four out of the 5 participants in the individual
MAVT exercise chose the top performing alternative found
using Decerns MCDA as their preferred alternative. The
group MAVT participants entirely rejected the alternative
suggested as superior by the software. On some metrics,
such as improving understanding of available information
and of the participants' own values, individual and group
MAVT still scored similarly. On other metrics, the 2 ap-
proaches fared very differently. The participants in the group
MAVT did not feel it helped with transparency or commu-
nication, the outcome did not feel right to them, they were
not satisfied with the approach or the decision, and would
not be comfortable applying this to other AA decisions.
We cannot definitively attribute this difference between

the individual and group MAVT to any one factor, as this was
far from a randomized controlled trial. We can speculate
about several factors that may have contributed. First, the
participants in the individual treatment enjoyed the fact that
they could interact directly with the software and explore
what happened if they changed weights and other inputs
(sensitivity analysis). Among the group exercise participants,
some reported that the tool felt more like a black box since
they were unable to individually adjust weights and settings
to explore outcomes. Unlike the individual exercise group,
they did not have time to personally familiarize themselves
with the software. A more extensively facilitated version,
where the group collectively explored the effects of dif-
ferent weights, might have been better‐received. Another
alternative is a hybrid approach where participants spend
some time exploring individually and then discuss their
findings in a more extensively facilitated group setting.
Second, the participants used their own weights in the in-
dividual MAVT exercise. In the group setting, the facilitator
had to average the weights across individuals since
Decerns MCDA, and MAVT in general, are not designed to
consider multiple sets of weights. As a result, participants did
not necessarily feel that the group weights reflected their
own weights. A more flexible and perhaps more heavily fa-
cilitated version of this group approach might have avoided
this pitfall. Third, some participants in the group MAVT were
not comfortable with the decision framework used, i.e., a
simultaneous framework in which all criteria were considered
at once and in which good performance on one criterion
could compensate for poor performance on another. The
individual MAVT participants also used a simultaneous
framework to start, but they could individually restructure it
such that certain criteria were used to screen out some al-
ternatives before applying the simultaneous framework to

Integr Environ Assess Manag 2021:27–41 © 2020 SETACDOI: 10.1002/ieam.4316
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the rest. Fourth, in the group discussion, 1 participant was
strongly critical of the specific version of MAVT used, arguing
that additive weighting was fundamentally incompatible with
the analytical needs of the problem and that linearized value
functions distorted the evidence. Their articulate and
vigorous arguments may have contributed to the group
rejecting the outcome.
From this, one might tentatively prefer the individual over

the group approach. However, comparing the individual
MAVT with the SDM results does not support such a con-
clusion. The SDM exercise was also conducted in a group,
but with more extensive facilitation than the MAVT group
exercise. Individuals' weights were preserved throughout
the SDM process, and there was far more structured dis-
cussion about those weights in the SDM exercise than the
relatively simple averaging that occurred in the MAVT group
setting. The SDM exercise also involved more discussion
around alternatives prior to the weighting exercise, elimi-
nating options that the group felt were dominated by
others, and constantly seeking consensus before moving to
a next step. The scores for the SDM exercise were generally
close to those of the individual MAVT, and the participants
were equally satisfied with both approaches (both 4.0).
Adopting an appropriate facilitation approach and man-
aging group dynamics emerged as important factors in
developing a successful MCDA‐based approach to an AA
decision in the group setting.
The participants were less satisfied with the decision re-

sulting from the SDM exercise (3.5) than from the individual
MAVT (4.4). This may reflect dissatisfaction with the
weighting method rather than with SDM more generally.
While participants rated the difficulty of SMARTER
weighting (used with the SDM case) to be similar to
swing weighting (used with MAVT), more than one‐half of
the responding participants specifically expressed dis-
content with the SMARTER weighting process. For example:

• “I was least satisfied with the potential for the SMARTER
weighting to heavily weight an alternative with only 1
metric (e.g., cost).” Participant 5 (SDM)

• “The way the weighting was done was somewhat
opaque.” Participant 6 (SDM).

