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A B S T R A C T

Decision Analysis is increasingly being used to support resource allocation in communities, given its ability to 
represent the priorities of community members and support transparent resource allocation. Current attempts to 
elicit priorities in these interventions rely increasingly upon conducting surveys (face-to-face or online). 
Nevertheless, such preference elicitation initiatives may suffer if respondents do not clearly understand the 
questions being asked. Many protocols for priority elicitation currently used in Decision Analysis were originally 
designed to be employed by a decision analyst, who provides extensive support to a small number of decision 
makers in eliciting their judgments. However, such standard elicitation protocols may not be suitable for surveys, 
as the elicitation questions require a high level of understanding and a high cognitive effort from the re
spondents. Hence, in this paper, we suggest a new protocol for eliciting individual priorities for resource allo
cation decisions via either assisted or unassisted large-scale surveys, which elicits strict preference relations. We 
base this protocol on the Marketing research literature, which has dealt extensively with similar surveys. We 
adopt a Multi-Attribute Value Theory framework and design the protocol to avoid the range-insensitivity bias in 
multi-attribute choices. We assess the suitability of the widely employed swing weighting method for survey- 
based elicitation of priorities in comparison to the proposed protocol and find that swing weighting may not 
be suitable for resource allocation problems. We also suggest how the proposed protocol may improve the 
coherence of judgments elicited from the swing weighting method for survey-based priority elicitation.

1. Introduction

Policymakers at different levels, including municipalities, state 
governments, and NGOs, face an ever-challenging decision: determining 
the allocation of scarce resources across diverse community needs (such 
as health, education, security, sports, transportation, and more). 
Resource allocation decisions are always complex, involving multiple 
objectives, several strategic alternatives, and many community stake
holders who may pursue different interests (Montibeller et al., 2009; 
Haag et al., 2019; Lienert et al., 2016).

In Operational Research (OR), the most common methods to support 
community-based resource allocation decisions are Portfolio Decision 
Analysis (Hummel et al., 2017; Liesiö et al., 2007, 2020; Salo et al., 
2011) and Multi-Criteria Decision Analysis (Bana e Costa, 2001; Lienert 
et al., 2016; Montibeller et al., 2009). In both methods, preferences must 

be elicited from community members to represent marginal value over 
attributes and define the relative value of these attributes in the 
multi-criteria model. We focus this paper on the latter parameter, pri
ority elicitation, given how critical the adequate prioritisation of objec
tives is for guiding the allocation of resources from the perspective of the 
community.

Decision analysts have often adopted a participative approach 
(Phillips & Bana e Costa, 2007) and facilitated decision modelling 
(Franco & Montibeller, 2010) when supporting resource allocation de
cisions. These Decision Analysis (DA) interventions typically involve a 
small group (around 5 to 15 members) of decision makers (Eden, 1992; 
Phillips, 2007). These decision makers are extensively supported by a 
decision analyst who elicits their preferences for the allocation of re
sources. However, if this approach is employed to support community 
resource allocation decisions, this small group may not fully represent 
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the community’s preferences or may promote their own agendas instead 
of those of the community they are supposed to represent.

A more recent trend in community OR is to employ online surveys to 
elicit the preferences of community members (Aubert et al., 2020, 2022, 
2023, 2024; Aubert & Lienert, 2019; Haag et al. 2022; Kuller et al., 
2022; Lienert et al., 2016; Scholten et al., 2015; Zheng & Lienert, 2018). 
These online surveys typically operationalise standard DA preference 
elicitation methods for attribute weighting, such as the widely employed 
swing weighting method. The survey elicits preferences from hundreds 
of community members (Aubert et al., 2020, 2022, 2023, 2024; Aubert 
& Lienert, 2019; Haag et al. 2022; Kuller et al., 2022; Lienert et al., 
2016), thus mitigating the drawbacks of small-group interventions. 
However, community members may find these elicitation methods 
challenging (Danielson & Ekenberg, 2019; Rezaei, 2021), particularly in 
deprived communities, which may impact the coherence of their 
responses.

This paper proposes a new protocol for eliciting individual priorities 
for resource allocation decisions through either assisted or unassisted 
large-scale surveys, given the potential benefits of this elicitation mode 
for community OR and the challenges associated with using standard 
elicitation protocols from Decision Analysis. The assisted mode involves a 
survey interviewer who guides the respondent through the elicitation 
protocol that requires binary choices of competing resources employing 
cards. The unassisted mode is designed to allow respondents to provide 
the same types of preference information independently, using the 
written instructions provided, with the elicitation protocol requesting 
binary choices for competing resources.

We base the suggested protocol on the Marketing research literature, 
which has extensively dealt with similar surveys, but conceptualised it 
within a Multi-Attribute Value Theory (MAVT) framework (Keeney & 
Raiffa, 1993), and adapted the protocol to avoid the range-insensitivity 
bias in multi-attribute choices. We also analyse a widely employed 
elicitation protocol for preference elicitation in resource allocation de
cisions, the swing weighting method, and experimentally assess its 
suitability for eliciting preferences in surveys against the proposed 
protocol.

Our contributions are threefold. First, we propose a streamlined and 
easily implementable protocol designed to elicit individual priorities for 
resource allocation decisions through surveys. This protocol in
corporates best practices from Decision Analysis, such as anchoring 
judgments on the ranges of the attributes for eliciting preferences. Sec
ond, we examine the suitability of the swing weighting method for 
survey-based elicitation, shedding light on its limitations for this elici
tation mode. We identified some weaknesses in the application of this 
popular elicitation method to survey-based preference elicitation in 
resource allocation decisions. Third, to address this issue with the swing 
weighting method, the suggested protocol could also be used to screen 
out respondents with intransitive preferences, thereby potentially 
improving the coherence of elicited judgments from swing weighting.

The remainder of the paper is organised as follows. Section 2 reviews 
the survey-based preference elicitation used in Decision Analysis and 
Marketing. Section 3 introduces the survey-based preference elicitation 
protocol, Section 4 presents the research questions and propositions for 
testing the protocol, and Section 5 describes the research design we 
adopted to test it. Section 6 presents the experimental results, and Sec
tion 7 discusses the findings of our experiments. Section 8 draws our 
conclusions and suggestions for further research avenues.

2. Survey-Based preference elicitation in decision analysis and 
marketing

Two concepts, “preference elicitation” and “choice behaviour”, are 
used interchangeably in the OR literature (Falk et al., 2022; Kimbrough 
& Weber, 1994) and in the Marketing literature (Aribarg et al., 2017). 
However, these concepts do have different meanings. The former 
concept involves differentiation among attributes that add utility or 

value to the decision alternatives (Huber et al., 1993; Keeney, 1988). 
The latter concept refers to the “choice between alternatives” (Luce, 
1959), which can typically be estimated by the relative frequency of 
choices from a series of questions designed to elicit preferences 
regarding alternatives and levels of attributes within repetitive tasks 
(Tversky, 1972). Given our focus on survey-based elicitation protocols 
for supporting resource allocation decisions, we cover only the literature 
on preference elicitation that is relevant to our context in the fields of 
Decision Analysis and Marketing. Hence, the related literature in Deci
sion Theory on preference modelling (see Keeney and Raiffa (1993)) and 
in Artificial Intelligence on preference learning (see Fürnkranz and 
Hüllermeier (2010)) are excluded from this brief review.

2.1. Survey-based priority elicitation in the decision analysis literature

The trade-off method is the most robust theoretical foundation for 
attribute-weight elicitation (Keeney & Raiffa, 1976). However, this 
method requires attributes to have continuous measurement scales for 
identifying equal-value points (Keeney, 1988). In practice, the questions 
are somewhat challenging to answer (Borcherding et al., 1991), and 
eliciting weights becomes operationally complex and cognitively 
demanding due to the substantial number of value judgments required 
(Riabacke et al., 2012).

