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Abstract

This study examines the complexity of mental models (MMs) concerning the quality of life (QOL) in
the ocean among young adults in the Netherlands and compares these with those of ocean experts. The
research aims to understand how educational levels and environmental awareness influence the
complexity of these MMs. Using the M-Tool for mapping and a follow-up survey, two primary sample
groups were analysed: young adults and ocean experts. The study focuses on two research questions:
Question 1: What are the characteristics of the mental models of young adults and ocean experts
concerning the quality of life in the ocean?

Question 2: What is the relationship between environmental awareness and educational level in the
complexity of individuals' mental models?

Results indicate that both young adults and experts identify similar key drivers affecting ocean
QOL, such as humanity and climate change. However, experts emphasise additional factors like
marine habitats and biodiversity, which young adults tend to overlook. The complexity of MMs,
measured by the number of interconnected concepts (nodes) and relationships (edges) per node, was
notably higher among experts. This finding supports the hypothesis that experts possess a more
nuanced understanding of the systemic interactions influencing ocean QOL.

Regarding educational levels, the study finds a positive relationship between higher education
and MM complexity, primarily reflected in the increased number of relationships among concepts
rather than the number of concepts themselves. This suggests that higher education enhances the
ability to perceive and understand complex systems, corroborating previous research on the benefits of
systems thinking in education. Conversely, the expected positive relationship between environmental
awareness and MM complexity was not observed. Higher environmental awareness did not necessarily
equate to a deeper understanding of the systemic relationships affecting ocean QOL, highlighting a
gap between awareness and comprehensive systems knowledge.

These findings emphasise the importance of integrating systems thinking into all curricula for
all educational levels to foster a more holistic understanding of environmental issues. The study
suggests that while both young adults and experts recognise key drivers of ocean QOL, there is a
significant disparity in their ability to understand the interconnected nature of these drivers. The results
underline the need for enhanced educational frameworks and policies that promote systems thinking
and ocean conservation across all educational levels to better address complex environmental
challenges.
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1. List of Abbreviations

Term Definition

GHG Greenhouse Gases
MMs Mental Models

SDB Social Desirability Bias
QOL Quality of Life
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2. Glossary

Term
Environmental Awareness

Trophic Cascades

Mental Models

Marine Environment

Quality of Life in the Ocean

§L% Utrecht
FY University

Definition

Environmental awareness is a state of being aware, having
knowledge about, and being conscious of the environment
humanity lives in.

Removal of higher trophic levels, shifting dominance and
impacts of consumers to lower levels.

An individual's understanding of the causal dynamics within a
system, drawing upon their personal experiences, knowledge,
and values.

Refers to the ocean and seas, including all life forms and
physical features within them.

Refers to the overall well-being and health of marine
ecosystems, including the diverse flora and fauna that inhabit
them.



3. Introduction

The majority of the earth's surface is covered by the ocean, accounting for more than 71% (Héder et
al., 2020). Playing a pivotal role in climate stabilisation, the ocean regulates weather patterns, local
climates, coastlines, and the well-being of both marine and terrestrial life (Liu et al., 2019). All
organisms rely on their natural environment for sustenance, growth, nutrition, and development (Priya
et al., 2023). Consequently, any alterations to the environment can profoundly impact the quality of
life (QOL) for all living entities. The well-being of the ocean and its ecosystems is determined by the
temperature, PH and oxygen level, and production (Frolicher et al., 2020). Despite its significance as a
vital human resource, the ocean faces substantial threats with degraded marine ecosystems that are less
resilient, productive, and diverse (Franke et al., 2020). Direct usage and upstream activities impact
ecosystem well-being due to either natural or anthropogenic stressors (Levin & Lubchenco, 2008;
Oesterwind et al., 2016). Certain anthropogenic activities pose direct threats to the ocean, such as
overfishing (Brito-Morales et al., 2022), pollution (Kachel, 2008; Peng et al., 2020), invasive species
(Kernan, 2015; Molnar et al., 2008), and sewage (Liu et al., 2019).

Studies have been investigating the impact of these threats on ocean well-being, noting that the
scale of impact due to anthropogenic activities is growing (Christensen et al., 2007). Firstly,
overfishing reduces marine diversity and triggers trophic cascades (Daskalov, 2002; Jackson et al.,
2001; Steneck, 1998). Secondly, pollution, including oil spills and various discharges, damages
ecosystems and creates dead zones in coastal areas (Macias-Zamora, 2011). Thirdly, plastic pollution
threatens marine life and accumulates in mid-ocean gyres, while petroleum-based pollutants inhibit
marine microorganism photosynthesis, impacting oxygen generation (Landrigan et al., 2020). Another
prominent threat is ocean acidification, which affects marine ecosystems, such as algae and corals,
moreover, poses risks to human health (Falkenberg et al., 2020; Leung et al., 2022).

