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Abstract

The Sustainable Development Goals (SDGs) aim to elicit global mobilization to implement the 2030 Agenda for Sustainable
Development, and are increasingly used in support of Education for Sustainable Development (ESD). Previous studies have
highlighted interdependencies between SDGs, with potential interactions between four Sustainability Domains: Economy,
Governance, Planet and Society. This study aimed to assess whether people’s perception of the relative importance of the
SDGs reflects recognition of the need to prioritize efforts across Domains, or whether this perception is based on different
valuations of the Sustainability Domains themselves. We designed an interactive online tool in which participants used
the Q-sort technique to rank the SDGs according to their subjective valuation of importance. We analyzed the rankings of
108 participants, all learners at universities in three Small Island States (SIS): Aruba, Suriname and Trinidad and Tobago.
Analysis of the correlation structure among participants’ Q-sorts showed that higher perceived importance of the Society-
and Economy-related SDGs 2, 3, 4, 8 and 9 traded off with lower perceived importance of the Planet-related SDGs 13, 14
and 15. Furthermore, SDG rankings of learners from Aruba occurred furthest toward the Planet-based part of this trade-off
axis. For ESD programs, our method provides a novel tool to identify key interactions between SDGs that may not yet be
recognized by program participants. In this way, communicating the need for simultaneous action and policy development
across Sustainability Domains could be specifically tailored to the local context. Such connections may increase the effec-
tiveness of ESD in addressing the substantial sustainability challenges facing SIS.

Keywords Caribbean - Education for Sustainable Development - Interactive online tool - Small island sustainability -
Trade-off - Q-sort technique

Introduction

Following up on the Millennium Development Goals
(MDGs), the Sustainable Development Goals (SDGs) aim to
elicit global mobilization to implement the United Nations’
2030 Agenda for Sustainable Development (Sachs 2012;
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UN 2015). This next generation of goals more prominently
recognizes the economic, social, environmental and govern-
ance dimensions of sustainability (Fukuda-Parr 2019). The
origins of the SDGs can be traced back to reports as issued
by the Club of Rome, which noted that sustained economic
growth needs to be accompanied by increased environmen-
tal protection (Meadows et al. 1972; UNCED 1992). Later
notions, as put forth by the Brundtland Commission and oth-
ers, highlighted that global social development also plays a
key role (Brown et al. 1987; Brundtland Commission 1987;
UN 1995). Subsequently, while partially targeted through
the MDG:s, it has been recognized that good governance
and further investments in international partnerships are also
required (Sachs 2012; Hak et al. 2016; Caradonna 2017).
This evolutionary process emphasizes the increasingly holis-
tic view on the sustainability transition (UN 2015; Biermann
et al. 2017; Delli Paoli and Addeo 2019). Hence, the SDGs
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can be considered a potentially important step towards an
integrated perspective on sustainability (Sterling 2016; Prad-
han 2019).

While there is a broad recognition of the interdependen-
cies between the SDGs (Dora et al. 2015; UN 2015; Nunes
et al. 2016; Miola et al. 2019; Pham-Truffert et al. 2020;
Reyers and Selig 2020), this dependency has not been for-
malized within its implementation framework (Nilsson et al.
2016). This is exemplified by the observation that SDGs are
(still) presented with a silo or domain-based approach (ICSU
and ISSC 2015; UN 2015; Sterling 2016), which may also
be reflected in the implementation of SDG-based policies
(Allen et al. 2018; Nhamo et al. 2020). In this context, it is
important to note that the capacity to fully implement all
SDGs may not be available, which means that prioritization
may become a necessary component of the policy process
(Allen et al. 2018). Hence, while simultaneous actions in the
economic, social, environmental and governance domains
are currently needed (Costanza et al. 2016b; Khoshnava
et al. 2019), concern has risen that priorities are unevenly
distributed across these sustainability domains (Holden et al.
2017; Forestier and Kim 2021). For example, a review of
national policy documents revealed that countries may pri-
oritize SDGs related to economy and society over those that
are aligning more closely with the environmental and gov-
ernance domains (Forestier and Kim 2021). Furthermore,
case studies have suggested that this prioritization process
may be based on policies that were already in place prior to
adoption of the SDGs, which would reduce the influence of
the SDGs in steering the policy process (Forestier and Kim
2021).

This domain-based approach to presenting the SDGs can
be partly explained by their emergence as a compromise
that resulted from intergovernmental discussions, reflecting
a multiplicity of concerns and interests (Le Blanc 2015). It
has been argued that more holistic approaches are needed,
which could start from a coherent systemic view of the link-
ages and feedbacks between the economic, social, environ-
mental and governance components of the Earth System (Le
Blanc 2015; Di Baldasarre et al. 2019; Scharlemann et al.
2020; Yang and Cormican 2021). Such approaches, aiming
to circumvent unbalanced consideration of the different sus-
tainability domains, include recent efforts to identify entry
points for sustainability transformations within the underly-
ing systems, rather than focusing on achieving individual or
even clusters of SDGs (GSDR 2019; Messerli et al. 2019;
Sachs et al. 2019; Skene 2021).

In addition to mobilizing efforts to implement the 2030
Agenda for Sustainable Development, the SDGs also provide
a means to support Education for Sustainable Development
(ESD) programs (Annan-Diab and Molinari 2017; Agir-
reazkuenaga 2019; Eppinga et al. 2020; Kopnina 2020a, b).
This interconnection between ESD and the SDGs is reflected
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within SDG target 4.7, which aims: ‘to ensure (by 2030)
that all learners acquire the knowledge and skills needed to
promote sustainable development” (UN 2015). Other exam-
ples of this interconnection can be found in the recognition
within the SDGs of the need for education on issues such
as climate change mitigation and adaptation (Eppinga et al.
2019). Furthermore, the presented vision that no one should
be left behind (UN 2015) also implies that no citizen should
be denied the opportunity to take ownership of the 2030
Agenda for Sustainable Development and be empowered
to become agents of change realizing its SDGs (Chin and
Jacobsson 2016; Eppinga et al. 2019, 2020).

