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Abstract
In 2010, the European Commission set out the development of an economy based on knowl-
edge and innovation as one of the priorities of its Europe 2020 strategy for smart, sustainable,
and inclusive growth. This culminated in the ‘Youth on the Move’ flagship initiative, aimed
at enhancing the performance and international attractiveness of Europe’s higher education
institutions and raising the Union’s overall education and training levels. Therefore, it is
relevant to assess the performance of the ‘Youth on the Move’ initiative via the creation of
composite indicators (CIs) and, ultimately, monitor the progress made by European countries
in creating a positive environment supporting learner mobility. For this reason, we make use
of the CI-building ‘Benefit-of-the-Doubt’ approach, in its robust and conditional setting to
account for outliers and the human development of those nations, to exploit the European
Commission’s Mobility Scoreboard framework between 2015/2016 and 2022/2023. Further-
more, we incorporate the value judgements of experts in the sector to construct utility scales
and compute weight restrictions through multi-criteria decision analysis. This enables the
conversion of ordinal scales into interval ones based on knowledgeable information about
reality in higher education. In the end, the results point to a slight performance improvement,
but highlight the need to improve the ‘Recognition of learning outcomes’, ‘Foreign language
preparation’, and ‘Information and guidance’.
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1 Introduction

Ambition has always driven “the old continent” to explore new horizons. From the Renais-
sance to the Enlightenment and colonialism and imperialism to the Industrial Revolution,
Europe has historically been the main driving force of the (Western) world. One of the conti-
nent’s most recent and progressive endeavours is its 10-year Europe 2020 strategy. Proposed
by the European Commission in 2010, Europe 2020 aimed at marking a new beginning in the
wake of the 2008 economic and financial crisis via “smart, sustainable and inclusive growth”
(European Commission, 2010). The strategy identified five key targets that the European
Union (EU) should work towards, namely in terms of employment, research and innovation,
climate change and energy, education, and combating poverty. For this reason, seven flagship
initiatives were created, whose implementation relied on framework programmes such as the
well-known 6-year Horizon 2020 and its 80 billion Euro budget.

After the proposal put forward by the European Commission (2010), the Council of the
European Union (2011) recommended launching the ‘Youth on the Move’ flagship initiative
for the sake of “promoting the learning mobility of young people”. According to the same
source, learning mobility implies moving beyond one’s country’s borders to acquire new
knowledge, skills, and competencies. It is seen as a cornerstone for strengthening the employ-
ability of young people, as well as increasing their awareness of other cultures, fostering their
personal growth, stimulating their creativity, and encouraging their active citizenship. Indeed,
the Council of the European Union believes that such mobility at the higher education level
not only increases the chances of professional mobility after graduation but also nurtures
the openness, communality, accessibility, and efficiency of education and training systems
conducive to a knowledge-intensive society.

Despite a majority of positive reactions to Europe 2020, scepticism about the strategy
prevailed in the sense that doubts were raised about the five key targets being the right
priorities, at first, and their actual success at the end of the implementation period, at last.
Nevertheless, one of these targets seems to stand out: education. As a matter of fact, the
European Commission (2010) stated that “better education levels help employability”, which
itself “helps to reduce poverty”. Besides, the links between (higher) education and research
and innovation are clear, not to mention the latter’s contribution to “fighting climate change
and create [sic] new business and employment opportunities” (EuropeanCommission, 2010).

Through the ‘Youth on the Move’ flagship initiative, EU countries should seek to not only
improve the performance of their higher education institutions but also increase the over-
all quality of all their education and training levels. This could be achieved by combining
excellence and quality, promoting mobility, and improving the employability of young peo-
ple. Particularly, the European Commission stated that its first plan of action at the EU level
would be to focus on integrating and enhancing EUmobility, university, and researchers’ pro-
grammes (e.g., Erasmus, Erasmus Mundus, TEMPUS,1 Marie Skłodowska-Curie Actions)
with national programmes and resources to provide flexible access to continuous learning
beyond traditional boundaries.

Therefore, evaluating the ‘Youth on theMove’ flagship initiative across Europe is vital for
tracking the evolution of EU countries and their European peers—such as those belonging to
the European Economic Area (EEA) and the European Free Trade Association (EFTA)—in
terms of learning mobility and providing insights with education policy-making relevance.
Accordingly, based on the European Commission’s Mobility Scoreboard regarding higher
education, which rests on information provided by the Eurydice Network, we resort to the

1 Since January 1, 2014, the TEMPUS program was rebranded as the Erasmus+ program.
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popular non-parametric frontier ‘Benefit-of-the-Doubt’ (BoD) approach to assess the per-
formance of 36 countries and macro-regions in the network’s reference years of 2015/2016,
2018/2019, and 2022/2023 in order to create a yearly composite indicator (CI). Our model
is extended to a robust and conditional setting since it reduces the influence of outlying data
and takes the countries’ contextual environment into account. Additionally, we adopt the
trending multi-criteria decision analysis (MCDA) ‘Deck of Cards’ method to convert Eury-
dice’s qualitative data into quantitative data and incorporate the value judgements of experts
in the education sector concomitantly, on the one hand, and create more realistic weight
restrictions, on the other hand. This way we generate preference-incorporated interval scales
and relative importance multipliers. Furthermore, we study the performance evolution of this
education policy by means of the global Malmquist productivity index (M P I ) to employ a
metafrontier that overcomes circularity issues regarding the simultaneous analysis of three
periods. Ultimately, our study contributes to the literature both theoretical- (original hybrid
BoD and MCDA approach, given the combination of a robust conditional setting, the use
of weight restrictions, and the incorporation of value judgements via the ‘Deck of Cards’
method) and empirically (unprecedented assessment of learning mobility performance using
more recent and broader data from an official database).

The remaining sections of the paper are arranged as follows. In Sect. 2, a review of the liter-
ature is provided on the usage of CIs created using the BoD approach, giving special attention
to the education sector. The knowledge gap and contributions of the paper to the existing
literature are also highlighted. In Sect. 3, we describe the learning mobility performance
assessment framework, whose results are discussed in Sect. 4. At last, Sect. 5 concludes our
work and identifies areas for future research.

2 Knowledge gap

Depending on the EU nation, education strategy is developed at the local, regional, or national
level to ensure alignment with the policies put forward by the European Commission. There-
fore, the performance of education systems should be closely monitored, for the sake of
securing the EU’s leading role in the global education market (Camanho, Stumbriene, Bar-
bosa, and Jakaitiene, 2023). This requires gathering data regarding a set of outcome indicators
and using frontier techniques to provide a big picture of the efficiency and effectiveness of
education systems.