Another method widely employed in standard DA practice is the 
swing weighting (SW) method, which is relatively simple and sound. In 
this elicitation protocol, the decision maker (DM) must compare and 
value a change (or swing) from the least-preferred to the most-preferred 
level on one attribute to the swing from the least-preferred to the most- 
preferred level on another attribute (Moshkovich et al., 2002; von 
Winterfeldt & Edwards, 1986; Weber & Borcherding, 1993).

While there are several other attribute weight elicitation methods in 
standard DA (Belton & Stewart, 2002; Riabacke et al., 2012), most 
survey-based decision analysis interventions have employed the SMART 
method (von Winterfeldt & Edwards, 1986), the Deck of Cards method 
(Figueira & Roy, 2002), or (online) SW protocols (Keeney & Raiffa, 
1976). The preference protocol of SMART for attribute importance does 
not consider attribute ranges, so it is not recommended. The Deck of 
Cards method requires the ordering of attributes and can be employed 
for a multi-attribute value analysis with the definition of attribute ranges 
(Corrente et al., 2021; Figueira & Roy, 2002; Pictet & Bollinger, 2008). 
The protocol is relatively straightforward in terms of attribute ordering. 
However, the method requires the assessment of quantitative ratio 
judgments to determine attribute weights, a cognitively demanding task 
(Larichev, 1992) that may be challenging to perform for large-scale 
surveys.

As mentioned above, the SW method has been amply and success
fully employed in standard DA interventions. However, a decision an
alyst must guide and support the decision maker during the preference 
elicitation phases in those interventions. This is not the case of survey- 
based elicitation processes, in which there is either a mere interviewer 
with somewhat limited knowledge of DA or a self-report form (online or 
on paper).

There is some evidence of challenges in adopting the SW method in 
(online) survey-based preference elicitation (in contrast to other elici
tation protocols in standard DA analysis that have not been employed 
online and may prove even more challenging in this type of interven
tion). First, it has been consistently observed that respondents often 
exhibit low self-reported confidence in their elicited preferences (Aubert 
et al., 2024). Second, several reports identify that it was challenging for 
survey participants to understand the elicitation process (Aubert et al., 
2020, 2024; Haag et al. 2022; Lienert et al., 2016), despite detailed 
instructions as well as assistance during the procedure (Danielson & 
Ekenberg, 2019). Third, there are indications of process compliance 
failures, as respondents do not correctly follow the instructions of the 
elicitation survey when using this method in preference elicitation sur
veys (Aubert et al., 2020; Danielson & Ekenberg, 2019). Therefore, it is 
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an open research question whether this elicitation protocol is suitable 
for survey-based preference elicitation in resource allocation decisions.

2.2. Survey-based preference elicitation in the marketing literature

The fields of Marketing and Consumer Behaviour have developed 
many protocols for eliciting individual judgments of multi-attribute 
preferences for products and services (Batsell, 1980; Louviere, 1988; 
Carson et al., 1994; Rao, 2014). Despite these sophisticated methods for 
large-scale preference surveys, their elicitation protocols often focus on 
choice or lack rigour from a DA perspective (e.g., most do not consider 
ranges of attributes when eliciting attribute weights). There are several 
methods in Marketing based on paired comparisons (Scholz et al., 2010) 
and self-explicated approaches (Schlereth et al., 2014), which are rele
vant in our context, as their elicitation protocols are similar to those 
employed for attribute weight elicitation in DA. In these methods, once 
the respondent selects the most valuable attribute (the anchor), they 
evaluate the remaining attributes using a rating or ranking scale. This 
anchor must be explicit (Payne et al., 1992), making the elicitation 
process easier for respondents (Srinivasan, 1988).

A particularly relevant method for our decision context is the paired 
comparison method (Scholz et al., 2010). In this method, respondents 
evaluate a pair of profiles, either showing alternatives described by their 
performance on every attribute (full profile) or else described by only 
two attributes (partial profile) (Rao, 2014). The preference between the 
two profiles is elicited either by a Likert scale or by determining which 
attribute is most preferred. According to Rao (2014), the advantage of 
the two (partial) profiles is that the respondent is asked to focus on two 
product/service concepts; therefore, the evaluations may be more 
meaningful. The pairwise comparison (with full or partial profiles) is 
most effective when the number of alternatives involved is small (less 
than seven) (Larichev, 1992; Larichev & Moshkovich, 1995), the range 
of performances for the relevant alternatives involved is not wide, and 
the decision maker has a clear understanding of the relative value of the 
alternatives (Ngwenyama & Bryson, 1999).

Summarising the existing literature, in Decision Analysis, most pri
ority elicitation methods were developed for a decision analyst to elicit 
preferences from a small number of decision makers. The emerging 
Decision Analysis literature based on survey-based preference elicitation 
is still limited and has indicated challenges in applying standard elici
tation protocols (such as the SW method) in this context. On the other 
hand, in Marketing, approaches for preference elicitation were devel
oped for large-scale surveys, but with limited consideration of the 
axiomatic aspects of preference elicitation required in Decision Analysis.

3. The proposed survey-based preference elicitation protocol

In this section, we suggest a new Marketing-based protocol for 
survey-based preference elicitation in resource allocation decisions. This 
novel approach may enable policymakers in community-based settings 
to understand the preferences of individual community members over 
resource improvements.

3.1. The conceptual background of the proposed elicitation protocol

There is some evidence that decision makers often resist sophisti
cated elicitation methods (Kottemann & Davis, 1991) and prefer more 
straightforward and easier-to-understand methods, such as pairwise 
comparisons (Zheng & Lienert, 2018). Because some respondents are 
easily distracted while rating or scoring alternatives (Bryson et al., 
1995), pairwise comparisons may facilitate their choices. In addition, 
judgments of strict preference are cognitively easier to make and more 
stable than the quantitative judgments required by the trade-off and SW 
methods (Larichev, 1992; Montibeller, 2018; Olson & Dorai, 1992).

On the other hand, a key characteristic of any sound elicitation 
protocol for the elicitation of attribute weights is the need to anchor the 

judgments on the ranges of the attributes (Belton & Stewart, 2002; 
Montibeller, 2018) to avoid the range-insensitivity bias (von Nitzsch & 
Weber, 1993). Our proposed protocol implements this requirement. In 
addition, the suggested protocol is based on the pairwise comparison of 
partial profiles employed in Marketing research (Green & Wind, 1975), 
which simplifies the judgment task if compared to full profiles. The 
judgment task of the protocol requires only judgments of strict prefer
ence among pairs of partial profiles.

A significant advantage of employing an adapted protocol from 
Marketing is that it was originally designed to be used in preference- 
elicitation surveys, in contrast to the protocols developed in DA, 
which were intended to be administered by a decision analyst. In 
addition, we designed the protocol to minimise the cognitive burden, as 
it does not require any quantitative judgment, only judgments of strict 
preference. The protocol is formalised next.

