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A System Dynamics Approach to
Increasing Ocean Literacy
Caroline Brennan1* , Matthew Ashley2 and Owen Molloy1

1 Discipline of Information Technology, College of Engineering and Informatics, National University of Ireland, Galway, Ireland,
2 School of Biological and Marine Sciences, University of Plymouth, Plymouth, United Kingdom

Ocean Literacy (OL) has multiple aspects or dimensions: from knowledge about how the
oceans work and our impact on them, to attitudes toward topics such as sustainable
fisheries, and our behaviour as consumers, tourists, policy makers, fishermen, etc. The
myriad ways in which individuals, society and the oceans interact result in complex
dynamic systems, composed of multiple interlinked chains of cause and effect. To
influence our understanding of these systems, and thereby increase our OL, means
to increase our knowledge of our own and others’ place and role in the web of
interactions. Systems Thinking has a potentially important role to play in helping us to
understand, explain and manage problems in the human-ocean relationship. Leaders
in the OL field have recommended taking a systems approach in order to deal with
the complexity of the human-ocean relationship. They contend that the inclusion of
modelling and simulation will improve the effectiveness of educational initiatives. In this
paper we describe a pilot study centred on a browser-based Simulation-Based Learning
Environment (SBLE) designed for a general audience that uses System Dynamics
simulation to introduce and reinforce systems-based OL learning. It uses a storytelling
approach, by explaining the dynamics of coastal tourism through a System Dynamics
model revealed in stages, supported by fact panels, pictures, simulation-based tasks,
causal loop diagrams and quiz questions. Participants in the pilot study were mainly
postgraduate students. A facilitator was available to participants at all times, as needed.
The model is based on a freely available normalised coastal tourism model by Hartmut
Bossel, converted to XMILE format. Through the identification and use of systems
archetypes and general systems features such as feedback loops, we also tested for
the acquisition of transferable skills and the ability to identify, apply or create sustainable
solutions. Levels of OL were measured before and after interaction with the tool
using pre- and post-survey questionnaires and interviews. Results showed moderate
to very large positive effects on all the OL dimensions, which are also shown to be
associated with predictors of behaviour change. These results provide motivation for
further research.

Keywords: ocean literacy, system dynamics, simulation based learning environment, SBLE, human-ocean
systems

Abbreviations: CLD, causal loops diagram; HOS, human-ocean system; OL, ocean literacy; OLP, ocean literacy principle;
SBLE, simulation-based learning environment; SD, system dynamics; ST, systems thinking.
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INTRODUCTION

The functioning of the oceans and the human-ocean relationship
have, up to now, been poorly understood. In the past, the ocean
was for many people a remote place, used by a few as a source of
food, and as a means of travel. However, the last centuries have
seen a dramatic increase in its use, for oil and gas exploration,
wind farms, aquaculture, tourism and much increased transport
of goods. More maritime sectors are emerging, as illustrated in
the EU strategy for Blue Growth. This increased pressure on
the ocean makes it more pressing to protect the seas from the
consequences of human use. Pressures on marine ecosystems
must be reduced and the development opportunities offered by
the ocean must be managed sustainably.

In recent years there have been a number of important
international efforts to promote Ocean Literacy (OL).

The National Marine Educators Association (NMEA)1 in the
US has been at the forefront, worldwide, of work to define OL,
centring on their ‘7 Ocean Literacy Principles’, and to make
recommendations for education in the ocean sciences. Their
special report, ‘Ocean Literacy Scope and Sequence for Grades
K-12’ (National Marine Educators Association, 2010), includes
an article by Tran et al. (2010), which asserts that an absence of
systems literacy impedes learning and teaching ocean sciences,
with few if any examples of systems-oriented teaching initiatives
found in the field of OL.

The NMEA supported the inception of the European Marine
Science Educators Association (EMSEA) in 2012. Since then, the
European Union has adopted the OLPs, has committed to the
development of OL within the EU, and has provided for a number
of OL projects under Horizon 2020, including ResponSEAble2.
According to EMSEA, ‘A more informed and concerned public
will better understand the need to manage the ocean resources
and marine ecosystems in a sustainable way’3.

On 25 September 2015 the 193 countries of the United Nations
General Assembly announced 17 Sustainable Development
Goals, including Goal 14: ‘Conserve and sustainably use the
oceans, seas and marine resources for sustainable development’4.
The 14 targets within this goal include sustainable management
of fisheries, aquaculture and tourism, and an increase in scientific
knowledge of the oceans.

Given the need for greater public understanding of marine
issues, and for a basic level of Systems literacy needed to
underpin this, we created an online OL tool that was designed
to teach ocean issues and the necessary System concepts
together, to a general audience. Interaction with simulations
was an integral part of this. The test case was Coastal
Tourism. We conducted a pilot study in December 2018 and
measured the effectiveness of the tool using pre- and post-survey
questionnaires and interviews.

The following sections will explore some of the concepts
underlying the recommendations by the NMEA, such as complex

1https://www.marine-ed.org/
2https://www.responseable.eu/
3http://www.emsea.eu/info.php?pnum=17
4https://www.un.org/sustainabledevelopment/oceans/

systems, Systems literacy, what it means to take a Systems
approach, the human-ocean relationship as a system, and
modelling and simulation in the context of educational tools.

BACKGROUND

Defining Ocean Literacy
The most popular definition of OL currently in use was developed
by the National Oceanic and Atmospheric Administration
(2013), as follows: ‘Ocean literacy is an understanding of the
ocean’s influence on you – and your influence on the ocean.’ An
ocean-literate person:

• Understands the importance of the ocean to humankind
• Can communicate about the ocean in a meaningful way
• Is able to make informed and responsible decisions

regarding the ocean and its resources’5

A survey of OL definitions reveals that in its broadest sense,
it is not just what we “know”, but also how we feel (our
attitudes) on certain issues, how we behave in our personal and
professional lives, and the extent to which we communicate
about ocean-related issues with our families, friends and
acquaintances. This can range from casual conversations,
to promoting discussions and ideas on social media to
engaging in social activism. According to the definition of
Ocean Environmental Awareness proposed by Umuhire and
Fang (2016), it includes a readiness to participate in marine
environment actions.

For the ResponSEAble project, and this study, the authors of
this paper have amalgamated the various definitions of literacy to
create a framework consisting of OL dimensions (see Figure 1).

5http://www.seachangeproject.eu/seachange-about-2/ocean-literacy (accessed
April 6, 2019). This page includes a useful short video explaining ocean literacy.

FIGURE 1 | The Ocean Literacy dimensions.

Frontiers in Marine Science | www.frontiersin.org 2 June 2019 | Volume 6 | Article 360

https://www.marine-ed.org/
https://www.responseable.eu/
http://www.emsea.eu/info.php?pnum=17
https://www.un.org/sustainabledevelopment/oceans/
http://www.seachangeproject.eu/seachange-about-2/ocean-literacy
https://www.frontiersin.org/journals/marine-science/
https://www.frontiersin.org/
https://www.frontiersin.org/journals/marine-science#articles


fmars-06-00360 June 28, 2019 Time: 18:34 # 3

Brennan et al. System Dynamics for Ocean Literacy

Each dimension is measured independently, and an individual
can have different levels in different dimensions. We define the
dimensions as follows:

• Awareness as the basic knowledge that a situation, problem
or concept exists.
• Knowledge is what a person knows about an ocean related

topic and the links between topics.
• Attitude is related to a level of agreement with or concern

for a particular position.
• Communication is the extent to which a person

communicates with others, such as family and peer
groups, on ocean related topics.
• Behaviour relates to decisions, choices, actions, and habits

with respect to ocean related issues.
• Activism is the degree to which a person engages in

activities such as campaigning (for example through
social media) to bring about changes in policy,
attitudes, behaviour, etc.

