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This work presents the most important aspects that should be considered for assessing
new marine litter reduction and processing technologies. The most relevant technology
features are highlighted using a Delphi method capable of gathering and handling a large
quantity of valuable data in areas where information is lacking. This relies on judgements
provided by recognized experts in a particular area of knowledge, through an organized
procedure based on a structured questionnaire and its reiterations. The Delphi process
developed in this study completed two rounds. In the first round, a questionnaire with 55
statements (potentially important aspects) was shared with experts and stakeholders from
different types of institutions (Administrations, Marinas and Ports; Associations;
Companies; Universities; and Research Centers). Appropriate statistical analysis of the
responses determined the degree of consensus and the level of importance perceived for
each aspect. Feedback information based on analysis of the answers provided during the
first round was included in a second round of the survey that focused on the statements
that did not gather enough consensus, and therefore needed to be reevaluated by the
expert group. After checking the stability of the results between rounds, the conclusions
are set out and a list of the aspects to be considered in different decision-making contexts
is drawn (from technology development, investment to marketing and policy making)
taking into account technical, environmental, socio-economic, and political issues.

Keywords: marine litter, plastics, technology, Delphi method, consensus
1 INTRODUCTION

Marine litter is a worldwide problem and is defined by Williams-Wynn and Naidoo (2020) as “any
persistent manufactured or processed solid material that is discarded, disposed of or abandoned in
the marine and coastal environment”. Plastic debris is the main contributor to marine litter and the
tendency is for it to grow still more following increases in the production of plastic (367 million
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tonnes in 2020 as mentioned in Plastics Europe, 2020). Plastics
are estimated to account for approximately 73% of the total waste
in the ocean, while 8 million tonnes of plastic arrive in the oceans
every year (Parga Martıńez et al., 2020). Hohn et al. (2020)
mention future projections according to which the amount of
plastic waste could double by 2050 if no strategies to reduce
waste are implemented. The pollution of oceans by plastics is
severe (Riechers et al., 2021), because they persist for long
periods of time. In fact, some plastics incorporate hazardous
chemicals that can be released, some that are heavier than water
sink to the ocean floor and cannot be recovered, and
microplastics from wastewater treatment plants and the macro
plastics broken into small particles end up as persistent pollution
(Besseling et al., 2017; Lebreton et al., 2017; Thiel et al., 2018).
Concern is therefore growing because of the different impacts
they can have, such as harming different marine species (which
ingest them or become entangled in them, as mentioned in Hohn
et al., 2020). They are equally harmful to aquaculture and fishing
activities and vessels, as well as ecosystems (both freshwater and
marine). Therefore, there is considerable pressure to try to
minimize these problems by implementing appropriate
reduction technologies at the source, especially technologies
that can contribute to the circular economy.

Schmaltz et al. (2020) identified 52 technologies that either
prevent plastics from entering waterways (14) or collect marine
and riverine plastic pollution (38) and range from household
wastewater filters and laundry balls to large-scale skimmers and
booms. The list continues to grow and there are more than 400
ideas and solutions listed in the toolbox of the AQUA-LIT
project (https://aqua-lit.eu/toolbox) for preventing marine litter
from entering the sea. UNEP classified the technical solutions for
waste management in four groups: 1) upstream preventive
solutions to prevent wastewater contamination at the source
(enhancing macroplastic waste management to reduce impacts;
plastic recycling (mechanical, chemical and incineration); policy
tools and behavioral change campaigns (design of quality
textiles, treatment of effluents from household washing
machines or laundromats); 2) upstream wastewater treatment
(booms, debris fins and deflectors, trash racks/meshes,
stormwater retention ponds, gully pots and infiltration basins);
3) wastewater treatment plant (WWTP) interventions (sewage
sludge treatment, industrial or leachate wastewater treatment);
and 4) downstream water treatment solutions (clean-up boats,
debris sweepers, seabins) (Nikiema et al., 2020). Gkanasos et al.
(2021) demonstrated that if we do intervene with technologies
that retain macroplastics in river estuaries and microplastics in
WWTPs, i.e. at the main input sources, a significant reduction
can be achieved.

This paper presents a study developed under the Horizon
2020 project CLAIM (Cleaning Litter by developing and
Applying Innovative Methods in European seas) funded by the
European Union. The main purpose of CLAIM is to develop new
technologies to reduce marine plastic pollution and process the
collected litter (microplastics and macroplastics). This project
encompasses many different perspectives to assemble a range of
knowledge sourced from different areas, thus: from research
Frontiers in Marine Science | www.frontiersin.org 2
(in chemistry, materials, hydrodynamics, ecosystem
functioning, engineering, economy, consumer behaviors and
social sciences) to industry, and to the governmental,
regulatory, and business worlds.

It is important to explore the diversity of opinion of experts
for enriching details and for a deeper understanding of issues at
stake. However, this exploration will only be a fruitful exercise if
structured knowledge is pursued.

For this purpose, the Delphi method, a systematic approach,
can be used to reach expert consensus on different aspects that
are relevant to characterizing a new technology.

Delphi was developed in the 1950s by the Rand Corporation
and is based on the assumption that “group judgments are more
reliable than individual’s” (Giannarou and Zervas, 2014). One of
the first published applications of Delphi was the work of
Gordon and Helmer-Hirschberg (1964) about the future
developments expected over the following 50 years in different
contexts, such as war prevention and its probability, future
weapon systems, space exploration progress, population
growth, and automation. Delphi is an iterative process
structured by successive rounds of questionnaires with
controlled feedback for collecting information from a panel of
informed experts. The experts do not know each other, and their
judgements remain anonymous during the development of the
survey. The sequential rounds and the reporting from each
round with regard to the aggregation of the information
collected and feedback to experts is managed by a facilitator.
According to Marchau and Linde (2016), the Delphi method can
be used not only to reach consensus between experts but also to
identify diverging opinions and to estimate the consequences
and acceptability of options open to adoption. Marchau and
Linde (2016) argue that two essential premises are required for
the success of a Delphi study: the quality of the survey questions
and the availability of expert respondents to answer questions
and share arguments in support of their opinions.

