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Abstract

Desirability–doability framework (2 × D) is a novel framework for the collaborative evaluation of public
policies. Fundamental objectives and performance indicators are agreed upon in workshops, policies are
characterised, and barriers to implementation identified. MACBETH interactive protocols are then applied
in decision conferences to elicit qualitative judgments about the desirability of policies, within and across ob-
jectives; and about their doability under the expected graveness of barriers on contrasting scenarios. Elicited
judgments allow, respectively, to construct a shared multicriteria model measuring the overall desirability of
policies; and, to measure their doability. Desirability–doability graphs enable visual interactive classification
of policies, with sensitivity/robustness analyses of uncertainties. 2 × D was successfully tested in a real-world
urban-health policymaking case to evaluate spatial policies. The main novelty of 2 × D is that it bridges the
socio-technical gap, present in OR, between the support required by a complex social decision-making pro-
cess, and that usually offered by analytic techniques – while keeping modeling theoretically sound and simple.

Keywords: policy evaluation; socio-technical framework; desirability; doability; elicitation protocols; multicriteria analy-
sis; MACBETH; scenarios

1. Introduction

Robust evaluation frameworks are critical for informing policymakers about the relevance of com-
peting and complementary policies in a transparent and structured way. Clarifying policy impli-
cations and providing arguments and criteria to evaluate them confers legitimacy on the decision

∗Corresponding author.

© 2023 The Authors.
International Transactions in Operational Research published by John Wiley & Sons Ltd on behalf of International Federation
of Operational Research Societies
This is an open access article under the terms of the Creative Commons Attribution-NonCommercial-NoDerivs License, which
permits use and distribution in any medium, provided the original work is properly cited, the use is non-commercial and no
modifications or adaptations are made.

 14753995, 0, D
ow

nloaded from
 https://onlinelibrary.w

iley.com
/doi/10.1111/itor.13261 by T

est, W
iley O

nline L
ibrary on [16/02/2023]. See the T

erm
s and C

onditions (https://onlinelibrary.w
iley.com

/term
s-and-conditions) on W

iley O
nline L

ibrary for rules of use; O
A

 articles are governed by the applicable C
reative C

om
m

ons L
icense

https://orcid.org/0000-0003-4053-9214
https://orcid.org/0000-0003-3863-1070
http://creativecommons.org/licenses/by-nc-nd/4.0/


2 C.A. Bana e Costa et al. / Intl. Trans. in Op. Res. 0 (2023) 1–33

made (Morestin, 2012). Aiding policymakers in strengthening their capacity to make good use
of information, tacit knowledge, and analytical frameworks (Head, 2016) is crucial. Applications
of multicriteria decision analysis (MCDA), namely, multicriteria value measurement (von Winter-
feldt and Edwards, 1986; Kirkwood, 1997), are successful in many policymaking contexts (see, e.g.,
Dodgson et al., 2009; Gregory et al., 2012); however, in our view, there is still a socio-technical
gap between the support required by a complex social decision-making process and that usually
offered by analytic techniques. This article proposes a new socio-technical framework that is able
to address five key challenges that confront the facilitator of a group process. These are:

Challenge 1. In our experience, the key challenge is related to a cognitive phenomenon involving
the mixed perception of desirability and doability that arises when making judgments about
potential policies. As noted by Keeney (1992, p. 3), “the relative desirability of consequences is a
concept based on values.” That is, judgments about the desirability (value) of a policy should not
be affected by its doability—the extent to which significant barriers to policy implementation are
envisaged. For example, resistance to change may influence “the evaluation of the various change
alternatives” (Pardo del Val and Martínez Fuentes, 2003). Mixing the two concepts does not
allow policymakers to identify the full potential of a policy. Overcoming this mixed perception
requires carefully designed judgment elicitation procedures separating the two concepts. A key
idea is asking policymakers to assume that there are no barriers affecting the implementation of
policies when judging their desirability.

Challenge 2. As complex policy evaluation settings involve many actors, simplicity should be a
desideratum when designing interactive group procedures for eliciting desirability and doability
judgments, separately—that is, simple enough to stimulate the expression and debate of judg-
ments. This article proposes tailor-made qualitative interactive protocols to address this chal-
lenge, in view of successful collaborative modeling.

Challenge 3. Procedures to elicit doability judgments do not explicitly consider the uncertainties
emanating from the fact that barriers to implementation may be affected by non-controllable ex-
ternal sources. This article reports an innovative step forward by introducing scenarios of plau-
sible futures and eliciting doability judgments separately for each of them.

Challenge 4. Facing the complexity inherent in policy evaluation processes involving multiple ob-
jectives is a challenge that can be addressed by identifying the fundamental objectives and tack-
ing them onto a multicriteria desirability model as evaluation criteria. This is the well-known
decompositional strategy of “divide and conquer” (Morera and Budescu, 1998). Raiffa (1968)
describes it in simple terms: “decompose a complex problem into simpler problems, get one’s
thinking straight on these simpler problems, paste these analyses together with logical glue, and
come out with a program of action for the complex problem” (p. 271). Factual data and value
judgments are the input used to operationalize this procedure. Assuming that judgments about
the desirability of policies on an objective are not affected by their performance on other ob-
jectives, then a simple additive multicriteria desirability model can be built to assign an overall
desirability score to each policy.

Challenge 5. When constructing a multicriteria desirability model, the performances of policies
are assumed as sure things when expressing desirability judgments within and across objec-
tives; however, different sources of uncertainty can affect both performance and judgments and
compromise the stability of the overall desirability scores that result from the multicriteria model
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(Pelissari et al., 2021). Group distrust can arise in a model due to unstable results, and the chal-
lenge for the facilitator is to follow a path that deals with uncertainty without compromising
the desideratum of simplicity. The uncertainties that matter can be addressed through extensive
sensitivity and robustness analyses of model results.

In general, any multicriteria analytical framework is appropriate for measuring desirability
(Kirkwood, 1997; Hammond et al., 1998); however, a literature search did not reveal a single an-
alytical proposal designed to address these five challenges together. By definition, they all face
Challenge 4, but only Bana e Costa et al. (2014) developed a multicriteria desirability–doability
model (also applied in Mateus et al., 2017) (apart from popular ad hoc approaches to building
impact-doability or impact-effort matrices; e.g., see Baxter, 2015). They do not, however, incorpo-
rate the construction of scenarios to account for uncertainties. This is done in work developed by
several authors who only model multicriteria desirability, such as in some joint applications of sce-
nario building and multicriteria value measurement (Durbach and Stewart, 2012; Karvetski and
Lambert, 2012; Goodwin and Wright, 2014).

This article develops a novel framework for the collaborative multicriteria evaluation of public
policies based on judgmental information elicited from a group of policymakers about their per-
ceptions of a policy’s desirability, on the one hand, and doability, on the other hand. Distinguishing
between desirability and doability helps achieve social alignment, and trust in the decision-aiding
process and the outcomes of the analysis. The novel “desirability–doability” framework (hereafter
2 × D) allows the five challenges to be faced in an integrated way.

In addition to being based on sound theory, practical validation should also be undertaken to
legitimize a decision-aiding process. The EURO-HEALTHY project (2015–2017) (Santana et al.,
2020) offered an opportunity to live test the operationalization of the most conceptual proposals of
the 2 × D framework in a real-world setting of urban health policymaking and policy evaluation in
Lisbon, with policy outcomes spread along the several spatial policy units that comprise the Lisbon
city territory. This introduces a new context-dependent challenge to be addressed, and its relevance
for public policy evaluation makes it worth incorporating in 2 × D:

Challenge 6. How can the consequences of spatial policies be described for the easier elicitation of
desirability judgments?

Following this introduction, Section 2 describes the 2 × D framework for policy evaluation as
developed through a group interactive four-phase socio-technical process. The Lisbon case is de-
scribed in Section 3 as a proof of concept of the feasibility of implementing each part of 2 × D.
Section 4 discusses some of the core methodological options behind 2 × D and provides practi-
cal insights from ex-post feedback given by the Lisbon case participants. Section 5 concludes the
article.

