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Abstract

The risk of flooding around the world is large and increasing yet in many areas there is still a difficulty
in engaging the public with their own flood risk. Geomorphology is a science which is linked to flooding
and can exacerbate risks but awareness of the science with the public is low, and declining within
academia. To increase awareness it is important to engage the public directly with the science and
those who are working to reduce flood risks — this starts by inspiring people to seek out further
information through positive experiences of the science and researchers. Here, a new framework is
presented to engage the public with specific research projects by using the best components offered
by the popular mediums of games, virtual reality, and science festivals, to allow the public to get
‘hands on’ with research data and models — SeriousGeoGames. A SeriousGeoGame, Flash Flood!, was
developed around real geomorphology survey data to help engage the public with a flood risk related
research project by placing them in ariver valley as it undergoes a geomorphically-active flooding from
intense rainfall event. Flash Flood! was exhibited at science festivals and similar events in the UK by
scientists on the project, and supported with online content including videos. Through event feedback
it was shown to create positive experiences for participants and inspired curiosity as seen through
online analytics. This is hoped to inspire more fruitful engagements with relevant agencies in the

future when it matters most.
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1. Introduction

Flooding is a first-order risk around the world, and the UK is no exception. The UK’s Environment
Agency estimate that 5.2 million homes are at risk of flooding, yet less than 10 % of those consider
themselves at risk (Curtin, 2017). Curtin (2017) goes on to compare this to a YouGov poll (Smith, 2017)
suggesting that more than 11 % of the UK’s 27.2 million households (Office for National Statistics,
2017) have made plan in case of a zombie apocalypse. It is astonishing that the public seems better
prepared for an entirely fictional risk than they are for something which poses them the greatest risk,

but this is the environment practitioners find themselves in.

Geomorphology is the science of how planetary surfaces form and is an often-underappreciated facet
of flood risk. It can increase the impact of flood events through erosion of the channel and banks,
including scouring around infrastructure such as bridges and the transport of material which can make
flood waters more damaging. Clean up of deposited material, sometimes contaminated, increases the
post-event cost. Geomorphology also contributes to the likelihood of flooding with erosion and
deposition altering a river channel’s capacity to hold water, or even change the course of the river
itself. Presently geomorphology is not considered an important component of present flood
forecasting and considered a minor source of uncertainty (Flack et al., 2019), yet some evidence
suggests that the flood-related geomorphology is likely to be exacerbated by climate change due to
the non-linear relationship between river discharges and sediment yields (Coulthard et al., 2012). Even
though geomorphology is set to become more prominent in the future, and the science behind
geomorphology being well reported, the term itself as a distinct discipline is declining within
academia, and virtual unheard of with the public, in curricula, and in media reporting of geomorphic

events (Clarke et al., 2017).

With climate change due to increase the risk of flooding and the geomorphic impact of flooding, it is
unfortunate that practitioners already find themselves playing catch up in the communication of even

present day r <. Resilience to hazards is borne out of preparedness, and preparedness is built on
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knowledge, so the first step in building societal and individual resilience to geomorphic-flooding
hazards is by making people aware and more curious the topic. As Clarke et ai. (2017) asserts, the
responsibility is with geomorphologists, and by extension flood management practitioners, to inspire

this curiosity.

This paper presents a case study of the Flash Flood! application, a game-based virtual reality (VR)
activity designed to highlight the geomorphic risk posed by flooding from intense rainfall, more
commonly known as flash flooding. It highlights the SeriousGeoGame model of using science festivals,
video games, and VR to allow the public to interact ‘hands-on’ with scientific data to promote
enjoyment and curiosity in flooding and geomorphology. In Secti~~ 2, the specific research context
for Flash Flood! is described, followed by a description of the development of the application in Section
3. The evaluation of the application against its stated objectives is shown in Section 4, and discussed

in Section 5, before conclusions .. Section 6.