The Delphi method has been applied to a diversity of decision
fields, including urban planning, health, business, transportation,
education, technologies, and others. The following short review
provides some examples that show why the Delphi method is
used in widely differing areas, emphasizing which features make
it such a versatile tool for research and for practical applications.

In urban planning (Novakowski and Wellar, 2008; Musa
et al., 2019) the opportunity offered by the Delphi method to
all respondents to share their opinions has been stressed, along
with the fact that these opinions are treated in the same manner,
thus ensuring a fair contribution of expertise from different
backgrounds. Delphi has been increasingly applied in the
health area (Santaguida et al., 2018; Mubarak et al., 2019, and
Huang et al., 2020) thanks to its interesting features, namely its
ability to ensure that respondents from around the world can
participate, to guarantee anonymity in controlling the dominant
participants and to see that consensus is gained about healthcare
aspects where there are limited or conflicting opinions (Taylor,
2020). Delphi has proved to be valuable for dealing with
solutions for urban transportation systems (Julsrud and Priya
Uteng, 2015; Karakikes and Nathanail, 2020) and to evaluate the
April 2022 | Volume 9 | Article 886581
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most appropriate alternative involving different groups of
stakeholders. In the technology area, Delphi has been used as a
robust method to provide support for designing a technology
strategic plan (Da Silveira et al., 2016) and for identifying the
most important performance indicators to evaluate the
sustainability of the industry (Ivascu, 2020). Concerning litter
reduction and recycling, Kim et al. (2013) considered Delphi to
identify equipment that should be disposed of and recovered by a
regulated system that extended the producer’s responsibility,
according to the impact that its disposal has on the
environment. The same type of objective can be found in
Singh et al. (2018) for establishing and validating a group of
parameters to assess the environmental impacts caused by the
product packaging industry.

With regard to marine environments, three studies conducted
using a Delphi method were found: Mazarrasa et al. (2019) who
studied the impacts of marine litter accumulation in habitats in
three estuaries along the Bay of Biscay, according to litter
typologies (size and materials); Deshpande et al. (2019) who
collected data that could be useful to draft new strategies to
prevent the impacts of abandoned, lost or discarded fishing gear;
and Hofman et al. (2020) who identified actions to protect
marine environments from tourist behaviors on the great
barrier reef of Australia.

As far as the authors’ search of the literature was concerned,
no Delphi study has yet been applied with respect to technologies
aiming to reduce and process marine litter. The structured
appraisal of new technologies can provide organizations,
market and citizens in general with assurances as to their
effectiveness and the positive impacts of different types of
technology (environmental and socio-economic, for instance).
Therefore, policymakers can be confident that technological
solutions capable of contributing to a better marine
environment are available and regulatory measures have to be
established to fulfil society’s expectations. Delphi methods
combined with statistical and decision-support techniques can
provide considerable confidence in the development and
implementation of new technologies. In fact, Delphi could be
seen as an important tool for emerging knowledge fields by
helping “to derive foresight on future innovation scenarios”
(Birko et al., 2015).

The present study evaluates the most important aspects to be
considered when assessing a new marine litter reduction and
processing technology using a Delphi method. This can be part
of decision-making issues which will be addressed at different
points during the application of the technologies (from technical
decisions to business and policy decisions).

The study presented is organized into four sections. After this
introduction, the second section presents an overview of Delphi
method implementation. It introduces the background to the
development of a Delphi research approach, the information
needed, and the methods used for conducting the statistical
analysis. The third section deals with the characterization and
exploration of the information gathered as the process takes
place, using descriptive statistics as well as inferential statistics.
Specific issues relating to the application of the Delphi procedure
Frontiers in Marine Science | www.frontiersin.org 3
based on an expert judgement method for each round are
explained, and the systematization of the results is described.
Finally, a list of the most relevant aspects to be considered is
compiled. The fourth and last section presents the conclusions
and makes some recommendations for future research.
2 MATERIALS AND METHODS

The above information about the Delphi method shows that it
can be valuable in producing support for decision making. In
fact, it is considered a flexible method with different modified
structures proposed in the literature (Hasson et al., 2000). This is
an appropriate method as it enables experts to arrive at a
consensus, even though each expert could express a different
opinion from the group that is handled anonymously.
Furthermore, a Delphi method can gather a large quantity of
valuable data in areas where information is lacking.

The implementation of the Delphi method follows the phases
summarized in Figure 1, which are detailed in the next sections.

2.1 Design of the Survey
One of the most important phases of the Delphi method is
related to drafting the survey questions that could explore the
participants’ views about the development of marine litter
reduction and processing technologies. These research
questions, based on statements about the aspects to be
considered, should be concise, clear, and also cover different
perspectives of evaluation (physical and operational
characteristics of the technologies and their impacts in terms
of environmental, economic, social, and political issues). The
questions were first developed by the researcher responsible for
the survey, who later became the facilitator. To validate and
consolidate the questionnaire, the CLAIM members were asked
to give their own views about the content of the survey. Some
bilateral meetings were also held, involving experts from the
administration (including ports and institutions responsible for
implementing marine strategies), tourism agency managers, and
plastics industry specialists. This brainstorming activity was
designed to gather as many ideas as possible and involved
different types of stakeholders; it has been very fruitful. The
discussions that took place were useful for stabilizing the
questionnaire, and the outcome was a set of 55 statements
(Table 1), corresponding to potentially important aspects.