3.2. Formalising the survey-based elicitation protocol

The elicitation protocol we suggest is conceptualised within an 
MAVT framework (Keeney & Raiffa, 1993). Let X be a set of 
N (with N> 1) attributes, with Xi representing distinctive resource 
attributes: 

X = {X1, X2, …, XN}

The levels of each attribute describe ordered improvements of the 
respective resource, with the lower bound denoting the status quo sit
uation and the upper bound denoting the best possible situation. Hence, 
for each Xi attribute we define two bounds: 

X0
i = the lower bound of the i − th attribute 

X∗
i = the upper bound of the i − th attribute 

Respondents are asked to compare two profiles. The first profile 
(

X∗
i ,

X0
j

)
, with i ∕= j, represents a dummy alternative in which the i-th 

resource is at the best level (hypothetical situation) and the j-th resource 

is at the status quo level. The second profile 
(

X∗
j , X0

i

)
, again with i ∕= j, 

represents a dummy alternative in which the j-th resource is at the best 
level (hypothetical situation) and the i-th resource is at the status quo 
level. The respondent is then asked to establish their strict preferences 
over these two profiles, selecting one of the two dummy alternatives: 
(

X∗
i , X0

j

)
≻

(
X∗

j , X0
i

)
OR

(
X∗

j , X0
i

)
≻

(
X∗

i , X0
j

)

with i ∕= j (and i, j = 1, 2, ⋯ N)

The attributes must fulfil the preferential independence condition 
(see Keeney (1992)). Specifically, the strict preference between a pair of 
profiles does not depend on the levels at which the remaining t -th at
tributes are fixed. The profiles assume that such levels are set at the 
status quo level, i.e. X0

t of each resource (with t ∕= i, j and t = 1, 2,
… N). The method requires N (N – 1)/2 pairwise comparisons.

For example, two attributes could be represented by the following 
types of resources for the community: Health system (XHS) and Educa
tion system (XES). By choosing one of the profiles 

(
X∗

ES, X0
HS
)

or 
(
X∗

HS,

X0
ES
)
, the respondent indicates the preferred resource improvement.

These judgments between every two profiles establish an individual 
ordinal ranking of the resources by each respondent. A key logical 
property of such a ranking is its transitivity. The transitivity of the 
ranking of resource profiles has been defined as follows. Consider three 

attributes Xi, Xj,Xk, with three profiles 
(

X∗
i , X0

j

)
,
(

X0
i , X∗

j

)
and 

(
X0

j ,

X∗
k

)
. If the respondent prefers the first to the second profile, i.e.

(
X∗

i ,

X0
j

)
≻

(
X0

i , X∗
j

)
, and the second to the third profile, i.e. 

(
X∗

j ,X0
k

)
≻
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(
X0

j , X∗
k

)
, then the ranking is transitive if and only if the respondent 

prefers the first to the third profile, i.e.: 
(
X∗

i , X0
k
)

≻
(
X0

i , X∗
k
)
.

4. Research questions and propositions

In this section, we detail the two research questions that guided the 
design of our behavioural experiment, which are linked to the proposed 
elicitation protocol. 

RQ 1: Is the Swing Weighting method suitable for survey-based prefer
ence elicitation in resource allocation decisions?

Despite being widely employed in practice, there is some evidence of 
potential weaknesses of the SW method, as mentioned previously. First, 
several reports of real-world surveys indicate that survey participants 
faced challenges in understanding the elicitation process required by the 
SW method (Aubert et al., 2020; Haag et al. 2022; Aubert et al., 2019; 
Danielson & Ekenberg, 2019). These reports also highlighted process 
compliance failures. For instance, in one intervention, most participants 
struggled to follow basic instructions, resulting in a decline in process 
compliance (Aubert et al., 2020). In another study with 39 respondents, 
only four clearly understood the difference between absolute and rela
tive weights (Danielson & Ekenberg, 2019). Second, there has been no 
consensus on the convergent validity between the SW method and other 
Decision Analysis elicitation methods (e.g., the trade-off method) across 
different contexts. On one hand, van Ittersum et al. (2007) reported 
convergent validity (i.e. whether different measurements are positively 
correlated) among SW and several methods. Indeed, Fischer (1995) and 
Borcherding et al. (1991) found high convergent validity between SW 
and the trade-off method. On the other hand, Stewart and Ely (1984) and 
Pöyhönen and Hämäläinen (2001) found the opposite result. Third, the 
SW method lacks an internal consistency check when evaluating the 
consistency of a given preference (Liang et al., 2022; Rezaei, 2021; 
Rezaei et al., 2022) unless this is ensured by a decision analyst con
ducting the individual preference elicitation (von Winterfeldt & 
Edwards, 1986). Fourth, multiple reports consistently highlighted 
range-insensitivity bias (Montibeller & von Winterfeldt, 2015) in the SW 
method (Liang et al., 2022; Fischer, 1995; Borcherding et al., 1991; 
Stewart & Ely, 1984). The proposed protocol provides an opportunity to 
investigate RQ1, by cross-checking the responses from the SW method 
with strict preference relations for survey-based preference elicitation of 
the proposed protocol. 

RQ2: To what extent can the proposed protocol for survey-based 
preference elicitation provide coherent responses in resource allo
cation decisions?

We are interested in testing our protocol, which leads to a second 
research question (RQ2). To address these two research questions, we 
propose the following six propositions. We tested these propositions by 
employing two treatments: pen-and-paper (unassisted mode) and ruler- 
and-cards (assisted mode), which are detailed in the next section. The 
first four propositions address RQ1, while the last two address RQ2. 

- P1: Process compliance failures occur in the SW method for survey- 
based preference elicitation (in the assisted and the unassisted 
modes).
- P2: The consistency between the SW method for survey-based 
preference elicitation and the ordinal ranking of preferences eli
cited from the proposed protocol is low (in the assisted and the un
assisted modes).
- P3: The first swing (which anchors the value scale) and the last 
swing on resources elicited from the SW method for survey-based 
preference elicitation show low consistency with the ordinal 

ranking of preferences elicited from the proposed protocol (in the 
assisted and the unassisted modes).
- P4: The range of weights produced by the SW method for survey- 
based preference elicitation may be influenced by the treatment 
(pen-and-paper or ruler-and-cards) employed in its elicitation.
- P5: For the assisted mode, the survey interviewer influences: 

P5.1. The transitivity in the resource attribute ranking in the 
proposed protocol.
P5.2. The consistency between the SW method for survey-based 
preference elicitation and the ordinal ranking of preferences eli
cited from the proposed protocol

- P6: For the assisted mode, the application sequence (ruler-and-cards 
versus cards-and-ruler) influences: 

P6.1. The transitivity in the resource attribute ranking in the 
proposed protocol.
P6.2. The consistency between the SW method for survey-based 
preference elicitation and the ordinal ranking of preferences eli
cited from the proposed protocol.

5. Research design

This section outlines the research design used to test the survey- 
based preference elicitation protocol and to compare it with the SW 
method for survey-based preference elicitation in the resource allocation 
interventions.

5.1. Experimental design

Respondents. Our sample comprises 266 subjects (voluntary stu
dents) at a public university in Brazil who participated in the survey 
between May and July 2023. We selected students from Economics and 
Production Engineering programmes, due to their basic knowledge 
about Microeconomics (Preference/Utility Theory). In total, 68 % of the 
sample were Engineering students and 32 % were Economics students; 
63 % identified themselves as male and 27 % as female.

Questionnaire design. The questionnaire consists of two sections. 
For the first section, we selected the explanatory variables of gender, 
programme, and number of semesters studied in the programme. The 
second section includes questions for eliciting preferences in the 
resource allocation decision: the SW procedure and the proposed pro
tocol. The final version of the questionnaire is presented next (see the 
supplementary material for details about the pre-testing phase).

Resource Attributes. Table 1 presents each resource attribute and 
its two levels: the current status quo level and the potential improve
ment level. The aim was to select the resources that students experience 
in their daily lives on campus. We opted for a realistic setting as indi
vidual preferences from lab-based (consumer) experiments might not 
translate directly to real decision-making processes (Kuller et al., 2022; 
Danielson & Ekenberg, 2019). These resources and respective status quo 
levels were designed based on a workshop group organised by under
graduate students of the third and fourth academic years of Engineering 

Table 1 
Resource attributes and their respective status quo and improvement levels.