1.1 The SeriousGeoGames Model

The SeriousGeoGames Lab (SGG) was established in 2014 to explore the use of games, and gaming
technology, in enhancing the research, teaching, and communication of geosciences. The first
SeriousGeoGame produced was Humber in a Box (Figure 1), a novel dynamic merging of a research-
grade hydraulic model - CAESAR-Lisflood - (Coulthard et al., 2013) with a gaming engine — UNITY-3D.
Users viewed a 3D model of the Humber Estuary on top of box in a museum style space, and tidal
flows were calculated using the CAESAR-Lisflood code and animated within UNITY-3D. Users could
then simulate past and future scenarios by altering the base sea level giving them an idea of future
flood risk with rising sea levels. The scene was viewed using immersive VR via an Oculus Rift Developer

Kit 2 Head Mounted Display (HMD).

Humber in a Box proved a popular exhibit at events and festivals across the UK before becoming
obsole.c.n 2018. The experiences of what worked well provide a framework for a simple n.cuel to

design future SeriousGeoGames from — A SeriousGeoGame should look and feel like a video game and


Anonymous
Sticky Note
I am not sure I am comfortable with using a blog post as a reference here.

Anonymous
Sticky Note
What about section one?

Anonymous
Sticky Note
'conclusions -are presented- in Section 6'

Anonymous
Sticky Note
Why did it become obsolete?

Anonymous
Sticky Note
How were these data collected?

Anonymous
Sticky Note
I don't know what model you are referring to here - clarification would help me understand this section.


72

73

74

75

76

77

78

79

80

81

82

83

84

85

86

87

88

89

90

91

92

93

94

exploit VR as the medium of interaction with the applicauun. It should be optimised for use in a science
festival setting where interactions may be short, a few minutes at most, and turn over of users is high.
Fundamentally, a SeriousGeoGame should afford the user a first-hand experience of interacting with

research and therefore should feature research models and/or data at its core (Figure 2).

A successful SeriousGeoGame will achieve two objectives —

1. To create a positive experience for the user with scientists and the research topic (fun)

2. Toincrease interest for the user in the research topic (curiosity)

It is tempting to include a third objective, to try and increase the understanding of the research topic,
but from experience this is difficult to achieve/evaluate within the busy science festival setting. To use
an analogy borrowed from religious evangelism, the purpose is to ‘plant a seed’ with the user which
might ‘germinate’ with future interactions with science, scientists, or relevant practitioners in the
future. Whether the positive interaction does in fact plant this seed is a matter of trust and something
exhibitors will never be able to view come to light. vwwnen knowledge transfer does occur it will likely
not be through interaction with the SeriousGeoGame but through the interaction with the scientists
exhibiting it (Jensen and Buckley, 2014), and in particularly through a debrief with the user afterwards
(Crookall, 2010). Through this moael it is feasible to engage people with both objectives without them
trying the SeriousGeoGame itself, for example, a child might be engaging with the SeriousGeoGame
whilst their parents are interacting with the scientisc. interaction with the activity is not limited to the
time and space of the science festival hall but supported by ancillary activities, such as websites, social

media, and videos.

With the model established, below we investigate each of the three elements — science festivals, video

games, and virtual reality — to see what advantages they give for meeting the two objectives.

1.2 Science Festivals
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The science festival is a common feature of the public engagement with science landscape and for
many researchers the local annual science festival is likely one of their few interactions with members
of the public. Ihe vibrant UK scene, for example, boasts 11 large annual science festivals which can
attract between 6,000 and 50,000 visitors (Jensen and Buckley, 2014), and the UK Science Festival
Network has 45 member festivals (Science Festivals Network UK, 2019). The US scene is also growing,
with the Science Festival Alliance growing from just four member festivals in 2009 to around two
dozenin 2012 (Durant, 2013), and in 2017 47 member festivals shared science and research with over

2 million members of the public (Science Festivals Alliance, 2018).