2. The multicriteria 2 × D framework for policy evaluation

2.1. Overview of the 2 × D framework

The 2 × D socio-technical framework provides a decision-aiding guide for facilitators regarding
how to conduct a sequence of four interactive group modeling phases to overcome the challenges
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Fig. 1. Desirability–doability framework (2 × D) model structure.

introduced in Section 1 through the development of a desirability–doability analysis as structured
in Fig. 1:

Phase I structuring. The public policy context is characterized in terms of the actors involved and
their fundamental objectives, the type of policies to improve the current situation on the ob-
jectives and how to appraise these improvements, and the barriers that may compromise their
implementation and effectiveness. Contrasting scenarios of plausible futures are constructed to
capture non-controllable external conditions that may affect, negatively or positively, both the
effectiveness of policies and the frequency and magnitude of their barriers.

Phase II desirability. Deals with the measurement of overall desirability by constructing a group
multicriteria model through a sequence of activities to measure objective-specific desirability and
weight the fundamental objectives.

Phase III doability. Deals with the measurement of policy doability, under contrasting scenarios,
to account for non-controllable external conditions affecting the seriousness of barriers to policy
implementation.

Phase IV 2 × D analysis. Facilitates the desirability–doability analysis of policies by using visual
interactive graphs, in which each policy is represented by its measures of overall desirability and
doability. The stability of the position of each policy in the graph is analyzed through sensitivity
and robustness analyses.

Figure 2 outlines the 2 × D framework. Its four phases run in face-to-face social processes,
under the principles of process consultation (Schein, 1999) and in view of requisite decision model-
ing (Phillips, 1984): Phase I in facilitated workshops (Franco and Montibeller, 2010) with a broad
panel of stakeholders, and Phases II to IV in computer-assisted decision conferences (Phillips, 2007;
Parnell et al., 2013) with a core group of policymakers detached from the panel. Interaction pro-
tocols are followed by the facilitator in each phase, to help the group in “looking deeper into the
subject, exploring, interpreting, debating and even arguing” (Roy, 2010, p. 77). Most modelling ac-
tivities are supported in the M-MACBETH (Bana e Costa et al., 2017) software that implements
the MACBETH multicriteria decision analysis approach (Bana e Costa et al., 2012). MACBETH
(Measuring Attractiveness by a Categorical Based Evaluation Technique) requires only qualitative
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Fig. 2. Phases and activities of the 2 × D framework.

(non-numerical) judgements of difference in attractiveness to quantify the relative attractiveness of
policies, as overviewed in Section 2.6. “Attractiveness” is used in lato sensu in 2 × D, as it can refer
to measuring the desirability (in Phase II) or the doability (in Phase III) of policies.

2.2. Phase I: Structuring

2.2.1. Activity I.1. Identifying fundamental objectives and describing policies
The “divide and conquer” strategy, mentioned in Section 1, requires a structuring protocol to iden-
tify the objectives that determine policy desirability. According to value-focused thinking (Keeney,
1992), the fundamental objectives that capture actors’ values (“what you hold to be of worth, use-
ful, and desirable”; Hammond et al., 1998, p. 230) are first isolated and then used to drive the
creation of new policies or make existing ones better means to achieve the designated fundamental
objectives. In practice, each fundamental objective defines a policy intervention axis, and policies
may vary from target-oriented, that is, designed for intervening on a single specific axis, to broad-
spectrum policies that combine actions intended to affect several axes. In 2 × D, the facilitator
starts by presenting and discussing an initial list of objectives with the panel, followed by group-
work to separate “means” from “ends”—by questioning the panel about why objectives in the list
are important—until the fundamental objectives emerge. This activity can be facilitated by using
collaborative groupwork methods (e.g., 6-3-5 brainwriting; Rhorbach, 1969) and problem struc-
turing interaction protocols to construct group cognitive and oval maps (Ackermann et al., 2001;
Eden, 2004), improving individual knowledge and developing a shared group understanding of the
key objectives (as done, e.g., in Bana e Costa et al., 1999, 2006; Fernandes and Ferreira, 2020).

© 2023 The Authors.
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Once the set of fundamental objectives is agreed upon, policies should be characterized by the
measures that compose them and by factual information about how well they are expected to
contribute to changing the current situation (the status quo, SQ) on each fundamental objective.
M-MACBETH allows a tree structure to be built (in the form illustrated in Fig. 1) with the set of
fundamental objectives and their performance indicators resulting from Phase I. Policies and their
performances can also be inputted.

This information will be later presented to the group in Phase II to stimulate the expression of
desirability judgments, under conditions of full implementability. A descriptor of performance is
defined by a (continuous or discrete) range of plausible performance levels in order to help analyze
how well the policies perform on an objective. A peculiarity in 2 × D is that one of the levels of
the descriptor serves to characterize the SQ and another to characterize a “good” performance.
These two levels are operational references used to develop better or new policies. In many cases,
however, there is not a single measure of performance, and a multidimensional descriptor of a
fundamental objective must be constructed by combining several performance indicators, which
are usually means to achieve the objective. In contexts of non-spatial policies, that is, when their
consequences are not spatially determined, the 2 × D protocol for constructing a multidimensional
descriptor for an objective adapts the procedure proposed by Bana e Costa and Beinat (2005):
first, a small number of performance levels is selected in each indicator, which are combined to
form performance profiles across the several indicators, and then unfeasible profiles are eliminated,
and the remaining ones are rank-ordered to form a multidimensional performance scale for the
objective. Finally, for each policy, it is then possible to associate the multidimensional profile that
the panel selects as appropriate to represent how well the policy meets the objective.

With spatial policies, however, a particular protocol is necessary to address Challenge 6 (see
Section 1) and overcome the recognized difficulty of anticipating geographically dispersed conse-
quences (Simon et al., 2014; Keller and Simon, 2019). The spatial structuring protocol of 2 × D
focuses on the indicators to identify “critical situations” across the geographical units. Inspired by
the process suggested by the World Health Organization and WHO Centre for Health Development
(Kobe Japan) (2010), a critical situation is identified where the SQ has already achieved thresholds
of urgency for intervention (e.g., maximum acceptable levels of emissions of pollutants set in reg-
ulations). A “good” policy for a fundamental objective can then be defined as a policy that would
address and resolve all current critical situations across all geographical units on that objective. A
policy desirability judgment will therefore be expressed for each fundamental objective, in terms of
how well a policy improves the SQ over the territory, according to the number of current critical sit-
uations the panel expects the policy to resolve. This protocol also accommodates the negative side
effects of object-oriented policies that may involuntarily contribute to generate additional critical
situation(s) on other objectives.

2.2.2. Activity I.2. Identifying and classifying barriers
Barriers to implementation are also discussed with the experts in the workshops. Identifying bar-
riers is crucial to policymaking in many sectors. For example, May et al. (2008) point out that a
review by the European Conference of Ministers of Transport, in 2002, of the recommendations
of a previous study on improving public transport in Europe, “concluded that, while the 1995 rec-
ommendations were broadly accepted, the implementation of such strategies was ‘more easily said

© 2023 The Authors.
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than done’. It highlighted as the principal barriers poor policy integration and coordination, coun-
terproductive institutional roles, unsupportive regulatory frameworks, weaknesses in pricing, poor
data quality and quantity, limited public support and lack of political resolve” (p. 328). As a rule
of thumb, it is useful to distinguish fundamental from secondary barriers (Good et al., 2017). De-
pending on the context, the political, economic, social, technological, environmental, legal struc-
ture (Johnson et al., 2009) may be used to organize the collection of several types of barriers or
impediments.