2.1 Measuring efficiency

DeWitte and López-Torres (2017) conducted a review of the literature on efficiency in educa-
tion and showed that most publications are concerned with higher education and the efficient
use of resources, i.e., the capacity of institutions to reduce expenses while maintaining the
same student performance or research production, for instance.Overall, regardless of the level
of education being analysed (which ranges from primary and secondary education to tertiary
education), the literature addresses a wide variety of levels of analysis, namely microscopic
(e.g., students, classrooms, departments), regional (e.g., school districts, macro-regions), and
international (e.g., countries’ education systems). Besides, the authors mention that frontier
techniques, especially non-parametric ones of which Data Envelopment Analysis (DEA) is
at the forefront, are among the most commonly employed in the field.
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Given the far-reaching scope of the ‘Youth on the Move’ flagship initiative, it may be
wise to direct our focus to international benchmarking comparisons, specifically those that
used frontier techniques to carry out cross-country performance assessments. First, a survey
of the literature indicates that only a handful of studies is about tertiary education (Agasisti,
2011; Bogetoft, Heinesen, and Tranæs, 2015; Ahec Sonje, Deskar-Skrbic, and Sonje, 2018;
Stumbriene, Camanho, and Jakaitiene, 2020), although only Agasisti (2011) focuses exclu-
sively on this stage. Second, the vast majority of papers use data from large-scale comparable
international datasets, namely the Programme for International Student Assessment (PISA)
and the Trends in International Mathematics and Science Study (TIMSS). Third, in line with
the findings of De Witte and López-Torres (2017), DEA is, indeed, the most used education
efficiency measurement technique, at least at the country level (see, e.g., Agasisti et al. 2019;
Giambona et al. 2011; Giménez et al. 2007). As for the evaluation of efficiency changes over
time, the literature is scarce, with Agasisti (2014) having used theMalmquist index, Giménez
et al. (2017) having used the global Malmquist index, and Giménez et al. (2019) having used
the Malmquist-Luenberger index. Nevertheless, these publications only considered periods
until 2012 and up to 29 European countries—always using DEA. Finally, only a few studies
have introduced the use of conditional robust partial frontier methods to account for the role
of the operating context on the production process (e.g., Cordero et al. 2018, 2017; De Witte
& Kortelainen, 2013) or other recent extensions developed for the Malmquist productivity
indices (e.g., Aparicio et al. 2021, 2022; Arbona et al. 2022). In these studies, efficiency and
productivity are measured over the period spanning from 2006 to 2018.

2.2 Assessing performance

Alternatively, one can look at the efficiency of education systems from another standpoint:
that of performance assessment. When assessing performance, the onus lies on the sole
evaluation of outputs, i.e., resources do not constrain the problem. For this reason, the DEA-
based BoD approach—developed by Cherchye et al. (2007)—must be used. Hence, we are
essentially combining multiple outcomes into a single measure that eases the interpretation
and communication of information, enables the monitoring of those indicators, and can be
used to guide decision-making (Pereira, Camanho, Figueira, and Marques, 2021). These
so-called CIs are, indeed, performance aggregation tools that tend to resort to DEA and
DEA-based methods, which include the popular BoD approach, due to their appeal in terms
of data-driven flexible weight optimisation (Nardo et al., 2008).

Some of the earliest works introducing the BoD approach to create a composite measure
in education are by DeWitte and Rogge (2010, 2011) and Rogge (2011). These studies eval-
uated the academic performance of teachers and faculty members in Belgium, considering
both teaching and/or research performance. The first two papers introduced the robust and
conditional approach to include the background conditions in the performance assessment.
De Witte et al. (2013) studied the presence of economies of scope in the teaching-research
nexus and found that, for instance, specialisation in teaching and research correlates with
better academic performance. Karagiannis and Paschalidou (2017) examined research effec-
tiveness by comparing the BoD approach with the model of Kao and Hung (2003). The
authors found that there is a higher variability in the effectiveness scores estimated among
alternative weighting schemes within each model than between models for particular weigh-
ing schemes. DeWitte and Schiltz (2018) used the robust and conditional iteration of the BoD
approach to measure and explain the organisational effectiveness of school districts. With
this modelling choice, the authors intended to reduce the influence of outliers and account
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for the exogenous environment. Szuwarzyński (2019) assessed the performance of public
universities in Australia by means of the BoD approach with weight restrictions. Taking into
account teaching and research key performance indicators, the author provided directions for
future improvement for the worst-performing institutions. Silva et al. (2020) used the results
of Portuguese students on national exams to assess the performance of secondary schools
and benchmark them on their success in preparing students for success in higher educa-
tion. The CI built by these authors was attained via a directional distance function BoD that
intended to adopt a directional vector corresponding to the range of possible improvement for
each school. Bas and Carot (2022) took advantage of the BoD approach’s weight flexibility
to assess teacher performance regarding several dimensions of academic activities. After-
wards, the authors classified them into clusters according to those dimensions. Szuwarzyński
(2022) evaluated the efficiency of the graduation process in Australian public universities.
Their “super-efficiency” BoDmodel with weight restrictions indicated that research-oriented
universities achieve better results and overseas students perform better than domestic ones.
Camanho et al. (2023) assessed the performance ofEuropean countries regarding theStrategic
Framework for European Cooperation in Education and Training. Additionally, the authors
studied the convergence of these countries in the 2009–2018 period, revealing that there is
an improvement trend in most countries.

2.3 Overview

In the end, the knowledge gap is clear. First, this study is unprecedented since, as far as the
authors are aware, there are no publications about learning mobility and the performance
assessment of its inherent policies across European education systems, traditionally focused
on broader characteristics. Second, it considers the most recently available data regarding the
academic year 2022/2023. Third, it expands the usual sample size of performance assessments
of European education systems to include data beyondEUcountries,which entices interesting
benchmarking possibilities. Fourth, it is the first to analyse this subject using data from the
Eurydice Network database, offering a fresh perspective from the oft-used PISA and TIMSS
databases. Lastly, the literature has yet to fully explore the potential of BoD approaches in
education, especially those involving the robust conditional case (De Witte & Rogge, 2010;
De Witte & Kortelainen, 2013; De Witte & Schiltz, 2018) and the application of MCDA
(Agasisti, Munda, and Hippe, 2019). The simultaneous use of these techniques, especially
when considering the ‘Deck of Cards’method, is unique; furthermore, the inclusion ofweight
restrictions is rare (see, e.g., Szuwarzyński, 2019, 2022) and the use ofMCDA to define them
is a novelty.

3 Methodological framework

Despite the absence of a formal definition of a methodological framework within the aca-
demic community, it can generally be described “as a structured guide to completing a
process or series of processes” (McMeekin, Wu, Germeni, and Briggs, 2020). In fact, the
authors acknowledge this lack of conventional guidance and propose a consensual approach
to develop methodological frameworks, which we have adapted for our study. This approach
involves three key phases: identifying data that inform the framework, developing the frame-
work itself, and validating and refining it through iterative revisions. Specifically, McMeekin
et al. (2020) highlight the integration of existing methods and guidelines, the incorporation
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of expert experience, and the utilisation of empirical data to construct a robust framework.
We employ this structured approach to systematically identify the relevant data inherent to
our research problem (Sect. 3.1) and to develop the methods that operationalise this data
(Sect. 3.2), ensuring our framework is both comprehensive and contextually appropriate.