Within the context of ESD programs, synergies and trade-
offs may exist in communicating the importance of individ-
ual SDGs on the one hand and the need for concerted action
in all sustainability domains on the other hand (Costanza
et al. 2016a; Holden et al. 2017; Lozano et al. 2017; Cot-
tafava et al. 2019). The former perspective may be dominant
when ESD is confined to specific courses emphasizing a par-
ticular domain of sustainability, or when it is offered through
add-on electives to learners already interested in specific
aspects of sustainability (Moore 2005; Guerra 2017). Such
an isolated treatment is unfortunate, as sustainability is best
taught not as a management problem within a single domain
(DeLind and Link 2004; Wiek et al. 2015; Eppinga et al.
2020). When using the SDGs within ESD, learning plans
that introduce SDGs in a way that communicates to learners
the need for an integrated approach to sustainability, which
cuts across traditional domains, would likely be conducive to
learners developing a holistic view on sustainability (Wiek
et al. 2015; Lozano et al. 2017, 2019). Whether the formula-
tion of the 17 SDGs is conducive to fulfilling this function in
ESD can be addressed by recording learners’ perceptions of
the relative importance of each SDG. Specifically, for learn-
ers assigning similar levels of importance to SDGs from
different domains, introduction of the 17 SDGs by itself
may already be conducive to promoting a holistic view on
sustainability. In contrast, more silo-based views on sustain-
ability may be reinforced through introduction to the SDGs
when learners consistently assign higher levels of impor-
tance to SDGs from one domain as compared to another
domain. Thus, investigation of learners’ perceptions of the
relative importance of each SDG may indicate whether the
SDGs primarily convey the importance of individual SDGs
or single sustainability domains, or whether they highlight
the need to prioritize concerted action across domains.

While the SDGs have been designed to provide guidance
for sustainable development for all countries of the world,
the perceived relative importance of SDGs may vary sub-
stantially between states (Horn and Grugel 2018). In this
context, Small Island States (SIS) face substantial sustain-
ability challenges, including the conservation of unique bio-
diversity and pivotal marine resources, as well as coping
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with scarce human resources (Teelucksingh et al. 2013;
Sloan et al. 2014; De Scisciolo et al. 2016; Connell 2018;
Eppinga et al. 2019). Within SIS, the need for concerted
action across sustainability domains is often highly visible,
when considering the challenges related to (eco-)tourism
and environmental impacts, for example (Robinson et al.
2019). More generally, the importance of a holistic view on
sustainable development of SIS has been previously empha-
sized in terms of the need for coordinated action (Leotaud
and Cadiz 2013), meeting anticipated changes in environ-
mental conditions (Teelucksingh et al. 2013; Eppinga and
Pucko 2018; Van Beynen et al. 2018), and by advocating the
need for reducing vulnerability and increasing resilience of
SIS (Hay 2013; Briguglio 2014; Connell 2018). Examina-
tion of SIS learners’ perceptions of the relative importance
of each SDG may thus provide an interesting case study to
assess the extent to which introduction of the SDGs them-
selves in ESD may aid in promoting a holistic view to taking
ownership of implementing the 2030 Agenda for Sustainable
Development in SIS.

The Q methodology has been proposed as a technique to
identify patterns in people’s subjective perceptions around
a particular topic (Stephenson 1935; Brown 1993, 1996,

2005). The method provides an alternative to more tradi-
tional survey-based approaches that invite participants to
evaluate questions using a Likert- or similar scales (Cross
2005). A potential disadvantage of these latter type of meth-
ods is that answers tend to center around the mean, creating
little variation within and among participants, and therefore
obscuring potential trends of interest (ten Klooster et al.
2008; Ho 2017). In contrast, the Q methodology invites par-
ticipants to rank quotes or statements (such as the SDGs)
relative to each other using a so-called Q-grid (Fig. 1): a
fixed distribution over the rank categories considered (e.g.
Coogan and Herrington 2011). Hence, the analysis can be
used to identify distinct groups of participants that reflect
different patterns of association between the quotes or state-
ments ranked (Watts and Stenner 2005). As part of the Q
methodology, the filling of the Q-grid can be done in con-
junction with an interview, in which the participant and
interviewer discuss the motivations of and reflections on the
sorting decisions made (e.g. Duenckmann 2010). When the
Q-grid has been filled by a participant, the resulting rank-
ing is referred to as the participant’s Q-sort (e.g. Coogan
and Herrington 2011). Quantitative analyses of participants’
Q-sorts provide a means to detect different viewpoints held
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Fig. 1 Illustration of the Q-grid that was used in this study. Par-
ticipants ranked the Sustainable Development Goals by filling this
Q-grid, using an interactive online tool. The tool was developed with

the freely available platform h5p.org, and is available for viewing at:
http://www.h5p.org/node/706560
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among different sub-groups of participants (Brown 1993,
1996; Martin and Steelman 2004; Curry et al. 2013). Impor-
tantly, factor analysis is not performed using the participant
scores directly, as is common in more conventional R factor
analysis (sensu Stephenson 1982). Instead, Q factor analysis
uses the correlation structure between participants’ Q-sorts
(Stephenson 1935; Brown 1993, 1996, 2005). Q methodol-
ogy is increasingly applied in a variety of research fields,
including biodiversity conservation and sustainability-
related research (e.g. Barry and Proops 1999; Curry et al.
2013; Silvius et al. 2017; Iofrida et al. 2018; Zabala et al.
2018; Vaas et al. 2019; Ciftcioglu 2020).

The aim of this study was to develop a new method to
assess whether the perception of learners in SIS regarding
the relative importance of the SDGs reflects recognition of
the need for prioritizing goals across sustainability domains,
or whether this perception is based on different valuations
of the domains themselves. Several studies have operation-
alized the multi-dimensionality of the SDGs by identify-
ing 3-5 clusters of goals, with each cluster representing
one SDG dimension (e.g. Costanza et al. 2016a, b; Folke
et al. 2016; Mulff et al. 2017; Dalampira and Nastis 2020;
Kostoska and Kocarev 2019; Delli Paoli and Addeo 2019;
Vinuesa et al. 2020). The specific clusters identified typi-
cally align with the UN paradigm of three pillars of sustain-
able development (i.e. the economic, social and environmen-
tal pillars, e.g. Griggs et al. 2013), or the five areas critical
importance (i.e. people, planet, prosperity, peace and part-
nership) as subsequently proposed in the 2030 Agenda for
Sustainable Development (UN 2015). Given their common
basis, many similarities exist between the clusters identified
in these previous studies. In the current study, we followed
the approach of Muff et al. (2017) and distinguished the fol-
lowing four Sustainability Domains: Economy, Governance,
Planet and Society.

We examined the perceptions of learners in the follow-
ing three SIS that differ in their socio-economic and envi-
ronmental characteristics: Aruba, Suriname and Trinidad
and Tobago (Fig. 2; Table 1). Of these three SIS, Aruba is
the SIS with the highest population density and per capita
GDP, driven by a tourism-based economy (Manera and Valle
2018; Table 1). Aruba also has the highest life expectancy
and the highest scores on governance indicators, but it has
the least amount of remaining forest and protected natural
area of the three SIS (Table 1). In contrast, Suriname has
the largest amount of forest cover and protected area, but
scores lower on the socio-economic and governance indi-
cators (Table 1). Suriname’s economy relies on natural
resource extraction, in particular gold, bauxite and crude oil
(Nurmohamed et al. 2008; Seccatore and De Theije 2017).
Trinidad and Tobago is characterized by intermediate scores
on environmental, socio-economic and governance indi-
cators (Table 1). Trinidad and Tobago’s economy largely
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relies on energy-intensive, chemical processing industries,
which benefit from the large supply of fossil fuels (Shah
and Rivera 2007). We examined to what extent these dif-
ferent local contexts related to learners’ perceptions of the
relative importance of the different SDGs. Specifically, we
addressed the following research questions: (1) Which SDGs
and which Sustainability Domains are, on average, perceived
as most important? (2) What are the major differences in
learners’ views on the relative importance of the SDGs, and
to what extent do these differences correspond to differences
in resident SIS and gender? (3) Are the main differences
between learners’ perceptions due to differences between
goals within each Sustainability Domain, or due to differing
opinions on the importance of Domains themselves?