2.2.3. Activity I.3. Constructing scenarios of plausible futures
Phase I also deals with the construction of coherent scenarios of possible futures. 2 × D follows
this definition of scenarios: “scenarios primarily have a temporal property rooted in the future and
reference external forces in that context; scenarios should also be possible and internally plausible
while taking the proper form of a story or narrative description; scenarios seem to exist in sets, and
the scenarios that inhabit those sets are systematically prepared to co-exist as meaningfully differ-
ent alternatives to one another” (Spaniol and Rowland, 2019). 2 × D proposes to develop two con-
trasting scenarios (worst-case and best-case) to bind the range of uncertainties that eventually affect
the desirability and doability of policies. They are “narrative and qualitative descriptions and are
best described using the concept of mise-en-scène” (Karvetski and Lambert, 2012). The three-stage
scenario-building sociotechnical approach proposed in Alvarenga et al. (2019) is followed: Stage (i)
identification of potential drivers relevant to the evolution of population health (PH) inequalities,
Stage (ii) validation of drivers and generation of scenario structures, and Stage (iii) validation of
scenario structures and generation of scenario narratives. This approach is rooted in the extreme-
world method presented and applied by Goodwin and Wright (2014) (see also Shar et al., 2011).

2.3. Phase II: Desirability

2.3.1. Activity II.1. Measuring desirability on each objective
The facilitator of the 2 × D decision conferences can use several tools to drive the elicitation of
group qualitative judgments, in each objective-node of the tree. As explained in Section 2.6, the
MACBETH technique derives quantitative scores for the policies from these judgments, which dis-
cussion allows the group to assign to each policy p a desirability score v j (p), on each fundamental
objective j (j = 1, …, n).

The protocols designed for eliciting desirability judgments adapt the qualitative pairwise compar-
ison elicitation mode of MACBETH, which introduces several qualitative categories of “difference
of desirability,” from no to extreme difference common to stimulate the comparison of policies
for a fundamental objective. The questioning mode works as follows for a given pair of policies:
assume there are no barriers affecting policy implementation, that is, all policies can be fully im-
plemented; is there no difference in desirability, or is the difference in desirability between the two
policies very weak, weak, moderate, strong, very strong, or extreme (or a sequence of these)? Each
time a judgment is agreed upon, the consistency of all the judgments thereto agreed is verified, and
suggestions are offered to resolve inconsistencies. When there is no inconsistency, a MACBETH
quantitative scale of desirability scores on the objective is derived, respecting all qualitative judg-
ments and their relationships. The second part of the protocol is devoted to validating the scale

© 2023 The Authors.
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Table 1
MACBETH-based three-step protocol for measuring the desirability of policies on each objective

Assume all policies can be fully implemented:

1. Use the MACBETH voting procedure to help the group qualitatively judge the desirability of each policy
when compared to no change of the status quo (SQ), giving rise to a ranking

2. Use the MACBETH voting procedure to help the group qualitatively judge the difference in desirability
between each two consecutive policies in the ranking

3. Along Steps 1 and 2, upload the group judgments being elicited to M-MACBETH, to test them for
consistency, and at the end, derive the respective MACBETH desirability scale and present it to the group as
a thermometer scale, already anchored in two fixed references: a “good” policy for the respective objective
(with a desirability score of 100) and a policy making no contribution to improving the SQ (obviously, with a
null desirability score); then, discuss the suggested scale with the group, and adjust it, if necessary, until final
single-objective desirability scores for the policies are agreed upon

with the group, starting by taking the smallest numerical difference between scores as the unit of
difference in desirability and then validating the ratios between each of the other differences and
the unit.

In practice, asking the group to judge the differences of desirability for all pairs of policies is
not strictly necessary in order to derive quantitative scores. Resorting to the MACBETH voting
procedure can also be very helpful in significantly decreasing the elicitation time and getting the
group aligned as in the cases reported in Bana e Costa et al. (2014) and Mateus et al. (2017).
Adopting this protocol in 2 × D involves eliciting only a few group desirability judgments for each
objective. In short, the facilitator can follow the three-step sequence in Table 1.

The MACBETH voting procedure, used in both Steps 1 and 2, to facilitate the process of elicit-
ing group judgments, develops in three steps: first, individual qualitative judgments are expressed
by the members of the group, by “voting” in one MACBETH category, then the participants’ ar-
guments justifying their individual votes are discussed, giving rise to group knowledge in the light
of which a second round of individual voting is launched, if deemed convenient in order for the
judgments to converge. Achieving consensus within the group is desirable, although a group com-
promise judgment derived from applying a (previously agreed) majority rule is acceptable. Firm
minority disagreements are recorded during the application of MACBETH voting, and if they con-
tinue, they are later subject to sensitivity analysis.

2.3.2. Activity II.2. Weighting the objectives
The way in which the desirability scores of a policy contribute to its overall desirability is measured
using relative weights assigned to the fundamental objectives. One can then measure the policy’s
overall desirability by multiplying each objective-specific desirability score by the respective weight
and summing these products across the objectives. In order to conduct the group weighting process,
the facilitator must follow a protocol that avoids the critical mistake (the “most common” one;
Keeney, 1992) of directly weighting the objectives in terms of relative importance. This is overcome
in 2 × D by focusing the group on comparing the “good” policies for each two objectives, in terms
of differences in desirability, following the five-step qualitative weighting protocol of Table 2. It
adapts the MACBETH protocol proposed in Bana e Costa et al. (2012) (Section 3.3) and, as in
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Table 2
MACBETH-based five-step qualitative weighting protocol

1. Start by presenting the list of “good” policies for the several fundamental objectives to the group
2. Help the group judge which of the “good” policies is the most desirable, in terms of contributions to

improving the SQ, and then qualitatively judge the difference in desirability between the most desirable good
policy and each of the other “good” policies

3. Based on the judgments elicited in Step 2, help the group to rank-order the “good” policies from the most to
the least desirable, in terms of contribution to improving the SQ, and then to qualitatively judge the
difference in attractiveness between each two consecutive “good” policies in the ranking

4. Help the group to qualitatively judge how desirable the most desirable and the least desirable of the “good”
policies are, in terms of contributions to improving the SQ

5. During Steps 1 and 4, upload the group judgments being elicited to M-MACBETH to test them for
consistency, and at the end, derive the respective MACBETH weighting scale and present it to the group
with the weights already summing up 1; then, discuss the suggested weights with the group and adjust them,
if necessary, until final weights for the fundamental objectives are agreed upon

classic quantitative swing weighting protocol (von Winterfeldt and Edwards, 1986), asks the group
to take into consideration both how big the performance gap is between “good” and the SQ, and
“how much you care about it” (Phillips, 2014). Voting rounds can always be used to reconcile
individual judgments at any elicitation step.

2.3.3. Activity II.3. Measuring overall desirability
M-MACBETH helps the facilitator to build a shared multicriteria additive desirability model with
the group, in order to measure the overall relative desirability of policies - see Model (1). Simplicity
is a core advantage of this model. Mathematically, the overall desirability score v(p) of a policy p,
which indirectly measures the overall desirability of p, in the eyes of the group, is given by:

v(p) = v(p) − v(SQ) =
n∑

j=1

kj
[
v j (p) − v j

(
SQj

)] =
n∑

j = 1

kjv j (p) (1)

where j designates a fundamental objective j (j = 1, …, n), kj is the weight assigned to objective j
(with kj > 0 and

∑n
j = 1 kj = 1), and v j (p) is the desirability score of p on j – with v j (SQj ) = 0,

where SQj represents the outcome of a policy that does not change the SQ on j. The objective-
specific desirability score of 100 is arbitrarily assigned to the “good” policy (goodj) for each ob-
jective j, that is, v j (good j ) = 100 ( j = 1, . . . , n). Each product kjv j (p) in Model (1) measures the
contribution of the performance of policy p on objective j to the overall desirability of p.

The theoretical conditions of additivity (Dyer and Sarin, 1979, Smith and Dyer, 2021) implicit in
Model (1) are constructively taken in 2 × D as working hypotheses in building the model.