Given humanity's heavy reliance on the ocean, understanding human-ocean interactions, and
staying informed about changes in ocean ecosystems are crucial. Rock et al. (2019) highlight a
growing awareness of this dependence, leading to increased concern over oceanic degradation caused
by human activities. As scientific knowledge evolves, awareness of significant changes in the ocean
increases (Roberts, 2003). Perceptions of these changes are influenced by factors such as the
aesthetics, economic value, and cultural significance of the ocean (Allison & Bassett, 2015; Brito &
Vieira, 2016). However, young adults’ understanding of ocean issues remains limited (Ballantyne,
2004), even though they will face long-term consequences of current decisions (Wootton et al., 2024).
Moreover, there is a notable gap between scientists' and the public’s perceptions of marine
environments (Eleiton et al., 2015; Lotze et al., 2018).

Recent environmental psychology studies have increasingly focused on public perceptions of
the ocean (Giglio et al., 2022; Jefferson et al., 2014; Liu et al., 2023), but often overlook how well
individuals can map and understand ocean systems. Mental models (MMs) —internal representations
of the external environment shaped by personal experiences and knowledge (Van Den Broek et al.,
2021a)—are useful for illustrating individuals' understanding of system causality. MMs help
researchers visualize how people perceive and engage with ocean ecosystems through their internal
maps of system components and their interrelations (Van Den Broek et al., 2023). While some studies
have applied MMs to explore perceptions of marine pollution (Phelan et al., 2020), sea-level changes
(Thomas et al., 2015), and children's views of marine environments (Atasoy et al., 2020), further
research is crucial to deepen the understanding of how young adults perceive ocean well-being.
Additionally, it is important to examine the disparity in perceptions of the ocean between young adults
and scientists. Identifying gaps in public knowledge can guide the development of educational
programs and resources (Lotze et al., 2018). Effective education can help bridge these gaps and foster
a more knowledgeable and proactive public.

MMs vary among individuals, with some recognizing the holistic nature of systems, while
others solely focus on individual components, neglecting the broader context (Arnold & Wade, 2015).
MMs can vary among individuals in terms of complexity, by examining the interrelations between the
components and their content (Van Den Broek et al., 2023). More complex MMs, as noted by
Goldberg et al. (2020), enable a deeper understanding of the intricate relationships within systems.

MM complexity can be influenced by multiple factors (Van Den Broek et al., 2023). Research
has demonstrated that higher education often correlates with greater MM complexity. Studies by
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Flotemersch & Aho (2020), Hamilton (2010), and Yang et al. (2020) indicate that individuals with
higher levels of education typically possess more extensive knowledge, which contributes to more
intricate MMs. Conversely, those with lower education levels may exhibit illusory knowledge, a
cognitive bias where individuals overestimate their understanding (Begg et al., 1996). Moreover,
Driver & Streufert (1969) propose that acquiring more knowledge leads to the development of more
complex cognitive systems. This suggests that increased education enhances knowledge, which in turn
results in more intricate MMs. Studies have indicated that education may influence the complexity of
MMs, however, there is a lack of research on whether this applies to MMs of environmental systems
or, more specifically, marine systems. Studies have explored MMs related to the ocean (Atasoy et al.,
2020; Liu et al., 2019; Uehara, 2020), but have not specifically examined how educational background
impacts the complexity of these models. While research has addressed the effects of education on
MMs of environmental issues (Atasoy et al., 2020; Shepardson et al., 2007) and ocean literacy (Lin et
al., 2020), there is a gap in understanding how education influences MM complexity concerning
marine environments. Addressing this gap is crucial for understanding how educational attainment
may shape perceptions and system knowledge of marine QOL, which could inform targeted
educational interventions and policy-making. As educational programs are known to be effective in
enhancing scientific knowledge (Torres et al., 2019).

Furthermore, an individual’s environmental awareness can influence the complexity of MMs
related to environmental systems. Environmental awareness is closely connected to an individual’s
capacity to observe and reflect upon what they have learned (Hadzigeorgiou & Skoumios, 2013). With
increased knowledge and conscious understanding of a system, individuals can develop a more
nuanced and intricate comprehension of that system (Johnson, 2003). Goldberg et al. (2020) argue that
more complex MMs reflect a deeper exploration of the intricate relationships within systems. Thus,
heightened environmental awareness is likely to correlate with the development of more complex
MMs. To date, research has not established a direct link between environmental awareness and the
complexity of MMs, focusing instead on attitudes or general knowledge about the environment
(Arcury, 1990; Safari et al., 2018; Sali et al., 2015). Understanding how environmental awareness
influences the complexity of MMs concerning QOL in the ocean is crucial. This knowledge can
inform policy-making and enhance communication strategies aimed at ocean well-being. Specifically,
if increased environmental awareness leads to more complex and accurate MMs, it underscores the
need to promote environmental awareness and effectively communicate these policies. By bridging
this research gap, policymakers can tailor their approaches to foster better public understanding and
engagement with ocean conservation efforts.