Unfortunately there is no absolute scale on which we can
measure these OL dimensions, so normally we are more
interested in tracking shifts or changes in people’s knowledge,
attitude, awareness, communication, behaviour and activism.

Relationship Between the Ocean Literacy
Dimensions and Behaviour Change
Numerous studies have been conducted on the links between
environmental knowledge, attitude and behaviour, with
sometimes conflicting results. Díaz-Siefer et al. (2015)
showed that there is a correlation between greater human-
environment system knowledge and pro-environmental
behaviour. However, correlation does not imply causation,
as numerous other studies have shown. In a study of the
relationship between knowledge, attitude and behaviours
toward energy consumption, Paço and Lavrador (2017) found
a lack of relationship between knowledge and attitudes and
between knowledge and behaviour, while there was just a
weak relationship between attitudes and behaviour. Johnson
and Činčera (2015) found in their work with schoolchildren
that attitude change was the primary factor in promoting
environmental behaviour, while knowledge alone does not
often change what people do in reality. Values and attitudes
are key to behaviour change. In work on pro-environmental
behaviour among urban residents in Malaysia, Latif et al.
(2013) found indirect links between knowledge and behaviour,
with environmental values determining behaviour. In work
with students, Kukkonen et al. (2018) found that scientific
ecological knowledge alone is not sufficient to advance
pro-environmental behaviour.

The aim of our experimental OL tool is ultimately behaviour
change. In evaluating the effectiveness of the tool, changes in
participants’ levels of the OL dimensions are measured in order to
evaluate the likelihood of behaviour change after the intervention
(see section “Evaluation Methodology”).

Taking a Systems Approach to Ocean
Literacy
What Is a Complex System?
According to the Merriam-Webster dictionary, a system is
defined as a regularly interacting or interdependent group of
items forming a unified whole. A system is more than a collection
of its parts (Meadows, 2008). Systems generally consist of
elements, interrelationships, and an overall function or purpose
(the purpose of an education system is education, and that of a
digestive system is to break down food, for example). They are
inherently complex, with multiple causal links between elements
that can result in unexpected behaviour.

What Is Systems Literacy?
To be literate means having a good understanding of a
particular subject. To be literate about Systems means to
consider not only the parts but the interrelationships, patterns,
and dynamics when faced with complex issues. It means
embracing complexity. Linda Booth-Sweeney argues that ‘most
of us. . . were taught that the best way to understand a subject
was to analyse it or break it up into parts. We were not
taught the skills we need to see systems of complex cause
and effect relationships and unintended impacts.’6 She defines
Systems literacy as a combination of ‘conceptual knowledge
(knowledge of system properties and behaviours) and reasoning
skills (the ability to locate situations in wider contexts, see
multiple levels of perspective within a system, trace complex
interrelationships, look for endogenous or “within system”
influences, be aware of changing behaviour over time, and
recognise recurring patterns that exist within a wide variety
of systems).’

What Is Systems Thinking?
The concept of Systems Literacy is closely related to that of ST.
Arnold and Wade (2015) review various definitions of ST and
its key components. The term was coined by Barry Richmond
in 1987. In essence, ST is the ability to understand, represent,
predict and manage dynamic complexity, i.e., behaviour that
arises from the interaction of a system’s parts over time.
Key ST skills include discovering feedback loops, stock and
flow relationships, recognising delays, identifying non-linear
relationships, and understanding the boundaries of mental
(and formal) models.

Barry Richmond defines ST as ‘the art and science of making
reliable inferences about behaviour by developing an increasingly
deep understanding of underlying structure. . . [and] people
embracing ST position themselves such that they can see both the
forest and the trees (one eye on each).’ (Richmond, 1994).

Like Booth-Sweeney, Arnold and Wade assert that ‘Systems
Thinking is widely believed to be critical in handling the
complexity facing the world in the coming decades; however, it
still resides in the educational margins.’

6https://thesystemsthinker.com/%ef%bb%bffood-systems-climate-systems-
laundry-systems-the-time-for-systems-literacy-is-now/
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The Benefits of Identifying Abstract Characteristics of
Systems
Learning to recognise similar patterns of structure and behaviour
occurring in different systems is a core ST skill. These recurring
systems patterns are known as systems archetypes. They offer the
opportunity for accelerated learning about newly encountered
systems – with an obvious potentially positive effect on both
overall environmental literacy and systems literacy. As noted by
Forrester (2007), “A rather small number of relatively simple and
compact structures are found repeatedly in different businesses,
professions, institutions, and problems. One... junior high school
student, working with bacteria in a culture and in computer
simulation, observed, “This is the world population problem,
isn’t it?” . . . [This is the] transfer of insights from one setting
to another . . .”.

Examples of systems archetypes are “Tragedy of the
Commons”, “Limits to Growth” and “Success to the Successful”
(Wolstenholme, 2003; Meadows, 2008). Systems archetypes have
well-known behaviours when the system is out of control –
and, crucially, they have known ‘fixes’. Why try to solve each
problem as if it is brand new, when tried-and-tested reusable
solutions exist?

The Human-Ocean System
The HOS fits the definition of a complex system, in that it
is a complex whole consisting of mutually interacting parts.
Understanding the system involves a study of the whole,
as well as the parts. Given the many ways that human
actors interact with the ocean, an understanding of multiple
perspectives, interrelationships and dependencies is needed.
In order to bring about improvements in the state of the
ocean, and to plan to make sustainable use of its resources
in the future, it is necessary to be able to reliably predict the
impact of changes to the system. These are all key ST skills
(Arnold and Wade, 2015).

Mental Models
As discussed in Landriscina (2013a), certain types of human
reasoning require the use of ‘mental models’. Psychologist
Kenneth Craik, one of the earliest practitioners of cognitive
science, first laid the foundation for the concept of mental
models, asserting that the mind develops these ‘small-scale
models of reality’ on the basis of experience (Craik, 1967). They
are internal representations of reality that we use to understand,
reason about, and predict events. They represent knowledge, and
are a relatively stable cognitive structure. According to Sterman
(2002), becoming an effective Systems Thinker ‘requires the use
of formal models and simulations to test our mental models and
develop our intuition about complex systems’.

Mental Models for Understanding Human-Ocean
Systems
Where the aim is to improve understanding of a complex
system in order to effect change, we need to develop and then
communicate a mental model of the system in question.

While knowledge is just one factor in what makes people
change their attitudes and behaviour, knowledge of the causal

mechanisms involved allows them to make informed decisions.
It also facilitates more effective communication with others.

The DPSIR framework
One causal modelling framework suitable for modelling the
complex HOS is the DPSIR framework (Driver, Pressure,
State, Impact, Response Framework [DPSIR], 2013), of which
there are numerous variations (Patrício et al., 2016; Elliott
et al., 2017). The DAPSIWR variant is useful in describing
interactions between society and the environment. The letters
in the acronym represent Drivers, Activities, Pressures, States,
Impacts, Responses and Welfare. For the ResponSEAble project,
the DAPSIWR framework was used to create causal models
of six key topics or ‘stories’, including Coastal Tourism and
Sustainable Fisheries.

Whilst this framework is useful for structuring knowledge
and causal relationships flowing in one direction, it does not
capture dynamics such as feedback loops, time delays, and stocks
and flows, and it does not support simulation. SD models do
support these features.

Modelling Complex Systems to Support
Learning
There are many kinds of modelling and simulation paradigms
(Landriscina, 2013a, chapter 4).