These 55 statements were classified into groups according to
five different areas (Supplementary Materials Table S1):

i) Environmental - core purpose (5 statements), including the
features of the technologies most closely related to the
objective of their implementation;

ii) Environmental - other effects (10 statements), including other
possib le environmental effects produced by the
implementation of the technologies;

iii) Economic - promoter perspective (7 statements), including
the views of those who develop technologies and might be
engaged in their commercialization;
April 2022 | Volume 9 | Article 886581
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iv) Socio-economic and political (21 statements), including the
wider impacts of the technologies in these indicators;

v) Technical operation (12 statements), including different
aspects related to the operational features of the technology
that might make its implementation more or less attractive.

Groups iii) and v) reflect the business concerns of the
technology developers and their direct clients: that it does not
cost too much and that it allows a smooth technical operation.
Groups i), ii) and iv) broaden this perspective by covering the
wider environmental and socio-economic concerns of
sustainable development. Since a positive impact on the
plastics pollution of the seas is the core objective of these
technologies, a distinction was made between these impacts
(group i) and other environmental externalities (group ii).

Creating these groups made it possible to extract additional
information in a field with significant knowledge gaps. In fact,
this indicated the way to structure additional information about
the importance assigned to the various groups of questions by the
various types of experts.

2.2 Expert Panel
The analysis of literature reviews (Torrecilla-Salinas et al., 2019
and Zartha Sossa et al., 2019) on criteria to size and select expert
panel members reveals that there is no clear consolidated
framework to deal with these issues. In fact, many sizes are
reported between 10 and 20, but a few can be found with 280
(Julsrud and Priya Uteng, 2015) or even 628 (Barrios et al., 2021).
In general, it can be said that the number of panel members
should be large enough for all angles to be represented, but never
losing the idea that the process must be manageable. Expert
panel profiles are not clearly defined in the existing literature
because this depends very much on the subject and aim of the
Delphi method. The expert panel in a Delphi study should be
selected so that a group of persons from the practice or research
areas with sound knowledge about the topic are involved. The
Frontiers in Marine Science | www.frontiersin.org 4
selection of an appropriate panel is essential to ensure the
robustness and validity of the results (Stewart et al., 2017).
Their willingness to participate is another important aspect. In
this work, the respondents were selected from professional
networks approached by the CLAIM project’s research team
and from experts suggested during the contacts already
established for the development of the project. Prominent
experts and stakeholders involved in plastic pollution and
environmental management from different types of institutions
were selected and then an e-mail list was created to be used
through-out the development of the application of the
Delphi method.

2.3 Delphi Rounds
There is no consensus in the literature about the number of
rounds that should be performed in a Delphi study. In most cases
two or three rounds are used, as reported in the literature review
by Zartha Sossa et al. (2019). According to Aghimien et al. (2020),
more than three rounds could lead to problems related to the fatigue
of experts and a tendency to obtain fewer responses after the second
round. Based on these reasons they propose two rounds. The Delphi
study presented in this paper also consists of two rounds, although it
was planned that more rounds could be performed if necessary. The
explanation of the process developed, including the construction of
the rounds and the analysis of their results is as follows.

After setting the questions to be included, the first-round
questionnaire was constructed, including an introductory letter
to welcome the respondents with some information and
instructions. The introductory letter can be found in the
Supplementary Materials Text S1. This letter specified that
the survey, in the round, could only be completed once and
that anonymity was ensured as only the facilitator would deal
with the answers.

After the introductory letter, the survey asked contributors to
share their opinion about the general question/issue: “How
important in your opinion are the following aspects when it
FIGURE 1 | Delphi method overview.
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comes to assessing a new marine litter reduction or processing
technology?” The respondents should rate the 55 statements
according to a five-point Likert scale with the following options:
Not important, Slightly important, Important, Very important,
and Extremely important. Respondents had the opportunity to
Frontiers in Marine Science | www.frontiersin.org 5
include pertinent comments in each statement along with their
answer. An example of the layout of the online survey can be
found in Supplementary Materials Figure S1. At the end of each
page of the survey (7 in total) there was a button to save the page
responses and go to the next page. This allowed respondents to
TABLE 1 | Delphi questionnaire.