Recognising the ocean's critical role in providing essential ecosystem services (Sandifer &
Sutton-Grier, 2014), it is vital to understand the knowledge and perceptions of the younger generation
regarding its well-being. This study aimed to enhance the understanding of MMs that young adults
hold concerning the QOL in the ocean. Additionally, compare young adults' MMs with those of
scientists (ocean experts) to better understand the disparity in ocean perception. Given that young
adults are pivotal for shaping future policies and contributing to ocean well-being (Ballantyne, 2004),
it is essential to explore how their educational background and environmental awareness influence the
complexity of these MMs. Investigating these factors will inform more effective communication
strategies by tailoring messages to resonate with public values, enhance educational programs by
integrating systems thinking to improve environmental literacy, and shape policies by emphasising the
interconnectedness of economic, aesthetic, and cultural aspects of ocean conservation. This study
addressed the following research questions:

Question 1: What are the characteristics of the mental models of young adults and ocean experts
concerning the quality of life in the ocean?

Question 2: What is the relationship between environmental awareness and educational level in the
complexity of individuals' mental models?

By addressing these questions, the study aimed to bridge the gap in research and offer valuable
insights for policy-making and communication strategies aimed at enhancing ocean well-being.
Additionally, it intended to inform educational programs designed to improve understanding of ocean
systems.
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4. Theoretical Background

This study has examined the impact of educational level and environmental awareness on the
complexity of MMs related to the ocean. The theoretical background covers QOL, MMs, and how
MM complexity is influenced by education or environmental awareness, along with the derived

hypothesis. Lastly, it addresses potential confounding variables that may influence MM complexity.

4.1 Quality of Life in the Ocean

QOL is a concept used to evaluate the overall well-being and specific circumstances of individuals or
groups, defined by life conditions and satisfaction of life (Felce & Perry, 1995). When applied to the

ocean, it pertains to the state of ocean ecosystems and the well-being of marine life, specifically
looking at the resilience, productivity, and diversity of the ocean (Franke et al., 2020). Jones (1984)

describes the ocean as the sea area where oceanic currents are stronger than tidal currents. The ocean

is a vast body of water that covers over 70% of the Earth’s surface, with an average depth of 3,800

metres (Dempsey, 2023). All living organisms inhabiting these vast water bodies are considered as life

in the ocean, further referred to as marine life.
The diversity and variety of marine life are fundamental for ocean well-being. Concerning

diversity, one can rely on marine biodiversity, Palumbi (2008) defines this as “the variety of life in the

sea, encompassing variation at levels of complexity from within species to across ecosystems.” The
biodiversity of marine life largely influences climate, water quality, many ocean state variables
(temperature and nutrient, carbon, and oxygen concentration), and bottom structure, such as reefs
(Estes et al., 2021). The concept of “resilience” is defined by Franke et al. (2020) as the ability of
ecosystems to recover from disturbances, and to return to a previous course rather than to a specific
state. Moreover, the productivity of marine environments plays a crucial role in the functioning of
ecosystems (Franke et al., 2020). It serves as a fundamental support for biological diversity,

contributes to economic productivity, and is vital for carbon sink. A productive marine ecosystem is

essential for global conservation. The provision of ecosystem services including aspects like food

security and climate regulation, relies on ocean productivity throughout the entire marine trophic web,
referring to the complex network of feeding relationships and interactions among different organisms

in a marine ecosystem (Fermepin et al., 2024).
Recently, changes have been marked in the physical and chemical structure of the ocean.

Despite the human dependence on the
ocean, humans have negatively impacted
them through both direct and indirect
means (Ban & Alder, 2007; Halpern et al.,
2008). There are changes visible in sea
level, temperature, surface winds, ocean
circulation, oxygen concentration, and
ocean pH. Many of these changes have
important consequences for all marine life
(Estes et al., 2021).
The global Ocean Health Index assesses
the health of the ocean, assigning in 2023
a score of 73 out of 100. This score
reflects the anticipated ecological, social,
and economic benefits derived from a
healthy ocean. Lower scores signify poor
conditions or a deterioration in services
(Ocean Health Index, 2023). See Figure 1
for the attributed score in 2023 and the
scoring of each benefit.

Research on the challenges faced
by marine environments and life has

Figure 1 Ocean Health Index Score & Conditions 2023 (Ocean Health Index, 2023)
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gained increased interest, alongside a growing awareness amongst the public (Rock et al. 2019).

Researching people’s perspectives on these topics fosters an understanding of the reasons behind their
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behaviours, as human expertise in ecological and biological processes is what fundamentally
underlays their interaction with these environments (Boschetti & Andreotta, 2017). Eleiton et al.
(2015) conducted a literature review on public perceptions of marine environments, uncovering a
noteworthy disparity between scientists and the public. While the public prioritised pollution, litter,
and large-scale industrialisation as major threats, scientists emphasised climate change, eutrophication,
and overfishing. Participants, when asked about indicators of marine health, highlighted damaged
habitats and low marine diversity as signs of an unhealthy sea. Notably, the review found that a
significant portion of individuals considered marine health a relatively low priority, with only 46%
recognising its importance.