System Dynamics Modelling
System Dynamics was created during the mid-1950s by Jay
Forrester (1961). It is a method for understanding the dynamic
behaviour of complex systems over time. Causal loop diagrams
are constructed in order to visualise a system’s structure and
behaviour and analyse the system qualitatively. Feedback loops
and time delays are identified. The causal loop diagram, a
qualitative conceptual map, is then usually transformed into a
stock and flow diagram to create a more detailed quantitative
analysis. A stock is the term for any entity that accumulates or
depletes over time, and a flow is the rate of change in a stock.
Stock and flow models demonstrate feedback, accumulation of
flows into stocks and time delays. The model includes equations
defining flows over time, and initial stock levels and parameters.
The stock and flow model created is then typically built and
simulated using computer software. This demonstrates changes
in stock levels over time according to the model definition.

System Dynamics modelling has many applications and is
very useful for visualising system behaviour over time, and for
designing and testing effective strategies for system change.

Of the various ways to model complex systems, SD seems to us
to be most suitable, since such models have been used successfully
to examine complex social, managerial, economic, and ecological
problems. The HOS is a form of what is variously called a coupled
human-environment system, a coupled natural-human system, a
socio-environmental system or a social-ecological system (SES),
in which humans are seen as an integral part of the biophysical
world. The ‘WORLD3’ model underpinning ‘Limits to Growth’
(Meadows et al., 1972) and the range of environmental and
natural resource systems modelled by Andrew Ford (1999) are
good examples of applying SD modelling to SESs. SD models
are well-suited for representing such systems, since they can
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include the ‘soft’ variables often necessary when modelling
human motivations, and they are useful for providing the broad,
‘big picture’ perspective necessary both for making sense out of
inherent complexity, and for designing effective policy decisions.

Models and Simulation
According to Forrester (2007), ‘It is only from the
actual simulations that inconsistencies within our
mental models are revealed.’ And in the field of OL,
‘Understanding complex systems like the ocean is
difficult. However, the use of models [and] computer
simulations. . . strongly enhance learning and teaching.’
(National Oceanic and Atmospheric Administration, 2013).

Computer-based simulations rely on formalised conceptual
models built by making mental models explicit, subjecting them
to scrutiny and then refining them.

Simulation in Education
In their critical review of 61 studies to evaluate effectiveness
of simulations used for science instruction, Smetana and Bell
(2012) report on detailed findings across a wide range of factors
determining the best use of simulation, including types of
support, combination with other instructional methods, and their
optimal order. They say that the evidence clearly demonstrates
the importance of the teacher in providing guidance and support
during simulation and may even replace the need for supports
embedded in the software, and that ‘simulations used in isolation
were found to be ineffective’.

There are two main approaches to SBLE – learning by building
a simulation, or by using an existing one. Learners can gain more
insight from building models (Gobert and Buckley, 2000), but
considerable time and skills are required. If this is not feasible,
manipulation of an existing simulation offers an alternative.
The approach can vary from the simplest, where learners can
change a few variable values and see the consequences of their
decisions on graphs, to the more complex, where learners can
restructure the model. For the pilot study we have adopted the
simplest approach.

The question of model opacity requires careful thought
(Landriscina, 2013b). Learners interact with the SBLE through
the simulation program’s user interface – not with the conceptual
model directly. There are ‘black box’ and ‘glass-box’ model
simulations. In the former, learners can explore a system’s
behaviour, but the underlying conceptual model remains hidden
and can only be inferred. This can lead to learners making
incorrect assumptions about the conceptual model. In the latter,
the simulations overtly display relationships between variables.
However, this requires the learner to have some familiarity with
that modelling method. One way to render the model’s structure
more understandable is to disclose it in stages, via a guided
narrative, an approach we have taken in this pilot study.

The Challenge of Increasing Systems Literacy
Whilst the benefits of a systems approach to environmental
problems are well established (Meadows et al., 1972), the
challenges of teaching ST and SD are also well documented
(Sweeney and Sterman, 2000; Cronin et al., 2009). People struggle

to comprehend stock-and-flow and causal loop diagrams, and to
visualise the dynamics of even simple systems.

ST requires a change in perspective, and a different form
of reasoning than is normally applied from a non-systems
perspective – a ‘Paradigm Shift’, to use the phrase coined by the
philosopher Kuhn (1962).

OUR APPROACH

Presenting the Complex Human-Ocean
System
The DAPSIWR ‘stories’ built for the ResponSEAble project were
highly complex. The main difficulty we found was how to present
this complex knowledge adequately without overwhelming the
learner. We investigated a number of different approaches,
including data visualisation techniques, the use of narratives,
storytelling, ‘story maps’, guided and/or gradual display of the
DAPSIWR, and web-based multimedia.

We concluded that the most promising approach was to take
a Systems view. Finding and explaining the essential dynamics
of the system helps to find order in complexity and can be done
relatively economically. We chose one key story as a case study,
Coastal Tourism, and analysed the HOS underlying it, in order to
find system structures such as feedback loops, stocks and flows,
and system archetypes.

Research Questions
Our work is designed to help answer the following research
questions:

1. Does the inclusion of Systems Thinking and System
Dynamics make teaching a specific Ocean Literacy topic
more effective, in terms of faster acquisition of skills,
deeper understanding, development of critical thinking
skills, and/or greater retention?

2. Does the teaching of Systems Constructs and Systems
Archetypes in particular help learners to transfer their
knowledge from one specific Ocean Literacy topic
to another?

3. Does the use of Systems Thinking and System Dynamics in
Ocean Literacy education increase the ability to recognise,
create or apply sustainable solutions in that domain?

Methods
Our approach was to identify those basic concepts which are
essential foundations for effective system thinking. We then
performed a mapping (see Figure 2) between these basic concepts
and the phenomena which exemplify them in the key story
chosen as the sample system - Coastal Tourism. We aimed to
simultaneously impart ST knowledge and improved knowledge
and understanding of the key story (Coastal Tourism) itself.

The System Simulation Learning Tool
This first version of the tool was designed for a general audience7.
It is unique in using online simulation of a SD model as part

7http://responseable.nuigalway.ie/st/
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FIGURE 2 | Systems Thinking and Key Story concept map.

of an OL tool. The user is led through a series of pages which
introduce and explain the Coastal Tourism story in a gradual
manner. Sample screenshots are given in Figures 3–5.

As they progress, users can play with gradually more complex
simulation models and answer quiz questions which test their
understanding of the story and the relevant SD concepts
underpinning it. In the simulations, users can change variables
and immediately observe the effects on key stocks, such as
numbers of tourists and environmental quality. A key aim
of the tool is that by interacting with simulations, users will
develop transferable critical thinking skills that both increase
their understanding of dynamic behaviour, and provide insight
into how to change system behaviour.

Essential ST tools and concepts are used to analyse the HOS
that encapsulates Coastal Tourism. CLDs are central to the
explanations. The model diagram is not displayed in the main
pages, since it is potentially off-putting to the general user, but
is available for interested users in the ‘Extras’ page. Fundamental
Systems concepts are explained and explored, including stocks,
flows and accumulation, dynamic equilibrium, feedback loops,
loop dominance, the Limits to Growth (Overshoot and
Collapse) archetype, structure determines behaviour, leverage
points, system goals, renewable versus non-renewable resources,
and sustainability.

A Systems View of the Coastal Tourism Problem
A key ST learning objective is to invite understanding of the
connection between a positive feedback loop and exponential
growth. Central to our systems-orientated analysis of the Coastal
Tourism problem is that the unchecked growth of tourism
that occurs when profits are reinvested back into tourism

creates a positive feedback loop which leads directly to the
exponential growth of tourists. This exponential growth is
inherently unsustainable and is a powerful driver for the damage
caused both to the natural environment and to the human
environment if unchecked. It is powerful enough to lead to the
collapse not only of environmental quality, but also to tourism at
the resort under some conditions.

Key leverage points are explored, such as advertising level,
growth of hotels and tourist infrastructure, and investment in the
environment, in order to explore ways to bring the system into
a sustainable state. Participants can use simulations to actively
explore the effects of changing these key variables, and can
practise bringing the system toward sustainability, a system state
that is described as one where tourism can continue over time,
rather than peaking and then collapsing, within a healthy coastal
and human environment.