Survey statements

Q1. Effectiveness of the technology in reducing microplastics in oceans and seas
Q2. Effectiveness of the technology in reducing macroplastics in oceans and seas
Q3. Effectiveness of the technology in reducing plastics from beaches
Q4. Effectiveness of the technology in reducing the spread of invasive species in oceans and seas
Q5. Contribution of the technology to the restoration of marine wildlife habitats
Q6. Negative impacts like waste or by-products generated by the technology
Q7. Contribution of the technology to the reduction of pollution in seawater, rivers and lakes
Q8. Contribution of the technology to the reduction of the amount of accumulated marine debris
Q9. Impact of the technology on sea traffic
Q10. Impact of the technology on fishing activities
Q11. Obstruction of sunlight to reach the sea bottom due to the size of the technology
Q12. How the technology impacts the marine and coastal landscape
Q13. Possible odours spread by the technology
Q14. Increase of noise levels due to the technology
Q15. Contribution of the technology to carbon emissions
Q16. Contribution of the technology to the emissions of other pollutants such as particulate matter or volatile organic compounds
Q17. Added value of the technology to improve recreational (coastal and beach) activities
Q18. Impacts of the technology on local employment (positive or negative)
Q19. Potential development of new industries developing the technologies
Q20. Added social value to coastal communities such as overall well-being
Q21. Acceptability of the technology by local residents
Q22. Acceptability of the technology by users of marinas and ports
Q23. Acceptability of the technology by local or national governments
Q24. Degree of automation of operating the technology, such as filling and emptying tanks
Q25. Degree of autonomy of the technology, for example if it can be used independent of the electricity grid using solar energy
Q26. Ease of operation
Q27. Possibility of real time monitoring of the implementation of the technology
Q28. Connectivity with other technologies for potential litter processing like energy generation
Q29. Number of hours/days the technology can operate during a normal year
Q30. Remote accessibility
Q31. Ability to be customized to local needs (integration with other technologies for clean-up enhancement)
Q32. Modularity of the technology for easy adaptation to different locations/environments
Q33. Rate of marine litter transformation such as energy recovery
Q34. Contribution to the circular economy by recovering and recycling litter materials
Q35. Investment costs
Q36. Operation and maintenance costs
Q37. Need for highly qualified workers
Q38. Health risks (possible accidents) for the operators
Q39. Possible injury risk for others like users of marinas and ports
Q40. Proven or demonstrated effectiveness of the technology
Q41. Flexibility and ability to adapt to uncertain futures
Q42. Uncertainty surrounding investment, operation and maintenance costs
Q43. Physical robustness of the technology under extreme weather conditions
Q44. Resilience to deal with litter arising from extreme weather conditions
Q45. Resilience to rising sea levels
Q46. Lucrative business model for the technology developers
Q47. Flexible business model adaptable to the changing needs of the market
Q48. Contribution to improving the green market niche
Q49. Existence of competition among multiple players in the market
Q50. Comparison with existing technologies in terms of sustainability performance
Q51. Availability of public funding for the implementation of the technology
Q52. Corporate interest in the implementation of the technology
Q53. Public willingness to pay for the new technology
Q54. Contribution to achieving environmental EU policies and targets
Q55. Ease of overcoming current legal obstacles for implementation of the technology
April 2022 | Volume 9 | Article 886581
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complete the questionnaire at a later time. The last requests of
the questionnaire relate to the respondent being able to propose
additional aspects that should also be assessed, their contact
information and the option of being quoted in the final report of
the project. The layout of the survey of these final steps is shown
in Supplementary Materials Figure S2. This survey was
available online on the SurveyMonkey® platform, following an
invitation asking experts to share their opinion. Reminders were
sent aiming to increase the number of responses.

After closing the online questionnaire of the first Delphi
round, the responses were analyzed. The statements that did
not achieve sufficient consensus (explained in the next sections)
were reconsidered for a second round. For this additional round,
the survey was designed on the same platform and with a new
introductory letter giving some information and instructions for
participants. It also explained that only the set of questions that
did not achieve consensus in the first round were kept in the
second round, and mentioned the additional information
provided for this new round. This letter is in Supplementary
Materials Text S2.

2.4 Data Analysis
The second-round Delphi questionnaire was shared with the
group of respondents who answered the first round and added
their contact information. The respondents rated the statements
to be considered according to the same five-point Likert scale
and again had the opportunity to include comments about each
one. In this second round, respondents received feedback
information for each question from the first round with a
summary of important comments associated with high rated
and low rated statements, and also the statistical distribution of
ratings for each question. An example of the layout of the online
survey of the second-round questionnaire is given in Figure 2.

The analysis of data collected from the responses in the survey
rounds during the Delphi implementation is of utmost
importance for its success. There is a large body of literature
which includes many possible measures that can be used to
analyze the data. The work by Zartha Sossa et al. (2019) includes
a literature review on the Delphi method that systematizes
different types of statistical analyses based on descriptive
statistics (related to central tendency, dispersion, or percentage
of agreement) and inference statistics.

However, in many cases, the types of measures and statistical
procedures to be used in the different phases of the analysis of the
collected data are misleading and not obvious. With this in mind,
it is crucial to clarify two key concepts to analyze gathered data,
namely, consensus and stability.

The main objective of Delphi is to achieve consensus and the
level of consensus is an important issue that has to be defined (Ju
and Jin, 2013). In this work, consensus is used to classify the
results obtained by the aggregation of the survey’s individual
responses for each round and then to move forward to another
round if consensus is not obtained. The literature review shows
that consensus measurement includes percentage of agreement
and other descriptive statistics, such as mean, median, standard
deviation, and interquartile range (IQR). It includes various
Frontiers in Marine Science | www.frontiersin.org 6
approaches, considering just one type of measurement or
considering an accumulation of information produced by more
than one measure. As examples of works using just a single
measure, we have the following: percentage of agreement
(Mubarak et al., 2019; Bhandari et al., 2020; Nasa et al., 2021;
Frew et al., 2021; Shaw et al., 2021); mean (Barzekar et al., 2011).
Examples of works using cumulative measures are: IQR and
mean (De Brito et al., 2017); IQR and median (Rezapour et al.,
2019; Everink et al., 2020); IQR and percentage of agreement
(Chen and Jiang, 2020; Guerin et al., 2020); percentage of
agreement and median (Ahmed et al., 2021); percentage of
agreement and mean (Santos et al., 2018); mean, median and
percentage of agreement (Lima-Rodrıǵuez et al., 2013); IQR,
median and percentage of agreement (Bentley et al., 2016; Price
et al., 2020).

The IQR is a measure of spread for the middle 50% of the
observations (Birko et al., 2015; Sekaran and Bougie, 2016). It is
given by the difference between the third quartile and the first
quartile. For Likert scale data, an IQR value lower than 1 means
that more than 50% of the responses fall in the same point of the
scale. According to Wagner et al. (2016), IQR can be viewed as a
“measuring unit of consensus”. There is a vast body of literature
using an IQR value equal to or lower than 1 in a five-point Likert
scale as consensus level. Bentley et al. (2016); Huijben et al.
(2019); Rezapour et al. (2019), and Everink et al. (2020) are
among such studies. Supplementary Materials Figure S3 gives
additional insights about the meaning of IQR.