4.1.1 Drivers Influencing Quality of Life in the Ocean

To determine the well-being of the ocean, four primary factors are considered: (1) the temperature of
water, (2) PH-level, (3) oxygen level, and (4) Net Primary Production (Frolicher et al., 2020; Oschlies
et al., 2018). These factors are dynamic and influence the productivity, biodiversity, and resilience of
marine ecosystems (Maxwell et al., 2015). Understanding the processes and relationships governing
these aspects is crucial to comprehend the ocean's response to various perturbations (Murawski et al.,
2009). The ecosystems can be impacted by direct usage and upstream activities (Levin & Lubchenco,

2008), either due to natural or anthropogenic factors (Oesterwind et al., 2016). These drivers have
been categorised into two main groups: (1) natural factors and (2) anthropogenic factors. Table 1
presents a compilation of these drivers, organised into these categories.

Table 1 Drivers of QOL in the Ocean Identified in Academic Literature.

The ecological

The relationships and interactions between different

Driver Definition References
v | Abundance of  The extent to which animals or habitats are presentin ~ Crowder &
£ | animals and an ecosystem. It indicates how many individuals of a Norse, 2008;
= | habitats species or how many different habitats there are within ~ Murawski et al.,
3 a specific location. 2009
3 | Diversity of The variety of species (biodiversity) or different Borja et al., 2011;
= | animals and habitats within an ecosystem. It indicates how many Crowder &
habitats different species there are and how many different Norse, 2008;
habitat types are found within a specific location. Levin &

Lubchenco, 2008;
Murawski et al.,
2009

Borja et al., 2011;

interaction species in an ecosystem. These interactions can range ~ Crowder &
between from food relationships (e.g., predation, herbivory) to ~ Norse, 2008;
species symbiotic relationships (e.g., mutualism, Murawski et al.,
commensalism) and competition 2009
The change or ~ The decline or modification of a species' habitat. Crowder &
loss of habitat Norse, 2008;
Levin &

Ocean
resilience

Climate change
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The ability of the ocean to recover from disturbances
or damage caused by human activities or natural
events. A resilient ecosystem can adapt and recover
from disturbances.

Climate change refers to the long-term changes in
Earth's average weather patterns. Examples in the
ocean include eutrophication (growing algae), ocean
acidification, etc.

Lubchenco, 2008;
Murawski et al.,
2009

Borja et al., 2011;
Levin &
Lubchenco, 2008;
Murawski et al.,
2009

Borja et al., 2011;
Levin &
Lubchenco, 2008;
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Murawski et al.,
2009
v | Extraction of The activities in which living organisms are harvested  Borja et al., 2011;
g | living from natural ecosystems. Such as aquaculture, Levin &
[3 resources recreational, and commercial fisheries. Lubchenco, 2008;
9 Murawski et al.,
§0 2009; Pletterbauer
& etal., 2017
E Shipping The activity of vessels transporting goods or people Borja et al., 2011;
= along waterways, such as seas and rivers. It includes Levin &
~ both commercial shipping and recreational vessels. Lubchenco, 2008;
Pletterbauer et al.,
2017
Human The activities people engage in for recreation, fun or Levin &
recreation leisure. Such as scuba diving, boating, swimming, etc. = Lubchenco, 2008;
Pletterbauer et al.,
2017
Drilling and The process of extracting fossil fuels such as natural Borja et al., 2011;
extraction of gas and crude oil from underground reservoirs. Levin &
gas and oil Lubchenco, 2008;
Pletterbauer et al.,
2017
Coastal The construction of infrastructure and buildings along  Levin &
developments the coastline, such as ports, beach hotels, vacation Lubchenco, 2008;
homes and industrial areas. Pletterbauer et al.,
2017
Introduction of  The introduction of non-native species (exotics) into an Borja et al., 2011;
exotic species,  ecosystem, often as a result of human activities such as Levin &
parasites, and international trade and transportation. Lubchenco, 2008;
diseases Murawski et al.,
2009
Pollution The presence of harmful or undesirable substances in Borja et al., 2011;
the environment, such as chemicals or plastics, among Levin &
others. Lubchenco, 2008;
Pletterbauer et al.,
2017
4.2 Mental Models

MMs represent an individual’s understanding of the causal dynamics within a system, shaped by their
personal experiences, knowledge, and values (LaMere et al., 2020). The significance of establishing
MMs has grown in the realm of psychological research, serving as a framework for understanding
human perception and thought processes. Researchers have increasingly relied on this concept to
explore people's perceptions and cognitive patterns, constructing representations of their external
world and assumptions about how systems operate (Carley & Palmquist, 1992; Van Den Broek et al.,
2021a). MMs offer insight into specific system components and their causal relationships, shaped by
individual experiences, cultural backgrounds, values, and beliefs. Individuals utilise their MMs to
filter, process, and store information (Van Den Broek et al., 2023).