2.4. Phase III: Doability

A MACBETH-based protocol is also used in 2 × D for eliciting doability judgments, in Phase III,
while considering barriers to their implementation. Following the steps of the voting protocol in
Table 3, the elicitation is made separately under each of the two contrasting scenarios previously
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10 C.A. Bana e Costa et al. / Intl. Trans. in Op. Res. 0 (2023) 1–33

Table 3
Adapted MACBETH four-step protocol for evaluating policies’ doability

1. Start by presenting the worst-case and best-case scenarios to the group and discuss them to ensure all
participants apprehend them well, namely, how they differ in terms of describing possible futures

2. Take one of the two scenarios and, with the group focused on the selected scenario, confront them with the
questions: in the face of the envisaged seriousness of the barriers to implementation identified for each
policy, how do you judge the doability of the policy on this scenario: null, very weak, weak, moderate,
strong, very strong, or extreme (or a sequence of categories)? For two given policies, how do you judge their
difference of doability in this scenario?

3. Use the MACBETH voting procedure: for each policy, start by eliciting individual answers to the first
question enounced in (2), launch a discussion around them, inviting participants to justify their judgments to
the group; eventually, launch a second round allowing the revision of initial individual judgments, in light of
the knowledge acquired from the discussion; following a majority rule, suggest a group judgment and discuss
and revise it with the group until a compromise doability judgment is agreed. Ask the group to rank-order
the policies by decreasing relative doability, and answer the second question enounced in (2), for pairs of
consecutive policies in the ranking and following an elicitation sequence as in (2)

4. Apply MACBETH to the group judgments agreed in (3), discuss the derived doability scale with the group,
and if necessary, adjust it

5. Repeat Steps 2 to 4 for the other scenario

constructed (worst-case and best-case), starting by updating the barriers. Technically, the scale of
doability varies from 0 (null doability) to 100 (extreme doability). A null doability is assigned to a
policy affected by barriers that would make the group consider it unrealistic to implement, whereas
extreme doability corresponds to a case with no, or only inconsequential, barriers.

2.5. Phase IV: 2 × D analysis

2.5.1. Activity IV.1. Building 2 × D graphs
The achievement of group agreement (consensually or by majority) on the overall desirability and
doability of policies marks a turning point in the 2 × D socio-technical process, allowing decision-
conferencing to move forward to the cross-analysis of desirability and doability results. This is
done, in each of the two previously constructed scenarios, with the visual support of a 2 × D
visual interactive graph, in which each policy is represented and analyzed by its measures of overall
desirability and doability, produced with the XY Map tool of M-MACBETH. A classification of
policies in four categories is useful for policymaking: “pearls” (policies with high desirability and
easy to implement), “oysters” (those with high desirability but difficult to implement), “bread and
butter” (easy to implement but of low desirability), and “white elephants” (low desirability and
difficult to implement). These policy categories were first used in Bana e Costa et al. (2014). For
example, knowing the barriers faced by oysters facilitates the design of measures to mitigate or
break the barriers, in view of converting oysters into pearls.

2.5.2. Activity IV.2. Sensitivity and robustness analyses
M-MACBETH incorporates visual interactive tools to develop extensive sensitivity and robustness
analyses, motivated by “what-if” questions, in order to address the different types of uncertainty
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C.A. Bana e Costa et al. / Intl. Trans. in Op. Res. 0 (2023) 1–33 11

phenomena that can affect the results of the multicriteria desirability model. Sensitivity analysis
is classic in decision analysis textbooks (see, e.g., Clemen, 1996, Chapter 5) and is limited to the
effects on the overall desirability scores caused by varying only one type of parameter in Model
(1) at a time, either a single-objective score or a weight. Dealing with the two types simultaneously
requires a robustness analysis, which can be operationally defined as an extension of classical sen-
sitivity analysis to allow for simultaneous variations of several model parameters (see, e.g., Bertsch
et al., 2007). There are various types of robustness analyses, and “to carry out meaningful robust-
ness analysis, it must be made clear which unknown quantities and parameters are to be considered
for the analysis, and what the variation or uncertainty is reflecting” (Aven, 2013, p. 2088). In M-
MACBETH, robustness analysis is developed on the concept of “additive dominance” (Bana e
Costa et al., 2012). A policy additively dominates another policy if it is always found to be more
desirable than the other—that is, the difference between the multicriteria desirability scores of the
former and the latter given by Model (1) is always positive—-under some constraints to the varia-
tion of input data under different scenarios. For example, under the worst-case scenario, it may be
that some situations become critical or others already critical become even more critical, in a part or
all over the territory; consequently, a policy may decrease its performance in terms of overcoming
critical situations. The converse is true under the best-case scenario. Operationally, these phenom-
ena can be incorporated in MACBETH modeling throughout intervals of variation defined for the
input data.

Formally, robustness analysis can be presented as follows. Let p and q be any two policies under
consideration, � (p, q) = v(p) − v(q) = ∑n

j = 1 kj [v j (p) − v j (q)] a measure of the difference of over-
all desirability between p and q given by Model (1). Let U be a set of constraints modeling some
uncertain information. Also, let Min�(p, q) and Max�(p, q) be, respectively, the minimum and
maximum values of �(p, q) under U. A mathematical programming algorithm (De Corte, 2002)
is implemented in M-MACBETH to calculate Min�(p, q) and Max�(p, q) under several types of
U—such as, for example, intervals of variation of desirability scores v j on some objectives and/or
of their weights kj—allowing a robustness analysis, for each pair of policies, as follows:

⎧⎪⎨
⎪⎩

Min�(p, q) >= 0 and Max�(p, q) > 0, p additively dominates q
Min�(p, q) < 0 and Max�(p, q) <= 0, q additively dominates p
Min�(p, q) < 0 and Max�(p, q) > 0, p and q are incomparable

under U (2)

Incomparability means that the results of the additive model built are not stable for p and q under
the conditions of uncertainty defined by the constraints.

2.6. The MACBETH technique

Used extensively to support the activities in Phases II and III of 2 × D, MACBETH was first
proposed in this journal as a novel “interactive path toward the construction of cardinal value
functions” (Bana e Costa and Vansnick, 1994). It is an alternative non-numerical value elicitation
technique to numerical techniques such as direct rating (von Winterfeldt and Edwards, 1986). Al-
though founded on the principles of value-difference measurement (Dyer and Sarin, 1979), these
two techniques “are not psychologically equivalent” (Fasolo and Bana e Costa, 2014). MACBETH
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12 C.A. Bana e Costa et al. / Intl. Trans. in Op. Res. 0 (2023) 1–33

“is perceived as a convenient way to express value judgements by lowering cognitive load” (Angelis
and Kanavos, 2017, p. 150) because it only requires the expression of qualitative judgments. The
last update of MACBETH (Bana e Costa et al., 2012) kept the original qualitative elicitation pro-
tocol based on the seven qualitative categories of difference in attractiveness, from no to extreme
difference (as described under Protocols II in Section 2.2), although the protocol has since been
extended to accommodate judgments of hesitation or disagreement between consecutive categories
(e.g., the difference of attractiveness is “moderate or strong”). The fundamental idea used to derive
a numerical value scale from a set of consistent judgments is straightforward and twofold:

1. If the difference of attractiveness was judged…

extreme: assign to it a numerical value of 6, or, if not possible, greater than 6
very strong: assign to it a numerical value of 5, or, if not possible, greater than 5
strong: assign to it a numerical value of 4, or, if not possible, greater than 4
moderate: assign to it a numerical value of 3, or, if not possible, greater than 3
weak: assign to it a numerical value of 2, or, if not possible, greater than 2
very weak: assign to it a numerical value of 1, or, if not possible, greater than 1
null (indifference): assign to it a numerical value of 0,

such that

2. if one difference of attractiveness was judged more intense than another, then the numerical
value assigned to the former judgment must be greater than the numerical value assigned to the
latter (a condition of order preservation).

These conditions can be mathematically formulated in a linear programming problem, which so-
lution involves associating a numerical score with each qualitative judgment elicited. Conceptually,
let X be the set of policies, v(x) the score assigned to policy x of X, and x+ and x− two policies of
X such that x+ is at least as attractive as any other element of X and x− is at most as attractive as
any other element of X. The following formulation, labeled LP-MACBETH in Bana e Costa et al.
(2012), already allows for dealing with hesitation judgments expressed by two or more consecutive
categories of difference of attractiveness, C1 (very weak) to C6 (extreme).