Materials and methods
Ranking the sustainable development goals

We created an interactive online tool in which participants
sorted the SDGs according to their subjective valuation of
importance (http://www.h5p.org/node/706560). The tool
was developed using the freely available platform h5p.org,
which enables users to build applications that are based on
the html5 markup language. Using this interactive tool, each
participant in the study was asked to assign each of the 17
SDGs to one of seven categories, which ranged from ‘least
important’ to ‘most important’. Following the quantitative
steps of the Q methodology, the ranking of the SDGs was
constrained by a Q-grid spanning these seven categories (e.g.
Brown 1996; Coogan and Herrington 2011; Fig. 1). Before
participants began with the ranking of the SDGs, all par-
ticipants watched an introductory video (see Supplementary
Information) that included a brief background on the origin
of the SDGs, as well as an introduction to each goal and
their one-sentence summaries (UN 2015). The instruction
video was recorded in English, (one of) the main instruction
language(s) for all education programs included in this study
(Nurmohamed et al. 2008; Veldhuizen-Doelahasori 2011;
IGDS 2021; see below for further details). While using the
interactive tool, hovering the mouse cursor over a particular
SDG would again show its one-sentence summary (Fig. 1).
Finally, the introductory video included technical informa-
tion on how to submit the final Q-sort to the researchers of
this study. Here, participants were requested to submit their
final Q-sort as a screenshot on a submission form (see Sup-
plementary Information), which also anonymously recorded
the participant’s age, gender, country of birth and country of
residence (Fig. 2). The authors’ host institutions do not pro-
vide a formal ethics review, but we followed a procedure that
ensured participation of learners was on a voluntary basis.
It should be noted that decentralized, online methods for
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Fig.2 Geographical locations
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conducting the Q-sort, as used in our study, exclude the pos-
sibility of interviewing the participants during or after the
Q-sorting task (Yeun 2021). In the current study, this quali-
tative component of the Q methodology (e.g. Duenckmann
2010) was, therefore, not implemented, while the quantita-
tive components of the Q methodology were complemented
with additional quantitative analysis techniques, as further
described below.

Age (years)

Characteristics of the study participants

A total of 108 participants completed a Q-sort that was ana-
lyzed in this study. These participants were attending uni-
versities from the SISs Aruba (n=49), Suriname (n=17)
and Trinidad and Tobago (n=42). While Suriname is part
of the continent of South America, it shares many charac-
teristics with small islands, including a low-lying coast, a
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Table 1 A brief comparison of the three Small Island States (SIS) from which learners participated in the Sustainable Development Goal rank-

ing exercise of this study

Sustainabil-  Economy Governance Planet Society

ity Domain

Small Island GDP per International Government Regulatory  Forest cover % Protected GINI Life expec-  Population

State (SIS) capita ($) Tourism effectiveness quality (% of land natural area coefficient tancy density
(receipts, area) (%) (people
% of total km™2)
export)

Aruba 29,007 (1)  82.0(1) 1.06 (1) 0.86 (1) 2303) 0.53) 73.03) 76.2(1) 588 (1)

Suriname 17,256 (3) 2.7(3) —0.66 (3) —0.65(3) 98.3 (1) 8.5(1) 84.6(1) 71.6(3) 4(3)

Trinidad and 27,334 (2) 52(Q2) 0.19 (2) -0.10(2) 46 (2) 2.0(2) 748 (2) 734 271 (2)

Tobago

Using data from the World Bank (World Bank 2018) and the Global Wealth Report (Shorrocks et al. 2019), the SIS are compared for a couple of

indicators for each of the Sustainability Domains considered in this study

high degree of geographic isolation, a high vulnerability to
environmental hazards, a small (but growing) human popu-
lation and an economy that heavily relies on a small number
of sectors (Girvan 2005; Taglioni and Cruse 2013; NIMOS
2013). Suriname joined the group of Small Island Develop-
ing States in 1981 and has become actively involved since
the evaluation of the Barbados Program Of Action in 2002
(NIMOS 2013). Regarding the current study’s observa-
tions from Trinidad and Tobago, all participants attended
the University of the West Indies’ St. Augustine campus
on Trinidad, and therefore, we will refer to this group as
the learners from Trinidad from here on. All learners par-
ticipated in university programs that incorporated sustain-
ability and environmental science as part of the curricu-
lum. The learners from Aruba were all participating in an
Academic Foundation Year (AFY) program, which includes
a sustainability research project in its academic core pro-
gram (Eppinga et al. 2020) and offers an introduction to
earth- and environmental science as an elective (Eppinga
et al. 2019). The learners from Suriname all participated in
either a Master program on the Sustainable Management
of Natural Resources (Nurmohamed et al. 2008), or in a
Master program on Education and Research for Sustainable
Development (Veldhuizen-Doelahasori 2011). The learners
from Trinidad were all participating in a study program
within the Institute for Gender and Development Studies,
in which students explore how gender analysis is central
to transformation of the Caribbean region toward greater
sustainability, equality and social justice (IGDS 2021).
The median age of the group of learners from Suriname
was higher than the two other groups (Fig. 2; Median age
Suriname: 29.5, Median age Aruba: 19, Median age Trini-
dad: 18, Kruskal-Wallis test: X7, go=33.98, p=4.19 - 10°®).
No significant difference in the gender balance occurred
between the three learner groups (Fig. 2; Chi square test:
X%,=0.87, p=0.65).
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Perceptions of the relative importance of individual
SDGs and sustainability domains

To answer our first research question, we averaged the scores
of all learners given to each SDG. Subsequently, we com-
bined the average scores of the individual SDGs into average
scores for the Sustainability Domains. As noted above, we
followed the operationalization of Mulff et al. (2017), who
assigned the SDGs to four Sustainability Domains as follows:
Economy (SDGs 8, 9, 10, 11, 12), Governance (SDGs 16,
17), Planet (SDGs 6, 7, 13, 14, 15), and Society (SDGs 1, 2,
3,4, 5). While this operationalization shows a high degree of
similarity with other clustering approaches (e.g. UN 2015;
Folke et al. 2016), its distinction of four clusters, with each
cluster comprising multiple SDGs, provided a suitable tem-
plate to test whether a person’s prioritization of the SDGs was
mainly one-dimensional (i.e. when SDGs considered most
important all come from the same Domain) or multi-dimen-
sional (i.e. when SDGs considered most important all come
from different Domains) in subsequent analyses, as explained
in the next two sections. It should be noted that these aver-
age scores of individual SDGs and Sustainability Domains
are not independent; as each Q-sort is centered around zero,
positive scores on one SDG/Domain can only occur if there
is a negative score on (an)other SDG/Domain(s). Hence, it is
important to take into account the fixed format of the Q-sort
when analyzing quantitative differences in average scores.
For this purpose, we compared the observed trends with null
model predictions using a randomization procedure, which
is described in detail in Appendix 1.