Besides assessing how much respondents agree with each
other (degree of consensus), the analysis also assessed how much
respondents agree with each statement. The level of agreement or
importance assigned to a statement is used to keep or discard
statements that already reached consensus. Many different
measures have been proposed for defining agreement or
disagreement thresholds. One of the most common is the
percentage of responses in the Very Important and Extremely
Important levels of the Likert scale. Santos et al. (2018) state that,
in the literature, the levels of these percentages in a 5-point Likert
range from 60% to 80%. The mean of the responses is also a
common measure with values typically around more than 3.5 to
4, even though that requires regarding the Likert scale as a
cardinal one. The works of Barzekar et al. (2011); Lima-
Rodrıǵuez et al. (2013); Kaijser et al. (2018); Santos et al.
(2018) and Torrecilla-Salinas et al. (2019), consider mean
values in this range. The work of Torrecilla-Salinas et al.
(2019) uses two levels for these measures: strong/key
statements are those with a mean equal to 3.7 or higher and
percentage of agreement equal to 60% or higher; and important
ones are those with mean values equal to 3.5 or higher, and
percentage of agreement equal to 45% or higher. Van Der Linde
et al. (2005) also use threshold levels of percentage of agreement
between 60% and 75%, on a five-point Likert scale.

In this work, two levels of important statements are used:
those that are key and those that are advisable or worthwhile to
recommend. The threshold of the statistical measures to define
these levels will be detailed in the sections on the rounds’ results
(Figure 3 gives an overview about these issues).
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In many Delphi studies, the number of rounds is pre-defined
without verifying the stability among experts’ responses (Barrios
et al., 2021). This may produce cumbersome results. It is
important to ascertain whether there is consistency across
consecutive rounds. This can only be evaluated after the
conclusion of at least two rounds. When statistical evidence
shows no relevant change in the responses between consecutive
rounds, the Delphi process can end. One of the simplest ways to
analyze the stability of the responses across rounds is to compute
the difference between statistical measures and check whether the
tendency is consensus increase or decrease. However, as Dajani
et al. (1979), pointed out through some examples, “These criteria
Frontiers in Marine Science | www.frontiersin.org 7
are generally either subject to subjectivity and arbitrariness or are
in violation of statistical theory”.

That is why the literature indicates inference statistics
(Kalaian & Kasim, 2012) such as Chi-squared (Dajani et al.,
1979 and Nasa et al., 2021), Wilcoxon signed-rank (De Vet
et al., 2005; De Brito et al., 2017; Brunt et al., 2018; Mubarak
et al., 2019; Bhandari et al., 2020; Chen and Jiang, 2020;
Guerin et al., 2020; Price et al., 2020), McNemar (Lambat
et al., 2019) and Kappa coefficient (Barrios et al., 2021) tests to
evaluate the stability of respondent answers between
consecutive rounds. If no changes are detected for any
statements, the Delphi is stopped. Otherwise, a new round
FIGURE 2 | Online questionnaire of the second Delphi round on the SurveyMonkey® platform.
April 2022 | Volume 9 | Article 886581

https://www.frontiersin.org/journals/marine-science
http://www.frontiersin.org/
https://www.frontiersin.org/journals/marine-science#articles


Cunha et al. Delphi for Assessing Marine Litter Technologies
should be promoted. If stability is reached, the rules defined
for settling the selection of statements should be applied so
that the group of statements to be considered is finally
established (Dajani et al., 1979).

This work makes use of the IQR measure to evaluate
consensus for the round. This is one of the measures most
used to define consensus (Zartha Sossa et al., 2019). Mean and
percentage of agreement are applied to keep or discard
statements (Figure 4).

The Wilcoxon signed-rank paired differences test is used as a
measure of consistency between consecutive rounds (Figure 3).
It is a reliable procedure to confirm the stability of responses
between rounds and to avoid more rounds of questionnaires that
would not significantly increase the level of consensus (Mubarak
et al., 2019).
Frontiers in Marine Science | www.frontiersin.org 8
3 RESULTS AND DISCUSSION

3.1 Panel Participation
A total of 137 experts were invited to participate in this survey. In
the first round, the survey was opened by 106 participants (this is
discussed in section 3.2). In the second round, the responses were
received from 42 participants. The distribution of respondents
across countries is shown in Table 2.

In the first round, respondents from 22 countries participated
in the survey, with Greece, Tunisia and Portugal being the top 3
countries with the largest number of replies. In the second round,
respondents from 16 countries participated, and Greece,
Portugal and Germany were the most represented countries.

The panel participation by institution type and round is
described in Figure 4. The institution types considered were:
Administrations, Marinas and Ports; Associations (environmental
non-profit); Companies; Universities; and Research Centers. The
large proportion of research experts was expected, as we are dealing
with a rather new subject that has become an active area of research.
Even if plastic in seas and oceans is turning out to be a growing
matter of concern, recently appearing often in the media, it is clear
that there is still a lack of awareness of and formal legislation for
implementing sustainable practices in this domain.
3.2 Data Collected in the Delphi Rounds
In the first round, the questionnaire was organized into 55
statements and the average time respondents took to complete
it was 18 minutes. In the second round, 17 questions were
distributed, and the average response time was also 18
minutes. In the first round, 106 respondents started the survey,
but 24 of them only responded to one or two questions and were
disregarded when computing statistics. Of the responses
collected in the first round, 39 questionnaires included
comments. In the second round, 56 respondents from the first
round were contacted (the number who expressed their
availability to participate in this round) and were asked to
share their opinions in an additional round. Of those, 42
FIGURE 3 | Synthesis of all steps of round data full evaluation (M, Mean; IQR, Inter-quartile range; PA, Percentage of agreement).
TABLE 2 | Number of responses by country in round 1 and round 2 of the survey.