Resource Attribute level – status quo Attribute level – improvement

Sports 
facilities 
(SF)

One outdoor court Indoor athletics centre, outdoor 
stadium, gym, swimming pool, 
toilets, etc.

Leisure (Le) Limited infrastructure for 
resting and leisure

Thematic areas for leisure, rest; 
and minimarket.

Laboratory 
(Lab)

Limited access and a few 
computers

Expanded access, new computers, 
print server.

Library (Lib) Reduced timetable, limited 
collection and few study 
rooms

Extended hours, including 
Saturdays, expanded collection 
and multiple study rooms.

Restaurant 
(Res)

University restaurant University restaurant, facilities 
with several options for lunch
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and Economics. After that, during two online meetings between the 
students’ leaders and the researchers, the subject completed the possible 
improvement levels that the university could provide with future 
resource investments.

Procedure. The procedure involves two treatments: (1) pen-and- 
paper via a survey (unassisted mode) and (2) ruler-and-cards with a 
survey interviewer (assisted mode by a survey interviewer). The subjects 
were randomly divided into two treatments, maintaining a balance of 
Engineering and Economics students and gender. Before starting the 
survey, the subjects were provided with information about the research 
objectives and the anticipated time required for participation. A consent 
statement needed to be agreed upon by each participant, and partici
pants were informed about a token incentive for their participation (a 
chocolate bar) and a prize draw (a chocolate box) for those who 
demonstrated consistency between the two tasks. We describe the two 
treatments next.

Pen-and-paper Treatment: In this unassisted mode, participants were 
invited to complete the SW procedure adapted for use with a pen-and- 
paper survey (see supplementary material for a copy of the in
structions). A continuous scale ranging from 0 to 10 was used to score 
the attribute resources, an adapted version of the SW method (Task 1). 
We used the protocol outlined in Section 3.2 for Task 2, with subjects 
asked to express strict preferences among pairs of resource attributes. 
This survey was conducted with participants in the classroom, either 
during or after classes.

Ruler-and-cards Treatment: In this assisted mode, participants were 
individually invited to participate either in their classrooms or a suitable 
room nearby. The SW procedure (Task 1) and the proposed protocol 
(Task 2) were applied sequentially, with three survey interviewers tak
ing turns. All interviewers received extensive training from one of the 
authors before applying the survey (during three sessions, simulating 
the procedures with external subjects, totalling four hours). Each 
interviewer elicited preferences individually from every subject. 
(However, the interviewer has not provided the same level of involve
ment as a decision analyst in a standard facilitated DA intervention.) We 
present this treatment next (see the supplementary material for a 
detailed description).

For Task 1, we employed a 0–100 continuous scale (see Fig. 1) and 
used the graphical method to elicit value scores. As the initial step of SW 
elicitation, the interviewer showed the resource attributes and their 
respective status quo and improvement levels. The survey interviewer used 
different coloured crayons (represented by a semi-ring in the same 
figure) to describe the respective resources.

Then, the interviewer described the situation where all resource at
tributes are at the status quo level. This situation was represented at the 
lower end of the measurement scale; a hypothetical situation for im
provements in resource allocations is also presented (see Fig. 1A).

In the first step, the resources at the status quo level are fixed on the 
scale with a 0 value (see Fig. 1B). The survey interviewer also showed 
the side of the ruler without the scale to the subjects, presenting it as a 
continuum scale and only informed them about the upper (100 value) 
and lower (0 value) limits.

In the second step, the survey interviewer introduced a hypothetical 
scenario involving resources, where only one resource attribute was at 
its most preferred level, while all others remained at their current status 
quo level. The survey interviewer asked the subject to position the most 
preferred attribute resource swing (first swing) at the top of the ruler 
with a value of 100 (see Fig. 1C, where the participant’s selection of the 
Restaurant resource swing is indicated in yellow).

In the third step, the subject was asked to select the second most 
relevant resource attribute swing and position it in terms of its value 
distance between the top (100 value score) and the bottom of the ruler (0 
value score), indicating their choice of the Laboratory resource swing in 
green in this example. This valuation was repeated for all remaining 
attribute resources (see Fig. 1D), in order of preference from the most 
preferred (first swing positioned on the top) to the least preferred (last 
swing positioned at the bottom), always comparing each swing with the 
most preferred swing. Subjects completed these evaluations using 
crayons without seeing the scale on the ruler. Afterwards, the inter
viewer checked the measurements on the ruler and recorded the 
respective value scores.

For Task 2, we implemented the proposed elicitation protocol, which 
involved introducing questions based on a set of trade-off alternatives 
using profile cards (in a manner similar to the initial criteria ranking in 

Fig. 1. An example of Swing weight elicitation using the ruler.
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the Deck of Cards protocol (Figueira & Roy, 2002; Corrente et al., 
2021)). As we have five attributes to be compared in pairs, we per
formed 10 pairwise comparisons. The survey interviewer presents these 
cards in pairs, as exemplified in Fig. 2. By choosing between one of the 
cards, 

(
X∗

SF, X0
Lab

)
or 

(
X∗

LAB, X0
SF
)
, the subject indicates the more valuable 

resource attribute.
Fig. 3 summarises the research design, with the prioritisation of 

Resource Attributes, the two Elicitation Tasks (SW vs the proposed pro
tocol), and the two Treatments (pen-and-paper versus ruler-and-cards). 
Numbers in brackets indicate the number of subjects in each treat
ment. We also added the related propositions (P1, P2, P3, P4, P5.1, P5.2, 
P6.1 and P6.2) connected with the research design components.

5.2. Variables for the data analysis

The elicited value of attributes resources was measured as quanti
tative variables on an interval scale: point estimation on a continuum 
interval scale for Task 1 (SW method) and binary pairwise comparisons 
for Task 2 (proposed protocol). In addition, the interval scale in the 
ruler-and-cards treatment employed a 0 to 100 range but, in the data 
analysis, these scores were divided by 10 to meet the same scale (0–10) 
as in the pen-and-paper treatment. The checking variables were classi
fied into nominal and ordinal variables, as described in Table 2.

All data were analysed with non-parametric tests as the samples are 
nominal and ordinal, making parametric tests inappropriate. The data 
analysis was performed using the IBM Statistical Package for the Social 
Sciences (SPSS, version 21.0), Python and Microsoft Excel.

5.3. Summary of the research design

Table 3 summarises the research design, showing the propositions, 
procedure, and data for each treatment.

6. Experimental results

This section outlines the experimental results for the unassisted 
mode (pen-and-paper treatment) and the assisted mode (ruler-and-cards 
treatment). Of 143 answers for pen-and-paper treatment, 141 were 
completed for Task 1, and 140 were completed for Task 2. All subjects (n 
= 123) participating in the second treatment (ruler-and-cards) 
completed both tasks.

6.1. Process compliance

Proposition 1: Process compliance failures occur in the SW method for 
survey-based preference elicitation (in the assisted and the unassisted modes).

For the pen-and-paper treatment, the subjects were requested to 
complete the following two steps using a 0–10 continuum scale. First, 
after introducing the status quo level and the respective improvement 
level for each resource attribute, we asked subjects to score 10 for the 
first swing (where the resource moves from the status quo to the ideal 
level). Second, the subjects were asked to value the subsequent swings of 
resource attributes, comparing them with the first swing.