3.1 Data and sample

The added value of learning mobility is materialised in an increase in opportunities (Nuzulis-
mah, Azis, Sensuse, Kautsarina, and Suryono, 2021). However, the free movement of higher
education students still faces several obstacles, such as the inflexible use of domestic grants
to study abroad, the bureaucracy behind the recognition of qualifications, and the lack of
straightforward access to information and guidance about mobility programs. Following the
recommendation of theCouncil of the EuropeanUnion (2011), the Eurydice—an information
network funded by the European Commission that coordinates European and national efforts
to provide policy-makers with credible and reliable information for education policy-making
purposes—report produced by the EuropeanEducation andCulture ExecutiveAgency (2023)
provides information on six Mobility Scoreboard key performance indicators in higher edu-
cation. These are the indicators used in the proposed framework, which are part of an output
vector Y t

j = {yt
1 j , . . . , yt

1r , . . . , yt
1 s}, with r = 1, . . . , s and described according to their

latest iteration in Table 1.
Note that the Mobility Scoreboard is a framework that monitors the progress made by

European countries under the ‘Youth on theMove’ flagship initiative. The Eurydice Network
is the one that provides it with information2 regarding the six thematic indicators specified by
the Council of the European Union (2011). This qualitative information is collected through
a survey completed by national experts and/or representatives of the Eurydice Network.
Additionally, bear in mind that this network gathers qualitative data on top-level tertiary
education policies and measures in three reference academic years—2015/2016, 2018/2019,
and 2022/2023—covering 36 nations and macro-regions: all EU Member States, as well as
EEA/EFTA countries and EU candidates (Bosnia and Herzegovina, Iceland, Liechtenstein,
Montenegro, Norway, Serbia, and Türkiye). This removes any concerns about the “curse of
dimensionality” that troubles DEA-based methods (Charles, Aparicio, and Zhu, 2019).

Due to missing data instances, Albania, Switzerland, North Macedonia, and the United
Kingdom (comprised of England, Northern Ireland, Scotland, and Wales), were removed
from the original data set. This action created a balanced panel data set. Furthermore, the
Mobility Scoreboard disclaims that ‘Support to disadvantaged learners’ (y4) and ‘Recognition
of learning outcomes’ (y5) are only comparable between 2018/2019 and 2022/2023 due to
changes in their definitions.

3.2 Methods

The methods that comprise the process behind the proposed methodological framework
consist of three steps. First, the ‘Deck of Cards’ method is detailed in Sect. 3.2.1. Second,
the robust conditional ‘Benefit-of-the-Doubt’ (BoD) approach with weight restrictions is
described in Sect. 3.2.2. Third, the global M P I (G M P I ) is outlined in Sect. 3.2.3.

2 Available at https://national-policies.eacea.ec.europa.eu/mobility-scoreboard/higher-education/graphical-
overview.
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3.2.1 Step 1: The ‘Deck of Cards’ method

Prior to conducting the performance assessment exercise using the BoD approach, we need to
ensure that the indicators it operationalises have quantitative scales. In particular, to convert
the ordinal scales provided by the Eurydice Network regarding the European Commission’s
Mobility Scoreboard, there are a few alternatives that typically range from using data as is
to statistical techniques. However, perhaps more uncommonly, MCDA can be considered
since, despite its complexity, provides a more structured approach capable of handling the
imprecise nature inherent to the assumptions of statistical techniques (e.g., ordinal scale
transformation, Likert scale transformation).

MCDA finds its foundations in operational research. In essence, it seeks to structure,
model, and offer solutions to decision problems surrounded by multiple criteria (Pereira,
Machete, Ferreira, and Marques, 2020). Since criteria tend to be in conflict and an optimal
solution is rarely found, the preferences of the decision-makers (DMs) are employed as a dif-
ferentiating factor (Pereira&Marques, 2022a).Amongst its several disciplines,which include
mathematical programming, fuzzy sets, and outranking methods, one finds multi-attribute
utility theory (MAUT; Greco et al. 2016). MAUT is particularly useful for quantifying the
relative attractiveness of a specific outcome.

Additionally, the literature has been showing over the last decade a trend towards the use
of MCDA methods to construct composite indicators alongside the BoD approach (Gibari
et al. 2019; Greco et al. 2019). However, in this particular context, the problem at hand
required the use of an MCDA method to produce the performances of each country per
indicator—not the final composite indicator, by simultaneously dealing with ordinal scales
and incorporating the preference intensities of the DMs to consider attractiveness differences
between consecutive scale intervals.

Given these requirements, the well-established ‘Deck of Cards’ method, based on the
revised Simos’ procedure (Simos, 1990a, b), developed by Figueira and Roy (2002), and
improved by Corrente et al. (2021; DCM-SRF), emerges as themost suitable alternative. This
way, there is a finer discrimination between the different levels of the scale, which reliably
and rigorously enhances the model’s discriminatory capacity and provides meaningfully
quantified performance sub-indicators to be aggregated in the next step by means of a BoD
approach.

On that account, two reference levels must first be defined to anchor the computations,
such as 0 and 1 (Pereira & Pereira, 2023). Now adapting the steps of the DCM-SRF for the
construction of interval scales provided by Pereira, Figueira, and Marques (2020), in line
with Bottero et al. (2018), we must then:

1. Mind the discrete scale of a generic output y,

Sy = l1, . . . , li , . . . , ld ,

where l1 ≺ l2 ≺ · · · ≺ li ≺ · · · ≺ ld and ‘≺’ denotes a ‘ranked strictly lower’ relation;
2. Set two reference levels lk and lq and attribute them utility values U (lk) = 0 and

U (lq) = 1 due to their frequent use;
3. Query the DMs regarding the ranking of the levels and the placement of a number of

blank cards ci in the intervals between every two consecutive levels li and li+1, with
i = 1, . . . , d − 1, such that:

l1c1 · · · lkcklk+1ck+1 · · · li ci li+1 · · · lq−1cq−1lq · · · ld−1cd−1ld ;

123



Annals of Operations Research

4. Compute the unit valuation

α = U (lq) − U (lk)

h
,

where

h =
q−1∑

i=k

ci + 1

by only taking into account the levels between lk and lq ;
5. Compute the utility value U (li ) per level i , with i = 1, . . . , d as follows:

U (li ) =

⎧
⎪⎪⎪⎪⎪⎪⎨

⎪⎪⎪⎪⎪⎪⎩

U (lk) − α

⎛

⎝
k−1∑

f =i

c f + 1

⎞

⎠ , for i = 1, . . . , k − 1

U (lk) + α

⎛

⎝
i−1∑

f =k

c f + 1

⎞

⎠ , for i = k + 1, . . . , q − 1, . . . , q + 1, . . . , d

6. Iterate the procedure per indicator.

Since this procedure is suitable for discrete scales, as is the case of the ordinal scales
of the Mobility Scoreboard, each of its categories corresponds to a level of 0% (‘None
of the elements exists’), 25% (‘Systems fulfil only a limited part of the criteria analysed’),
50% (‘Only some aspects are implemented’), 75% (‘Most aspects appear in the system’), and
100%(‘All criteria are fullymet’)within each indicator, given theirmaximisation intent, in the
interest of connecting the aforementioned categories and levels l1 ≺ l2 ≺ · · · ≺ li ≺ · · · ≺ ld .