Min[v(x+) − v(x−)] (3)

Subject to

1. v(x−) = 0 (arbitrary assignment)
2. v(x)−v(y) = 0, ∀(x, y) ∈ C0 (indifference)
3. v(x)−v(y) ≥ i, ∀(x, y) ∈ Ci∪…∪Cs with i,s ∈ {1,2,3,4,5,6} and i ≤ s
4. v(x)–v(y) ≥ v(w)–v(z) + i − s’, ∀(x, y) ∈ Ci∪…∪Cs and ∀w, z ∈ Ci’∪…∪Cs’

with i, s, i’, s’ ∈ {1,2,3,4,5,6}, i ≤ s, i’ ≤ s’ and i > s’.

Conditions 2 to 4 are conditions of order preservation (COP) that ensure the ranking of the
elements (COP 2 and 3) and the order between differences of attractiveness (COP 4). Note that no
condition is imposed between judgments of the same category, to which can be assigned the same
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or different numerical scores. That is, the qualitative categories can be represented as a sequence
of non-overlapping intervals of real numbers, with the objective function contributing to minimize
the size of each category, and, if possible, reduce them all to single numbers. It is important to
emphasize that it is not necessary to make all the m(m − 1)/2 qualitative pairwise comparisons
possible within a set of m policies. As said, this allows a significant reduction in the time spent on
the elicitation process, as many missing judgments can be derived by transitivity. Nevertheless, and
although the minimum number of judgments necessary to find a scale with LP-MACBETH is (m −
1), it is recommended that more judgments are elicited to allow for consistency checks. For example,
the number of judgments elicited through the MACBETH voting procedure is at least (2m − 3).

If there is no solution to LP-MACBETH, the set of elicited judgments is not consistent and
should be revised. The suggested changes to elicited judgments, mentioned above, result from other
technical programs presented in Bana e Costa et al. (2005), which shows how the minimum num-
ber of changes necessary to overcome inconsistency can be found. When consistency is verified,
a unique solution (called the MACBETH basic scale) is always proposed, if necessary, using sup-
plementary programs when there are multiple optimal solutions for LP-MACBETH (see Bana e
Costa et al., 2005). The complete set of programs is implemented in the M-MACBETH decision
support system; however, it is worthwhile emphasizing that the basic solution given by resolving
LP-MACBETH can be determined “by hand,” following the procedure presented in Bana e Costa
et al. (2012), in which application for a small consistent set of judgments can be easily shown to the
group, therefore increasing modeling transparency. The resulting basic MACBETH scale should
then be discussed with the group, by comparing differences in scores (intervals in a thermome-
ter scale displayed in M-MACBETH—see example in Fig. 5) and adjusting one or more scores,
if necessary, until an agreement is reached on a final interval scale (i.e., a numerical scale unique
up to a positive linear transformation). M-MACBETH also visually displays the interval within
which each score can vary without violating any COP, to facilitate the adjustment of scores. This
essential—yet often ignored—(cardinal consistency) checking is the step in value-difference mea-
surement where MACBETH and direct rating procedures become “technically equivalent” (Fasolo
and Bana e Costa, 2014). At the end of the day, MACBETH offers a way to avoid starting a judg-
mental elicitation process by asking directly for numerical ratings that a group can find “hard to
answer” (von Winterfeldt and Edwards, 1986).

3. Testing the 2 × D framework with the support of a real-world case

3.1. The Lisbon case

The 2 × D framework was tested in the evaluation of urban health policies, with performances
spread over the Lisbon municipality in 24 policy units (listed in the table at the right in Fig. 4).
Several city policymakers were actively engaged in developing the activities of the four phases pro-
posed in Section 2. A panel of 32 regional and local stakeholders was constituted to participate
in structuring workshops. Care was taken when selecting policy agents from different sectors (lo-
cal and regional government, charities and other non-profit and non-governmental organizations,
public health, and healthcare services) and with different viewpoints concerning the benefits of
municipal policies to health. An evaluation group of 16 policymakers was selected from this panel,
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Fig. 3. Lisbon decision conferencing in progress.

with the help of the city councillor responsible for health and social affairs, to participate in the
decision conferencing process to develop the activities of Phases II to IV. As all the group members
participated in the structuring workshops, the diversity of perspectives that emerged during Phase
I was present in the decision conference.

In total, the Lisbon 2 × D process comprised three working days of face-to-face interaction. Two
half-day panel workshops took place on the afternoons of 26 November 2016 and 20 February
2017, devoted to the structuring activities of Phase 1 of the 2 × D framework (see Section 3.2,
viz., the identification of indicators and critical situations, upon which the policies were charac-
terized (as detailed in Freitas et al., 2020). Two one-day group decision conferences then took
place on 26 and 29 May 2017, each day involving four working sessions of two hours, in which
the group developed the several activities of 2 × D Phases II to IV. Support material with the con-
clusions of the workshops was sent to each member of the group on 19 May as an annex to the
calling note for the decision conference. The Lisbon 2 × D desirability–doability modeling pro-
cess was developed on the spot with the group, supported by the projection of M-MACBETH on
a big screen, in a conferencing room with the layout shown in Fig. 3. As remarked by Phillips
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and Bana e Costa (2007): “Because the model is projected for all participants to see it as it is
created, it is less likely to be perceived by participants as a ‘black box’, which helps to gain con-
fidence in model results” (p. 54). Measuring the desirability of policies for each of the eight fun-
damental objectives occupied the three first working sessions of the first day (see Section 3.3.1),
and the last session of the day was devoted to weighting the objectives (see Section 3.3.2). The
first hour of the second conferencing day was devoted to an overview of the additive desirability
model and the discussion of the overall desirability scores of the policies resulting from applying
the model with the objective-specific desirability scores for the policies and the weights of the ob-
jectives set in the first day (see Section 3.3.3). The group then turned to measuring the doability
of the policies under each of the two scenarios, which was finished at the end of the second work-
ing session (see Section 3.4). After lunch, the third working session was devoted to analyzing the
desirability–doability graphs and discussing the classification of the 18 policies (see Section 3.5.1).
The decision conference finished with the session on sensitivity and robustness analyses (see
Section 3.5.2).

As said in Section 1, the case was intended to be a real-world proof of concept of the feasibility
of implementing the 2 × D framework proposed in Section 2. It was therefore important to get
ex-post feedback from participants. A few weeks after the end of the second decision conference,
three policymakers, who had participated in all the panel and group sessions, were invited to pro-
vide their thoughts on the process in individual interviews (see Section 4.2). They were the Lisbon
city councilor, responsible for health and social affairs (the top municipal politician in terms of
decision-making power), the municipal spatial planning chief (the top technical staff member of
the municipal policymaking team), and an official from the regional health authority (a top admin-
istrator in the Lisbon Region).

3.2. Phase I: Structuring facilitated workshops

In the facilitated structuring workshops, the panel selected 28 relevant indicators across eight
“health determinants” (discussed in Bana e Costa et al., 2022), which are the fundamental
objectives included in the value tree at the left in Fig. 4. The value tree also highlights the three
indicators of physical environment [PE]. The SQ in each objective was then characterized by the
critical situations for the respective indicators, identified in each Lisbon policy unit. For example,
the table at the right in Fig. 4 shows the critical situations on [PE] identified by the panel. Analyses
and discussions around the SQ, across the eight fundamental objectives, informed the review of 18
policies (listed in Table 4).

Policies cover a variety of policy domains, from promoting lifelong education to the reduction of
air pollution and noise, each one integrating several municipal measures. A few are horizontal or
cross-sectorial policies, being beneficial to more than one objective, as shown in Table 4. Cohesion is
a horizontal policy, whereas most other policies are vertical, that is, target-oriented to a particular
objective. Except for road safety, all objectives are tackled by more than one policy, with built
environment being the objective impacted by the highest number of policies (seven). Note that, as
shown in the last line of Table 4, at least one of the 18 policies has a “good” performance on each
objective.
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Fig. 4. Value tree of the Lisbon case with fundamental objectives, indicators of the physical environment (PE) objective,
and table of policy units with critical situations that are options for policy intervention (table adapted from Freitas et al.,

2020).