In this treatment, 16.3 % of subjects had compliance failures in 

following its instructions (23 of 141 subjects; 95 % CI [10.21 %, 22.41 
%]). It means that, in repeated sampling under the same experimental 
conditions, 95 % of such intervals would contain the true population 
proportion of the subjects who had compliance failures. Specifically, in 
the first step, 10 % of our sample chose more than one resource 
improvement as the best one; 4 % did not rate a score of 10 to any 
resource improvement; and 2 % completed only the first step or revealed 
no understanding and did not complete step two. The subjects used only 
integer scores on the continuum scale, which may indicate an absolute 
valuation instead of a relative assessment.

No process compliance failures were observed in the ruler-and-cards 
treatment (assisted mode). Under this latter treatment, all subjects 
provided non-integer value scores, and none chose more than one 
resource improvement as the best one.

6.2. Consistency of preferences

Proposition 2: The consistency between the SW method for survey-based 
preference elicitation and the ordinal ranking of preferences elicited from the 
proposed protocol is low (in the assisted and unassisted modes).

In our sample, only 33.1 % showed total consistency between Task 1 
and Task 2 (88 out of 266 subjects; 95 % CI [27.4 %, 38.7 %]). This CI 
indicates that, if the sampling process were repeated under identical 
experimental conditions, 95 % of the resulting confidence intervals 
would be expected to include the true proportion of subjects with total 
consistency between Tasks 1 and Task 2. Table 4 shows the consistency 
levels for all samples and treatments. We conducted a χ2 test, which 
indicates that the consistency levels are not equal within each group.

Table 4 also shows the transitivity in Task 2. In the full sample, 79.3 
% of the subjects maintained transitivity in Task 2; 78.3 % maintained 
transitivity in Task 2 for the pen-and-paper treatment and 80.5 % for the 
ruler-and-cards treatment. If we consider only the subjects with fully 
transitive preferences in Task 2, disregarding the treatments, only 41.8 
% of subjects were totally consistent between tasks. In the pen-and- 
paper 53.6 % of the subjects were totally or partially consistent be
tween tasks, and 62.6 % were in the ruler-and-cards treatment. In the 
latter treatment, considering only one change in the resource ranking 
and including all distances between changes in task 1, the maximum 
consistency level reached was 68.8 %. This means that 31.32 % of the 
subjects changed the ranking of at least two resources between tasks.

Fig. 4 presents the results of the ranking order for all resources in 
Task 1 and Task 2, considering both treatments. The subjects’ ranking on 
the diagonal line showed full consistency of ranking between the two 
tasks. However, many subjects presented no consistency in their rank
ings between tasks. In the pen-and-paper treatment, more subjects were 
inconsistent than in the ruler-and-cards treatment, as illustrated by the 
wider dispersion of rankings from the diagonal line in the same figure.

The Spearman correlations also show smaller coefficients between 
resource attributes in the pen-and-paper treatment when compared to 
the ruler-and-cards treatment for subjects with transitive preferences 
(Table 5). All Spearman correlations were positive.

Fig. 2. Example of two card descriptions for the Sports Facility (SF) and Laboratory (Lab).
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6.3. Consistency among first and last resource attribute ranking

Proposition 3: The first resource attribute ranking (which anchors the 
value scale) and the last resource attribute ranking on resources elicited from 
the SW method for survey-based preference elicitation show low consistency 

with the ordinal ranking of preferences elicited from the proposed protocol (in 
the assisted and the unassisted modes).

We analyse the consistency of the resource attribute ranking by 
comparing the chosen resource attribute ranking in Task 1 versus the 
resource attribute rankings in Task 2. We used the Confidence Interval 
test to verify the consistency between the ranking of the first resource 
attribute and the ranking of the last resource attribute.

Subjects have not always selected the same resource in both tasks, as 
shown in Table 6. Specifically, the results show that 32.7 % (95 % CI 
[27.1 %, 38.3 %]) of the subjects selected different first resource attri
butes and 33.8 % (95 % CI [28.1 %, 39.5 %] selected different last 
resource attributes among tasks for both treatments. Considering the 
treatments separately, for the pen-and-paper, 36.4 % (95 % CI [28.5 %, 
44.2 %]) of the subjects selected different first resource attributes and 
32.2 % (95 % CI [24.5 %, 39.8 %]) selected different last resource at
tributes, while for the ruler-and-cards treatment, 28.5 % (95 % CI [20.5 
%, 36.4 %]) selected different first resource attributes and 35.8 % (95 % 
CI [27.3 %, 44.2 %]) selected different last resource attributes.

Fig. 3. The research design.

Table 2 
Variables for the data analysis.

Variable Type Description

Process Compliance1 Nominal 0 = No process compliance failure in Task 1; 1 
= Process compliance failure in Task 1

Transitivity Nominal 0 = No transitivity in Task 2; 1 = Transitivity 
in Task 2

First/Last resource 
attribute ranking

Nominal 0 = Different (first/last) resource attribute 
ranking between Task 1 and Task 2. 
1 = The same (first/last) resource attribute 
ranking between Task 1 and Task 2

Consistency level2 Ordinal 0 = No consistency among resources ranking 
between Task 1 and Task 2

​ ​ 1 = Partial consistency resources ranking 
between Task 1 and Task 2

​ ​ 2 = Total consistency resources ranking 
between Task 1 and Task 2

Notes: 1 We define a process compliance failure as any mistake in following the 
instructions required by the Task 1. 2 We define “total consistency” when the 
rank order of the resources in Task 1 is the same in Task 2. In those cases in 
which total consistency is not achieved, we define “partial consistency” when 
the rank order of the resources in Task 1 is the same as in Task 2 if the difference 
in value scores of the resource attribute ranking is within a |1| value point 
threshold (on a 0 to 10 scale); if the difference in value scores exceeded this 
threshold, we defined it as “no consistency” between tasks.

Table 3 
Summary of propositions, statistical procedures, and data.

Proposition Procedure Data

P1 Frequency analysis; Confidence 
Interval

NR-C = 123; NP-P = 143

P2 Confidence Interval; χ2 test; Spearman 
correlation

NAll = 266; NP-P = 143; NR- 

C = 123
P3 Confidence Interval NAll = 266; NP-P = 143; NR- 

C = 123
P4 Boxplot; Fligner-Killeen test NP-P = 143; NR-C = 123
P5.1 Frequency analysis NR-C = 123
P5.2 Kruskal-Wallis test; Cross table analysis NR-C = 123
P6.1 χ2 test *NR-C = 88; *NC-R = 35
P6.2 Mann-Whitney Test *NR-C = 88; *NC-R = 35

Notes: NAll = All sample; NP-P = Pen-and-paper treatment sample; NR-C = Ruler- 
and-cards treatment sample.
The data in P6 (*) represents the sample split into two random groups.

Table 4 
Consistency levels for each group (per treatment and in total).