3.2.2 Step 2: The ‘Benefit-of-the-Doubt’ approach

Outline
To compute the CI pertaining to the ‘Youth on theMove’ learning mobility flagship initiative,
we resort to a non-parametric technique entrenched in DEA. Although the definition of
relative efficiency dates back to the concept introduced by Farrell (1957), it was not until the
seminal work of Charnes et al. (1978) that its measurement was operationalised and put to
the test. Still, its evolution towards the BoD approach is slightly more recent, culminating in
the framework of Cherchye et al. (2007). In fact, the BoD formulation is equivalent to the
formulation proposed by Charnes et al. (1978) assuming constant returns-to-scale (CRS), but
with a unitary dummy input. It is precisely this input characteristic that allows it tomanoeuvre
each decision-making unit (DMU) in the direction of better performance.

After itsmention by theOrganization for EconomicCooperation andDevelopment as aCI-
buildingmethod (Nardo et al., 2008),BoD-basedCIs have beenfinding applications in various
sectors and computed using different variants of the standard BoD formulations to aggregate
the individual sub-indicators. With respect to the empirical applications, they include corpo-
rate social responsibility (see, e.g. Oliveira et al. 2019), education (see, e.g.Camanho et al.,
2023), energy (see, e.g. Zanella et al. 2015), environment (see, e.g. Zanella et al. 2013), health
(see, e.g. Pereira et al. 2021), justice (see, e.g. Bogetoft & Wittrup 2021), mining (see, e.g.
Oliveira et al. 2020), sustainability (see, e.g. Pereira & Marques 2022b), water (see, e.g.
Sala-Garrido et al. 2021; Vilarinho et al.2023), and waste (see, e.g. Rogge et al. 2017).
As alternatives to the traditional BoD approach, several studies have proposed for example
a multiplicative aggregation such as the geometric index approach (Van Puyenbroeck and
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Rogge, 2017) and the generalized weighted averages (Rogge, 2018a), a procedure to aggre-
gate individual composite indicators into group composite index (Rogge, 2018b) and models
to account for non-compensability (see, e.g., Fusco, 2015, 2023).

If we consider the sixMobility Scoreboard key performance indicators in higher education
as the vector of output indicators Y t

j , the BoD approach computes the weights ur linked to
those outputs without a priori assumptions. This way, the weights are optimised to maximise
the strengths of each European country—DMUs j , with j = 1, . . . , n,—thus granting them
the “benefit of the doubt” regarding each output per period t (t = 1, . . . , p). The produc-
tion possibility set (PPS) T t of each period is enveloped by the frontier underpinning the
comparison.

Following Van Puyenbroeck (2018), an input-oriented formulation of the BoD model
is preferable due to its intuitiveness as a sole aggregator of outputs. However, despite the
current setting being devoid of inputs, the incorporation of weight restrictions (justified in
Section 3.2.2) requires the use of an output-oriented formulation, following Camanho et al.
(2023). Model (1) mathematically expresses this determination for DMU 0 (the DMU under
assessment):

[
Et
0(1, Y t

0)
]−1 = min v (1)

subject to
s∑

r=1

ur yt
r0 = 1 (2)

s∑

r=1

ur yt
r j − v � 0, j = 1, . . . , n (3)

ur � 0, r = 1, . . . , s (4)

v � 0 (5)

Weights ur and v are the decision variables of Model (1), which aims to minimise the
underperformance of the DMUunder assessment (DMU0) in period t under four constraints.
First, the normality constraint given by Expression (2) dictates that the performance of DMU
0 is equal to 1, at best, when its optimal weights are considered. Hence,

[
Et
0(1, Y t

0)
]−1 = 1

denotes a best-performing DMU and Et
0(1, Y t

0) > 0 denotes an underperforming DMU.
Second, Expression (3) ensures that the performance of all DMUs in the sample is lower
than or equal to one since there is a single unitary input. Third, the non-negativity constraints
given by Expression (4) and (5) impose that weights ur are greater or equal to 0, i.e., non-
negative. Note that Model (1) intrinsically assumes CRS.

Weight restrictions
If we look at Model (1) from the point of view of the education sector, we realise that there is
an aspect being ignored in its formulation that cannot be overlooked—the preferences over
the various learning mobility dimensions. This aspect finds an explanation in the distinct
priorities of each nation, which are also a reflection of their own identity (D’Inverno & De
Witte, 2020). Hence, weight restrictions must be included in Model (1).

Among the several types ofweight restrictions that can be found in the literature (Cherchye,
Moesen, Rogge, and van Puyenbroeck, 2007; Sarrico &Dyson, 2004), we adopt the favoured
assurance region type I (ARI) ones in Expression (6) in line with Zanella et al. (2015) and
Calabria et al. (2018). This way, it is possible to constrain the relative importance of each
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Mobility Scoreboard indicator within a certain range, such that

φr � ur ȳr0∑s
r=1 ur ȳr0

� ψr , r = 1, . . . , s, (6)

with two weight restrictions imposed to each indicator r (lower and upper bound corre-
sponding to φr and ψr , respectively) and s + s constraints in total across all indicators. The
restrictions resort to the use of an “artificial DMU” instead of being DMU-specific (Zanella,
Camanho, andDias, 2015). ȳr denotes the average value of indicator r observed for all DMUs
in the sample (Camanho, Stumbriene, Barbosa, and Jakaitiene, 2023).

Bear in mind that we imposed weight restrictions on the lower and upper bounds of
the relative importance attributed to each indicator to guarantee not only that all Mobility
Scoreboard indicators are considered in the assessment, but also that a certain indicator
would not assume overwhelming importance. These values were obtained via the DCM-SRF
described above (Sect. 3.2.1), with the caveat that a 50% and a 150% normalisation were
applied to its results to denote the lower and upper bounds, respectively. Indeed, rather than
being used to convert an ordinal scale into an interval one, the DCM-SRF’s rationale can be
used for computing “weights” as in the traditionalMCDAsense. By resorting to theDecSpace
platform,3 it is possible to interactively generate those relative importance multipliers with
the DM. Therefore, more realistic weight restrictions can be generated while adhering to the
best practices in the literature (Camanho, Stumbriene, Barbosa, and Jakaitiene, 2023).
Robust setting The deterministic essence of the BoD approach suffers from estimation draw-
backs in the presence of measurement errors or data outliers (De Witte & Schiltz, 2018).
As a result, a robust version was created, inspired by the order-m proposal of Cazals et al.
(2002). This way, the influence of such obstacles is limited by means of re-sampling, i.e.,
by drawing with replacement m < n sub-samples from the original sample B times, less
extreme benchmarks are considered and more robust BoD estimates are generated, following
Expression (7):

[
Ê t
0(1, Y t

0)
]m =

∑B
b=1

[
Ê t
0(1, Y t

0)
]b,m

B
(7)

When m → +∞, the scores computed by the robust BoD model match the ones yielded
by the deterministic model (Cazals, Florens, and Simar, 2002; Tauchmann, 2012). However,
cases of super-performance may occur when the DMU under assessment is not a part of the
re-sampled DMUs used to compute its own performance, inducing a DMU located above the
frontier and, consequently, a performance score above 1. This means that a super-performing
country can be regarded as a country with better performances than the average m other
countries in the sub-sample. Naturally, the number of super-performing DMUs is related to
the choice of m given the probability of DMU 0 not being a part of the sub-sample.