Research on MMs concerning marine environments is limited, with existing studies primarily
focusing on children in Taiwan (Liu et al., 2019), Japan (Uehara, 2020), and Turkey (Atasoy et al.,
2020). Both Atasoy et al. (2020) and Liu et al. (2019) utilised drawing activities to visualise MMs,
discovering that students with more comprehensive MMs had a better perception of pollution issues in
marine environments, as they were better able to connect the ecosystem with the problems affecting
marine life. Uehara (2020) employed poster sessions and a questionnaire to explore children’s MMs
on marine plastic waste, highlighting a generally limited understanding among younger generations.
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While Liu et al. (2019) and Uehara (2020) focused on MM discrepancies, Atasoy et al. (2020)
suggested a parallelism between children's MMs and their grade levels.

Studies show that MMs are influenced by individual experiences, leading to different MMs for
each stakeholder (Fazey et al., 2006). Distinctions identified in MMs are evident in terms of content or
complexity. Regarding content, the use of different elements in an MM leads to distinctions, and
complexity can be analysed by examining the number of concepts and the connectivity between these
concepts (Gray, 2018; Van Den Broek et al., 2023). Individuals with more complex MMs are often
better able to comprehend the interconnectedness of elements within a system. (Goldberg et al., 2020).
This understanding provides insights into an individual's comprehension of a specific system.

4.2.1 Educational Level Influencing Mental Model Complexity

Similar to Atasoy et al (2020), Shepardson et al. (2007) identified increased MM complexity at higher
grade levels, focusing on general environmental contexts rather than specifically marine environments.
Both studies suggested that increasing the number of concepts used to map the MMs resulted in
greater complexity. Lin et al. (2020) reached similar conclusions regarding ocean health, observing
that students in higher grades possess greater ocean literacy compared to those in lower grades.
Furthermore, Lin et al. (2020) highlighted that students with more ocean-related courses have a
broader and deeper knowledge of ocean issues.

Research indicates that perceptions of individuals with higher education often align with
scientifically established evidence, suggesting that education is crucial in understanding complex
systems (Flotemersch & Aho, 2020). This alignment likely stems from the comprehensive knowledge
base that shapes perceptions. Soares et al. (2021) found that individuals with higher education tend to
rely on expert knowledge, supporting the idea that more complex information input influences system
complexity, as suggested by Driver and Streufert (1969). This indicates that higher education results in
a more nuanced understanding of a system and its drivers.

A notable gap exists between scientists and the public regarding ocean knowledge (Bailey et
al., 2016). Eleiton et al. (2015) highlighted this disparity, noting that the public frequently prioritises
different threats to ocean systems compared to scientists. Scientists generally possess a more holistic
understanding of ocean systems, recognising both anthropogenic and natural factors affecting ocean
health. In contrast, the public tends to focus primarily on anthropogenic factors. This perspective is
supported by Brandstédter et al. (2012), who argue that scientists have a comprehensive grasp of ocean
systems, enabling them to perceive complex details and interconnections that less experienced
individuals might miss. These findings suggest a difference between scientists and young adults in
terms of ocean knowledge and the ability to understand systems holistically. Currently, there is a lack
of research examining the differences in MMs of QOL in the ocean between young adults and ocean
experts, particularly in terms of their content and complexity. This study aimed to fill this gap by
analysing the MMs content and complexity, assessing the number of nodes and edges per node, of
young adults compared to ocean experts. The following hypothesis has been derived:

Hypothesis 1. The Mental Models of Quality of Life in the Ocean among experts will exhibit greater
complexity compared to those of young adults.

Various studies have concluded that MM complexity is influenced by one’s grade level, suggesting
consistency with academic achievement. However, limited research specifically explores MMs related
to marine environments across various academic levels. This study aimed to substantiate this
hypothesis further.

Hypothesis 2. Positive Relationship between Educational Levels and Degree of Complexity of Mental
Models of Quality of Life in the Ocean.

4.2.2 Environmental Awareness Influencing Mental Model Complexity

Environmental awareness significantly impacts the complexity of an individual's MM, particularly
concerning marine environments. Gelcich et al. (2014) demonstrate that personal values, interests, and
risk considerations, which are integral to one's environmental awareness, profoundly affect one's
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concern for marine environments. Despite the frequent use of the term, environmental awareness lacks
a universally accepted definition and is often interpreted differently among scientists. Generally,
environmental awareness involves being conscious of, knowledgeable about, and having a deep
understanding of the environment in which humanity resides (Harju-Autti & Kokkinen, 2014). This
awareness is a fundamental component of an individual’s value system and contributes to broader
social consciousness (Dabbous et al., 2023).

In academic settings, environmental awareness is a familiar and studied topic (Arshad et al., 2020;
Jusoh et al., 2018; Sivamoorthy et al., 2013; Szeberenyi et al., 2022). Harju-Autti & Kokkinen (2014)
argue that environmental awareness extends beyond mere knowledge to include a heightened
consciousness of the implications of this knowledge. Research supports that individuals with higher
levels of environmental awareness generally possess a more profound understanding of environmental
systems, including marine environments (Steel et al., 2005).