Identifying different views on prioritization
of the SDGs

To answer our second research question, we performed
a cluster analysis to identify groups of participants that
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distinctly differed in their perception of the relative impor-
tance of the SDGs. Once the participant clusters were identi-
fied, we examined the distribution of participants from the
three SIS over these clusters. Specifically, we tested whether
this distribution was different for the three SIS, thereby
identifying for each SIS in which clusters its participants
were over- and underrepresented, respectively. A similar
comparison was made for female and male participants.
Finally, we analyzed for each participant cluster whether
the ranking pattern was more in line with one-dimensional
or multi-dimensional prioritizations of the SDGs. Here, one-
dimensional prioritization occurs when the SDGs considered
most important all come from the same Domain. In con-
trast, multi-dimensional prioritization occurs when SDGs
considered most important all come from different Domains.
Details of the clustering procedure and subsequent statistical
analyses and tests performed to answer the second research
question are described in Appendix 1.

Identifying the main axes of variation
in participants’ prioritization of SDGs

To answer our third research question, we analyzed the
correlation structure among the Q-sorts of all participants.
While the Q-grid forces a specific ranking structure for each
participant (Fig. 1), the analysis of the correlation structure
between all participants can identify more general patterns,
elucidating for example how higher perceived importance
for specific SDGs or Sustainability Domains trades off with
lower perceived importance for other specific SDGs or Sus-
tainability Domains, and vice versa. This analysis of the
correlation structure follows the quantitative steps that are
part of the Q methodology (Brown 1996). Specifically, we
extracted two main components explaining the correlation
structure using Principal Component Analysis (PCA, see
Appendix 1 for details). We then studied the positions of
the SDGs within the 2-dimensional space spanned by these
components. Similar to previous analyses, we assessed to
what extent this procedure could detect differences in rank-
ing strategies, in this case for the complete set of partici-
pants. Specifically, to assess the statistical power provided
by this procedure, we also performed the procedure for three
idealized cases using simulated data (using the same sam-
ple size as the actual data, i.e. n=108): (i) Trade-offs occur
only between Domains as follows: Participants always rank
according to the Sustainability Domains (e.g. first choose
all Planet goals as most important, followed by all Society
goals in the most important positions left, etc. (Fig. 3)); (i1)
Trade-offs occur only within Domains: participants always
alternate between Domains (e.g. first choose one goal from
the Planet Domain, then choose one goal from the Society
domain, etc. (Fig. 3)); (iii) Participants rank the SDGs ran-
domly (Fig. 3). We note that all three scenarios are subject to

the same constraints as set by the Q-sort (Figs. 1, 3). These
hypothetical, simulated cases showed clear differences in
the ordering of the SDGs on the first two (rotated) PCA
components obtained with the Q method (Fig. 3). Where the
first scenario leads to clear clustering of SDGs within the
domains, no clustering is observed in the second and third
scenario (Fig. 3). Hence, the type of trade-off that deter-
mines prioritization of the SDGs is reflected by the relative
position of SDGs in the (rotated) principal component space
(Fig. 3), thus revealing the dimensionality of participants’
ranking decisions. Finally, by comparing the average posi-
tion of the participants of the three SIS on each PCA compo-
nent, we could assess the extent to which these participants
differed in their choices related to the trade-offs identified
(see Appendix 1 for further details).

Results

Average scores of the SDGs and Sustainability
Domains

On average, participants of the study perceived the Soci-
ety- and Planet-oriented SDGs as more important than the
Economy-oriented SDGs (Fig. 4). When aggregating the
average scores of the individual SDGs into average scores
of the four Sustainability Domains, the Society and Planet
Domains received significantly positive scores, whereas the
Economy Domain received significantly negative scores
(Fig. 4; Randomization test: p <0.0001). In the following,
we will analyze to what extent different groups of partici-
pants deviated from these overall trends.

Different views on prioritization of the SDGs

Cluster analysis yielded five groups of participants (ranging
between 13 and 32 group members) that differed in their
prioritization of the SDGs, and, as a result, the Sustainability
Domains (Fig. 5). Following the cluster groups from the top
to the bottom of the clustering tree, there was an increasing
trend in the relative importance assigned to Society-related
SDGs (Fig. 5). The three clusters at the top were character-
ized by higher relative importance assigned to the Planet-
related SDGs, with the strongest preference for these goals
occurring in the second cluster (Fig. 5). In the first cluster,
higher relative importance was assigned to the Govern-
ance- and the Economy-related SDGs instead (Fig. 5). For
the fourth and the fifth clusters, in addition to the trend in
Society-related SDGs mentioned above, there was higher
relative importance assigned to Governance-related SDGs
in the former, and to Economy-related SDGs in the latter
(Fig. 5).
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Fig.3 Overview of the theoretical framework used in the study.
The Sustainable Development Goals are considered to be embedded
within four Sustainability Domains, following the framework pre-
sented in Muff et al. (2017). Theoretical simulations of Q-sorts were
made, considering three scenarios: (i) Participants ranked Domains,
therefore main trade-offs in importance occurring between Domains;
(ii) Participants ranked SDGs selecting alternately from different
Domains, so that trade-offs in importance occur within Domains;
(iii) Participants select SDGs randomly. Arrows indicate the order

We found that the distribution of participants over the
five clusters varied between the three SIS (Fig. 5, Multi-
level Chi-squared test: X% 4=25.7, p=0.0012). Specifically,
the majority of participants from Suriname were part of the
fifth cluster, while also forming the largest relative propor-
tion of the first cluster (Fig. 5). In contrast, participants from
Trinidad were underrepresented in both these clusters, while
forming the largest relative proportion of the third cluster
(Fig. 5). Participants from Aruba were even more strongly
underrepresented in the fifth cluster, while clearly forming
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in which SDGs are selected; note that for the latter two scenarios,
only the first eight choices are shown to maintain visibility. Note that
boxes are left blank, as these were randomized within 10,000 repli-
cate simulations performed for each scenario. Analyzing the three
scenarios according to the Q methodology revealed that between-
Domain trade-offs and within-Domain trade-offs are reflected in the
positioning of SDG and Domain positions within the component
space obtained

the largest relative proportion of the second cluster (Fig. 5).
Contrary to these differences between participants from the
three SIS, we did not find significant differences in the gen-
der distribution over the five clusters (Fig. 5, Multi-level
Chi-squared test: X} ,=2.3, p=0.68).