Country Round 1 Round 2

Angola 1
Belgium 1 1
Brazil 3 1
Canada 1
Cyprus 4 2
Denmark 5 2
France 4 2
Germany 5 4
Greece 27 10
Italy 5 3
Lebanon 3 1
Netherlands 2 2
Nigeria 1
Norway 1 1
Portugal 12 6
Saudi Arabia 1
South Africa 1
Spain 5 2
Sweden 1
Tunisia 18 3
Turkey 2 1
United Kingdom 3 1
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responded to the survey (75% of the invited respondents) and 26
added comments supporting their opinion.

3.2.1 Data Collected in Round 1
3.2.1.1 Characterization of the Responses
The responses of Round 1 in the five-point Likert scale with the
options “Not Important”, “Slightly Important”, “Important”,
“Very Important” and “Extremely Important” are represented
by a diverging stacked bar chart in Figure 5 (underlying data
available in Supplementary Table S2):

The representation in Figure 5 is recommended for Likert
scales by Heiberger and Robbins (2014). From the analysis of the
figure, Statements Q1 and Q2 are those with the highest number
of responses on the positive side of the scale (blue), which covers
the levels “Important”, “Very Important” and “Extremely
Important”. On the negative side (red), statements Q11 and
Q49 are the ones with a higher number of responses. Statement
Q34 has practically all responses on the positive side. This is also
true for Q38, Q40 and Q54. In the case of Q37, the responses on
the positive side fall mainly in the “Important” level as well those
for Q46. Others, like Q54, have a higher number of responses in
the “Very Important” level than in the other levels, and for Q1
the largest number of responses fall in the “Extremely
Important” level. These response distributions are the basis for
the statistical analysis developed below.

The distribution of the responses given by all respondents in
the first round according to the five statement groups is
illustrated in Figure 6 (Data in Supplementary Table S2). The
Very important level is the most common response for almost all
groups of statements, except for the Economic – promoter
perspective case, where the Important level has the highest
percentage. The levels Not Important and Slightly Important
are not common responses as low percentages of responses fall in
these levels. But for the Economic – promoter perspective group,
the percentage of responses in the Slightly Important level is very
similar to that in the Extremely Important level. This is not
observed in the other statement groups, and it is clearly less
important than the other statement groups. The Environmental
– core purpose group includes a high percentage of responses in
the Extremely important level, higher than the Important level,
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as is also the case of the Environmental – other effects group.
This reflects a high level of importance given to the
environmental statements.

The distribution of responses is also analyzed considering the
statement groups and the groups of respondents by institution
and illustrated in Figure 7. The boxplots of this figure denote
how the responses are well spread out. They refer to six measures
for each statement group: minimum, limit of first quartile, mean,
limit of third quartile, maximum, and outliers. The crosses inside
the rectangles are the mean values and the points outside the
rectangles are the outliers. The “whiskers” below and above the
rectangle are the minimum and maximum values (excluding
outliers) and the rectangle divides the responses into quartiles.

The distribution of responses given by Administrations,
Marinas and Ports (Figure 7A) indicates that more importance
is attributed to the Environmental – core purpose group than to
the other areas, since the highest mean is obtained, and the third
quartile is equal to 5 (in the other areas it is equal to 4). The
boxplots of the other areas are similar (all the responses are equal
to or above importance level 3) with the lowest mean value of
responses corresponding to the Economic-promoter perspective.

The most important groups of statements for Companies
(Figure 7B) are Environmental - core purpose and
Environmental - other effects, and the same happens for
Universities (Figure 7C) and Research Centers (Figure 7D).
This means that these three groups of stakeholders are very
concerned with environmental matters. In fact, the research
concerning the effects of plastics is mainly carried out in
Universities and Research Centers, and Companies are very
aware of future requests regarding this issue. However, the
distance between quartile 1 and quartile 3 (the height of the
box) that measures the variability of data is larger for
Universities. For the other statement areas, the values are
similar except with respect to Technical Operation. In this
case, Universities reach the upper values, and Companies and
Research Centers have the highest mean values. For Associations
(Figure 7E), the distribution of responses is very different, and
the variability of responses is also high for almost all groups of
statements. Environmental – core purpose is not the most
important group. The third quartile is equal to 5 for
FIGURE 4 | Percentage of responses by institutions in round 1 and round 2.
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Environmental – other effects, Economic – promoter perspective
and Socio-economic and political groups. The Technical
Operation statements are the least important. This is in line
with the objectives of these Associations, which are especially
Frontiers in Marine Science | www.frontiersin.org 10
aware of environmental issues and less interested in technical
issues related to technologies.

The distribution of responses given to each of the statements
organized by areas is shown in Figure 8. The Environmental –
FIGURE 5 | Diverging stacked bar chart for Round 1.
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FIGURE 6 | Distribution of the responses according to the groups of statements.
A B

D

E

C

FIGURE 7 | Distribution of the responses according to the institution of the respondents [(A) Administrations, Marinas and Ports; (B) Companies; (C) Universities;
(D) Research Centers; (E) Associations] by groups of statements (represented by coloured squares).
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core purpose (Figure 8A) includes a single statement (Q3) with
an interquartile range higher than 1 (the rectangle of the boxplot
goes from level 3 to level 5). The same occurs for Q47, which is
the single statement of the Economic – promoter group with an
IQR higher than 1 (Figure 8C). These are the statements with the
largest variability in these two groups. On the opposite side, most
statements in the Environmental – other effects group include an
interquartile range greater than 1 (Figure 8B), and only
statements Q4, Q7, and Q15 reach an IQR equal to 1. In the
Economic-promoter perspective, Socio-economic and political
and Technical operation groups, a large number of statements
have in common the same whiskers (2 and 5) and boxes (3-4).
These are statements with an IQR equal to 1, but with different
means, such as the low value close to 3 of Q17 and the high value
close to 4 of Q23. Q49 in the Socio-economic and political group
is the only statement where the quartile range is at the 2 and 3
levels. Therefore, this is not an important issue for respondents.
Frontiers in Marine Science | www.frontiersin.org 12
3.2.1.2 Mann-Whitney U Tests
Additional analysis is developed using Mann-Whitney U tests to
assess whether respondents from Universities and Research
Centers respond statistically differently from all other
respondents. In Table 3, the results from these tests include all
the groups of statements. A p-value higher than 0.05 means that
the responses from Universities and Research Centers are not
statistically different from the others, except for Technical
Operation (p-value = 0.001). In fact, this group of statements is
fundamental to Universities and Research Centers (see Figure 7)
and is less important for respondents from Administrations,
Marinas and Ports, and Associations.