In order to investigate Research Question 2, we drew
comparisons between the Coastal Tourism model and
Sustainable Fisheries, since both can exhibit the ‘Overshoot
and Collapse’ archetype. An in-tool quiz question then invited
participants to identify a similar pattern of behaviour in other
diverse systems.

Ocean Literacy Content
The prototype online interactive SBLE centres on one key
story – Coastal Tourism – and highlights the similarity of the
dynamics inherent in another key story, Sustainable Fisheries.
The source material is based on the Key Story DAPSIWR analyses
documented for the ResponSEAble EU project.

Learning Objectives
A set of learning objectives was established for the key
story (Coastal Tourism), comprising the relevant OL
knowledge, systems knowledge, and the knowledge required for
identification of sustainable solutions (see Tables 1, 2).

Models Used
The SD model on which the simulations were based was the
generic, normalised Simulation Model Z412B, described and
documented in Hartmut Bossel’s System Zoo 2 (Bossel, 2007).
The original Bossel model is in Vensim format, and is available
for free download8. It is not a calibrated model based on empirical
data for a specific coastal tourism resort over a particular period
in time; rather, it is an illustrative, qualitative model, suitable
for teaching the main structures and dynamics of a typical
coastal tourism system.

We recreated the model in Stella Architect in order to obtain
a version in XMILE9 format, required by the software library
sd.js (see section “Software Platform”). XMILE is the emerging
standard for storing and sharing SD models.

We supported a story-telling approach by creating two simpler
models that built in complexity toward the final model. The
first model introduced the stock Environmental Quality, and its
flows, Degeneration Rate and Regeneration Rate. The second

8Contained within ZOO MDL.zip, available for download from the Centre for
Environmental Research, University of Kassel, Germany, at https://www2.cesr.de/
9https://www.oasis-open.org/committees/xmile/
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FIGURE 3 | OL tool screenshots: simulation showing two key stocks and a key variable, together with a reinforcing in-tool quiz question; feedback loops explained
using Causal Loop diagrams, both in the context of Coastal Tourism, and in general System Thinking terms (RQ1).

model added the stock Tourists and the variables Advertising
and Attractiveness. The final model includes a third stock,
Hotels, and variables Hotel Investment Rate and Investment in
the Environment.

Software Platform
We used the Open Source simulation tool, sd.js10. This
is a Javascript-based library for fast, in-browser SD model

10https://github.com/bpowers/sd.js

simulation that reads models in XMILE format and uses D3 to
construct interactive graphs and jQuery to implement interactive
variable controls.

Teaching Environment
We designed this platform for use in combination with face-to-
face teaching individually or in groups, following best practise for
Simulation Based Learning Environments (SBLEs) (Landriscina,
2013a) and Systems teaching (Fisher, 2011).
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FIGURE 4 | OL tool screenshots: description of the Limits to Growth Archetype and its relevance to Coastal Tourism, together with a reinforcing in-tool quiz
question; application of the same Archetype to Fisheries, and quiz question to test for recognition in other systems (RQ2).

Data Captured
Pre- and post-test surveys
Before using the OL tool, the participants completed a survey
which assessed their current level of OL on the topic of Coastal
Tourism, in terms of the OL dimensions. After use of the tool,
participants completed a post-test survey consisting largely of the
same questions as the pre-test, in order to assess effectiveness of
the tool in increasing OL levels.

Most questions were scale based (0–10) and designed to
assess whether a change in awareness, knowledge, attitude,
social and personal norms (communication) and reported or
intended behaviour had taken place. Other questions were

designed to elicit qualitative responses relating to current
coastal holidaymaking behaviour, awareness of problems
with coastal tourism and understanding of the concept of
sustainability. The post-survey contained additional questions
to gather opinions about the usefulness of the simulations and
the tool itself.

Qualitative feedback interviews
The facilitator observed and noted user interaction with the
tool and gathered verbal feedback both during the training
and afterward in a moderated feedback session (structured
around key questions).

Frontiers in Marine Science | www.frontiersin.org 8 June 2019 | Volume 6 | Article 360

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


fmars-06-00360 June 28, 2019 Time: 18:34 # 9

Brennan et al. System Dynamics for Ocean Literacy

FIGURE 5 | OL tool screenshot: illustration of changing the system structure for sustainability, and a simulation giving users an opportunity to practise bringing the
system into a sustainable state by manipulating model variables (RQ3).

TABLE 1 | Ocean literacy and systems thinking learning objectives identified (part 1).

Page Title Learning objectives OL/Key story learning points Systems thinking principles;
application

Intro Introduction Traditional ‘3S model’ for coastal tourism in Europe: sea,
sand and sun. Massive increase in tourist numbers is
devastating the coastal environment and causing decline in
traditional local employment and quality of life.

The Human-Ocean System is a
complex system [OLP 6].

Systems thinking provides
major insights for tackling
complex, practical problems
like these.

1 The natural state of
the coastal
environment

The coastal environment renews itself naturally. It can deal
with naturally occurring degeneration, to maintain a
consistently healthy state - a constantly changing, but
stable, state known as “dynamic equilibrium.”
Apply systems concepts to see environmental quality (EQ)
as a stock, and degeneration and regeneration rates as
flows. Understand that EQ is affected only by these flows.
Think about how human activities affect these flows.

Equilibrium disturbed
Degeneration rate caused by tourism
exceeds natural regeneration rate

• Stocks
• Flows
• A stock changes only

according to its flows
• Accumulation of stock

according to net flows
• Dynamic equilibrium
• Environmental quality

identified as a stock
• Regeneration and

degeneration rates identified
as flows

2 Mass tourism and
its effect on the
coastal
environment

Massive and ongoing increase in tourist numbers
internationally. Europe the most popular destination. Latest
global tourism figures.
Direct relationship between increasing tourist numbers and
decreasing environmental quality.
Examples of damaging effects of coastal tourism.
Typical characteristics of mass coastal tourism.

Environmental stresses caused by
Tourism, and Mass Tourism in particular
[illustration of OL6D].

• Tourists increase
degeneration rate (outflow of
environmental quality)

• Tourists therefore decrease
environmental quality

3 Countering the
effects of mass
tourism on the
coastal
environment

Typical responses to reduce the damage done by costal
tourism.
Classification of responses according to whether they affect
degeneration or regeneration rates.
Are such responses enough, or is wider system change
needed?

The Human-Ocean System is a system
[OLP 6].
Much of the world’s population lives in
coastal areas [OLP 6F ].

• What is a system?
• What is systems thinking?
• System structure determines

behaviour
• Leverage points

Frontiers in Marine Science | www.frontiersin.org 9 June 2019 | Volume 6 | Article 360

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


fmars-06-00360 June 28, 2019 Time: 18:34 # 10

Brennan et al. System Dynamics for Ocean Literacy

TABLE 2 | Ocean literacy and systems thinking learning objectives identified (part 2).

Page Title Learning objectives OL/Key story
learning points

Systems thinking principles; application

4 Case Study:
a coastal resort
where nature is the
main attraction

Analysis of a particular type of resort: one which attracts
nature-loving tourists, such as snorkelling resort. If the fish
disappear, so too will the snorkellers.
Advertising brings in tourists, who then degrade the
environment. Tourist numbers initially rise quickly, but then
fall, because the attraction was nature-based.

The effects of human
activity on the ocean
[OLP 6D].
Our responsibility [OLP
6G].

• Causal loops diagrams
• Feedback loops
• Identify chain of causality (indirect causation)
• Advertising level identified as a Leverage

Point

5 Uncontrolled
growth

Hotels and profits from tourism are added to the model.
Tourists are now attracted by 3 factors: advertising, hotels
and environmental quality.
All profits from tourism are re-invested in tourism in this
model.
This leads to uncontrolled and unsustainable growth.
Explanation of why this type of growth often follows a
‘boom and bust’ pattern, and leads to serious
environmental damage.