There were significant differences in the relative impor-
tance assigned to each SDG by members of the five clusters,
with the exception of SDG 10 (Fig. 6). Large differences in
average scores were observed for SDG 1 and SDG 2, partly
explaining the difference in relative importance assigned to
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Fig.4 Average scores of individual Sustainable Development Goals
(SDGs, top panel) and Sustainability Domains (bottom panel), based
on the Q Sorts of 108 participants from 3 Small Island States (SIS).
Dotted lines indicate the 95% intervals of scores that were generated
under the null hypothesis of random ranking of SDGs by partici-
pants (using 10,000 bootstrap replicates). Significant deviations from
the null hypothesis are interpreted as the cases where the observed
average scores (+1 standard error) and the confidence interval
do not overlap. Higher scores indicate prioritization of the SDG or
Domain, whereas lower scores indicate de-prioritization of the SDG
or Domain. In addition, the total variation in Domain averages as
observed in the bottom panel was larger than occurred in any of the
10,000 bootstrap replicates (i.e. p <0.0001)

the Society-related SDGs among the five clusters (Figs. 5,
6). Similarly, within the Planet-oriented SDGs, the largest
differences in average scores were observed for SDGs 13,
14 and 15 (Fig. 6). We also found for all five clusters that
the variation in average scores of SDGs within Sustainability
Domains was significantly smaller than the average distance
between the individual SDGs (Randomization tests, Group
1 as follows: Ryqween/within=3-27, p <0.0001; Group 2:
Rietweenswithin= 1.4, p=0.039; Group 3: Ryeiyeenswithin= 1-35
p=0.038; Group 4: Ry .iween/within = 1-62, p=0.028; Group 5:
Rpetweenwithin = 2-38, p=0.0011). This suggests that within
each cluster identified, prioritization of the SDGs occurred
to a significant extent at the Sustainability Domain level.

These trends, however, were inferred from cluster aver-
ages, which are still characterized by variation within these
groups. Further information can thus be extracted by assess-
ing the correlation structure among the individual partici-
pants’ Q-sorts, as discussed in the next section.

Main trade-offs in prioritization occur
between Sustainability Domains

The Q-sort analysis yielded two components that together
explained 66% of the variation between the Q-sorts sub-
mitted by the 108 study participants (Fig. 7). The posi-
tions of the SDGs within this two-dimensional component
space further corroborated the notion that goal prioritiza-
tion that mainly occurred at the level of the Sustainability
Domains (Fig. 7). Along the first component, the higher
perceived importance of the Society-related SDGs traded
off with lower perceived importance of the Economy- and
Planet-related SDGs and even lower perceived importance
of the Governance-related SDGs (Fig. 7). Along the sec-
ond component, the higher perceived importance of the
Planet-related SDGs, and to a slightly lesser extent the
Society-related SDGs, traded off with a lower perceived
importance of the Economy- and Governance-related
SDGs, respectively (Fig. 7). Focusing on the SDGs that
showed the largest change in rank order across the two
components (with changes in score > 2, cf. Brown 1996),
higher scores of SDGs 2, 3, 4, 8 and 9 were associated
with lower scores on SDGs 13, 14 and 15, and vice versa
(Fig. 7). Thus, the trade-offs described above are mainly
expressed by the prioritization the Society-related SDGs 2,
3, 4 and the Economy-related SDGs 8, 9 on the one hand,
and the Planet-related SDGs 13,14,15 on the other hand
(Fig. 7). Interestingly, for SDGs within the Economy and
Planet Domains, the relative ranking changed substantially
between the two components (Fig. 7). In contrast, for the
Society and Governance Domains, this relative ranking of
SDGs was similar along the two components. It should be
noted, however, that the Governance Domain only com-
prises two SDGs, meaning that there are only two ranking
possibilities.

While the average Domain positions in the two-
dimensional component space where broadly consistent
among the three SIS considered (Figs. 7, 8), some dif-
ferences in alignment with each component were also
observed (Figs. 7, 8). More specifically, the Q-sorts of
participants in Aruba aligned less well with the first
component as compared to participants from Suriname
and Trinidad (Fig. 8; One-way ANOVA, F, ;5 =3.28,
p=0.0415), although post-hoc testing showed that the
difference between Aruba and Suriname was not statis-
tically significant (Tukey HSD test: difference between

@ Springer



Sustainability Science

\

% |
> ¥

Participants

0
1

ik,

| |
30 20
Cluster distance

-
o
o

Fig.5 Results of a cluster analysis identifying 5 groups of partici-
pants that differed in their perception of the relative importance of
the SDGs. Clusters are indicated with different colors in the cluster-
ing tree. Average scores per domain are indicated for each cluster
(P=Planet, S=Society, E=Economy, G=Governance). The relative

means =0.042, p=0.24). Regarding the second compo-
nent, the Q-sorts of participants in Suriname tended to be
lower as compared to participants from Aruba and Trini-
dad (Fig. 8; One-way ANOVA, Fy05= 2.96, p=0.0562),
a trend that was mainly driven by the difference between
participants from Suriname and Aruba (Tukey HSD test:
difference between means =0.0557, p =0.0487). In sum-
mary, the participant group from Aruba tended to prior-
itize SDGs within the Planet Domain over SDGs within
the Economy and Society Domains, when compared to
the prioritizations of participants from Suriname and
Trinidad (Figs. 7, 8).
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Discussion and Conclusion

University learners’ ranking of the SDGs revealed differ-
ent valuations of Sustainability Domains, operationalized
as Economy, Governance, Planet and Society (Figs. 4, 5,
6, 7, 8). Cluster analysis revealed different views on which
particular Sustainability Domains were most and least
valued and showed that which view was most popular dif-
fered among the three SIS considered (Fig. 5). Looking at
the correlation structure between the SDG rankings of all
participants, a trade-off was observed between prioritizing
Society-related and Economy-related SDGs at the expense
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Fig.6 Average scores on indi-
vidual SDGs, for the participant
clusters shown in Fig. 5. Bar
colors correspond to the colors
of the clustering tree in Fig. 5.
The font colors of the SDGs
indicate the different Sustain-
ability Domains, using the
same color scheme as in Fig. 3.
Significant differences between
average cluster group scores
were observed for all SDGs,
except SDG 10 (“Reduced
inequalities”). Different letters
indicate significant differ-
ences between cluster groups
(p<0.05, as determined with
One-way ANOVA and Tukey-
HSD posthoc tests)
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Fig.7 Using the Q methodology, two (rotated) principal compo- »