Pen-and- 
Paper ( %)

Ruler-and- 
Cards ( %)

Total ( %)

Transitivity in Task 2 ​ 112 (78.3 
%)

99 (80.5 %) 211 (79.3 
%)

Full sample ​ ​ ​ ​
Consistency Levels 

between Tasks 1 
and 2

No 
consistency

83 (58.0 
%)

61 (49.5 %) 144 (54.1 
%)

​ Partial 
consistency

14 (9.8 %) 20 (16.3 %) 34 (12.8 
%)

​ Total 
consistency

46 (32.2 
%)

42 (34.2 %) 88 (33.1 
%)

​ Sample 143 (100 
%)

123 (100 
%)

266 (100 
%)

​ χ2 (p-value) 50.028 (<
0.01)

20.537 (<
0.01)

68.241 (<
0.01)

Transitive ranking 
sample

​ ​ ​ ​

Consistency Levels 
between Tasks 1 
and 2

No 
consistency

52 (46.4 
%)

37 (37.4 %) 89 (42.2 
%)

​ Partial 
consistency

14 (12.5 
%)

20 (20.2 %) 34 (16.1 
%)

​ Total 
consistency

46 (41.1 
%)

42 (42.4 %) 88 (41.8 
%)

​ Sample 112 (100 
%)

99 (100 %) 211 (100 
%)

​ χ2 (p-value) 22.357 (<
0.01)

8.061 (<
0.05)

28.161 (<
0.01)
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6.4. Resource attribute ranking

Proposition 4: The range of weights produced by the SW method for 
survey-based preference elicitation may be influenced by the treatment (pen- 
and-paper or ruler-and-cards) employed in its elicitation.

The distributions of weights in the two treatments, represented with 
boxplots (Fig. 5), show the range in the pen-and-paper is smaller than 
the ruler-and-cards treatment (the interquartile range size is larger). On 
the other hand, there are more outliers in the pen-and-paper treatment 
than in the ruler-and-cards treatment.

The Fligner–Killeen test was used to assess whether the variances of 
the resource attributes differ between the two treatments. The results 
indicated significant difference in variances for χ²sport = 6.71, p = .00; 
χ²laboratory = 2.83, p = .09; and χ²restaurant = 6.20, p = .01; indicating 
heterogeneity of variances. For Library and Leisure, the test indicated 
homogeneity of variances: χ²library = 0.96, p = .32; χ²library = 0.16, p 
= .68.

6.5. Further analysis of the ruler-and-cards treatment

This subsection analyses the ruler-and-cards treatment for 
community-based preference elicitation surveys and whether this 
assisted mode provides more coherent responses than the unassisted 
mode. To systematically improve this application in communities, we 
compare the proposed protocol with assisted SW by following two 
propositions. 

Proposition 5. For the assisted mode, the survey interviewer 
influences:
P5.1. The transitivity in the resource attribute ranking in the pro
posed protocol.

P5.2. The consistency between the SW method for survey-based 
preference elicitations and the ordinal ranking of preferences eli
cited from the proposed protocol.

The percentage of subjects that maintain transitivity in Task 2 is 
similar across the interviewers (Interviewer A = 79 %; Interviewer B =
82 %; Interviewer C = 83 %; Crosstable analysis, p = .001) (P5.1), while 
the consistency levels between tasks revealed differences according to 
the interviewers. We employed the Kruskal-Wallis test to verify if there 
is a difference in consistency levels among subjects when different 

Fig. 4. Order for the resource attributes rankings between tasks in both treatments. 
Note: The size of the circles indicates the proportion of rankings in Task 2 and Task 1 (per row).

Table 5 
Spearman rank-order correlations between resource attributes in both Tasks.

Pen-and Paper treatment (N = 109) Ruler-and-Cards treatment (N = 99)

Order in 
Task 1

Order in 
Task 2

ρ Order in 
Task 1

Order in 
Task 2

ρ

Sport Sport 0.68*** Sport Sport 0.85***
Leisure Leisure 0.74*** Leisure Leisure 0.85***
Laboratory Laboratory 0.67*** Laboratory Laboratory 0.75***
Library Library 0.70*** Library Library 0.88***
Restaurant Restaurant 0.74*** Restaurant Restaurant 0.80***

Note: Significance: ***p < .001.

Table 6 
Proportions and Confidence Intervals test for consistency between the first and 
last resource attribute rankings.

Treatment First/Last resource 
attribute ranking

N Proportions 95 % Confidence 
Intervals

Pen-and-Paper 
and Ruler-and- 
Cards

First resource 
attribute ranking: 
Equal

179 ​ ​

​ Different 87 32.7 % [27.1 %, 38.3 
%]

​ Last resource 
attribute ranking: 
Equal

176 ​ ​

​ Different 90 33.8 % [28.1 %, 39.5 
%]

​ Total 266 ​ ​
​ First resource 

attribute ranking: 
Equal

91 ​ ​

Pen-and-Paper Different 52 36.4 % [28.5 %, 44.2 
%]

​ Last resource 
attribute ranking: 
Equal

97 ​ ​

​ Different 46 32.2 % [24.5 %, 39.8 
%]

​ Total 143 ​ ​
​ First resource 

attribute ranking: 
Equal

88 ​ ​

Ruler-and-Cards Different 35 28.5 % [20.5 %, 36.4 
%]

​ Last resource 
attribute ranking: 
Equal

79 ​ ​

​ Different 44 35.8 % [27.3 %, 44.2 
%]

​ Total 123 ​ ​
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interviewers employed the ruler-and-cards treatment (P5.2). The null 
hypothesis is that there is no difference between the median ranks of all 
interviewers regarding consistency levels. We reject the null hypothesis 
(H(2) = 5.143, p = .050). Different interviewers may be associated with 
variations in consistency levels. 

Proposition 6. For the assisted mode, the application sequence (ruler- 
and-cards versus cards-and-ruler) influences:
P6.1. The transitivity in the resource attribute ranking in the pro
posed protocol.
P6.2. The consistency between the SW method for survey-based 
preference elicitation and the ordinal ranking of preferences eli
cited from the proposed protocol.

The χ² test was conducted to check whether there is a difference in 
rank between the sequences of two groups (ruler-and-cards or cards- 
and-ruler) for the transitivity in the resource attribute ranking in the 
proposed protocol (P6.1) (null hypothesis). We obtained the null hy
pothesis H (2) = 2556 and p-value =0.110. We conclude that the se
quences of tasks (R-C versus C-R) could not be significantly associated 
with the observed transitivity.

For P6.2, the Mann-Whitney U test was employed to determine 
whether there is a difference in rank between the sequence of two groups 
(ruler-and-cards or cards-and-ruler) according to the level of consistency 
in the judgments. The results indicated a non-significant difference be
tween the two groups (U = 1358,500, p = .215 for consistency levels). 
Additionally, the sequences of tasks (R-C versus C-R) were not signifi
cantly associated with the consistency levels.

7. Discussion

In this section, we analyse and discuss the results of the behavioural 
experiment. Sections 7.1 and 7.2 address the first and second research 
questions, respectively.

7.1. Is the swing weighting method suitable for survey-based preference 
elicitation in resource allocation decisions?

7.1.1. Process compliance in the survey-based SW procedure (assisted and 
unassisted modes)

In our behavioural experiment, we identified three possible issues 
regarding process compliance in the survey-based SW method. First, 
many subjects did not follow the first basic instruction for the pen-and- 
paper treatment: “to rate 10 points to the most preferred hypothetical 
alternative (i.e., first swing in the resource moving from the status quo to the 
ideal level)”. This was the case even though the completion time of the 
questionnaire was only about 10 min, and its format was carefully 
designed to avoid fatigue or discomfort for the subjects to answer it. This 
issue has been reported in previous studies, e.g. by Aubert et al. (2020), 
who found process compliance failures in their intervention (only 4.7 % 
followed all the instructions of the process); similar results were found 
by Haag et al. (2022); roughly 88 % of the responses did not fully comply 
with the swing weighting instructions.

Second, some subjects did not perform the second instruction in the 
pen-and-paper mode: “to complete the subsequent swings of resources, 
comparing it with the first swing”. Past studies highlighted similar issues, 
with the scoring part of the swing method being reported as challenging 
even when using an interactive mode (Aubert et al., 2022) and 
time-consuming (Aubert et al., 2020).