Policies were also analyzed in terms of expected barriers to their implementation and identified
for the measures of each policy. For example, with respect to [Polut], the creation of reduced emis-
sions zones in the city, viewed as an important measure to reduce pollution, would have to face
impediments related to social and individual resistance to change, in part linked to a shortage of
individual financial resources to purchase more fuel-efficient vehicles, but also to inertia in adopting
other forms of mobility; whereas the shortage of municipal investments funds could significantly
affect other [Polut] measures, such as the renewal of the bus and tram fleet, the creation of 4455
new parking spaces near bus stops outside the city center, the reduction of public transport prices,
and the purchase of 33 new metro trains. Often, the measures of a public policy should be inserted
in legal policy instruments, the approval of which depends on a majority of favorable votes in the
Lisbon municipal council. For example, creating reduced emissions zones depends on the approval
of the Lisbon Air Quality Action Plan.

In Activity I.2, the scenarios used in the Lisbon case summarize two contrasting sets of unfold-
ing events that could plausibly affect the evolution of health inequalities across European Union
regions until 2030. Details of the construction of these European macro scenarios, and their thor-
ough descriptions, can be found in Alvarenga et al. (2019). The use of scenarios helped the Lisbon
group to judge the extent to which possible future events in Europe could affect the evaluation
of Lisbon policies and the seriousness of barriers. The worst-case scenario, named Failing Europe,
imagines that Europe plunges into a new, deeper, and long-lasting economic crisis, with health in-
equalities increasing across Europe. The best-case scenario, Sustainable Prosperity, assumes that
health inequalities decrease across Europe.
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Fig. 5. Steps of the MACBETH protocol for evaluating the contribution of six policies to improving the SQ for
physical environment [PE] (policy descriptions in Table 4).

3.3. Phase II: Evaluation decision conference

3.3.1. Measuring objective-specific desirability
The Lisbon decision conference started with the group application of the three-step protocol
(Table 1) for evaluating the policies in terms of their desirability, for each of the eight funda-
mental objectives. Figure 5 depicts the process for the [PE] objective. From the set of six poli-
cies that contribute to this objective (see Table 4), the group judgments ranged between extreme
(for both [Polut] and [Flood] policies) and strong (policy [UrbReab]) contributions to improv-
ing the SQ on [PE] (Step 1 in Table 1). After rank-ordering the policies accordingly to these
judgments, the group pairwise compared every two consecutive policies in the ranking (Step 2
in Table 1). For example, they judged the difference of desirability between the policies [Use-
Trans] and [SoftMob] as very weak in terms of improving [PE]. In Step 3, the group analyzed
and adjusted the proposed MACBETH scale, ensuring that it reflected the perceived value dif-
ferences between policies. The same sequence was followed to set numerical value scores for all
policies on the seven remaining objectives. During the use of the protocol, no situation emerged,
for any objective, that could imply the non-verification of independence for the set of fundamental
objectives.

3.3.2. Weighting the fundamental objectives
The second part of the Lisbon decision conference was devoted to weighting the eight fundamen-
tal objectives. Figure 6 details the application of the five-step qualitative weighting protocol (see
Table 2). As can be seen in the table corresponding to Step 2 in Fig. 6, the [Cohesion] policy was
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Fig. 6. MACBETH-based qualitative weighting procedure.

judged the most attractive among all the “good” policies, and the judgments between [Cohesion]
and each one of the other “good” policies are shown in the same table. Next, the table for Step 3
displays the ranking of the “good” policies, and the judgments elicited for each two consecutive
“good” policies in the ranking were added. Finally, the overall judgments elicited for the most and
least attractive policies were added in the table for Step 4. The results of the weighting process,
that is, the weights the group agreed to assign to the objectives, are displayed in percentages in the
histogram for Step 5 in Fig. 6, which resulted from the elicited weighting judgments inserted in the
matrix of Fig. 7. The judgments elicited in Step 2 were inserted in the first row of the matrix, those
elicited in Step 3 form the first diagonal above the main diagonal of the matrix, and the last column
was filled in with the judgments elicited in Step 4.

Although a compromise was agreed within the group on these weights, they were not consen-
sual because one stakeholder from the healthcare sector was dissatisfied with the short difference
between the relative weights of [HS] and [ED] and argued in favor of giving more importance to
healthcare. Usually, “dissatisfaction on the part of the participants with elements of the model,
or its results, drives the dialectic in the group, resulting in further changes to the model” (Phillips
and Bana e Costa, 2007, p. 382). Nonetheless, a significant majority was formed to move the pro-
cess forward with the weights of Fig. 6, with the facilitator’s promising to return, later on, to the
argument of the divergent stakeholder, when analyzing the extent to which a higher weight given
to the [HS] objective would affect the model results (see Section 3.2.3). Hesitations or differences
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Fig. 7. MACBETH matrix of group weighting judgments (policies’ description in Table 4).

in opinion among group members were accommodated by synthesizing group judgments in more
than one MACBETH qualitative category—this is the case for the weak or moderate differences in
Figs. 6 and 7.

3.3.3. Measuring overall desirability
A shared additive desirability Model (1) was built with the weights and objective-specific desirabil-
ity scores obtained in Phase II. Its application to the 18 policies gave rise to the results displayed in
Fig. 8, where the policies are listed by decreasing (overall) desirability. The group was not surprised
by the significant gap in desirability (i.e., in added value to the SQ) between the horizontal policy
[Cohesion] and the other policies, given that most are essentially target-oriented on one interven-
tion axis: they are essentially vertical policies. One important conclusion was the need to add new
measures to the vertical policies to make them more horizontal.

3.4. Phase III: Group appraisal of doability of policies for each scenario

In the part of the decision conference devoted to doability, the MACBETH-based four-step voting
protocol (see Table 3) was used to appraise the doability of each policy, separately in each scenario.
The group focused first on the worst-case scenario (Failing Europe), and after reaching an agree-
ment, the facilitator moved the elicitation process forward to the best-case scenario (Sustainable
prosperity). The number of individual doability judgments of the same category given by the par-
ticipants was registered for each policy (as depicted in Table 5), enabling an immediate appraisal of
the disparity of perceptions within the group. Participants were then invited to share the reasons
behind their judgments and debated them in an interactive process in which they could change
their initial individual judgments in light of new knowledge acquired during the discussion. It is
worth highlighting that the conversation revealed on several occasions that the initial choices of
some stakeholders were based on a mixed perception of doability and desirability, not on the for-
mer alone (as it methodologically should be). Every time this type of judgmental bias arose, the
facilitator intervened to refocus the group.
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Fig. 8. M-MACBETH table of scores (with the objective-specific value scores and the multicriteria desirability scores of
the policies, and weights of the objectives), the thermometer of (overall) desirability scores, and graph with the profile of
weighted differences in desirability between the two first policies in the overall ranking, [Cohesion] and [QoL] (a green

bar means that the respective objective is favorable to the former, whereas in a red bar, it is favorable to the latter) (policy
descriptions in Table 4).

Table 5 also shows the compromise doability judgments subsequently agreed by the group, under
each of the two scenarios. Differences in doability between judgments of consecutive categories were
all taken as very weak, and judgments of the same category were all taken as indifferent. The policy
doability scores proposed by M-MACBETH were discussed and adjusted until the group reached
an agreement (see the final scores in Table 5). Longer discussion time was necessary, in general, for
the worst-case scenario, compared to the best-case scenario, before the group were aligned. There
was a larger dispersion of individual doability judgments for certain policies, raising political versus
technical controversy issues. This was the case for [Polut], [SoftMob], [UseTrans], and [EfeTrans].
On the one hand, political arguments were often signalized in favor of higher doability, even un-
der Failing Europe, for those policies already in implementation, or planned and budgeted for the
medium-long term, and it was therefore easier for politicians to show continuity in the work being
conducted. On the other hand, the lower doability of the same policies was justified by technical
issues linked to their nature and by the expected escalation of their implementation barriers, in the
face of which political wishes would not be enough to keep those policies in case of a longer and
deeper economic crisis. In the end, it was clear that the group agreed that policies would be easier to
implement under Sustainable Prosperity (strong to very strong group doability) than under Failing
Europe (weak to strong doability).
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Fig. 9. Desirability–doability graph depicting the location of each policy under the two scenarios (policy descriptions in
Table 4).