Conditional setting
Finally, when certain variables are not under the control of DMUs but do directly influence
the production process, they need to be included in the calculation of robust BoD scores.
Otherwise, some units may be unfairly assessed simply because their operating context is not
taken into account. Despite the specificity of learning mobility and the lack of a clear sense
of which exogenous factors are able to influence the performance of European countries in
that regard, the literature has shown that data based on surveys significantly influences the
attainable set (Verschelde and Rogge, 2012; Cordero, Salinas-Jiménez, and Salinas-Jiménez,
2017). As this is the case with the Mobility Scoreboard—given the qualitative information

3 Available at http://decspace.sysresearch.org/.
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collected through a survey (see Sect. 3.1) -, such environmental variables, denoted by vector
Zt

l = {zt
1, . . . , zt

l , . . . , zt
k}, can be embedded in the model and generate conditional scores,

transforming it into the robust conditional BoD model formulated in Expression (8):

[
Ê t
0(1, Y t

0)
]m,z =

∑B
b=1

[
Ê t
0(1, Y t

0)
]b,m,z

B
(8)

Be that as it may, there is no information available regarding respondent characteristics like
in De Witte and Schiltz (2018). Hence, a measure of welfare, economic growth, and social
developmentmust be considered as a suitable and comprehensive environmental variable. The
gross domestic product would be a possibility if not for its disregard for social development.
Therefore, we saw fit to recognise the Human Development Index (HDI) as an appropriate
alternative since it combines key dimensions of human development: health, education, and
standard of living. The HDI was considered for 2016, 2019, and 2021.4

Now, unlike in Expression (7), where all DMUs have the same probability of being a
part of the sub-sample, here the probability of a DMU being drawn depends on Z . To that
end, a kernel function must be estimated to smooth this vector. Depending on whether Z ’s
variables are continuous or discrete, distinct approaches should be followed. See Bǎdin et al.
(2010) for the former and Li and Racine (2004) for the latter. Yet, ultimately, the generated
performance scores are not only robust to measurement errors and data outliers but also
dependent on exogenous heterogeneity. Once again, cases of super-performing DMUs are
a possibility (given scores larger than 1), but, this time, a super-performing country can be
regarded as a country with better performances than the average m other countries in the
sub-sample subject to similar contextual conditions.

At last, following the recommendation suggested by Henriques et al. (2022) when dealing
with small samples, the value of m has been set equal to 36, i.e., the number of countries
in each year.5 This choice finds support in the work of Daraio and Simar (2007) since its
value can be set by considering all possible DMUs in the sample. B was established as 2000
following the best practices in the field (see, e.g., De Witte & Schiltz 2018, Henriques et al.,
2022).

3.2.3 Step 3: The global Malmquist productivity index

The relative efficiency measures computed by DEA-based techniques imply that the per-
formances of the sampled DMUs are compared against each other. If the ultimate goal of
efficiencymeasurement is to identify areas with potential for improvement at a givenmoment
in time and for a sample of comparable DMUs, when considering trends in the evolution of
efficiency over time, accounting for the possibility of occurring movements in the position of
the frontier over time, we need to bring into play a method that is able to measure whether a
DMU improved or declined from one period to the next one. This is especially relevant when
a policy is being examined, which is the case of the ‘Youth on the Move’ flagship initiative.

As a result, we must introduce the Malmquist Productivity Index (M P I ). Malmquist
indices were introduced by Caves et al. (1982). The authors name these indices after
Malmquist (1953), who had earlier proposed constructive input quantity indices as ratios
of distance functions. Caves et al. (1982) defined an input-based productivity index relative

4 Data for the 2022 HDI is not available yet.
5 Note that the Euridyce Network divides Belgium into a French community, a German-speaking community,
and a Flemish community, which, in itself, corresponds to a single country with 3 observations per reference
year.
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to a single technology corresponding to a given period t or t +1. The M P I was treated as the-
oretical until its enhancement by Färe et al. (1994). Amajor contribution of these authors was
to relax the efficiency assumption and provide DEA models for its calculation. In particular,
Färe et al. (1994) defined an output-oriented productivity index as the geometric mean of the
two Malmquist indices of Caves et al. (1982) referring to technology at period t and t + 1.
However, the index of Färe et al. (1994) does not fulfil the circularity property, which is espe-
cially relevant when considering time series with more than two periods under assessment.
Since we are analysing three periods, this property must hold. Therefore, we adopt the global
M P I (G M P I ) proposed by Pastor and Lovell (2005). The G M P I combines the DMUs of
all periods into a single global frontier, henceforth named metafrontier, which is considered
as the reference to estimate the M P I . Although this concept was launched by Battese and
Rao (2002), it was Battese et al. (2004) that set forth its deterministic non-parametric facet.
Fundamentally, notwithstanding the fact that there is a PPS T t per period t , a metatechnology
T M = ⋃p

t=1 T t envelops all PPSs. We point out that this set is conceptually similar to the
corresponding sequential set at the final period, recently developed in a BoD framework by
Walheer (2024), and the overall set by Afsharian and Ahn (2015).

However, despite the argument provided by Afsharian and Ahn (2015) that an overall
Malmquist index should be based on a non-convex metatechnology to prevent non-
homogeneity issues when determining the global benchmark technology, its computation
toll proved to be troublesome. Hence, following Camanho et al. (2023), we adopt a con-
vex metatechnology G M P I in line with Pastor and Lovell (2005). Lastly, we formulate the
G M P I for DMU 0 as

G M P I t,t+1
0 (1, Y t

0,1, Y t+1
0 ) = Ê M

0 (1, Y t+1
0 )

Ê M
0 (1, Y t

0)
(9)

The interpretation of the G M P I is rather straightforward. If:

– G M P I t,t+1
0 < 1, then the performance of DMU 0 declined from period t to period t +1;

– G M P I t,t+1
0 = 1, then the performance of DMU 0 remained constant from period t to

period t + 1;
– G M P I t,t+1

0 > 1, then the performance of DMU 0 improved from period t to period
t + 1.

The adoption of a metafrontier appeals to a slender adaptation of the BoD formulation
proposed in Model (1), as shown in Model (10):

[
E M
0 (1, Y t

0)
]−1 = min v (10)

subject to
s∑

r=1

ur yt
r0 = 1, (11)

s∑

r=1

ur yt
r j − v � 0,

{
j = 1, . . . , n

t = 1, . . . , P
(12)

ur ȳr∑s
r=1 ur ȳr

� φr , r = 1, . . . , s (13)

ur ȳr∑s
r=1 ur ȳr

� ψr , r = 1, . . . , s (14)

ur � 0, r = 1, . . . , s (15)
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v � 0, (16)

It follows that the CI E M
0 (1, Y t

0) now corresponds to the inverse of the underperformance of
DMU 0 in period t bearing in mind a metatechnology. Note that it is also generalisable to
the performance of DMU 0 in period t + 1, coinciding with E M

0 (1, Y t+1
0 ).