Traditionally, a science festival will be focussed on a central exhibition space, populated by stands and
exhibits, focussing on interactive demonstrations highlighting either basic science principles, or more
bespoke demonstrations for research projects. Science festivals also usually feature talks and panels
by scientists on contemporary issues, and workshops which take people into more detail. Many
festivals encourage more creative methods of engaging audiences, including café crawls, story-telling

events, improvised comedy, orchestral performances, and films (Durant, 2013).

The goal of a Science Festival is usually to celebrate science and research (often that performed or
funded by the organisers) and to engage non-specialists (Bultitude, 2014). As such, they have become
a core method used to engage the public with the latest research (Jensen and Buckley, 2014). The true
power of Science Festivals is their ability to bring the public and scientists together, and the successful

engagements Ciierge from the conversations engendered (Jensen and Buckley, 2014).

Science Festivals could be described as niche in their nature, appealing to a small sub-set of the
population. Ina 2011 MORI poll showing that only 3% of the UK population attended a Science Festival
inthe previous year (Jensen and Buckley, 2014). A criticism of Science Festivals is that they only attract
those who are already ‘science interested’ who tend to be well-educated, meaning that there is little

socio-economic diversity (Bultitude, 2014). However, evaluations of events which have targeted
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under-represented groups have seen the same success by facilitating interactions between scientists

and the public (Jensen and Buckley, 2014).

1.3 Video Games

Video gaming is big business, with retail sales of video games accounting for 51.3 % of the UK’s
entertainment retail market (include 1 r1usic, video and games), and worth £3.84bn (Entertainment
Retailers Association, 2018). It is forecast that there are 2.3 billion people using video games
worldwide, with a global market of US$137.9bn (Wijman, 2018). The popularity of videogames has
not gone unnoticed by educators, with dedicated educational versions available of popular games
such as Minecraft, Roblox, Assassin’s Creed, and SimCity, and the educational games market is

expected to reach USS17bn by 2023 (Adkins, 2018).

Video games are powerful tools for engaging people with science as they provide a first-hand
experience which can inspire an emotional response (Mendler De Suarez et al., 2012; Squire, 2003;
Wu and Lee, 2015). In addition, games are fundamentally fun (Wu and Lee, 2015), and as such they
are naturally engaging and motivating for the user (Ryan et al., 2006). Video games are popular, with
64 % of US households owning a gaming device and an average of two gamers per household

(Entertainment Software Association, 2018).

The flexibility and complexity which can be afforded by video games has made them an attractive tool
for engaging people with complex issues such as Climate Change (Porter and Cérdoba, 2009; Reason,
2007; Warburton, 2003). This has led to the development of ‘serious games’, games where learning is
a core objective without losing sight of the entertainment element (Abt, 1987; Charsky, 2010; Crookall,
2010), and there are several studies showing that serious games have been effective in delivering the
intended learning outcomes (Bellotti et al., 2013; Chin et al., 2009; Coleman et al., 1973; Connolly et
al., 2012; Gosen and Washbush, 2004; Mani et al., 2016; Mitchell and Savill-Smith, 2004; Vogel et al.,

2006; Wilson et al., 2009).
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1.4 Virtual Reality

Virtual reality (VR) can be used to refer to any computer-based simulation featuring a virtual world
(e.g. Markowitz et al., 2018; Merchant et al., 2014; Mikropoulos and Natsis, 2011), however it is used
here to refer specifically to ‘immersive’ VR where a user will typically use a HMD to view the virtual
world. It is currently regarded as an emerging technology, but VR has been around since the 1960s
(Sutherland et al., 2003) and has seen various phases of development, particularly in education (e.g.,
Bricken and Byrne, 1993). It has only been recently, with the development of HMDs such as Oculus

Rift, HTC Vive, and Playstation VR, that the technology has enabled mainstream use of VR.