3.5. 2 × D analysis

3.5.1. Building the 2 × D desirability–doability graphs
Two separate 2 × D visual interactive graphs were developed for the Lisbon case with the support of
M-MACBETH. They were put together in the merging graph of Fig. 9, which was presented to the
group for discussion. While the implementation of some policies (e.g., [Employ]) was found to be
significantly affected by the external context, others were found to have high doability independent
of the context (e.g., [UseTrans]). The group agreed that all policies except [Cohesion] needed to
be enriched with new actions/measures capable of improving both their desirability and doability,
thereby anticipating significant effects in municipal resource allocation. Indeed, one measure (at
least) was identified in each policy as potentially requiring alternative sources of funding in the
Failing Europe scenario. It was not possible to design new measures during the decision conference,
although some participants made suggestions.
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Fig. 10. Desirability–doability visual interactive graphs exemplifying the changes in policy positions under Failing
Europe if a quick analytical procedure was followed (policy descriptions in Table 4).

3.5.2. Group sensitivity and robustness analyses
With respect to Challenge 5 (see Section 1), uncertainty was analyzed on several fronts with the
group. It was first focused on the shared multicriteria desirability model. A revision of the critical
situations, identified in the indicators of each objective, revealed potentially new ones in some policy
units. Policymakers were then invited to design new measures to reinforce the “good” policy for the
objective. Once again, this could not be done during the decision conference. It is worth noting that,
in an a posteriori analysis, the resulting “better-than-good” new policy should receive an objective-
specific score of desirability greater than 100, to keep the weights included in the built desirability
model valid. A sensitivity analysis was performed on the weight of the [HS] objective, to address
the divergent position that arose when setting the objective (see Section 3.2.2): It turned out that
no significant change would occur in the results of the multicriteria desirability model, even if the
weight of [HS] was equalized to the highest weight among the objectives. A robustness analysis was
performed over the multicriteria desirability scores (shown in the overall thermometer of Fig. 8)
given by Model (1) in face of effects on a policy performance, on one or several objectives, caused by
external non-controllable conditions. It was found that a variation of at least ±15 on the objective-
specific desirability scores of the policies would be necessary to put the conclusion that policies
[QoL] and [PCH] are more desirable than policies [Educa] and [UseTrans] in question. The top
position of [Cohesion] in the final ranking was never compromised, which was not surprising in
face of the bar chart at the right in Fig. 8. The positions of low desirability policies at the bottom
are also robust, even if they are quite unstable among themselves.

The potential of using a 2 × D graph for sensitivity analyses, on desirability and doability si-
multaneously, could also be tested during a decision conference. The interactive graph for the
worst-case scenario is reproduced on the left in Fig. 10. The modified graph resulting from in-
putting equal weights for all objectives into the software when calculating the desirability scores
and, simultaneously, the doability scores that would result from applying a simple majority rule
to the initial individual judgments elicited under the worst-case scenario is displayed on the
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right of the figure. The changes in the position of certain policies (e.g., the policy [Employ])
make clear that it is worth following an interactive process that includes eliciting judgments and
their discussion toward group agreement rather than to follow a quick non-reflective pragmatic
procedure.

4. Discussion

4.1. Discussing 2 × D methodological options

This section focuses the discussion on the methodological options behind the proposed 2 × D
framework; Section 4.2 will analyze the extent to which ex-post feedback given by participants in
the group process offers insights into the use and further development of 2 × D.

Let us start by further discussing why 2 × D does not include scenarios in the protocols designed
for eliciting desirability judgments. At first glance, this may be seen as an unrealistic assumption.
An example is the case of policy [Polut], for which a drastic reduction in EU financial support
would preclude the full implementation of most of its measures and consequently reduce the num-
ber of critical situations that [Polut] was expected to overcome – thus degrading the added value
of the policy to improve the SQ. Of course, it is irrefutable that the consequences of implementing
the policies will only occur in the future and are therefore inherently uncertain and, in turn, the
policies risky. This may prompt other decision analysts to opt for a utility rather than value mea-
surement approach (Keeney et al., 1993). 2 × D takes a different methodological path and opts for
modeling policy desirability assuming full implementation conditions to avoid desirability appraisal
depending on doability levels. Note that this could happen in the Lisbon case where no policy was
later judged as fully implementable. Uncertainty about policy consequences is dealt with in 2 × D
through extensive sensitivity and robustness analyses of the results obtained with the multicriteria
desirability model meanwhile developed. Once again: “Theoretically, the choice mainly depends on
the problem characteristics” (Keeney and von Winterfeldt, 2007, p. 236). Nonetheless, even in the
presence of “deep” uncertainties (Karvetski and Lambert, 2012), a non-probabilistic multicriteria
value model is a practical model (Keeney and von Winterfeldt, 2007): that is, “just good enough
for the group to agree the way forward” (Phillips, 2007, p. 382), with the advantage that modeling
value under certainty is technically simpler than modeling utility (Stewart, 2005) and consequently
less cognitively demanding and less time-consuming.

Modeling the objective-specific desirability of consequences is appropriate and simpler as re-
vealed by the practicability of the Smart Choices approach (Hammond et al., 1998). Nevertheless,
2 × D diverges from Smart Choices after the step identifying the major uncertainties, for 2 × D
does not progress to quantifying them by assigning probability scores and calculating a measure
of expected desirability. As referred in Section 1, the challenge of simplicity in modeling is central
to the conceptualization of the 2 × D framework. It is therefore relevant to avoid the well-known
cognitive burden when making judgments of probability (Hogarth, 1975) because “deep” (non-
probabilistic) uncertainties may well be present (Aven, 2013). 2 × D adopts an alternative means of
dealing with uncertainties, bounding them within ranges of plausible futures—by constructing two
extreme scenarios (worst-case and best-case)—and analyzing the robustness of the results of the
multicriteria desirability model. As remarked by Goodwin and Wright (2014), “scenario thinking
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avoids any need to think probabilistically and allows a variety of viewpoints about the future to be
reflected” (p. 409).

A second issue deserving discussion is related to the group interaction time needed to fully im-
plement the 2 × D framework. Modeling desirability by following the decompositional strategy
of “divide and conquer” is time-consuming, and there are questions about whether a simpler and
more expedited alternative holistic strategy might be followed to appraise the overall desirability
of policies. However, this would preclude evaluating a policy in terms of individual contributions
to improve the SQ on each fundamental objective, which is needed by policy managers for the al-
location of limited public resources. Decision analysts should be aware that there is a price to pay
(in process duration) to guarantee that time pressure will not give rise to the error of adopting pro-
cedures that lack theoretical significance and methodological rigour as is unfortunately often the
case with ad hoc multicriteria models—an alert in line with Hammond et al. (1998). Finally, from
the viewpoint of using 2 × D in a real context of public health, such as the Lisbon case, we (in-
habitants of the city) “personally don’t want some administrator to give two minutes of thought to
the matter (…)”, paraphrasing Keeney (1992, p. 148). If time and other constraints affect the num-
ber of people involved, and geographic distance precludes the development of face-to-face group
socio-technical processes, there are well-founded web-based alternatives, already used with good re-
sults as in the development of multicriteria PH indices in the framework of the EURO-HEALTHY
project (Bana e Costa et al., 2022). Despite this, there are pros and cons to both types of interaction
processes (see, e.g., Aubert et al., 2020, 2022) and which one is more appropriate—face-to-face or
web-based or a combination of the two (see Vieira et al., 2020)—is context-dependent. That said,
facilitators should be aware that adopting a decompositional procedure does not necessarily out-
weigh a holistic one, whatever the evaluation context (Morera and Budescu, 1998). In the 2 × D
framework, a holistic procedure is recommended each time there are questions of dependence; more
specifically, on one hand, in the elicitation of desirability judgments and, on the other hand, in the
evaluation of a policy’s doability, hereafter addressed separately as the third and fourth points of
discussion.