3.2.2 Statistics From Round 1
3.2.2.1 Consensus
The different levels of the Likert scale were converted into numbers
between 1 and 5, as for the development of statistical analyses.
A B

D

E

C

FIGURE 8 | Distribution of the responses per area.
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The IQR consensus measure is evaluated based on the data
collected and systematized in Figure 5. Figure 9 includes the
value of this measure for Round 1 (Data available in
Supplementary Materials Table S3).

The statements that achieve consensus in the first round are
those with an IQR value equal to 1 or lower (i.e., the horizontal
line in the Figure 9). Of the 55 statements, 38 achieved consensus
while 17 did not and were considered for a second round.
Figure 10 displays the percentage of questions in each area
that achieve consensus in the first round (Data available in
Supplementary Materials Table S3). Respondents seem to
have more similar opinions (as they reach consensus) in areas
such as Environmental – core purpose (80%) and Economic –
promoter perspective (86%), and different views on
Environmental – other effects (30%) statements.

That is why this is the group with the lowest percentage of
statements achieving consensus. As examined by Figure 6, the
Environmental-other effects group of statements include a high
percentage of responses in the Extremely important and Not
important levels relative to the other groups. This kind of
response distribution, with high percentages in the extreme
levels of the Likert scale, leads to statements without
consensus, which are the commonest in this group of questions.

3.2.2.2 Importance of Statements
Two levels of agreement are considered to organize the
statements: those that are key and those that are advisable.
These levels are defined based on threshold levels of the
percentage of responses of Very/Extremely important and the
mean value of statements. In the Delphi rounds the key
Frontiers in Marine Science | www.frontiersin.org 13
statements selected are those with a percentage of responses of
Very/Extremely important equal to 70% or higher and mean
values equal to 4 or higher. The advisable values are those with a
percentage of responses of Very/Extremely important equal to
60% or higher and mean values equal to 3.5 or higher.

The values for these metrics for Round 1 are represented in
Figure 11, with dark blue bars for the percentage of acceptance
and light orange bars for the mean (Data available in
Supplementary Materials Table S3). This figure also includes
two horizontal dark blue lines at percentages 60% and 70% and
two horizontal light orange lines at means 3.5 and 4. These lines
define the threshold values to select the key and the advisable
statements. The statements that did not reach consensus in the
first round are not included in this figure as they will be
reassessed in an additional round.

Apart from 17 aspects to be reassessed in a second round,
consensus was deemed to be sufficient to classify 38 aspects.
According to the guidelines (Figure 3), the key aspects to be
evaluated are those represented by Q1, Q2, Q7, Q15, Q23, Q40
and Q54. The advisable aspects are Q10, Q12, Q20, Q22, Q26,
Q31, Q32 and Q55. The other 23 statements that show consensus
but do not reach these threshold values (Figure 11) can be
discarded as respondents did not attribute enough importance
to them.

3.2.3 Data Collected in Round 2
The 17 statements that did not reach consensus in Round 1
(Figure 11) were reevaluated in a second round. The responses
of Round 2 are represented in Figure 12 (Data available in
Supplementary Materials Table S4). Statements Q16 and Q43
are those with the highest number of responses on the positive
side and statements Q11 and Q13 on the negative side. In this
round, the Very important level is the commonest for a large
group of questions.

3.2.4 Statistics From Round 2
3.2.4.1 Stability
In the second round, the stability of responses between the two
rounds is evaluated using Wilcoxon signed-rank test. In this test,
TABLE 3 | p-value of the Mann-Whitney U tests.

Statement group p-value

Environmental – core purpose 0.331
Environmental – other effects 0.890
Economic – promoter perspective 0.638
Socio-economic and political 0.053
Technical operation 0.001
FIGURE 9 | IQR measure for all statements at Round 1.
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the null hypothesis can be accepted if there is no difference in the
responses of the experts between Round 1 and Round 2. For each
statement of the second round Table 4 includes the p-value of
the Wilcoxon test.

The null hypothesis of the Wilcoxon test is accepted as the p-
value is much higher than 0.05 for all the 17 statements. In this
circumstance stability was reached and no additional Delphi
rounds were necessary. The stability of responses between
rounds determines that further rounds will not significantly
increase the level of consensus (Mubarak et al., 2019) and the
rules for the selection of the final list of statements (Figure 3) can
be applied (Dajani et al., 1979).

3.2.4.2 Importance of Statements
After reaching stability, we come to the rules for selecting
additional key and advisable statements. Figure 13 includes
bars with the percentage of response values in green and
yellow bars of the mean (Data available in Supplementary
Frontiers in Marine Science | www.frontiersin.org 14
Materials Table S5). The two horizontal green lines represent
the percentages 60% and 70% and the two horizontal yellow
lines, the means 3.5 and 4. From this figure, the key statements
selected in the second round are Q6, Q16, Q34, Q38 and Q43 and
the advisable statements are Q3, Q5, Q25, Q28 and Q39.
3.3 Summary of the Delphi Rounds Results
The analysis of the importance of the 55 aspects based on the
percentage and mean measures leads to a definition of 12 key
aspects and a further 13 are considered advisable. The remaining
30 questionnaire statements can be discarded as respondents did
not attribute enough importance to them over the two rounds.