Third, the subjects did not use non-integer value scores on the con
tinuum scale if they were in the pen-and-paper mode. One possible 
explanation is that the subjects provided direct ratings, as they are 
accustomed to filling out marketing surveys, as Aubert et al. (2020)
pointed out. The subjects may have provided simple importance levels 
or beliefs about resource attributes (Rosenberg, 1956; Fishbein, 1963; 
Bass & Talarzyk, 1972), treating the swing weights as if they were ab
solute (a priori) weights not tied to the first swing (Danielson & Eken
berg, 2019). On the other hand, in the ruler treatment (side without 
scale), the subjects did use non-integer scores. This finding is in line with 
a study conducted by Pöyhönen and Hämäläinen (2001), in which 62 % 

Fig. 5. Ranking of resource attributes scores for pen-and-paper and ruler-and-cards.
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(of 247) subjects scored multiples of tens.
Our conclusion for this compliance issue in employing the SW 

method for survey-based elicitations in our behavioural experiment is 
that the subjects had found the tasks required by the pen-and-paper SW 
elicitation protocol as challenging. There is also some indicative evi
dence that their judgments were not necessarily following value- 
distance assessments against the first swing weight, as required by the 
method. Hence, the survey-based SW may need to be conducted in an 
assisted mode with a protocol that encourages correct reasoning to form 
these value judgments, instead of a standard SW protocol as currently 
adopted in many DA community-based interventions.

7.1.2. (In) consistency of preferences for resource attributes between tasks
Our results showed low individual consistency levels between the 

two tasks (SW versus the ordinal ranking in our protocol) under both 
treatments. Indeed, even in the assisted mode, many subjects had 
inconsistent ranks between the two tasks. Furthermore, if we consider 
the overall consistency level for only the subjects with transitive pref
erences, their consistency level between tasks were slightly higher for 
the ruler-and-cards treatment than for the pen-and-paper treatment. 
This finding shows that the survey-based SW often fails the procedural 
invariance test, which requires that weights elicited by different tasks 
(methods) should be the same if the subjects consistently assess them 
(Mustajoki et al., 2005).

There are some possible additional causes for this inconsistency be
tween rankings from the two tasks, beyond the possible complexity of 
survey-based SW, such as the lack of familiarity with the methods (Park 
& Lessig, 1981) and the number of resource attribute levels considered 
(Borcherding et al., 1991; Pöyhönen & Hämäläinen, 2001). These 
findings and those from Section 7.1.1 suggest the SW method may not be 
advised to measure the value of resource attributes in a survey-based 
mode (van Ittersum et al., 2007). In addition, it indicates that using 
the SW method in this mode would require additional consistency 
checks of preferences (Zardari et al., 2015), replicating best Decision 
Analysis practices in which the decision analyst conducts these checks 
(von Winterfeldt & Edwards, 1986).

7.1.3. Consistency of first and last resource attribute ranking between tasks
The experimental results showed low consistency of first and last 

resource attribute ranking between the two tasks (SW versus the ordinal 
ranking in our protocol). While this inconsistency could have been 
explained if a large number of attributes were utilised (Pöyhönen & 
Hämäläinen, 2001), our experimental design employed only five 
resource attributes. It is also plausible that an abstract nature and the 
relative detachment of the resource attribute could have prevented the 
subjects from internalising the swings. However, we designed the 
experiment to make the decision setting as realistic as possible, reducing 
such risk.

The other possible cause for this inconsistency is when the value 
scores rated by the subjects were close to one another. Considering the 
rule-and-cards treatment, 83 % scored close values for resource attri
butes in Task 1 (SW method) regarding the subjects who were incon
sistent between tasks. The definition of a threshold for partial 
inconsistency (see the second note in Table 2) tried to address this issue 
in the data analysis.

We also analysed the consistency of the resource attribute ranking 
among tasks only for those subjects who revealed transitivity in their 
ranking of resource attributes in Task 2. In this specific case, we carried 
out an additional analysis considering only subjects with transitive 
preferences. The results show that 24% (95% CI [18.39%, 29.95%]) of 
the subjects selected different first resource attributes and 27% (95% CI 
[20.58%, 32.50%]) selected different last resource attributes among tasks 
for both treatments. Even in the assisted mode, 21% (95% CI [13.16%, 
29.27%]) and 27% (95% CI [18.50%, 36.05%]) of the subjects selected 
different resource attributes (first and last, respectively).

This experimental finding is a major concern for researchers who 

intend to employ the SW method in a survey-based mode. The method 
relies heavily on the adequate identification of the first resource attribute, 
which is then used to evaluate the relative value of the subsequent 
resource attributes. If a first resource attribute ranking cannot be 
adequately identified and consistently maintained, the relative valua
tions of the resource attributes would be seriously compromised.

7.1.4. Range in the SW procedure
The ruler-and-cards treatment was an assisted mode in which the 

survey interviewer conducted the task throughout the elicitation steps. 
In this treatment, subjects used the continuum scale by moving the 
resource swings along the ruler and using crayons to rate the weights 
among resource attributes; therefore, there is evidence that the subjects 
indicated the distance on the ruler while they revealed their preferences. 
Such assessment is important because the subjects could prioritise the 
dimensions consistently, as they were supported step-by-step when they 
needed to evaluate the next resource attribute and compare it to the 
most valuable swing already chosen. Therefore, the ruler-based mode 
offered a wider range of valuations than the paper-based mode, with 
more spread in the subjects’ responses (a larger interquartile range size).

In the pen-and-paper treatment, the subjects may have directly 
scored the resource attributes instead of considering their relative value, 
as previously alluded. Since the subjects did not use non-integer value 
scores and most revealed indifference (by using the same value scores 
among resource attributes), this treatment may fail to meet the range 
sensitivity requirement (Fischer, 1995). The response scale effects may 
lead subjects to ignore ranges (Borcherding et al., 1991) or the elicited 
weights may represent general values or attitudes toward the criteria, 
not specific trade-offs among them (Stewart & Ely, 1984).

Our conclusion when analysing the ranges in the SW method is that 
responses from this method benefit from a survey researcher who elicits 
the preferences of subjects, ensuring the possibility of employing a wider 
spread of valuations. However, this assisted mode is unfeasible for a 
large sample size. Conversely, pen-and-paper may elicit more homoge
neous responses with a smaller spread of valuations. Partially, this may 
be a consequence of the 0 to 10 scale that we employed (which matches 
the university evaluation score of the students). Still, we conjecture that 
this lack of spread might result from subjects attributing ‘marks’ to re
sources instead of valuing the resource attribute swings.

7.2. To what extent can the proposed protocol provide coherent 
responses in resource allocation decisions?

To implement our elicitation protocol, we evaluated five resource 
attributes in pairs of profiles, which resulted in ten pairwise comparisons 
in Task 2. There was a high transitivity in Task 2, regardless of the 
treatment. Therefore, our proposed protocol can be applied either as a 
survey or by survey interviewers. The choice of application mode will 
depend on the subjects, as the assisted mode can be simpler for subjects 
with less formal education levels. Furthermore, while different survey 
interviewers may influence the consistency level among subjects, these 
interviewers have not influenced the transitivity of the subjects. The 
suggested protocol requires strict preferences, and most subjects in the 
behavioural experiment expressed transitive preferences.

However, most of the subjects who were transitive (211) in Task 2 
were inconsistent between tasks (123/211 or 58 % of the sample), with 
roughly the same proportion for both treatments (68 % for pen-and- 
paper treatment and 70 % for ruler-and-cards treatment). There was 
no difference in resource attribute preferences in the application 
sequence of treatments (ruler-and-cards or cards-and-ruler). Hence, the 
SW method could be employed in a survey only for those subjects who 
maintained transitive preferences in a sequence of cards followed by the 
ruler.