From another angle, the G M P I is also typically decomposed into two components:
efficiency change (EC) and best-practice change (B PC). Expression (17) represents this
decomposition.

G M P I t,t+1
0 (1, Y t

0,1, Y t+1
0 ) = Ê t+1

0 (1, Y t+1
0 )

Ê t
0(1, Y t

0)
·
[

Ê M
0 (1, Y t+1

0 )

Ê t+1
0 (1, Y t+1

0 )

Ê t
0(1, Y t

0)

Ê M
0 (1, Y t

0)

]

= ECt,t+1
0 · B PCt,t+1

0 (17)

Essentially, ECt,t+1
0 denotes the change experienced by the distance of DMU0 to the frontier

between period t and period t + 1. If:

– ECt,t+1
0 < 1, then DMU 0 is farther from the frontier in period t +1 than it was in period

t ;
– ECt,t+1

0 = 1, then DMU 0 remained at the same distance to the frontier in period t + 1
as it was in period t ;

– ECt,t+1
0 > 1, then DMU 0 is closer to the frontier in period t + 1 than it was in period t .

B PCt,t+1
0 denotes the change in the best practice gap in relation to the metafrontier between

period t and period t + 1 from the perspective of DMU 0. If:

– B PCt,t+1
0 < 1, then the benchmark technology is farther from the global benchmark

technology in period t + 1 than it was in period t , according to the output mix of DMU
0 in periods t + 1 and t , respectively;

– B PCt,t+1
0 = 1, then the benchmark technology is at the same distance to the global

benchmark technology in period t + 1 as it was in period t , according to the output mix
of DMU 0 in periods t + 1 and t , respectively;

– B PCt,t+1
0 > 1, then the benchmark technology is closer to the global benchmark tech-

nology in period t + 1 than it was in period t , according to the output mix of DMU 0 in
periods t + 1 and t , respectively.

Bearing in mind the property of circularity mentioned above, the G M P I can be used to
compare the three time periods being analysed here via

G M P I t,t+2
0 (1, Y t

0,1, Y t+2
0 ) = G M P I t,t+1

0 (1, Y t
0,1, Y t+1

0 ) ·
G M P I t+1,t+2

0 (1, Y t+1
0 ,1, Y t+2

0 ) (18)

in line with Camanho et al. (2023). This relationship also applies to the EC and the B PC .

4 Results and discussion

Here we start by addressing the incorporation of preferences in Sect. 4.1, before moving on to
the assessment of performance in Sect. 4.2. Section4.3 contains the analysis of performance
change. Finally, an illustrative example of an underperforming country and its improvement
potential in terms of education policy, based on our framework, is provided in Sect. 4.4.
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Fig. 1 Utility scales of the six Mobility Scoreboard thematic indicators

4.1 Preference incorporation

The elicitation of the preferences of the DM—a well-known academia expert in European
education economics—yielded the blank card structure displayed in Table 2, which, after
using the DCM-SRF, returned the corresponding utility scale per indicator. Their comparison
with the original values is shown in Table 3. Figure1 graphically depicts these preferences.
Note that y2, y3, y4, and y6 present a concave shape denoting the DM’s risk-averse nature
regarding ‘Foreign language preparation’, the ‘Portability of grants and loans’, the ‘Sup-
port to disadvantaged learners’, and the ‘Recognition of qualifications’, respectively. This
means that the utility scales of these four indicators denote greater differences between lower
performance levels than between higher performance levels. Interestingly, on the one hand,
y5 resulted in a linear preference structure since the DM did not consider it adequate to
attribute greater or lower importance to any particular performance level when recognising
learning outcomes. On the contrary, y1 became a hybrid scale—convex at first and concave
at last—given the DM’s lower preference for lower performance levels of ‘Information and
guidance’, but higher preference for greater performance levels of that indicator.

Regarding the weight restrictions, as described in Section 3.2.2, we resorted to the same
MCDA method, but, this time, to compute weights as if we were in a traditional MCDA
process. By applying a 50% and a 150% normalisation to those weights, we obtained the
results shown in Table 4.

4.2 Performance assessment

The CI aggregating the six thematic indicators of the Mobility Scoreboard in the areas of
information and guidance, foreign language preparation, portability of grants and loans,
support for disadvantaged learners, recognition of learning outcomes through the ECTS, and
recognition of qualifications in the EHEA for the 36 sampled European countries and macro-
regions in the three reference academic years (2015/2016, 2018/2019, and 2022/2023) taking
into account their human development context is shown in Table 5.
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Table 4 Values of the weight restrictions

Indicator Original DCM-SRF weight 50% normalised DCM-
SRF weight (φr )

150% normalised DCM-
SRF weight (ψr )

y1 16.00% 8.00% 24.00%

y2 11.11% 5.56% 16.67%

y3 19.78% 9.89% 29.67%

y4 19.78% 9.89% 29.67%

y5 11.11% 5.56% 16.67%

y6 22.22% 11.11% 33.33%

Total 100.00% 50.00% 150.00%

Despite the great variability of results among the three periods, with several countries
improving and others deteriorating their performances, it is clear that the standard deviation
constantly decreased from 2015/2016 to 2022/2023 while the average ended up increasing
despite a lower value in 2018/2019. In particular, although no country retained their status
as a top performer across the three periods, only Belgium’s Flemish community exhibited an
average greater than one between 2015/2016 and 2022/2023 (1.0016), followed closely by
Finland (0.9954), Romania (0.9915), and Hungary (0.9905). On the contrary, Bulgaria was,
on average, the worst performer between 2015/2016 and 2022/2023 (0.5150), despite a late
improvement in 2022/2023, with Serbia revealing a similar behaviour (0.5284). Overall, in
the absence of a single composite measure, if we look at the bigger picture of the disaggregate
results of theEuropeanEducation andCultureExecutiveAgency (2023), ours are alignedwith
theirs. For instance, Belgium’s Flemish community, Finland, and France remain as the top
performers and Bulgaria and Serbia remain as the bottom performers. Nonetheless, there are
some differences in the sense that countries that perform relatively well overall according to
the European Education andCulture ExecutiveAgency (2023) - e.g., Luxembourg,Malta, the
Netherlands, Austria, andNorway -, as well as countries that need further policy development
- e.g., Bosnia and Herzegovina - revealed a different reality than what was reported, i.e.,
on average, the former perform in Q2/Q3 rather than in Q1 and the latter in Q2 rather
than in Q4 (assuming we divide the performance scores into quartiles). We recall that the
discussed results have been obtained by applying a 50%-normalisation. The resulting CI
scores are not sensitive to the lower and upper weight bounds; for instance, 25%, 40%, and
45% normalisations have been additionally tested.