Additionally, some participants wanted a second round of
weighting to allow them to revise their weights given what
they learned from the discussion following the weighting
exercise. They felt that the MAVT‐based value scores with
which the group made a final decision reflected their initial
weights, not their revised thinking. While the opportunity to
revise weights based on new information is typically part of
an SDM process, this step was omitted due to time con-
straints. Choosing an appropriate method to elicit weights,
providing participants an opportunity to discuss their ra-
tionales for their weights, allowing participants to experi-
ment with the effects of varying those weights (i.e.,
sensitivity analysis), and allowing time for multiple rounds of
discourse and weighting appear to be important factors

regarding satisfaction with the decision process. If an AA
decision process is conducted in a group setting, and if it is
considered important for the group to support the eventual
decision, then the facilitation approach should be suffi-
ciently flexible to allow for the wide range of unpredictable
events that can occur in group settings. If some members of
a group feel that a decision is being imposed upon them by
the method used, they are less likely to support the final
outcome. A facilitation approach that surfaces potential re-
sistance from individuals and that includes enough time to
explore the underlying causes of individuals' resistance and
to adapt the decision approach in response is more likely to
be accepted by the group. Such flexibility is of course not a
guarantee of success, but it is plausible that a more ex-
tensively facilitated version of the group MAVT exercise,
with the capacity to adjust weighting schemes and
other aspects of the decision process, would have been
better‐received.

Satisfaction, comfort, likelihood of use, alignment with
expectations, and defining “success”

Setting aside the group MAVT exercise, the participants
were roughly equally satisfied with their unaided method,
the individual MAVT, and the SDM method (3.9, 4.0, and
4.0, respectively). Similarly, the participants reported similar
scores for the extent that the top‐performing alternative
reflected what mattered to them in the unaided exercise
(3.9), the individual MAVT (3.8), and the SDM (3.7). The
participants did appear somewhat more comfortable ap-
plying individual MAVT (3.6) and SDM (3.7) to other chem-
ical AA decisions than their unaided method (3.2), but that
did not translate into higher likelihood of use: participants
predicted that their respective unaided methods were
marginally more likely (3.5) than individual MAVT (3.4) or
SDM (3.3) to be adopted by their respective organizations.
This discrepancy does not appear to be driven by concerns
that MAVT or SDM are too difficult or complex. Participants
rated individual MAVT (4.0) and SDM (3.8) as slightly less
difficult than their unaided methods (3.5). The main barrier
to adoption cited for individual MAVT was the affordability
and availability of software. For SDM, participants identified
the time and cost of training and facilitation as the leading
barriers to adoption.

Some of these discrepancies raise questions about how to
define “success” in applying MCDA to AA decisions. In as-
sessing the quality of decision‐making processes, the deci-
sion science literature typically relies on many of the metrics
used in this study, including enhanced understanding of
information, trade‐offs, and values; level of transparency;
improved capacity to explain the basis of the decision; and
so on (Belton and Stewart 2002; Kiker et al. 2005). We ob-
served individual MAVT and SDM scoring better than un-
aided methods on many of these metrics but only marginally
better in terms of satisfaction with the overall approach.
Individual MAVT and SDM even scored slightly lower than
the unaided method on the extent to which the top‐
performing alternative reflected what is important to
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participants or how likely participants were to use the
method. In order to determine whether a more structured
approach to AA decisions is valuable, we cannot simply ask
participants whether they are more satisfied with their de-
cision or with their approach. There is also no objective
“best” outcome in most AA decisions to use as a benchmark.
Although our survey results suggest that MAVT and SDM
add value in a number of dimensions, we cannot point to 1
approach as being “better” than the other. Therefore, AA
practitioners might need to explore different weighting
methods and decision approaches in any given situation in
order to understand how robust the respective outcomes
are, as consistent with research on MCDA application in
other contexts (Salminen et al. 1998; Yatsalo et al. 2007).
The findings of the workshop indicate that decision

making, the final element of the AA process, will be chal-
lenging for stakeholders engaged in programs such as those
in California or the European Union. Such programs typically
focus on the early stages of the AA process (identifying
possible alternatives and criteria of concern, as well as data
gathering) but provide less guidance on tools for reaching
decisions. Yet the decisions are likely to be complex, con-
sidering a large number of variables and alternatives. Par-
ticipants in this workshop reported that tools such as MCDA
could be helpful in organizing and presenting information,
despite the limited nature of the case study used. None-
theless, participants felt that these tools would be unlikely to
be used in their organizations due to issues such as cost and
lack of familiarity. The current work makes clear that much
should be done to increase the level of comfort and ac-
cessibility of decision‐making tools. That could include de-
veloping more extensive guidance on the use of MCDA in
AA settings, development of easy‐to use AA decision sup-
port tools, and training on their use. Published case studies
on AA would be valuable, and they should include a dis-
cussion of how the alternatives were evaluated. Even if the
process used was essentially narrative, a formal description
of the decision process can help others identify which
MCDA approach is most suitable for their context. There is
also a role for professional societies, including the Society
for Risk Analysis and the newly formed Association for the
Advancement of Alternatives Assessment.
Our study has several limitations. The sample size was