VR simulations often share features with video games and thus share many of the same learning
advantages, such as being engaging and motivating (Abulrub et al., 2011; Psotka, 2013). However, the
immersivity and presence (the feeling of physically being in the virtual world) produce experiences
which are highly engaging allowing the user to focus more on the learning outcomes (Bricken and
Byrne, 1993; Markowitz et al., 2018; Salzman et al., 1999). Furthermore users consider the virtual
environment as real (Blascovich and Bailenson, 2011) and can develop a strong attachment and
internalisation to them (Clark, 1997; Weisberg and Newcombe, 2017). A particular advantage of VR is
that it can allow users to feel closer to otherwise abstract or distant ideas (Trope and Liberman, 2010),
for example in Markowitz et al. (2018) users were shown “first-hand’ (via VR HMD) the impacts of
ocean acidification and reported increase knowledge gain and interest in the subject as a

consequence.

2. Flooding from Intense Rainfall

2.1 The Research Context

Flash Flood! was conceived as an engagement activity to support the Flooding from Intense Rainfall
(FFIR) research programme, funded by the Natural Environment Research Council UK (NERC). The FFIR

programme described itself as “A five year NERC funded programme aiming to reduce the risk of
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damage and loss of life caused by surface water and flash floods” (Flooding from Intense Rainfall,
2019). The UK based and focussed programme brought together experts from several Universities,
environmental consultancies, the Met Office, the Environment Agency, and the British Geological
Survey to better understand the role intense, localised rainfall events had on both rural and urban
flooding, with a strong focus on end-to-end forecasting on events (Dance et al., 2019; Flack et al.,
2019). Thunderstorms, driven by strong convection in summer months, form and dissipate rapidly and
can be highly localised covering just 1-3 km wide. Despite good understanding and being able to
forecast the conditions in which they form, it is presently not possible to provide accurate forecasts

of when and where the storms themselves will form.

The focus on the simulation would be on a sub-section of the programme concerning the modelling
of the geomorphic impacts of flash flooding. For most flood events in the UK changes to the river bed,
channel and surrounding flood plain through processes of erosion, deposition, and transport (i.e.
geomorphic activity) are negligible to resulting flooding. This is reflected in the current flood
forecasting situation in the UK where geomorphic activity is considered as a source of uncertainty
which influences model results to a much lesser extent to other sources, such as the rainfall input
(Flack et al., 2019). However, there are rare and extreme examples where flood events induce
significant geomorphic activity, with recent high-profile examples including Boscastle (2004),

Cockermouth (2009), Glenridding (2015), and Coverack (2017).

The geomorphic activity induced by flash flooding can make the flooding even more devastating to
communities who can find their properties inundated with mud and debris as well as water.
Transported material in flood water increases its power and ability to erode, making it able to destroy
and wash away infrastructure, such as bridges. It can also have a profound effect on the river valleys
themselves, with some floods inducing so much geomorphic change that they fundamentally change
the behaviour of the river for several years. These flood events have been referred to previously as

threshold events (BULL, 1979; Chappell, 1983; Fryirs, 2016; Milan, 2012; Schumm, 1979).
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Threshold events relate to a concept in geomorphology science called river sensitivity, a concept
described by Kristie Fryirs as ‘lost’ but of increasing significance for landscapes under a changing
climate in her medal winner address to British Society for Geomorphology in 2015 (Fryirs, 2016). 7..e