To test whether there are geographical and/or economic differences, we resorted to non-
parametric hypothesis tests (see, e.g., Pereira et al. 2023). Therefore, the Kruskal-Wallis H
test was applied to the sampled countries, grouped according to Regions of Europe,6 and
the Mann–Whitney U test was applied to the sampled countries, grouped according to the
Type of economic relation with the EU,7 to verify the existence of statistically significant
differences between their performance scores. For a significance level of 5%, the first test
retained the null hypothesis (p-value = 0.566), as did the second test (p-value = 0.639).
Thus, the Regions of Europe and the Type of economic relation with the EU do not influence
the learning mobility performance scores of European countries.

6 The considered European regions are either Southern Europe, Central Europe, Northern Europe, or Eastern
Europe.
7 The considered type of economic relation of countries with the EU is either being an EU member of being
a member of the EEA/EFTA or an EU candidate.
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Table 6 Key descriptive statistics of the relative importance of each Mobility Scoreboard indicator

Statistic Indicator

y1 y2 y3 y4 y5 y6

Average 13.61% 13.17% 21.19% 17.63% 10.90% 23.50%

Standard deviation 6.71% 4.47% 8.46% 8.32% 4.95% 9.23%

Minimum 8.00% 5.56% 9.89% 9.89% 5.56% 11.11%

Maximum 24.00% 16.67% 29.67% 29.67% 16.67% 33.33%

Table 7 Difference between the average BoD “weights” and the original DCM-SRF weights

Statistic Indicator

y1 y2 y3 y4 y5 y6

Average BoD “weight” 13.61% 13.17% 21.19% 17.63% 10.90% 23.50%

Original DCM-SRF weight 16.00% 11.11% 19.78% 19.78% 11.11% 22.22%

Difference −2.39% +2.06% +1.41% −2.15% −0.21% +1.28%

If we focus on the peers, on the one hand, we find that European countries resort to at
least 3 (Belgium’s French community in 2015/2016 and Austria in 2022/2023) and up to 20
(Slovakia in 2018/2019) peers. 8 is the average number of peers. On the other hand, some
countries are never used as peers (Belgium’s French community, Ireland, Spain, and Iceland),
whereas others are used by almost all countries (France is a peer 98 times). 24 is the average
number of times a country acts as a peer. For the sake of space, we omit them from the paper.

From another angle, it is noteworthy to take a look at the relative importance per indicator
in the construction of the CI (see Table 6). The optimised multipliers returned by the weight-
restricted robust conditional BoDmodel indicate that the ‘Recognition of qualifications’ is the
indicatorwith the highest average relative importance (23.50%),with the ‘Portability of grants
and loans’ (21.19%) emerging as a close second place - both above their original DCM-SRF
weight (22.22% and 19.78%, respectively) -, unlike the ‘Support to disadvantaged learners’
(17.63%, despite having the same original DCM-SRF weight as the latter indicator). The
‘Recognition of learning outcomes’ is the least important indicator (10.90%). Interestingly,
the indicators with the highest relative importance denoted the highest standard deviation and
vice versa. Additionally, it is also alluring to consider the differences between the average
“weights” and the originalMCDAweights (see Table 7).While some indicators are relatively
less important after being optimised (y1, y4, and y5), others are relatively more important
(y2, y3, and y6).

When we compare these results with the ones reported by the European Education and
Culture Executive Agency (2023), we find a few differences, though. Our model returned a
higher relative importance of the ‘Recognition of qualifications’, the ‘Portability of grants
and loans’, and the ‘Support to disadvantaged learners’ on the computation of the CI. The
‘Recognition of learning outcomes’ and ‘Foreign language preparation’ were the indicators
highlighted by the European Education and Culture Executive Agency (2023) as the ones in
which European education systems fared better. Nevertheless, the report also painted a rather
positive picture regarding the ‘Recognition of qualifications’ and the ‘Portability of grants
and loans’.
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4.3 Performance change

Table 8 contains the results of the G M P I and its components (the EC and the B PC)
between the first and last period of analysis aswell as between intermediate periods, computed
following Expression (9) and (17). On average, European countries experienced a slight
performance improvement (1.0503) from 2015/2016 to 2022/2023. This was accompanied
not only by an average approximation of countries to the frontier between the two considered
school years (1.0538), but also by an average distancing of benchmark technologies away
from the global benchmark technology (0.9977). If not for the disruptive effect of theCOVID-
19 pandemic on mobility, perhaps these changes would have been different. Furthermore, in
particular:

– Approximately 42% of the sampled nations experienced a performance decline in this
period, with Portugal (0.8106) emerging as the one whose performance deteriorated the
most - just Montenegro and Slovenia experienced a similar decline (0.8223 and 0.8384,
respectively). Inversely, Latvia exhibited the highest performance growth (1.7834), with
only Serbia resembling such an improvement (1.3144).

– About 47% of the European countries moved farther from the frontier in this period,
being Montenegro the farthest from the frontier in 2022/2023 (0.8073). On the contrary,
Latvia also manifested the highest EC (1.8787). No country comes near each of these
countries’ efficiency change scores.

– At last, around 53% of the benchmark technologies of the 36 EU Member States,
EEA/EFTA countries, and EU candidates and macro-regions moved away from the
global benchmark technology between 2015/2016 and 2022/2023. Bosnia and Herze-
govina displayed the lowest B PC (0.8152) and Bulgaria the highest (1.1859). Once
again, no country approaches these countries’ best practice change levels.

If we compare these results with the ones reported by the European Education and Culture
Executive Agency (2023), the alignment is even greater than in terms of performance assess-
ment. In fact, Latvia and Austria have shown more significant progress than the majority of
countries. This is due to their newly adopted policy measures regarding learning mobility in
the education sector. Furthermore, Belgium’s French community, Estonia, Greece, Croatia,
Lithuania, Malta, Norway, and Serbia have all experienced a global M P I > 1, denoting
their performance improvement to a Q1/Q2 status.

Moreover, we can resort to the Kruskal-Wallis H and Mann–Whitney U tests once more
to verify the existence of statistically significant differences between the performance change
scores of the grouped European countries. For the same significance level, both tests retained
the null hypothesis (p-value = 0.228 and p-value = 0.325, respectively). Thus, the Regions
of Europe and the Type of economic relation with the EU do not influence the learning
mobility performance change scores of European countries.