nents were extracted, which together explained 66% of the variance
between participants’ ranking of the Sustainable Development Goals
(SDGs). Top panel: Positions of the individual Sustainable Develop-
ment Goals (SDGs) are indicated with numbers, showing that Soci-
ety-related SDGs had high loadings on the first axis, while the Gov-
ernance related-SDGs had low loadings on this axis. On the second
axis, Planet-related SDGs had high values, while Economy-related
SDGs had low values on this axis. Middle panel: A trade-off could be
identified between the Planet-related SDGs 13, 14 and 15 on the one
hand, and the Economy-related and Society-related SDGs 2, 3, 4, 8
and 9 on the other hand. Bottom panel: While the Domain positions
were largely consistent between the three SIS participant groups, dif-
ferences occurred between the relative alignment with the two axes.
Where Suriname and Trinidad aligned better with the first component
(i.e. larger variation between Domains as compared to the overall
average positions), Aruba aligned better with the second component

of Planet-related SDGs, and vice versa (Fig. 7). The current
study considered the potential of the SDGs as a communica-
tion tool in ESD, for which the SDGs are increasingly con-
sidered (Annan-Diab and Molinari 2017; Agirreazkuenaga
2019; Eppinga et al. 2020; Kopnina 2020a, b). As the SDGs
were originally designed to mobilize simultaneous action
across Sustainability Domains (Fukuda-Parr 2019), it is of
interest to assess the extent to which young learners opera-
tionalize this notion when briefly introduced to and subse-
quently invited to rank the SDGs according to their own per-
ception of relative importance (Fig. 1). Within the context of
ESD in SIS, the exercise is also of practical relevance, given
that capacity constraints may imply that prioritization may
become a necessary component of policies implementing
the 2030 Agenda for Sustainable Development (Allen et al.
2018; Forestier and Kim 2021). Specifically, we could envi-
sion two types of potential applications of our method in
ESD programs in general, and in SIS in particular.

The first type of application is the use of the information
obtained with the method to structure subsequent educa-
tion activities related to the SDGs and sustainable devel-
opment. Our observation that learners’ goal prioritization
mainly occurred at the level of the Sustainability Domains
(Fig. 7) cautions that framing ESD within the context of the
SDGs without emphasizing their fundamental, cross-domain
interdependencies could encompass a risk to amplify pre-
conceived notions about the relative importance of differ-
ent Sustainability Domains, rather than inviting transforma-
tive thinking towards integrated solutions. While the latter
expectation is admittedly ambitious, it would be interesting
to explore potential approaches to emphasize the interde-
pendencies between the SDGs in ESD learning plans. Such
approaches could be informed by recent efforts to highlight
SDG interdependencies for policy development.

Within the context of policy development, nexus
approaches have been proposed as one way toward inte-
gration of the different Sustainability Domains (Boas et al.
2016; Bleischwitz et al. 2018; Liu et al. 2018). Prominently
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Fig.8 Overview of the loadings of individual participants on the two
components extracted with the Q methodology. Participants from the
different SIS are indicated with different colors. Better alignment of
participants from Suriname and Trinidad with the first component
was reflected in a significantly lower average loading of participants

considered in this context is the food—water—energy nexus,
as all three components of this nexus can affect and interact
with all the SDGs (Liu et al. 2018). The integrative meth-
ods used within nexus approaches are particularly suited to
reveal direct and indirect connections between the SDGs
(Liu et al. 2018). Therefore, within ESD, highlighting such
connections may enhance an understanding of the need for
integrated SDG implementation. While nexus approaches
can be applied to logistical supply chain networks such as
those present in the food, water and energy sectors, they
can also be applied to integrate policy frameworks related
to the management of a particular type of ecosystem, for
example (Timko et al. 2018). Another alternative that may
enhance the development of promoting a holistic and inte-
grated view on sustainable development is to consider the
key interventions needed to reach the SDGs and organize
these interventions into a limited set of Transformations
(Sachs et al. 2019). Similar to the food—water—energy nexus,
most of the six Transformations identified by Sachs et al.
(2019) are linked to all the SDGs, thus providing a frame-
work for highlighting the synergies and multiple dependen-
cies between the SDGs across Domains. An alternatively
proposed approach to sustainability transformations focuses
on entry points to adjustments in the underlying systems
(GSDR 2019; Messerli et al. 2019). Different levers can then
coherently be deployed within each of these entry points
to bring about the necessary transformations, going beyond
addressing a single SDG or even a cluster of SDGs, taking
into account synergies and trade-offs, and offering a more
holistic approach instead (GSDR 2019).

While such thematic connections may clarify the inter-
relatedness of the SDGs across Domains, their effective-
ness will partly depend on the extent to which these themes
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from Aruba on this component. In contrasts, the Q-sorts from Aruban
participants aligned significantly better with the second axis as com-
pared to participants from Suriname. Different letters indicate signifi-
cant differences (p <0.05, as determined with One-way ANOVA and
Tukey-HSD posthoc tests)

resonate within the local geographical and historical con-
text (Mercer et al. 2012; Leotaud and Cadiz 2013; Eppinga
et al. 2019; Fuldauer et al. 2019). Small Island States are
faced with unique sets of sustainability challenges, which
not only emphasize the need to recognize the interdependen-
cies between the SDGs, but also the need for transformations
that are compatible with the opportunities and constraints
within the specific SIS considered (Leotaud and Cadiz 2013;
Ballayram 2017; Brissett 2018). For example, transitioning
toward a green economy was a theme that featured promi-
nently in the discussions leading up to the formulation of the
SDGs, with Seychelles emphasizing how the economies of
SIS rely heavily on oceans—adjusting the concept towards
the blue economy (Nhamo et al. 2020). Indeed, an analysis
of the synergies and trade-offs between SDG 14 (Life below
water) and the other SDGs revealed many synergies with
SDGs 1-16, including robust synergies with SDGs 2, 3 and
8 (Singh et al. 2018). These latter synergies are of particular
interest when considering the main trade-off observed in
this study regarding SIS learners’ perceptions of the rela-
tive importance of the SDGs (Fig. 7). Hence, introducing
the concept of transitioning toward a blue economy in ESD
in the SIS considered may be one example to highlight the
need for an integrated approach to sustainable development
in SIS. Yet, which interventions can promote trajectories
toward a more sustainable system depends strongly on the
current state of the social-ecological system considered
(Eppinga et al. 2021). This also implies that trajectories
toward more sustainable states may differ between SISs. For
example, it is of interest to note that Aruba currently experi-
ences high pressure on its natural environment (Table 1) and
that the learners from Aruba considered Planet-related SDGs
of high relative importance (Figs. 5, 7, 8). The concept of a
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SIS-specific blue economy could then show potential syn-
ergies between Economy-related SDGs and Planet-related
SDGs, where our findings suggest that the latter may provide
an entry point to engage learners from Aruba in particular
(Figs. 5, 7, 8). While the observed learner prioritizations of
the SDGs could be linked to local sustainability challenges
as inferred from state-level indicators (Table 1), an interest-
ing avenue for further research would be to inquire learners
directly about the perceived sustainability challenges of their
SIS and compare these perceptions with their ranking of the
SDGs.