The ocean sustains life
on Earth and humans
must live in ways
that sustain the ocean
[OLP 6G].

• Positive and negative feedback loops: the
only two types

• Identification of feedback loops
• Systems are governed by feedback loops
• Loop dominance
• Limits to growth: feedback loops cause rapid

growth and subsequent collapse in tourists,
because environmental quality, a renewable
resource, is depleted

6 Systems thinking
for sustainable
tourism

Understanding that the overshoot and collapse pattern is a
common system pattern of systems behaviour. Its
characteristic “crash” can be avoided.
Why systems skills are useful for identifying and fixing
common Systems problems.
Identifying renewable resources.

• Dynamics of the “Overshoot and Collapse”
generic Systems structure

• Comparison with another HOS: fisheries
• Learning to identify other systems exhibiting

similar behaviour
• Learning from systems thinking: applying

known strategies to fix systems of similar
structure

7 Toward
sustainability

Definition of Sustainable Development and Sustainable
Tourism. Three aspects: environmental, economic and
social.
Simulation-based practise at bringing the System into a
sustainable state, where the quality of the environment is
maintained at an acceptable level (however defined), and
the number of tourists can be prevented from peaking and
then collapsing.

• Herman Daly’s Rules for a Sustainable
Society

• Changing system goal as key leverage point
• Changing system structure as key leverage

point: e.g., introducing new feedback loops,
weakening or strengthening existing loops

Answers to in-tool questions
There were 13 multiple-choice questions embedded in the tool.
Answers to these were captured and stored on the NUIG
ResponSEAble server, and downloadable in CSV and JSON
format for analysis.

Evaluation Methodology
Measuring Effect Size
Each survey question was designed to measure one of the OL
dimensions (knowledge, attitude, behaviour and so on). Where
answers for a particular question were given on a scale from
0 to 10, the mean of answers from all the participants was
calculated, before and after interaction with the tool. The results
were grouped by OL dimension. The difference in each OL
dimension was then analysed using ‘Cohen’s d’ (Cohen, 1988),
a statistical measure of the effect size, calculated by taking
the difference between the two means and dividing by the
pooled standard deviation (i.e., the root mean square of the two
standard deviations).

Measuring Effectiveness of the Ocean Literacy Tool
A framework was applied and tested in the ResponSEAble
project to identify strengths and weaknesses of OL initiatives.
Effectiveness was assessed in terms of the potential for behaviour
change. Unfortunately, this is difficult to measure directly;

however, it is possible to measure predictors of behaviour. We
employed assessment frameworks and methodologies which
draw on psychology and behavioural research concepts and
methods to analyse predictors of behaviour change.

Assessing Potential for Behaviour Change
To assess effectiveness of the OL tool, the OL dimensions were
integrated with predictors of behaviour change identified in social
science and psychology literature (Klöckner, 2013; Phal and
Wyles, 2017).

In a study of the psychology of environmental behaviour,
Klöckner (2013) concluded that the best direct predictors of
behaviour were:

• Intentions (“I will do this”).
• Perceived behaviour control (“It is up to me whether I do

this rather than other people or contextual factors”).
• Habits (behaviours that have become automatised

through repetition).

Factors having an indirect effect on behaviour were
identified as:

• Attitudes (favourable or unfavourable evaluations).
• Norms (what is seen as commonly done by others).
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• Responsibility (ascriptions of who should deal
with the problem).
• Awareness of consequences (knowledge about impacts).
• Values (general trans-situational goals such as equality

or individualism).

Other studies have identified further factors:

• Negative emotions such as worry, and positive emotions
such as hope (Ojala, 2008).
• People who regard themselves as environmentalists

may exhibit more environmentally conscious behaviour
(Whitmarsh and O’Neill, 2010).

These ten social and psychological concepts can be measured
empirically and provide important means of changing
behaviour beyond information and knowledge provision
(Phal and Wyles, 2017).

The relationships between the ten predictors of behaviour
change, the OL dimensions, and the corresponding questions
used in the pre- and post-surveys for assessing the effectiveness
of the OL tool are shown in Table 3.

A theory of change logic model
In defining the process to achieve behaviour change objectives, we
adopted the Theory of Change logic model (Connell and Kubisch,
1998) and the ‘PRECEDE-PROCEED’ model developed by Green
and Kreuter (1999).

The PRECEDE-PROCEED model is a step-by-step
planning and evaluation model, originally aimed at
directing behaviour change processes in health promotion.
Central to the model is the principle that a change process
should focus on the outcome, not the activity. Originally
applied to initiatives that promoted behaviours to reduce
the incidence of major causes of death and disability,
it has been widely adopted in environmental awareness
programmes, including the OL dimension related predictors of
behaviour change.

A Theory of Change logic model was completed in
collaboration with social and behavioural science researchers
at the University of Plymouth and ProSea11 tool developers.
The formulation of the Theory of Change steps designed to
achieve behaviour change were guided by predictors of behaviour
identified in the OL dimensions (Table 4).

Predictors of behaviour change and OL dimensions can be
assessed using research techniques such as surveys, repeated pre
and post interaction with the OL tool (Phal and Wyles, 2017).
In order to assess change over time, the same questions can be
asked before and after interaction with the tools, and again during
longer follow-up studies as necessary.

Questionnaire surveys were conducted with course
participants before and after interacting with the OL tool.
Each survey question addressed an objective within the Theory
of Change framework and therefore an OL dimension.

11http://www.prosea.info/

RESULTS

The ST for OL tool was piloted for the ResponSEAble project
in December 2018 in Galway, Ireland, in a series of one-to-
one sessions with 15 adult participants (9 women and 6 men),
eleven of whom were Ph.D. students, one retired local council
manager, a Masters student, an engineering graduate, and a
teacher. Participants were aged between 18 and 64 years, with the
majority (two thirds) in the age range 35–54. A facilitator was
available at all times for guidance as required by each participant.
The participants took an average of 40 minutes to work through
the tool, and another 30 minutes in total filling in pre- and
post-test surveys and giving qualitative feedback.

Survey Questionnaire Results
Quantitative Survey Answers
Answers to pre- and post-survey questions with quantitative
answers (on a scale 0–10) were analysed for effect size with regard
to change in the OL dimensions using Cohen’s d (see Table 5).
0.20 is considered a small effect, 0.50 is medium, 0.80 is large, and
>1.20 is very large. The table shows that the effect on knowledge,
communication and (intended) behaviour was very large, and
that on barrier removal and attitude was moderate. All effects
were positive, i.e., indicating an increase.

The same data are summarised, broken down by four
OL dimensions, using a radar chart (Figure 6). Taking each
dimension in turn, the chart illustrates that:

• Attitude levels were quite high before the intervention,
meaning that participants were already worried about the
damage caused by coastal tourism.
• They did not often communicate about these

issues, however.
• They had only moderate confidence in their knowledge

about how coastal tourism affects the marine and the
human environment.
• They were only moderately likely to take action to reduce

the negative effects of coastal tourism (behaviour).

All these OL dimensions increased in the post-test survey.
For the mean scores, pre- and post-survey, and the percentage
change, please see Tables 6, 7. Table 6 gives an overview by OL
dimension, whereas Table 7 presents results per question. These
tables demonstrate that the largest percentage increases were for
how often participants intended to communicate about the effects
of coastal tourism on the marine and human environment, their
intention to take action to reduce the negative effects of coastal
tourism (behaviour), and their self-reported level of knowledge
about the issues.