On the other hand, our proposed protocol replicates the ranking from 
SWs for those subjects that have expressed transitive preferences. 
Encouragingly, even the subjects who did not comply with the SW 
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procedure performed pairwise comparisons with relatively high transi
tivity in our protocol (82.6 % = 19/23 of the subjects). While intransi
tive preferences (17.4 % of the sample) are concerning, their 
identification may help exclude their responses from the sample or re- 
elicit the ranking with the support of a survey interviewer.

Typically, decision-makers show resistance against sophisticated 
elicitation methods (Aloysius et al., 2006; Kottemann & Davis, 1991). 
They prefer more straightforward and easier-to-understand methods, 
such as pairwise comparisons (Zheng & Lienert, 2018), which are also 
perceived to be more accurate (Aloysius et al., 2006). Our protocol has 
shown a high transitivity of preferences in the behavioural experiment 
(with assisted or unassisted support). Hence, the protocol has performed 
consistently well for both treatments (pen-and-paper and 
ruler-and-cards). In addition, the protocol is straightforward, with clear 
questions and profile options, and no process compliance failures 
occurred (even in the pen-and-paper format). Judging strict preference 
between two profiles is cognitively easier and less prone to noise in the 
elicitation (both in the assisted and unassisted modes) than assessing the 
value assessment of dummy alternatives required SWs (see also Larichev 
(1992)).

8. Conclusion and directions for further research

The efficient allocation of scarce resources to improve community 
services and facilities is a key aspect of Community OR. Decision 
Analysis (DA) is being increasingly employed to support such resource 
allocation processes, as it enables the evaluation of options on 
competing objectives and has the potential to represent the priorities of 
a community. In addition, current attempts to increase the representa
tiveness of the community in Decision Analysis interventions have led to 
the use of survey-based preference elicitation, typically adapting elici
tation methods, such as the Swing Weighting (SW) method, to (online) 
surveys. However, some previous studies have indicated that subjects 
experienced challenges in having their preferences elicited via this 
mode, which may have a potential impact on the coherence of the 
preferences being elicited.

In this paper, we suggested a survey-based priority elicitation pro
tocol for communities that can be applied on a large scale while main
taining the rigour required by DA. The proposed protocol is 
straightforward and requires limited cognitive effort, eliciting only strict 
preference relations. The protocol aims to address these requirements to 
be applied for any community, particularly deprived ones, in which 
subjects have low levels of formal education. We argue that strict pref
erences are suitable for resource allocation decisions, as clear priorities 
must be expressed at an individual level; thus, the protocol does not 
allow indifference statements.

We tested the protocol in a hypothetical (but realistic) resource 
allocation problem: a controlled behavioural experiment in which sub
jects were asked to prioritise attribute resources. Two treatments were 
developed: an unassisted mode (pen-and-paper) and an assisted mode 
(ruler-and-cards), both composed of the SW method (Task 1) and the 
proposed protocol (Task 2). We also compared, in our behavioural 
experiment, the results obtained from the suggested protocol with re
sponses from the survey-based SW method and found a relatively large 
number of violations in the latter method (e.g. rank reversals against the 
ordinal ranking, inconsistent use of first resource attribute ranking, 
some indications that value difference judgments were not being made).

We thus conclude that the standard SW method may not be suitable 
for survey-based preference elicitation in resource allocation problems, 
due to the relative complexity of the elicitation protocol and some 
inconsistent results against ordinal preferences that we found in our 
behavioural experiment. However, more behavioural evidence would be 
welcome to confirm this finding and extend to other types of multi- 
attribute prioritisation, as well as assess the suitability of employing 
other standard DA preference elicitation methods for attribute weight
ing in online surveys (e.g., the trade-off method).

Encouragingly, our experimental findings suggest that our proposed 
protocol could be used to screen out subjects with intransitive prefer
ences, before the SW method is employed in surveys. This screening step 
could potentially increase the coherence of the elicited preferences from 
this widely employed priority elicitation method.

We can identify some relevant avenues for further research, which 
are briefly highlighted next. First, the development of a consistency 
index for the ordinal data elicited from individual subjects would be 
welcome. Such an index could borrow ideas from the indices suggested 
by Liang et al. (2022) or the proposed inconsistencies index between 
statements using scale-independent consistency measures (see Salo and 
Hämäläinen, 1995; Salo, 1993). In addition, the card method could be 
adapted to prioritise disinvestment decisions, given the current pres
sures on public budgets.

Second, a cognitive assessment of reasoning efforts and cognitive 
style could shed light on the subject’s reasoning when answering the 
survey. For example, the cognitive reflection test (Thomson & Oppen
heimer, 2016) could be applied to examine which cognitive aspects 
affect their answers. A comparison with the Deck of Cards method 
(Corrente et al., 2021; Figueira & Roy, 2002; Siskos & Tsotsolas, 2015) 
could also shed some light on the level of reasoning effort demanded by 
the proposed elicitation protocol versus the type of preference infor
mation that is provided by the subjects (Corrente et al., 2021). Another 
interesting comparison is whether the mode of survey application for the 
proposed protocol, either with pen-and-paper or with cards supported 
by a survey interviewer, would generate different rankings.

Third, our results are based on a behavioural experiment which, 
albeit adopting a realistic decision context, is somehow artificial. This 
experimental setting is prevalent in Behavioural Decision Analysis 
(Federspiel et al., 2024), maximising experimental control over realism 
(McGrath, 1981). Nonetheless, field tests of the protocol in more real
istic settings could improve our understanding of its benefits and 
drawbacks.

Fourth, it is important to investigate how to derive community 
attribute weights after eliciting individual rankings, given the intrinsic 
challenge created by Arrow’s paradox (Arrow, 1950) when only ordinal 
individual rankings are considered (French, 2007). As the protocol has 
been conceptualised within a MAVT framework, such attribute weights 
are scaling constants representing value trade-offs. We distinguish ap
proaches to derive these weights into three categories: 

• Translate the individual ordinal rank into individual quantitative 
weights and aggregate these individual weights at the community 
level (individual weights) (see rank-sum (Barron & Barrett, 1996); 
rank reciprocal (Stillwell & Seaver, 1981); rank-order centroid 
(Edwards & Barron, 1994); and combination of the Centroid (Olson 
& Dorai, 1992)).

• Employ the individual ordinal rank information and identify quan
titative weights at the community level that are compatible with the 
individual ordinal rank (community weights) (e.g. by employing the 
simulation technique provided by Butler et al. (1997).

• Infer community-level priorities by employing preference learning 
algorithms (Chevaleyre et al., 2010) or judgment aggregation for 
ordinal preferences (Grossi & Pigozzi, 2014; Wilson, 1975), as well 
as considering coalitions with similar weights among groups within a 
community.

The first approach obfuscates individual rankings. They are also 
rank-based methods highly sensitive to the number of resource attri
butes and may provide rather arbitrary quantitative weights. On the 
other hand, in the second approach, the exact weights from an assess
ment procedure may be legitimately questioned, given the transition 
from individual ordinal ranks to the community-level quantitative 
weights identified by the Monte-Carlo simulation. Thus, it remains an 
open question what the best way of aggregating the individual rankings 
is.
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Concluding this paper, we find survey-based preference elicitation 
an exciting area for research in DA and Community OR, given the 
increasing relevance of online surveys and contemporary attempts to 
make resource allocation more inclusive and democratic. We hope that 
this paper can help the OR community to further develop adequate 
survey-based preference elicitation methods for community-based 
resource allocation processes.
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