Linking this understanding to MM complexity, Goldberg et al. (2020) identify that the complexity
of MM is influenced by one's ability to grasp the interconnectedness of system elements. It can be
assumed, that higher environmental awareness is associated with a more intricate and nuanced
understanding of these systems, leading to more complex MMs (Gelcich et al., 2014). This implies
that individuals with greater environmental awareness tend to develop more sophisticated MMs due to
their deeper and more detailed understanding of environmental systems.

When individuals are more environmentally aware, their interest intensifies, leading to a deeper
understanding of the subject. Consequently, higher environmental awareness will likely result in
increased knowledge, fostering more complex MMs concerning QOL in the ocean. This study
assessed this relationship using the following hypothesis:

Hypothesis 3. Positive Relationship between Environmental Awareness and Degree of Complexity of
Mental Models of Quality of Life in the Ocean.

Literature suggests that two predictors — educational level and environmental awareness — may
influence the complexity of MMs related to QOL in the ocean. Additionally, it is crucial to account for
any potential confounding variables that may impact MM complexity. Confounding variables arise
when a third variable affects the observed relationship between the two primary variables under study
(Bryman, 2021). To minimise the likelihood that factors other than awareness and education
significantly impact MM complexity, the analysis included three additional variables: (1) field of study
(Fauville et al., 2018; Lai, 2021; Mokos et al., 2020; Umuhire & Fang, 2016), (2) proximity to the
ocean (Gkargkavouzi et al., 2020; Halkos & Matsiori, 2017), and (3) age (Hamilton & Safford, 2014;
Van Liere & Dunlap, 1980; Xiao & McCright, 2007). Refer to Figure 2 for an overview of the
variables influencing MM complexity in this study.

Figure 2 Overview of Predictors on MM Complexity.
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5. Methodology

This study focused on three main variables derived from the research questions and the associated
hypothesis: (1) MM complexity related to QOL in the ocean, (2) level of environmental awareness,
and (3) educational level. The study aimed to examine how environmental awareness and educational
level (independent variables) affect MM complexity (dependent variable) regarding ocean QOL.
Moreover, comparing the content and complexity of MMs between young adults and ocean experts.

To measure MM complexity, the study employed the M-Tool, a specialised software designed
for comparing MMs across various sample groups (van den Broek et al., 2021a). The M-Tool can be
customised with self-made visual components and audio instructions tailored to the study’s aims (M-
Tool, 2023). Thus, to evaluate MMs related to QOL in the ocean, it was necessary first to identify the
key drivers of QOL, as these drivers were used as elements for participants to incorporate into their
MMs. To achieve this, an exploratory-sequential research design was employed (Edmonds &
Kennedy, 2017). Phase 1 focused on determining the drivers of QOL in the ocean through a survey. In
Phase 2, the study mapped and assessed MM complexities related to QOL in the ocean using the M-
Tool. Additionally, Phase 2 addressed the independent variables by analysing environmental awareness
and educational level and confounding variables through an online survey. For an operationalisation of
the variables, see Table A1l.

This study used a deductive approach by deriving hypotheses from existing theories on MM
complexity and the effects of educational levels and environmental awareness (Clark et al., 2021). It
aimed to test these hypotheses through empirical research, characteristic of deductive reasoning,
focusing to validate or extend pre-existing theoretical constructs to new contexts.

The study targets young adults in the Netherlands and scientists referred to as ocean experts.
The primary focus is on young adults, defined as Dutch citizens aged 18-30 with either vocational
education (MBO), applied sciences (HBO), or university degrees. Before conducting the study, a
power analysis (Nishat, 2021) determined that a sample size of 271 participants was needed for
validity, as detailed in Table 2. The breakdown of the sample size calculation is as follows:

Table 2 Overview Values for Calculation Sample Size.

N Population size 4,132,373

z | Z-score 2.576 (90%)
e | Margin of error 0.05 (5%)

p | Standard deviation 0.5

2.576%x0.5(1—0.5)

. 2 o
Sample size = ——%°——— =271 individuals
2.576“%0.5(1—0.5)

0.05%2x4,132,373

In Phase One, 15% of the total sample size of Phase 2 will be included, amounting to 40 individuals
(13 per educational level: MBO, HBO, and University) and 10 ocean experts. In Phase Two, 90
individuals per educational level (MBO, HBO, and University) will be contacted, along with an
additional 10 ocean experts.

5.1 Phase 1: Determining the Drivers of Quality of Life in the Ocean

5.1.1 Participants and Procedure

As aforementioned, to determine the drivers of QOL in the ocean and create the elements necessary
for the M-Tool, Phase 1 included a short survey conducted via Qualtrics to gather input from a small
sample group, referred to as the pilot group.