It is worth noting that the relatively low (18%) increase in how
concerned participants felt about the effects of coastal tourism
on the marine environment (attitude) does not mean that the
tool was less successful in this regard, since the pre-test level of
concern was higher than for all the other OL dimensions.

Qualitative Survey Answers
Regarding their criteria for choosing coastal holidays (Figure 7,
first question), many participants did not think much about

Frontiers in Marine Science | www.frontiersin.org 11 June 2019 | Volume 6 | Article 360

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


fmars-06-00360 June 28, 2019 Time: 18:34 # 12

Brennan et al. System Dynamics for Ocean Literacy

TABLE 3 | Relationship between questions developed to assess effectiveness of the Ocean Literacy tool, predictors of behaviour and Ocean Literacy
dimensions assessed.

Predictors of behaviour
(Klöckner, 2013)

Ocean Literacy dimensions
applied in assessment (text
in brackets indicates an
indirect connection)

Questions used in pre- and post-intervention survey [0 (not at all) – 10 (a
lot/very) scale based responses, unless otherwise shown]

Best direct
predictors of
behaviour

Intentions (“I will do this.”) • Behaviour: decisions,
choices, actions, and
habits

• Activism

Note: These 4 questions initially assess current behaviour (‘I. . .’) (in pre-test),
then intended behaviour (‘I will. . .’) (in post-test):
“When on holiday on the coast I (will) separate litter for recycling.”

“When on holiday on the coast, I (will) look to use businesses that reduce their
negative impact on the environment.”

“When planning a holiday on the coast I (will) look for towns or resorts where
council officials have introduced schemes to reduce negative impacts from
tourism.”

“I (will) look for information on sustainable tourism practises that I can undertake
in the areas I visit.”

Perceived behaviour
control (“It is up to me
whether I do this rather
than other people or
contextual factors.”)

“I believe there will be a benefit to the marine environment and human health
and happiness if I support sustainable tourism activities (e.g., recycling and
using businesses that limit their environmental impact).”

Habits (behaviours that
have become automatised
through repetition.)

On average, how many times a year do you visit the coast in the country where
you live in your spare time? (No of times)

In the last three years, how many times have you been on holiday abroad to a
coastal resort? (No of times)

If so, which regions did you visit? (circle regions)

Factors having an
indirect effect on
behaviour

Attitudes (favourable or
unfavourable evaluations.)

• Attitude What do you think are the biggest causes of problems facing coastal resorts?
(rank 5 items listed)

Norms (what is seen as
commonly done by others.)

• Communication How often do you (will you) talk about ways of helping to reduce the problems
coastal tourism may cause in the ocean with your family, friends, colleagues or
teachers?

Responsibility (ascriptions
of who should deal with the
problem.)

• (Attitude) Not assessed.

Awareness of
consequences
(knowledge about impacts.)

• Knowledge “I have good knowledge about how coastal tourism activities affect the marine
environment.”

“I have good knowledge about how coastal tourism activities may affect human
health and happiness.”

• Awareness When you think about Coastal Tourism, what are the most important
environmental issues that come to mind? (Please list between 1 and 3 issues)

Values (general
trans-situational goals such
as equality or individualism.)

• (Attitude) What were your criteria for choosing a particular coastal resort? (please put
your most important reasons first)

Negative and positive
emotions (such as worry
or hope.)

• (Attitude) “I am very worried about damage caused by Coastal Tourism to the natural
environment”

How worried are you about the effects of the most important environmental
issues that came to mind?

Whether people see
themselves as
environmentalists.

• (Attitude)
• Activism

“I support projects to restore coastal and marine habitats that have been
degraded by coastal development”

it, and did not record their criteria in the survey, but if they
did, they made their choice on the basis of facilities (including
sun/sea/sand) and cost. After using the tool, there were more
varied responses given, and a marked change in priorities for
planning intended future coastal holidays: environmental quality
or impact, and sustainable or responsible tourism, were most
often given as criteria.

From pre- and post-survey answers to a question asking
participants to write down their understanding of the concept of

sustainable coastal tourism, there was some evidence of a richer
understanding post-survey (in terms of dynamics and balance).

Responses showed an increase in the number of issues
participants were aware of post-survey, a greater emphasis on
the need for sustainability and investment in the environment
(Figure 7, second question). Responses to a survey question
about perceived causes of coastal tourism related problems
demonstrated an increased awareness of the need to impose
regulations on coastal tourism development.
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TABLE 4 | Theory of change logic model developed to assess effectiveness of OL tool.

Problem awareness Knowledge Attitude Communication /social
norm

Barrier removal Behaviour change

Theory of
change: Aim

Following the
intervention,
participants will be
aware of the issue or
problem.

Following the intervention,
knowledge about the issue will
have increased.

Following the intervention,
attitude will change, behaviour
change supported, and
confidence in response
increased.

Following the intervention,
participants will
communicate about the
issue or topic with others.

Barriers that prevented
the behaviour change
will be
reduced/removed.

Behaviour adopted or
intention expressed:

Coastal
Tourism
example

(i) Tourists to
recognise threat to
marine
environment.

(ii) Tourists to
recognise threat to
human health and
happiness.

Tourists to recognise:

(i) Massive increase in
Coastal Tourism since
the 1950s.

(ii) Types of damage done
to the environment.

(iii) Types of damage done
to the human
environment.

(iv) Some responses to
reduce the damage.

(v) Understanding
dynamics of the system
e.g., positive feedback
loops.

(vi) Reducing growth and
investing in the
environment for a more
sustainable solution.

Tourists believe/recognise that:

(i) Mass tourism causes
damage to the coastal
and local human
environment.

(ii) Making sustainable
tourism choices
reduces the damage.

(iii) Supporting projects to
restore coastal
environment helps.

(1) Tourists will
communicate with
others about:

(i) Threats created by
mass coastal
tourism.

(ii) Options to reduce
the damage.

(2) They will seek
information on
sustainable tourism.

Knowledge of options
or actions that reduce
the damaging effects of
coastal tourism. Belief
that participants can
make a difference.

(1) Tourists to choose
sustainable forms of
coastal tourism.

(2) Tourists to behave
in environmentally
conscious ways
when on holiday.

(3) Informed tourists to
support initiatives to
repair coastal
environments.

Measurable
objective
(indicator)

Pre- and post-survey. Pre- and post-survey. Pre- and post-survey. Pre- and post-survey. Pre- and post-survey. Pre- and post-survey
(reported/intended
behaviour).

Result (from
pilot study)
(mean #
pre – > mean
# post, on a
scale of 0 (not
at all) to 10 (a
lot / very)

Awareness assessed
qualitatively: more
issues listed by
participants, greater
emphasis on
sustainability and
importance of
regulations.

67% increase in mean
self-reported knowledge of
damage done to the natural
and human environment (4.6
- > 7.7). This relates to points ii
and iii above. Other points not
directly addressed but the
topics were covered in the tool,
and informed other survey
responses.

18% increase in mean level of
participants’ reported worry
about the issues (7.2 – > 8.5).

142% increase in mean
level of frequency of
participants’ actual and
intended communication
(2.6 – > 6.3).

14% increase in mean
level of participants’
response that they
believed there would be
a benefit if they support
sustainable tourism
activities (7.8 – > 8.9).

88% increase in mean
level of participants’
intention to act to
reduce damage done
by coastal tourism
(4.3 – > 8.1).
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TABLE 5 | Measuring effect size of pre- and post-survey scaled question results using Cohen’s d.

Mean before Std. Dev. before Mean after Std. Dev. after Cohen’s d Result

Attitude 7.16 2.26 8.50 1.61 0.71 Moderate positive effect

Attitude (Barrier removal) 7.78 2.71 8.87 1.56 0.51 Moderate positive effect

Knowledge 4.64 1.93 7.68 1.52 1.81 Very large positive effect

Communication 2.63 2.77 6.33 2.55 1.45 Very large positive effect

Behaviour 4.31 3.44 8.08 1.61 1.45 Very large positive effect

FIGURE 6 | Radar chart showing changes in four of the dimensions of Ocean Literacy before and after use of the tool.