Since important changesmay have occurred between 2018/2019 and 2022/2023 due to the
COVID-19 pandemic, we explore the evolution of performance between the first two periods
and then between the second and the last period in the second part of Table 8. The overall aver-
age productivity gain (1.0503) observed between 2015/2016 and 2022/2023 is mostly driven
by the change between 2018/2019 and 2022/2023 (1.0660), and in particular by the EC com-
ponent (1.0818) as opposed to a decline in the B PC component (0.9857). On the one hand,
this suggests that overall countries have reduced the distance from the best practice frontier
in recent years, meaning that the learning mobility performance of the countries is becoming
more homogeneous (Camanho, Stumbriene, Barbosa, and Jakaitiene, 2023). On the other
hand, their distance to the benchmark technology has on average increased. This result can
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be attributed to the pandemic’s disruption not only of teaching, learning, and research within
individual countries but also various international activities among universities, particularly
the physical mobility of students and staff (Li & Ai, 2022). However, this disruption has
created opportunities for innovation and led to new learning mobility patterns such as virtual
exchanges, collaborative online learning, and blended mobility (European Commission and
Directorate-General for Education, Youth, Sport and Culture, 2021). The concept of “virtual
mobility” has been valued and defined as “a form of academic mobility in which students
and teachers in higher education can study or teach by using digital tools and platforms
without physically travelling to another higher education institution abroad.”.8 The global
challenges of the pandemic, the rapid digitalisation, and the development of flexible learning
mobility formats have led the EuropeanCommission to update the existing European learning
mobility framework: from the ‘Youth on the Move’ to the ‘Europe on the Move’, to address
learners from all groups, teachers, and education staff as well as to promote more sustainable
mobility, published on November 15, 2023 as a proposal for a Council Recommendation.9

Also the existing Mobility Scoreboard is expected to be adjusted. The Council wants to build
on existing initiatives to enhance the evidence base on learning mobility by “revamping the
Mobility Scoreboard, in close cooperation with experts from the Member States, to follow up
the implementation of this Recommendation and expand it to cover all education and train-
ing, and youth sectors” (ibidem). To this extent, the tool proposed in this paper is flexible
enough to monitor the change and measure the impact of this new Recommendation when
the Mobility Scoreboard is updated.

4.4 Target practice

Finally, for the sake of performance improvement to reach the best practice frontier, under-
performing countries must have targets to lead them towards their objective. This can be
achieved by means of the dual - envelopment - formulation of Model (10). Its use is put into
practice via the DMU that deteriorated its performance the most between 2015/2016 and
2022/2023 - Portugal. This country is used as an illustrative case for the policy implications
that can be drawn from the quantitative performance assessment.

First, Portugal experienced the most significant performance decline in the sample from
2015/2016 to 2022/2023, remaining in Q4 in the last two reference years. In particular, on
the one hand, the country exhibited the highest average distance increase to the frontier from
the first to the last period; on the other hand, only Bosnia and Herzegovina, Slovakia, and
Cyprus’s benchmark technology were farther away from the global benchmark technology
from the first to the last period. Second, regarding its peers, Portugal should (among other
less predominant nations) look up to Poland, France, and Malta in 2015/2016, France, Italy,
and Lithuania in 2018/2019, and France, Italy, and Czechia in 2022/2023. Although these
nations were not top performers, on average, they returned performance scores in Q1 and/or
Q2. Third, the relative importance of Portugal’s indicators remained relatively stable across
all periods, despite a progressive decrease in terms of the ‘Recognition of learning outcomes’
- the indicator with the lowest relative importance. In fact, the country’s low performances
seem to be explained by low-performance values in indicators with high relative importance
and vice versa; for instance, the average relative importance Portugal places on ‘Portability
of grants and loans’ is 68.8% lower than the average BoD “weight” shown in Table 6. In the

8 Available at https://epale.ec.europa.eu/en/content/invitation-moocs-open-virtual-mobility-learning-hub.
9 Available at https://erasmus-plus.ec.europa.eu/document/proposal-for-a-council-recommendation-
europe-on-the-move-learning-mobility-for-everyone.
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end, the country’s education policy should look at France’s example and aim at improvements
in the area of ‘Portability of grants and loans’ by assessing and streamlining bureaucratic
processes (e.g., via collaborative initiativeswith other European countries), promoting amore
open and accessible mobility environment for students (possible attached to an increase in
funding), and implementing comprehensive information campaigns to raise awareness among
students about the available support for international study.

5 Conclusion

We proposed a weight-restricted robust conditional BoD model hybridised with MCDA’s
DCM-SRF to incorporate the preferences of a DM specialised in education policy and
economics into a framework capable of assessing the performance and evaluating the perfor-
mance change of 36 European countries and macro-regions regarding their learning mobility
education policies between 2015/2016 and 2022/2023. This unprecedented empirical appli-
cation on the subject makes several contributions to the operations research literature (e.g.,
the use of the DCM-SRF to convert data and compute weight restrictions to be used in the
BoD model), as well as the education literature (e.g., the absence of studies about learning
mobility).

In general, from 2015/2016 to 2022/2023, European countries experiencedmodest perfor-
mance growth, which may be indicative of the relatively static nature of the learning mobility
policy area over the past eight years along with the disruptive effects of the pandemic. Indeed,
more than 80% of these countries found themselves in a similar situation in 2022/2023 as
they were in 2015/2016, within ±1 standard deviation from the average G M P I . Notably,
belonging to a specific European region or having a certain type of economic relation with the
EU did not significantly influence a country’s learning mobility performance or performance
change, suggesting that localised policy interventions tailored to specific regional challenges
could enhance performance.

Areas requiring further enhancement include the ‘Recognition of learning outcomes’,
‘Foreign language preparation’, and ‘Information and guidance’. The former two areas might
benefit from revising current measures to provide a more detailed examination of each coun-
try’s progress towards full compliance. In contrast, ‘Information and guidance’ may not
fully reflect recent incremental changes nor the systematic lack of attention to its provision.
More in general, the proposed tool is flexible to adjust to the updated learning mobility
framework and the revamped Mobility Scoreboard foreseen by the new Recommendation
proposal (November 2023) drafted as a reply to the challenges brought by the pandemic, the
rapid digitalisation, online learning and virtual mobility.

Policy recommendations should focus on better aligning with the European education pol-
icy framework, adhering to theRecommendation of theCouncil of theEuropeanUnion (2011)
for promoting automatic mutual recognition and qualification arrangements, and enhancing
transparent communication among education stakeholders. Despite these efforts, the Euro-
pean Education and Culture Executive Agency (2023) notes the ongoing lack of top-level
monitoring concerning ‘Information and guidance’, ‘Support to disadvantaged learners’, and
‘Recognition of qualifications’.

Our analysis, constrained by the qualitative nature of data from the Eurydice Network,
could have been enriched with additional information to integrate evidence more effectively
from the questionnaire responses. Furthermore, the availability of regional-level data, espe-
cially in countrieswith decentralised education policies, would better capture local nuances in

123



Annals of Operations Research

policy implementation and its impacts on educational outcomes. Such enhancements would
likely align our findings more closely with those reported by the European Education and
Culture Executive Agency (2023).

Looking ahead, future research should adapt this framework to national and regional con-
texts at both the country and university levels, potentially offering transformative insights
into the quality of learning mobility. Another promising direction could involve applying
the method of Aparicio and Santin (2018) to assess group performance over time, which
might provide deeper insights into the efficiency change and the best-practice change. How-
ever, integrating this method within an M P I framework presents challenges that need to be
addressed to enhance the robustness and applicability of performance assessments in var-
ious contexts. Additionally, exploring the integration of artificial intelligence and machine
learning techniques to predict future performance in learning mobility policies presents a
promising avenue, reflecting the increasing influence of these technologies in science and
society.
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