concept can be summarised by the equation below —

Recurrence of Threshold Events

River Sensitivity =
y Time Required to Recover

The equation assumes that every river has a stable behaviour, with it displaying consistent responses
to similar events. This stability is maintained by mature vegetation cover and a paucity of sediment
which can be moved by the river. However, there exists a threshold magnitude of flood event which
will disturb this stability by removing the vegetation cover, exposing sediment and transporting it
elsewhere in the channel. After the event, the channel begins recovery (or relaxation) through a period
of enhanced dynamism in the geomorphology until new vegetation has matured and sediment
sources exhausted. The balance between how often these events occur and how long it takes a river
channel to recover is the river’s sensitivity. During the threshold event and the river’s recovery the
amount of sediment delivered downstream in the system is greatly increased, and this in turn may
influence the flood risk in those areas (Lane et al., 2007; Slater, 2016). Predictions of climate change
for the UK suggest flood events will become more likely and more extreme (Dankers and Feyen, 2008;
Ekstrom et al., 2005; Feyen et al., 2012; Fowler and Ekstrom, 2009; Pall et al., 2011; Prudhomme et
al., 2003) disrupting the balance determining river sensitivity — the impacts of this on rivers and future

flood risk is not known but is likely to be negative.

2.2 The Research Data

The case study at the heart of Flash Flood! is the 2007 flood event in the upland valley of Thinhope
Burn, Northern England, as detailed by Milan (2012). The event was an FFIR event which could be
described as a threshold event for the system. During a six-hour period a highly localised yet intense

convective storm precipitated 82 mm of rainfall on the upper catchment (Met Office, 2003) resulting

10
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in flood event — those who witnessed the event described a wall of water and the sound of boulders
crashing along the river bed (Milan, 2012). The valley floor was fundamentally changed by the event
which saw large geomorphic changes during the event (see Figure 3) and increased mobility of

material subsequently (Milan, 2012).

The usefulness of this case study for the development of Flash Flood! was the availability of ground
survey data of the stable river valley just three years prior to the flood, and repeat surveys afterwards,
which were used by Milan (2012) and provided for this work. To have detailed surveys before a
geomorphically active event such as this is rare and cannot be planned for so provided an exciting
opportunity. This survey was captured in the summer of 2003 using a back-pack Global Positioning
Satellite (GPS) system across a 500 m reach section. Although similar surveys were available for after
the flood, it was decided to recapture the same 500m in more detail using a Terrestrial Laser Scanner
(TLS) in the summer of 2014. Although this survey was conducted 7 years after the flood the channel

had still yet to recover and largely reflected the immediate post-flood environment.

To give an indication of the height of the peak flood extent, simple modelling was performed within
the CAESAR-Lisflood software (Coulthard et al., 2013), using elevations derived from the 2003 GPS

survey and the estimated peak discharges from Bain et al. (2010) to drive the model hydraulics.

3. Development

The Flash Flood! application was designed by the SeriousGeoGames Lab and developed by indie-
games developers Betalester using the Unity-3D gaming engine. There have been two iterations of
the VR-based software with the second being optimised based on the experiences exhibiting the

original version.

3.1 The original Flash Flood!

The original Flash Flood! was developed in 2015. The 3D environment was built using the popular

gaming engine UNITY-3D. The before and after flood scenes were constructed from the DEMs using

11
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the data described in Section 2.2, each converted into a point cloud. A sample of each point cloud was
extracted, converted to a mesh, and imported into UNITY-3D. The scenes were populated using
textured renders and 3D objects (known as assets), with the scene being more heavily populated with
trees than in real life to help blur edges and create a more interesting 3D environment for the user to

explore.

The exhibit used the Alienware X51 R3 (Intel Core i5 6400 CPU @2.71 Ghz — 16Gb RAM — NVIDIA
GeForce GTX 970), which was labelled as “Oculus-ready”, and the consumer model Oculus Rift. The
application was optimised to a lower standard than the equipment specification afforded to allow a
desktop-only version of the software to be released. Graphics were kept simple (see Figure 4) and the
representation of water kept to an animated plain which was angled down in the direction of the river
and would rise and fall given the impression of rising and falling water levels as it intersected the
landscape. Users explored the scene using the two joysticks on an Xbox controller and needed to use

no other buttons or d-pads.

The user began the simulation within the river valley viewing it from a first-person perspective. The
user was free to explore the whole scene with movement restricted at the edges by hills or invisible
barriers. The flood animation timeline did not begin automatically and only started when the operator

pressed the P button on the keyboard.