Finally, all participants said that they found the simulations
useful for improving their understanding of the dynamics of
the Coastal Tourism system. When asked what they found most
memorable about the tool, most participants cited interacting
with the simulations and discovering the dynamics of the system.

Data From In-Tool Quizzes
The in-tool quiz questions served mainly to provide learning
challenges for the participants, to help them engage and practise
applying new OL and Systems concepts. The recorded answers
helped us, as tool developers, to obtain feedback and thereby
improve the efficacy of the presentation approach.

One third of participants gave incorrect answers for reading
the Causal Loop Diagrams. Taken together with participants’
comments on this topic, outlined in the next section, this suggests
an area for improvement in the tool.

Participants scored well (13/15 correct) on the question
testing their understanding of how to bring the coastal tourism
system to a sustainable state (RQ3). They also scored better
than expected (11/15 correct) when identifying systems with
similar structure (archetype) (RQ2). They scored less well (8/15
correct) when asked to identify factors that fuel a ‘boom and bust’
(‘overshoot and collapse’) dynamic. This part of the tool therefore
needs further work.

Qualitative Feedback Given by
Participants and Observations Made
While They Interacted With the Tool

(1) Regarding the quantity of material: A number of people
found that following the tool required too much reading
and concentration. Sections should not be too long.
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Respondents took an average of about 45 minutes to
work through the material and answer questions. Many of
them commented that this was too long. 20–30 minutes
would be acceptable.

TABLE 6 | Pre- and post-survey scaled question results, summarised by OL
dimension and percentage change.

OL dimension Mean
before

Mean
after

Change Stacked bar
(scale 0–10)

Attitude 7.2 8.5 1.3 (+18%)

Attitude (barrier to
behaviour change)

7.8 8.9 1.1 (+14%)

Knowledge 4.6 7.7 3.1 (+67%)

Communication 2.6 6.3 3.7 (+142%)

Behaviour 4.3 8.1 3.8 (+88%)

(2) Use of systems terminology such as stocks and flows,
feedback loops: Some participants thought this was off-
putting. One participant said that the Systems concepts
were the most challenging. One participant reflected out
loud, “.. are we educating people about Systems Thinking
and/or System Dynamics (to improve Systems Literacy in
general), or are we trying to educate them in a specific
domain (in which case the less jargon the better?).” Another
said that the system is designed too much around academic
concepts and would lose members of the general public.
Another thought that it did take a lot of concentration but
that having to think about the “learning points” meant that
she learned something of value.

(3) Different needs of different types of user, from general
public to technical: For general users with no knowledge
of ST/SD it might be hard for them to stay focused all the
way to the last page. What exactly is the intended audience?
This needs to be better defined.

TABLE 7 | Pre- and post-survey individual scaled question results, summarised for all 15 participants by percentage change.

Question OL dimension Scale Mean
before

Mean
after

Change Stacked bar
(scale 0–10)

I am very worried about damage
caused by Coastal Tourism to the
natural environment

Attitude 0 (completely disagree) to 10
(completely agree)

7.2 8.5 1.3 (+18%)

How worried are you about the effects
of the most important environmental
issues that came to mind?

Attitude 0 (not all concerned) to 10
(very concerned)

7.2 8.5 1.3 (+18%)

I believe there will be a benefit to the
marine environment and human health
and happiness if I support sustainable
tourism activities

Attitude (barrier
to behaviour
change)

0 (completely disagree) to 10
(completely agree)

7.8 8.9 1.1 (+14%)

How often do you/will you talk about
ways of helping to reduce the problems
coastal tourism may cause in the ocean
with your family, friends, colleagues or
teachers?

Communication 0 (not all all) to 5 (some of the
time) to 10 (all of the time)

2.6 6.3 3.7 (+142%)

I have good knowledge about how
coastal tourism activities affect the
marine environment

Knowledge 0 (completely disagree) to 10
(completely agree)

4.5 7.8 3.3 (+73%)

I have good knowledge about how
coastal tourism activities may affect
human health and happiness

Knowledge 0 (completely disagree) to 10
(completely agree)

4.7 7.5 2.8 (+60%)

When on holiday on the coast I (will)
separate litter for recycling

Behaviour 0 (not all all) to 5 (some of the
time) to 10 (all of the time)

7.2 9.1 1.9 (+26%)

When on holiday on the coast, I (will)
look to use businesses that reduce their
negative impact on the environment

Behaviour 0 (not all all) to 5 (some of the
time) to 10 (all of the time)

4.6 8.4 3.8 (+83%)

When planning a holiday on the coast I
(will) look for towns or resorts where
council officials have introduced
schemes to reduce negative impacts
from tourism

Behaviour 0 (not all all) to 5 (some of the
time) to 10 (all of the time)

2.9 7.6 4.7 (+162%)

I (will) look for information on
sustainable tourism practises that I can
undertake in the areas I visit

Behaviour 0 (not all all) to 5 (some of the
time) to 10 (all of the time)

3.1 7.6 4.5 (+145%)

I (will) support projects to restore
coastal and marine habitats that have
been degraded by coastal development

Behaviour 0 (not all all) to 5 (some of the
time) to 10 (all of the time)

3.8 7.7 3.9 (+103%)
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FIGURE 7 | Wordclouds representing before and after survey responses for two qualitative questions.

(4) Visual versus textual content: A number of participants
wanted more visual material (video, animation or
slideshow with voiceover), instead of long sections
of text and static diagrams. More interaction would
help keep users engaged. A narrator with a strong
storyline would help.

(5) Response to in-tool quiz questions: Participants’ reaction
to these varied. A majority became visibly worried about
‘getting answers wrong’. Others found the reinforcing of
learning from material on the page useful. A few said they
enjoyed the challenge. Some questions and answers caused
confusion and needed clearer wording.

(6) Understanding of dynamics of the system: Most people
expressed a new understanding of the importance of the
major drivers in the HOS under investigation, for example,
the effect of huge increases in tourist numbers, and the
powerful effect of feedback loops.

(7) Difficulty with Causal Loop Diagrams: Reading CLDs
caused a bit of confusion, mainly with regard to how
to read the arrows. We annotated arrows with ‘increase’
and ‘decrease’ – e.g., A increases B, which means ‘As
A increases, B increases.’ But if A decreases instead,
then users need to understand that B will decrease. One
participant suggested letting users practise creating their
own causal loops.

(8) Issues with the models underlying the simulations: Some
participants pointed out flaws with the simulation models,
for example, unexpected behaviour of stocks (tourists,

hotels or environmental quality) when variables were set
at extremes, i.e., at minimum or maximum values. Models
need to be thoroughly tested at the extremes in order to
avoid causing potential confusion for learners. Our models,
based on Bossel’s, are normalised, i.e., unitless. They are
useful for showing general dynamic trends but some users
commented on the lack of y-axis scales on some graphs,
and the lack of concrete figures.

(9) Facilitation versus unsupervised self-study: Most people
thought that a facilitator would be preferable for this
type of material. Alternatively, facilitator sessions could
be recorded and video clips included in the tool for
each major topic.

(10) Learning by using the simulations: Most people said that
they found the interactive simulations useful and enjoyable
to use. Learning by experimenting is effective and can
give unexpected results. The last simulation in the series
attracted a lot of positive comment. In it, users attempt
to manipulate three variables in order to bring the system
to a sustainable state. The most interesting suggestion was
that it should be possible, after attempting the task, to
display a pre-prepared answer (variables would be set for
a sustainable outcome, visible on the graphs).