The application of the MACBETH-based elicitation protocol for measuring the desirability of
policies on each objective (see Table 1) implicitly assumes, as an elicitation working hypothesis, that
judgments of difference of desirability between policies, for a fundamental objective, can be made
ceteris paribus, that is, they are not affected by the policy performance levels on any other objective.
It may be that the facilitator notices some difference dependency during the questioning process due
to synergies between contributions to different objectives. The detected interdependent objectives
should be merged to form a unique evaluation axis (see examples in Keeney, 1992; Bana e Costa and
Beinat, 2005) for it to be possible to then apply the simple additive Model (1). Alternatively, a more
complex aggregation model able to account for dependencies could be constructed (for theoretical
details, see Dyer and Sarin, 1979); however, this would collide with the aim of simplicity, referred
in Section 1 as a key to successful collaborative modeling.

It should be noted that, in general, two different paths can be followed to measure the relative
desirability of an objective. In the first path, policies are directly pairwise compared to one another
as in the protocol in Table 1. In the second path, policies are indirectly evaluated using a desirabil-
ity function previously built upon the performance descriptor of the objective (as in Karvetski and
Lambert, 2012). Each of these approaches has advantages and drawbacks, and both can be accom-
modated in 2 × D. In a context of spatial policies, with their performance levels varying across the
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policy units of a geographical area, following the second path and constructing a separate desirabil-
ity function for each objective would require the verification of additional assumptions. The differ-
ence of desirability between two policies in the territory could then be given by the average sum of
their differences in desirability across the policy units. As far as we know, the only work that deals,
from a methodological perspective, with public policies aided by MCDA when outcomes are spread
over the territory is Simon et al. (2014). The difference toward 2 × D is that, contrary to Simon, 2 ×
D does not recommend following the decompositional path of assigning a desirability score to each
policy on each spatial unit because this introduces complex problems of interdependence. Verifying
such strong conditions seems unrealistic in most contexts, therefore also contradicting the 2 × D
core aim of simplicity in desirability modeling. Alternatively, the MACBETH voting protocol is
used in 2 × D to facilitate the elicitation of holistic judgments, by the direct comparison of policies
taking all the critical situations that each policy is expected to resolve together.

The last issue of discussion relates to the 2 × D adoption of a holistic path to appraise doability
due to the unrealism of following a decompositional strategy to first appraise policy doability on
each type of barrier separately. Indeed, the expected phenomena of interrelationships between the
effects produced by the different types of barriers would preclude a simple additive aggregation of
specific-barrier doability scores and would require the use of more complex aggregation procedures
(as in the MACBETH-Choquet procedure; Oliveira et al., 2018).

4.2. Case insights for the framework

As noted in Section 3.1, ex-post feedback was obtained in individual semi-structured interviews
with three selected policymakers, with similar questions asked of them. The following considera-
tions are based on the notes taken by the interviewer. All three interviewees agreed that the frame-
work was adequate for evaluating policies and found the way group qualitative judgments were
elicited motivating. The 2 × D visual graph was also recalled as providing a constructive percep-
tion and understanding of how different scenarios potentially affect the doability of policies. This
is a key comment, as there were concerns when designing 2 × D about whether the graph could
possibly be perceived as complicated in practical settings. In the structuring phase, the interviewees
also raised the need to move a step forward in defining the policies. It was recalled as doubtful
whether considering the cross-effects of different policies in the multiple objectives would signifi-
cantly affect the desirability of a policy in view that it might negatively affect the added value of
another policy or that there might be synergies in jointly implementing a specific subset of poli-
cies. From a methodological viewpoint, these comments reveal, once again, the critical issue of
interdependent policies. Simple structuring tools, such as the Analysis of Interconnected Decision
Areas (Friend and Hickling, 1987, Luckman, 1967), are useful to form more horizontal packages
of complementary and compatible actions/measures as, for example, in Bana e Costa et al. (2002).

Both the city councillor and the spatial planning chief officer stated that in order to bridge
the evaluation and the operationalization of policies, the doability of each policy should be re-
assessed considering the following issues in more detail: (i) the doability judgments may fail to
adequately consider governance and networking issues, which may easily change the expected out-
puts in the short term, namely, due to elections for new political decision-makers and changes in
the relationships between the central and local governments and (ii) the deadlines for starting the
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implementation of the selected policies frequently affect their outcome since circumstances nor-
mally change with time (as planning schedules and political timings seldom match). These com-
ments are debatable in terms of the usefulness of a decompositional doability analysis versus the
time required to build a complex doability aggregation model.

The public health expert believed that, from a public health management point of view, the policy
evaluation phase should consider: (a) the different levels of implementation, as in many cases it is
blind to geographical and administrative levels (e.g., policies that are applied to all civil parishes in
the same way) and (b) the need for an explicit prospective analysis since the future implementation
of selected policies affects the course of changes. In socio-technical terms, this is another source of
uncertainty that can be addressed with sensitivity and robustness analyses.

5. Conclusions and future research

The 2 × D framework advances knowledge on how to assist policymakers in evaluating and select-
ing spatial policies. 2 × D is innovative in addressing, under an integrated and coherent method-
ological umbrella, all the challenges described in Section 1, for bridging the socio-technical gap
between the support that a social decision-making process requires and what analytic techniques
usually offer. Each part of the framework also involves innovative contributions. One cross-cutting
contribution is the careful definition of interaction protocols, allowing the application of 2 × D to
be replicated in a specific context. The two-dimensional policy analysis, in terms of their desirability
and doability combined with the modeling of uncertainties through scenario building, allows, on
the one hand, the robustness of the desirability model results to be tested and, on the other hand,
doability to be appraised under different futures that affect barriers to implementation. To our
knowledge, this has not yet been reported in the literature. Last but not the least, the structuring of
the problem of spatial policies by identifying critical situations across geographic units is also worth
mentioning.

The framework’s application proved adequate and robust in the Lisbon case. Specifically, the
framework enabled the group of policymakers to (i) develop an understanding of the health prob-
lems that the city faces, (ii) appraise existing evidence—which integrates official documents—to
tackle the identified problems, and (iii) balance the (multicriteria) desirability versus doability of
policies in light of two contrasting scenarios. 2 × D further follows well-established guidelines to
conduct high-quality policy evaluation, namely, through the application of a context-specific and
tailor-made approach. Policy evaluation was conducted transparently so that the participants in-
volved could adhere to it in all phases. Value judgments were thus made explicit, and the use of
a MACBETH technique allowed robust and sound elicitation protocols to be applied, which re-
sulted in clear questions, conclusions, and points for attention, which was considered valuable and
practical in the local policymaking context. The Lisbon case also provided insights regarding the
role that scenario thinking can play in the appraisal and selection of policies. As stated in Grut-
ters et al. (2015), “accepting uncertainty will not make the inevitable decisions in healthcare less
painful, but will help to better allocate the scarce healthcare resources, and make these decisions
more accountable and, therefore, acceptable” (p. 3).

Following the development and the successful application of the proposed 2 × D framework,
some aspects deserve further research. First, the role of scenarios in policy appraisal should be
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studied in more detail. Despite the acknowledgment that doability can change in light of possible
different futures, it was not fully explored how scenarios can affect the desirability of policies, or
even further, if new policies should be designed to anticipate these scenarios. Nevertheless, at least
one important conclusion can be drawn from the case: presenting policymakers with two clearly
described extreme external scenarios and inviting them to think about policy doability separately
under each scenario not only aligns the group and focuses their judgments but also establishes a
quantitative doability range for each policy to mark out the setting of mitigation and elimination
measures for barriers. Second, 2 × D should be applied to other cases to test its adaptability to other
regional and local contexts. This should be combined with research regarding other participatory
processes, such as the use of web-based platforms engaging a higher number of participants (Vieira
et al., 2020).
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Vincke, P., Bouyssou, D., Jacquet-Lagrèze, E., Perny, P., Słowiński, R., Vanderpooten, D., Vincke, P. (eds) Aiding
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