This leads to a second type of application of the
method, which could be the use of participants’ initial
ranking as a starting point for participant discussions
about SDG prioritization within the context of their coun-
try of residence. The clustering method could be used
to compose discussion groups that showed similar views
(i.e. within the same cluster) or diverging views (i.e.
with members from different clusters). Such participa-
tory approaches may provide an effective component of
ESD learning programs (Wang et al. 2018; Eppinga et al.
2019, 2020), while group composition could be varied
in the degree of initial consensus (Ohman and Ohman
2013). This second type of application would also be
interesting from an academic research perspective, as it
would allow for incorporating the qualitative components
of the Q methodology (Brown 1993; Barry and Proops
1999; Duenckmann 2010; Vaas et al. 2019; Ciftcioglu
2020). While the online application tool presented here
(Fig. 1) provides an opportunity to collect Q-sorts from
large numbers of participants at different locations on
the globe simultaneously, it does not allow for obtaining
deeper insights into participants’ thinking as obtained in
the qualitative steps of the Q methodology. In the context
of our ranking exercise, it would be valuable to know the
level of detail in which the participants are already famil-
iar with the SDGs, especially with regard to SDG-specific
targets and indicators. Moreover, ranking choices may be
based on perceived dependencies, synergies and trade-
offs between SDGs, or may involve considerations of fea-
sibility, for example (Ward et al. 2016; Kumar et al. 2018;
Nerini et al. 2017; Coenen et al. 2021; Skene 2021). In
addition, it would be of interest to explore to what extent
the Sustainability Domains identified in the academic lit-
erature (e.g. Costanza et al. 2016a, b; Folke et al. 2016;
Muff et al. 2017; Dalampira and Nastis 2020; Kostoska
and Kocarev 2019; Delli Paoli and Addeo 2019; Vinuesa
et al. 2020) are recognized by young learners. From this
type of qualitative information, the ranking exercise can
be more explicitly linked to learners’ perception of the
need for integration across Sustainability Domains, and
the efficacy of the SDGs to convey this notion. Another
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avenue for further research is a more in-depth analysis
of participants’ interpretation of ‘relative importance’,
i.e. the scale along which SDGs were ranked (Fig. 1).
For example, by ranking one SDG as more important to
another, a participant may not necessarily be meaning
that the former SDG “deserves higher priority”; alterna-
tive interpretations, such as “is logically prior to” or “is a
prerequisite for” would be possible as well. Furthermore,
a participant may evaluate importance at different levels
of societal organization, taking an individual, national or
global perspective, for example. Interestingly, the differ-
ences observed between participants of the three SIS con-
sidered suggest that the national context may have played
a role when evaluating importance, which would be of
interest to study in more detail, using in-depth interviews
for example. While these qualitative components of the Q
methodology are typically applied in studies that involve
a small number of participants (Brown 1993, 1996, 2005;
Ellingsen et al. 2010), such results may prove insightful
to interpreting quantitative results from larger samples.

ESD is critical to developing and enhancing the knowl-
edge, values and attitudes, skills, and action competencies
that allow citizens of SIS to take ownership of the 2030
Agenda for Sustainable Development and its SDGs (Fergu-
son 2020). The SDGs have been successful in communicat-
ing the 2030 Agenda and its global call for action. Hence,
it is understandable that the SDGs are frequently used in
ESD as an operationalization of the sustainable development
concept (Annan-Diab and Molinari 2017; Agirreazkuenaga
2019; Eppinga et al. 2020; Kopnina 2020a, b). Our study
provides a means to test whether this use of the SDGs in
teaching directly conveys the intended message of the inter-
connectedness of sustainability challenges and the need for
integrated approaches to realize the sustainability transition
(Sachs et al. 2019). While our study suggests that the cur-
rent organization of the SDGs may confirm pre-conceived
notions about the relative importance of different Sustain-
ability Domains, the presented method could also be used
to identify key connections and synergies between SDGs
not yet known to the ESD program participants. These con-
nections could be highlighted in several ways, for example
through discussion of nexus approaches (Liu et al. 2018),
sustainability transformation frameworks (GSDR 2019;
Messerli et al. 2019; Sachs et al. 2019), or by using a spe-
cific thematic lens (e.g. Singh et al. 2018). Providing an
interactive online tool that can be utilized to explore these
approaches, our study suggests promising avenues to fur-
ther develop ESD that is specifically tailored to the local
context. Such connections to the local context may be an
important requisite for effective communication of pathways
to address the unique sustainability challenges facing SIS
and their inhabitants.
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Appendix 1

In this Appendix, we describe the quantitative analyses of
the study in more detail. We first explain the randomiza-
tion test that was used to compare average scores of indi-
vidual SDGs and Sustainability Domains. Subsequently, we
describe the cluster analysis and the randomization test that
was used to quantify the extent to which SDG prioritiza-
tion within groups occurred at the Sustainability Domain
level. Finally, we describe the quantitative steps involved in
obtaining the correlation structure from the total set of par-
ticipants’ Q-sorts, and the details of the subsequent explo-
ration of this structure using Principal Component (PCA)
analysis.

Perceptions of the relative importance of individual
SDGs and Sustainability Domains

For all the analyses described in this Appendix, the Q-grid’s
seven-point scale ranging from ‘least important’ to ‘most
important’ was converted into a numerical scale, with scores
ranging from — 3 (least important) to+ 3 (most important).
Due to the symmetric structure of the Q-grid (Fig. 1 of the
main text), a participant’s set of ranking scores, the Q-sort
S, is centered around O (Brown 1996). As explained in the
main text, comparisons of average scores needed to account
for the specific constraints for the data structure as set by the
Q-grid used for ranking the SDGs. We accounted for this by
creating a null model prediction based on 10,000 bootstrap
replicate simulations. In each bootstrap replicate simula-
tion, the same number of Q-sorts as obtained in our study
(i.e. n=108) was randomly filled with the SDGs (with-
out replacement). Hence, any variation in average scores
between SDGs or between Sustainability Domains in these
bootstrap replicates can be attributed to the constraints set
by the Q-grid (see Fig. 1 in the main text) and the number of
participants of the study. These simulated data then enabled
us to calculate confidence intervals around each SDG and
each Domain average. Hence, this randomization test could
be used to identify whether observed average scores were
significantly different from random. Using a conservative
approach, we only considered scores significantly differ-
ent from random if there was no overlap between the 95%
confidence interval spanned by bootstrap replicates and the
observed average + 1 standard error (which is more conserv-
ative than only considering the observed average).