(11) Perceived limits of the influence of the public: One
participant pointed out that policy changes are needed,
as well as actions by individuals, in order to reduce the
damage caused by coastal tourism. The systems view
arguably emphasises the policy (‘big picture’) point of view.
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Sample of Spontaneous Feedback During Post-tool
Interviews
‘Genuinely eye-opening, much more concerned about the problem
than before.’ [Increased awareness/attitude of concern].

An interesting response to pre-questionnaire behaviour
questions: ‘If I’m on my holidays, I’m on my holidays!’ –
meaning, I don’t want to have to think about recycling and being
environmentally responsible. [Reveals attitude].

‘It’s both too easy and too hard at the same time. It requires a
level of concentration people probably won’t want to give.’ People
would need to be motivated by interest in the subject. ‘Could be
used as a teaching tool by a facilitator.’ [Comments by a teacher].

Some Comments Left In-Tool
‘Understanding how to work towards Sustainable Tourism has
opened my eyes to what I can do to help.’

‘Good resource - this is engaging, it made me think, taught me
a little about Systems Thinking, raised my consciousness about
choosing holidays and amenities that have a sustainable approach,
and a concern for the environment.’

DISCUSSION

We have not been able to find existing applications of SD (or
other) simulation in the context of OL. In the related field of
climate change education, Moxnes and Saysel (2009) describe in
detail an experiment involving simulation which was designed to
correct common misperceptions of carbon dioxide accumulation
and its consequences. They report ‘promising learning effects’.
In his paper on communicating climate change risks, Sterman
(2011) argues that, where misunderstanding of a complex system
is the norm, and where there is an urgent need to correct the
mental models of the public and policymakers, these problems
‘cannot be remedied merely by providing more information
about the climate, but require different modes of communication,
including experiential learning environments such as interactive
simulations.’ The C-ROADS Climate Change Policy Simulator12

is based on a SD model and is used by policy makers and
the public to better understand how to reduce greenhouse gas
emissions and to test strategies for dealing with climate change
(Sterman et al., 2012).

The results of this pilot study are in line with other studies
where computer simulations have been found to enhance
outcomes in science education (Rutten et al., 2012). Our
work addresses the need to introduce a Systems approach and
simulation to the field of OL (Tran et al., 2010) and adds to
work done with SD modelling and simulation in the related
field of environmental literacy. Whilst the SD model underlying
the C-ROADS Climate Change Policy Simulator described by
Sterman has been tested, we cannot find studies that test
C-ROADS for effectiveness in terms of learning outcomes or
support for policy making, which suggests a gap in the research
that this study has the potential to address.

12https://www.climateinteractive.org/tools/c-roads/

Increase in Ocean Literacy and Systems
Literacy Levels
The results of the pilot study show a significant increase in the
OL dimensions for participants (knowledge, attitude, behaviour,
and so on). Participants showed a better understanding of
the complex dynamics of the HOS underlying coastal tourism,
and developed a more dynamic understanding of the concepts
of sustainability and sustainable tourism (Research Question
3). This understanding was in addition to, and arguably
provided a mental model as context for, the more usual
issues and mitigating responses described in non-Systems
oriented OL initiatives.

All participants said that they found the simulations useful.
This suggests that it will be worthwhile to investigate further
the possibility that ST and SD can be used to create effective
educational tools for increasing OL (Research Question 1).

Participants also scored well when recognising a generic
Systems structure (a Systems archetype) as applying to other
systems (Research Question 2). There is evidence, therefore, that
their Systems Literacy, as well as their OL, has improved through
use of the tool.

Recommendations for Enhancing the
Ocean Literacy Tool
The next version would need to be refined according to the
feedback received from participants and observations made when
watching them interact more or less successfully with different
aspects of the design.

• The prior knowledge and technical aptitude of the target
audience would need to be more closely defined.
• Appropriate, possibly simplified, terminology and diagrams

should be used for the theoretical Systems aspects. Whilst
some participants struggled with terms such as stocks, flows
and feedback loops, attempting to teach ST without them
may be too limiting. The use of an alternative, simpler set
of terms, and assessment of their usefulness, would be an
interesting topic for research.
• Creative ways, possibly animated, of presenting Causal

Loop Diagrams should be explored. There are a number
of existing alternatives for annotating arrows between
variables, but none easily solve the problem of clearly
representing the differing causal result in the second
variable that arises depending on whether the first variable
increases or decreases. Some form of novel presentation
such as animation could be considered, or use of a short
teaching video clip. Users could perhaps hover over an
arrow to get both senses of its meaning.
• The length of the session should probably not exceed about

30 minutes, and a facilitator would ideally be present, or
video recordings of a facilitator presenting key themes
embedded in the tool.
• More visual and interactive elements are preferable to long

sections of explanatory text and static diagrams.
• The underlying SD models should be thoroughly tested

for performance under extreme variable values to avoid
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confusion, and the use of some non-normalised models
should be considered. It may be useful to provide a detailed
model for a specific coastal resort so that concrete figures
and scales can be displayed.
• After giving participants the opportunity to practise

bringing the model into a sustainable state, providing the
facility for them to view ‘pre-cooked’ variable combination
settings for sustainable scenarios would be a useful
teaching device.

Assessment of Effectiveness of the Tool
As discussed in the Evaluation Methodology section, an
OL tool is said to be effective if it leads to change,
specifically behaviour change. Whilst behaviour change was
not explicitly tested in this study, using the assessment
frameworks described, there is evidence of likely behaviour
change in participants in that both their stated intentions
(behaviour) and their increased scores in the OL dimensions,
are associated with the predictors of change, as shown
in Tables 3, 4. Further research could explore the actual
effect on behaviour.

Survey Design Limitations and
Recommendations
Survey design in this study was kept relatively simple, in
that a limited number of questions were used to assess each
dimension of the predictors of behaviour change. A more
detailed survey could add more questions for each dimension,
which would reduce the error associated with a single question
(Phal and Wyles, 2017).

It is possible that, since participants were aware that they were
participating in a Coastal Tourism OL initiative, this may have
influenced their answer toward what was felt to be ‘expected’ in
pre- and post-surveys.

Follow-up surveys, to identify whether participants have
undertaken intended behaviours, together with enabling and
inhibiting factors, would provide valuable data on long term
behaviour change.

The surveys collected data on current behaviour as regards
trips to the coast locally and on holidays abroad. The online
tool also collected data on participants’ location, age, gender,
occupation and highest educational qualification. The data
for these has not yet been analysed. These factors could be
investigated to assess their level of influence on participant’s
responses and predictors of behaviour change.

Recommendations for Full Study
Results of the pilot study show improvement in OL, Systems
Literacy, and likelihood of behaviour change, and are thus
encouraging. The tool and teaching methods can be refined
according to the qualitative feedback obtained during the
initial study, and a full trial conducted with a larger number
of participants.

In order to provide evidence that a Systems approach,
including interacting with simulations, increases effectiveness

(RQ1), use of a control group would help to isolate the
effect of this approach from that of other features of the
tool. The control group would interact with a tool with
similar OL content, but without explicit Systems concepts,
nor simulations.

The tool was designed for a general audience for the
purposes of the pilot study but would benefit from being
designed to suit more closely one of two main groups: policy
makers, and general learners such as adults in the community
or schoolchildren.

CONCLUSION

This research represents a promising start in the direction
recommended by the NMEA (Tran et al., 2010) toward a
Systems- and simulation-oriented approach to OL tools. All
OL dimensions were increased after use of the tool in the
pilot study, some very significantly. A Systems approach could
well make OL and sustainability teaching more effective.
The theoretical link between the increases in OL dimensions
and predicted behaviour change, described in this paper, is
also important, given the current urgency for dealing with
serious problems with the world’s oceans. These results provide
motivation for further research. The next step would be to
further develop the OL tool and design it for use with policy
makers and for the general public, and in education, and to
conduct a larger study.
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