Figure 14 lists the selected statements that can be used in the
future in a variety of areas where decision making is the issue.
The key aspects as well as the aspects included in the advisable set
cover different perspectives grouped in the areas previously
defined. However, it is clear that matters related to business
FIGURE 10 | Percentage of consensual statements in each group (IQR equal to 1 or lower) in Round 1.
FIGURE 11 | Percentage of responses of Very/Extremely important and mean values of the statements that reach consensus at the first round.
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FIGURE 12 | Diverging stacked bar chart for Round 2.
TABLE 4 | p-value of the Wilcoxon signed rank test.

Statements p-value Statements p-value

Q3 0.163 Q25 0.609
Q5 0.837 Q28 0.746
Q6 0.517 Q34 0.783
Q8 0.951 Q37 0.284
Q9 0.501 Q38 0.807
Q11 0.36 Q39 0.723
Q13 0.615 Q43 0.840
Q14 0.73 Q46 0.127
Q16 0.478
Frontiers in Marine Science | www.frontiersin.org
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FIGURE 13 | Percentage of responses of Very/Extremely important and mean values of the statements at the second round.
886581

https://www.frontiersin.org/journals/marine-science
http://www.frontiersin.org/
https://www.frontiersin.org/journals/marine-science#articles


Cunha et al. Delphi for Assessing Marine Litter Technologies
aspects did not receive a great deal of consideration from the
panel of evaluators. In fact, the Economic-promoters perspective
does not include any key or advisable statement.

The survey design embraced all the perspectives to collect
information on the most important characteristics for new
marine litter reduction and processing technologies. However,
this is a rather new subject and therefore it has been challenging
to draw up an exhaustive list of aspects to be analyzed or to cover
the variety of stakeholders with affinity for this topic.

Depending on the objective of the activity that will use this list
and the Delphi method, besides the key and advisable questions,
other questions can be added to cover specific aspects. Particular
attention could be paid to checking the questions that did not
Frontiers in Marine Science | www.frontiersin.org 16
complete the thresholds defined for the classification and do not
belong to the final list but that did reach a non-negligible level of
agreement (Supplementary Materials Table S1).
4 CONCLUSIONS AND DISCUSSION

In this work, a Delphi method is used to gather data and identify
the most important aspects that should be considered when
planning, designing or evaluating new marine litter reduction
and processing technologies. Plastic debris in the oceans is a
worldwide problem and the current tendency for it to increase
should be reversed by the use of appropriate technologies.
FIGURE 14 | Key (darker) and advisable (lighter) aspects selected according to the groups of statements.
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This is a rather new subject, and this work presents an
exploratory exercise to create guidelines for future work in the
field. A comprehensive list of statements to fully characterize
various aspects, that can be grouped as Environmental – core
purpose; Environmental – other effects; Economic – promoter
perspective; Socio-economic and political; and Technical
operation, is proposed.

A large spectrum of respondents from 22 countries has
participated in this survey. They were subdivided into five
groups, namely, Administrations, Marinas and Ports,
Associations, Companies, Universities, and Research Centers.
The Research Centers contributed the most and the Associations
the least.

The data from the responses in the survey rounds were
analyzed using statistical measures according to the groups of
respondents and the groups of statements. The Very important
level of the Likert scale was the most common response for all
groups of statements, except for the Economic-promoter
perspective, where the Important level got the highest
percentage. The Not important level was the least frequent.
The University respondents gave more responses on the
Extremely important level than the other groups and fewer
responses on the Important and Very important level.

In general terms, it is clear that environmental issues are the
most important for all types of stakeholders. Technical operation
is also very valuable for Companies, Universities and Research
Centers. This is in line with the mandates of research for these
two last groups and the requirements for Companies.

The results from the two Delphi rounds reach 12 key and a
further 13 advisable statements. It is clear that Universities,
Research Centers (units developing proposals for new
technologies) and Companies (technology producers) should
take effectiveness issues about the new technologies into
account, together with environmental impacts on ecosystem
services, and the emissions of carbon and other pollutants
(particulate matter or volatile organic compounds). The
robustness of a technology under extreme weather events
should also be a concern for the technology producers. The
local application and the operational conditions of technologies
should be well thought-out by Marinas and Ports, and the same
applies to Companies promoting activities that can be improved
or somehow impacted by the new technologies, which might well
include tourism, nautical sports, fishing and aquaculture
activities. Overall well-being has to be a matter for regulation
targeted by the Administration in the context of applying the
new technologies. Associations can get involved with social
acceptance whenever new technologies go to the market and
are planned to be used in specific situations.

This is nevertheless a fairly new subject, and we should be
careful about delivering definitive conclusions. The constructed
checklist can be very helpful for different types of decision-
making processes (from technical decisions to business and
policy decisions) and for a variety of stakeholders.

This is why in each application, the questions to be used
should be well thought-out and the need for additional specific
questions should be analyzed. In fact, the results show that the
Frontiers in Marine Science | www.frontiersin.org 17
Economic-promoters perspective did not get a place among the
key or advisable questions. In fact, the experts assigned low
values to the questions relating to this type of area. It seems that
at the moment it is still very challenging to find promoters of the
technologies to respond to the questionnaire.

Additionally, choices depend on the thresholds used for the
statistical analysis. Thresholds are critical and there are no
definitive frameworks for performing the evaluations. This
means that the results should be taken in the light of the
endeavors that should be pursued in this field. We hope this
work is an inspiring contribution to the flow of knowledge that is
developing in this emerging area.
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