The pilot group consisted of 63 participants, with data collected between the 20™ of February
and the 6™ of March 2024. Participants were contacted online using a stratified random sampling
strategy, selecting units from categorised populations (Clark et al., 2021). The group included young
adults aged 18 to 30, categorised by Dutch educational levels MBO, HBO, and university. A snowball
strategy was employed to gather data from young adults, starting with the researcher's network and
subsequent referrals, resulting in 38 participants. Moreover, 25 ocean experts were surveyed during the
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"Whose Oceans' project gathering (Utrecht University, n.d.), totalling 63 participants. Notably, the
survey had a 100% completion rate by both young adults and ocean experts. The median age
distribution among the young adults was 23.81 (SD = 2.067) and for ocean experts 38.96 (SD =
8.038). Among both the groups, 61.9% identified as female (SD = 0.936). For more descriptive
statistics, see Appendix B. However, the sample distribution deviated from expectations, particularly
with a lower representation of the MBO category compared to the other education categories. Refer to
Table 3 for the distribution of educational levels among the pilot group.

Table 3 Descriptive Statistics Pilot Group Education.

Young adults Experts
Current Finished Current Finished %
Education Education Education Education
MBO | 3 3 - - 9.5
HBO | 5 11 - - 25.4
University | 15 1 - 25 65.1
Total | 23 15 - 25 100

The short survey aimed to gain more insights into the sample group's perspectives, rather than relying
solely on desk research to determine drivers. This approach increases data validity and ensures that the
data includes the perspectives of all groups. The drivers mentioned in the survey were determined
using desk research, see Chapter 4.1.1. The short survey included general questions about participants’
demographics, age, gender, education, and current residence. It then explored the participants’
understanding of QOL in the ocean, using an open-ended question to inquire about their perception of
this concept and the drivers they believe impact it: “What do you think are factors that influence the
quality of life in the ocean?” Subsequently, the survey featured a multiple-choice section using a
Likert response scale, asking participants to rate the perceived influence of certain drivers on QOL in
the ocean. The complete survey is detailed in Appendix C.

5.1.2 Statistical Procedure

To determine key drivers, the Likert scale responses were assessed by calculating the mean score for
each driver, with a scale from 1 (no influence) to 5 (a lot of influence). Drivers with a mean score
higher than 4 were included (Table D1). Additionally, the responses to the open-ended questions were
analysed by identifying the top 20 most frequently mentioned concepts (Figure D1) and generating
word clouds to visualise the drivers mentioned by participants (Figures D2 and D3). The most
frequently mentioned concepts were similar to the researched drivers. However, the open-ended
responses provided more specific details on factors influencing QOL in the ocean, such as plastic,
water temperature, oil disasters, and terms related to ‘humanity.” To ensure representability, the pre-
researched driver 'pollution’ was divided into more specific categories: plastic pollution, oil disasters,
and landfill in the sea. Additionally, the driver ‘water temperature’ and ‘humanity’ were added.
Detailed data analysis is available in Appendix D. The determined drivers of QOL in the ocean are
summarised in Table 4.

Table 4 Determined Drivers of QOL in the Ocean.

Natural Anthropogenic
Abundance of animals and habitats Fishing
Diversity of animals and habitats Shipping
The ecological interaction between species Coastal development
Loss of habitat Drilling and extraction of gas and oil
Ocean resilience Oil disasters
Climate change Plastic pollution
Temperature of the water Underwater noise
Invasive species Landfill in the sea
Humanity
§L% Utrecht 16
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5.1.3 M-Tool Setup

To utilise the findings in Phase 2, intuitive icons representing the drivers and the target variable
(Quality of Life in the ocean) were created using Canva (see Figure 3). These icons were uploaded to
the M-Tool, and a study was designed incorporating these icons. The study included only one mapping
screen with neutral arrows and the target variable positioned on the right side to allow participants to
direct their drivers toward it. To enhance the understandability of the tool, the participants were
required to complete a practice task, for which visual and audio elements were created, explaining
both the tool and the practice task. Additionally, a video explaining the topic of the MM was created,
detailing each intuitive icon of the determined drivers and the significance of the arrow thickness. For
the handout of all the created visuals and audio elements, see Appendix E. Since the study targeted
Dutch young adults and ocean experts, the text below the icons is in English to ensure comprehension;
the images with original text are available in Appendix F.

Figure 3 Intuitive Icons of the Determined Drivers.
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5.2 Phase 2: Mapping and Assessing Mental Models and Their Complexity

5.2.1 Participants

To gather data for Phase 2 of the study, multiple methods were employed between March 25™ and
April 26™, 2024. Initially, participants were contacted through the researcher's network, leveraging
various online platforms including Instagram, LinkedIn, and WhatsApp. Additionally, online survey
exchange platforms such as Survey Circle and Survey Swap were utilised to expand participant reach.
These platforms allow researchers to exchange surveys with students to increase participant numbers.
Students at Deltion College Zwolle were also encouraged to participate during class sessions with the
help of an MBO teacher. To further enhance participant recruitment efforts, visits were made to
Utrecht University and Hogeschool Utrecht by approaching people in person with tablets to conduct
the survey. Finally, ocean experts involved in the 'Whose Oceans' project were contacted via email
through Prof. Dr. Erik van Sebille (Utrecht University, n.d.). These combined efforts resulted in a total
of 207 participants.