Identifying different views on prioritization
of the SDGs

The goal of the cluster analysis was to identify 3—5 groups
of participants. This was the target range, to ensure that

the number of participants within each cluster was large
enough to reliably characterize average scores, yet small
enough to capture multiple differences between multiple
groups. The input data for the cluster analysis were the 108
Q-sorts described above (Sj, with j=1,2,..,108). The indi-
vidual Q-sorts formed the starting point of the clustering
tree. This starting point is shown on the right-hand side of
the clustering tree in Fig. 5 of the main text, at the x-coor-
dinate Cluster Distance =0. The clustering algorithm then
identifies which two clusters in the dataset are most similar
to each other, i.e., that are separated by the shortest clus-
ter distance. Then, these two clusters are combined into a
larger cluster. Here, we used Ward’s inner-squared distance
algorithm to calculate distances between clusters, selecting
this criterion within the ‘linkage’ function that is part of
MATLAB?’s Statistics and Machine Learning toolbox. This
clustering process can continue until all 108 initial clusters
are combined into a single cluster. We selected the optimal
number of clusters from our target range using the silhouette
statistic, which quantifies the difference between the average
within-cluster distance and the average distance to the near-
est neighboring cluster (Kaufman and Rousseeuw 1990).
Specifically, we used this criterion within the ‘evalclusters’
function that is part of MATLAB’s Statistics and Machine
Learning toolbox. Using this procedure, we found that the
clustering into five groups comprised the optimal number
within the target range considered.

After the clusters were obtained, we could calculate for
each of the five clusters the extent to which SDGs were
ranked according to the Sustainability Domains. Specifi-
cally, we calculated the variance in average scores within
clusters and the variance in average scores between all SDGs
as follows:

2 N 2
R N(N-1) Z:iaﬁj <Si - Sj)
between —
within 1 D 1 2 ’
" D zd:l n er';éj (Sd,i - Sd,;)

where N is the number of SDGs and D is the number of
domains. Equation (1) shows that values of Ry iween/within
larger than 1 indicate that the variance of scores between
all SDGs is larger than the variance within Domains, thus
indicating a Domain-level effect in the prioritization of the
SDGs by the participants assigned to that particular clus-
ter. To assess whether observed values of Ry . yecen/within WETE
significantly larger than one, we create for each of the five
clusters a null model prediction, using a partition testing
approach with 10,000 replicates (e.g. Stone et al. 2000;
Sanders et al. 2003). For each replicate, we randomized the
labels of the SDGs (i.e. randomize the numbers 1 to 17)
and then calculated Ry ..y een/witmin USINg Eq. 1. This yielded
a null model prediction in the form of a distribution of
Rietween/within Values calculated under the null hypothesis of

ey
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no Domain-level effects on the average scores of the SDGs
within each cluster. We note that the null model prediction,
based on the absence of Domain-level effects, is generated
under the same constraints as the observational data and,
therefore, provides a robust comparative framework to test
for the presence of Domain-level effects in the observational
data. Probabilities of exceedance were then determined
non-parametrically as the proportion of bootstrap replicates
exceeding the value of Ry . yeenwithin @5 Calculated from the
observed data (e.g. Eppinga et al. 2010).

Identifying the main axes of variation
in participants’ prioritization of SDGs

Similar to the previous analysis, the input data for this analy-
sis were provided by the Q-sorts S, with scores ranging from
— 3 to+3, and a mean value of 0. We note that the Q-grid
also standardizes the variance, V, within a participant’s set
of ranking scores (Brown 1996). For the specific structure
of the Q-grid used in this study, the variance in each partici-
pant’s Q-sort is as follows:

17
V= Z 5% = 40, 2
i=1

where S; indicates the score assigned to the i SDG. The first
data processing step in the Q method is then to create a cor-
relation matrix, C, that quantifies the degree of correlation
between the Q-sorts of each pair of participants that can be
formed from the dataset (a total of @ pairs, with n=108,
this meant 5778 participant pairs for the current study). Spe-
cifically, the correlation between participant j and participant

k is calculated as (Brown 1996)follows:

2 2
Coo1o X2 (S0 = Su) 1 X2 (8= 8u) 3)
* 2V 80 ’
in which §;; indicates the score that participant j assigned
to the i SDG. The second step in the Q method is then to
utilize the correlation matrix C to identify the major axes of
variation between participants’ Q-sorts (Brown 1996). Both
Factor Extraction (FE) and Principal Component Analysis
(PCA) are common methods used to identify the major axes
of variation within this step of the Q methodology (Akhtar-
Danesh 2017). In the third step, the obtained factors or prin-
cipal components are rotated to reveal patterns of interest
more clearly, and to ease interpretation of the results (Brown
1993, 1996, 2005; Akhtar-Danesh 2017). In this study, we
used PCA, followed by quartimax rotation on the principal
components obtained (Akhtar-Danesh 2017). These analy-
ses were carried with the ‘pca’ and ‘rotatefactors’ functions,
which are part of MATLAB’s Machine Learning and Sta-
tistics Toolbox.

@ Springer

Performing a PCA on the correlation matrix C yields
components that consist of loadings for each participant. In
the fourth step of the Q method, the loadings on the (rotated)
components are converted into weights, that is, the contri-
bution of each participant to the specific PCA component
considered as follows:

__hn
Wi =T )
il

In which w; and f}, are the weight and the loading of
participant j on (the rotated) principal component /, respec-
tively. As a fifth step in the Q method, each (rotated) compo-
nent can be transformed back into a characteristic Q-sort, in
this case a specific ranking of the 17 SDGs. The idea is that
the contribution of a participant’s Q-sort to the calculation
of a component’s characteristic Q-sort depends on the par-
ticipant’s weight on that component: the higher the weight
of the participant, the more the component’s characteristic
Q-sort will be like the Q-sort submitted by that participant.
The position of each SDG within the component Q-sort is
then given by its weighted average of all participant scores
as follows:

108

T, = Z WirS;; (5)
=

In which T;, is the total score of the ith SDG on the
(rotated) principal component /. Finally, the values of T;,
are then used to fill the Q-grid, with the SDG with the largest
value of T;, filling the ‘most important’(+ 3) category, the
SDGs with the second and third largest value of T, filling
the next (4 2) category, etc. Hence, this procedure yields a
characteristic Q-sort for each of the (rotated) components
obtained (Brown 1993).

In the main text, we also compared the average weights
on the first two (rotated) PCA components for the learner
groups of the three SIS included in this study. Differ-
ences were tested with One-Way ANOVA and a post-
hoc Tukey HSD test. This parametric procedure could be
used, as weights were normally distributed (verified with
Jarque—Bera tests: Aruba: Jeomponent = 1.23, p=0.42,
Jcomponeniz = 1.93, p=0.23; Suriname: Jeymponentt = 2-38,
P =0.09, Jeomponeniz =0.24, p=0.50; Trinidad:
]Componentl = 039’ pP= 0505 JComponean = 002’ pP= 050)’ and
there was homoscedasticity of variances between groups
(verified with Levene tests: Component 1: W, ;45=0.26,
p=0.77; Component 2: W, ;45=1.53, p=0.22).
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