small due to practical and funding limitations so it is difficult
to generalize the results. We included only a few AA
decision‐making tools due to time constraints; a larger and
broader survey of tools would be worthwhile. All of our
participants were college educated, had technical back-
grounds in sustainability and product stewardship, and had
at least some familiarity with AA. This may not be the case
for all potential stakeholders involved in AA decision
making. Stakeholders who are less familiar with concepts
such as MAVT and SDM might display greater reluctance to
use such tools. On the other hand, our participants came
from different viewpoints that would likely be representative
of individuals who would lead AA efforts and make decisions
about scoping, tools, training, etc.

CONCLUSIONS
Our primary objective was to explore whether MCDA

methods would help decision makers in AA improve their
understanding of the problem, including their values and
the trade‐offs, as MCDA is known to do in other contexts.
Our results clearly suggest that decision makers did report
greater understanding of their values, the information pro-
vided, and the trade‐offs involved, after using an MCDA
approach relative to their unaided decision. However, the
different MCDA approaches, and the group vs individual
settings, gave rise to different experiences with respect to
other attributes such as transparency and likelihood of
adoption. Below we return to the 3 stylized sample AA
scenarios we sketched in the introduction and use our re-
sults to draw tentative recommendations for each decision
context.
In Scenario 1, an individual is performing an AA for their

company's own internal use. In this context, tools that sup-
port group dialogue, transparency, and the ability to com-
municate the logic behind a decision to external audiences
is not critical. Individuals charged with conducting an AA
within a large organization may prefer a method that is
simple, yet allows them to articulate weights, investigate
performance and trade‐offs, and explore sensitivity. Our
individual MAVT treatment demonstrates that participants
valued the ability to directly interact with and perform sen-
sitivity analyses with off‐the‐shelf MCDA software, leading
to greater satisfaction with the ultimate decision. In the
context of an individual performing an AA within a large
company, off‐the‐shelf MCDA software (such as Decerns
MCDA) may be preferred over formal group decision‐
making approaches (i.e., group MCDA or SDM).
In Scenario 2, a trade association is conducting the AA.

Transparency and being able to communicate the results are
more important in this scenario, while the satisfaction of
each individual with the decision is less critical. The SDM
treatment in our workshop may be better suited for this
scenario, particularly given its ability to incorporate values
from multiple stakeholders into the analysis.
In Scenario 3, a government agency is conducting the AA.

The outcome will likely be contested in various venues, so
the process must be legally defensible, inclusive, and
transparent. Individual satisfaction with the decision is not
an objective in this scenario, but transparency and the in-
clusion of stakeholder perspectives and values becomes
critical. In this setting, multiple approaches could be con-
sidered, depending on the desired level of engagement
with stakeholders, and on more practical considerations,
such as physical proximity of the relevant stakeholders. An
agency may opt to separate the consultation process from
the analysis. In this scenario, an individual would conduct an
MAVT, but they would select appropriate criteria, alter-
natives, and weights based on input received through
stakeholder consultation. Alternatively, multiple individuals
(within the agency, or across the agency and stakeholder
groups) may conduct their own MAVT analysis, with the
agency synthesizing across analyses to come to a decision.
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Finally, an agency may decide to conduct a group based
SDM process with agency and stakeholder experts to ex-
plore and select from a set of alternatives. This work pro-
vides insight into the multiple ways in which MCDA methods
can help decision makers in various AA settings, as well as
insight into which MCDA methods may be most appropriate
given the decision context and the objectives of the or-
ganization leading the analysis. These scenarios are meant
to illustrate which MCDA approaches may be preferred in
various decision contexts based on our findings. Since it is
not possible to fully capture the details and variations of all
contexts in which AAs may be applied, and given our small
sample size and limited number of methods and treatments
tested, these are meant as guidance rather than firm rec-
ommendations on best practices.
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