The survey had a completion rate of 94%, leading to a total of 194 participants. The majority
of the study identified as female, with 68.3% of the young adults and 62.5% of the ocean experts
identifying as female. Moreover, 80% of the participants were still students at the time of the study. In
terms of current residence, the majority resided either in the provinces of Overijssel (23%) or Utrecht
(28%). Furthermore, the largest demographic identified themselves as living far from the sea (68%).
For a detailed distribution of educational levels among participants, see Tables G1 and G2.

5.2.2 M-Tool Procedure

As aforementioned, Phase 2 of the study involved mapping and assessing the MMs concerning QOL in
the ocean and assessing the participant’s level of environmental awareness and education. The MMs
were mapped through the M-Tool, which can be accessed through web applications at the website
www.m-tool.org (van den Broek et al., 2021a). Studies have demonstrated its success in mapping these
models among diverse participants and have validated the usage of this tool (Van Den Broek et al.,
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2021Db). This tool facilitates the aggregation of participants' MMs, with a pre-fixed set of components
customised by the researcher, allowing comprehensive analysis of the different MMs of the chosen
topic (Van Den Broek et al., 2021a). The components were determined and created in Phase 1 of this
study.

Before the participants were able to map their MMs, the study’s name, objectives, and
expectations of the tasks were outlined, including a text asking for informed consent, see Appendix H.
This text assured participants that all data would be treated confidentially and anonymously. Upon
agreeing to participate, participants were instructed to create a practice MM. A tutorial video
demonstrated how to use the tool and outlined expectations for the practice task along with an audio
guiding the participants in the task. Only upon successful completion of the practice task were
participants permitted to continue with the study. Following this, the participants viewed a description
video of the study’s topic and the elements. Participants were then tasked with mapping their own MM
of QOL in the ocean. The procedure of MM mapping using the M-Tool is visualised in Figure 4.

Figure 4 Procedure Mapping Mental Models Using the M-Tool.
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5.2.3 Survey Procedure
The survey covered participants' demographics, education, and environmental awareness. The
confounding variables age, proximity to the ocean, and field of study were asked and measured.
The variable 'age' was recorded numerically. For 'proximity to the ocean,' ("Do you live near the sea?")
responses were coded as 0 = close proximity, 1 = average proximity, and 2 = far away, and set as a
factor to analyse the influence of closer proximity on the responses. For the control variable 'field of
study' ("What was/is your field of study?"), responses were translated, and 'natural sciences' was set as
the reference category. This allowed for comparisons between other fields of study and the reference
category.

Educational level was assessed through questions such as “Are you currently studying?” and
“At what level did you study?” or “At what level are you studying?”” Responses were categorized into
three groups: vocational education (MBO), applied sciences (HBO), and university (Universitair), and
coded for analysis as 1 = MBO, 2 = HBO, and 3 = Universitair.

Environmental awareness was measured using 29 statements adapted from Bozoglu et al.
(2016) and Ozden (2008), addressing various sustainability-related issues. Participants rated their
agreement on a Likert scale from 1 (strongly disagree) to 5 (strongly agree) for favourable statements,
with reverse scoring for unfavourable statements. The mean scores were used to classify participants'
environmental awareness into three levels: Low (< 2.5), Moderate (2.5 — 3.5), and High (> 3.5), as
detailed in Table 5. Appendix I provides a complete overview of the questionnaire (Table 1),
including which statements were considered favourable or unfavourable (Table 12).

Table 5 Attributed Level of Environmental Awareness per Mean-score.

Level of Environmental Awareness Mean score
Low | <2.5
Moderate | 2.5—-3.5
High | >3.5

5.2.4 Data Cleaning Process

To clean the data retrieved from the M-Tool, a script developed by Boxtel & van den Broek (2021)
was utilised. This script included steps such as excluding participants who did not complete their MM
and listing their unique User_IDs. The script also measured the nodes (concepts) and weighted edges
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(arrows) that the respondents used to elicit their MMs. The script ensured that the data was ready for
analysis. Additionally, since the data points were originally in Dutch, they were renamed to their
English translations for easier reference.

Regarding the survey data, to ensure that all participants met the sample group requirements,
the data was cleaned based on the variables ‘Age’ and ‘Education’. Data points with age values below
18 were recoded to ‘NA’ and subsequently excluded from the dataset. For ‘Education’, if a participant
responded with ‘I did not study’, those data points were also recoded to ‘NA’, indicating a missing
value which was then removed from the dataset. Additionally, any respondents who did not complete
their survey were removed from the dataset.

After cleaning both datasets, the MM data was merged with the survey data. Since there were
no common User_IDs to facilitate the merge, an alternative approach was taken. The end time of
eliciting the MMs was calculated based on the starting date and the duration of usin