The simulation moved along a 6 hour timeline which took 30 seconds per hour timestep, for a total of

3 minutes. It began at 15:00 and on-screen prompts described the scene at each step —

15:00 — "Clouds begin to gather"

16:00 - "A storm is brewing"

17:00 — "The storm intensifies"

18:00 — "Intense rainfall falls on the uplands of the river"

19:00 — "Rain water from the uplands swells the river level. A flash flood in coming!"

12
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20:00 — "The flood has reached its peak"

21:00 — "The flood has receded leaving a scene of devastation"

During 19:00 the eponymous flash flood wave passed through the scene — this was produced using
two shapes, a box and wedge (as the flood toe), textured in the same way as the water, to give an
impression of the “wall of water” described by witnesses (Milan, 2012). Throughout the timeline the
water turned increasingly brown to represent the debris within the water. As the simulation
transitioned between 20:00 and 21:00 the before the flood scene was switched for the after the flood
scene. Most of the changes were obscured under the height of the water as this was the peak of the

flood, but it still required a respawning of the user resulting in some sudden, unrealistic changes.

The limitations of time and funding meant that there was no sound incorporated into the original
version and narration was provided via a one-to-one interaction with an operator — usually a scientist
within a relevant research area, or a science communication generalist. This had the advantage of
being able to tailor the message based on the operator’s research field and the age and responsiveness

of the user.

3.2 Flash Flood! Vol.2

In 2018 an opportunity arose to redevelop the original Flash Flood!. Where the original had been
limited in its graphics and representation of river flow due to the release of a desktop-only version,
there were no such limitations for Vol.2. Instead, the new development was optimised for a new set
of equipment using the Alienware 17R5 Oculus-Ready laptops (Intel i7-8750H @ 2.20GHz — 8GB RAM
— NVIDIA GeForce GTX 1070), with an aim of achieving a look and feel of a AAA-gz r1ic. This was partly
in response to an increasing number of comments on the basic level of the original graphics and users
becoming more accustomed to ever more sophisticated VR experiences. Photo-realistic assets were
used for textures and 3D objects, and the scene was made wooded like the original to make a more

interesting scene. The transitions at the edges of the scene were significantly improved by removing

13
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the hills and replacing these with an unexplorable extended landscape and hiding the edges using
stone bridges (see Figure 5). The basic horizontal plain of water was replaced by the more
sophisticated River Auto Material (R.A.M. by NATUREMANUFACTURE) asset, with customisation from
the developers for the representation of the flash flood showing a rapidly rising water level with debris

in the form of rocks and logs. Vol.2 uses the same data and flood timeline as the original version.

From an exhibitor point of view the main limitation of the original version was the staffing resource
required due to the one-to-one narration provided by the operator — this interaction was exhausting,
and a single operator could manage around four or five demos before requiring a rest during busy
periods. This means each set up required a minimum of two operators rotating regularly, and an extra
operator for every two sets to allow for breaks and control of the crowd. This limited the number of
demonstrations which could be achieved and size of exhibits which could be supported. To overcome
this limitation Vol.2 uses a soundtrack with narration. The user chooses between two narrators — Chris
(voiced by Dr Chris Skinner) and Jess (voiced by Dr Jess Moloney) — defaulting to Jess. The two
narrations follow slightly different scripts with Chris’s being more general and Jess’s drawing more on
Dr Moloney’s research into dating past flood events (Moloney et al., 2018). The choice of a single male
and female voice was a starting point and allows for an increased representation of voices with future

developments.

3.3 Ancillary developments

The two iterations of VR software are not the only developments relating to Flash Flood! nor is the
achievement of the two objectives limited to the time and space within the science festival hall. The
activity was promoted and supported by the SGG social media accounts (Facebook and Twitter) and
the SGG website. At times this was enhanced by support from the University of Hull Marketing and
Communication team, plus other colleagues at the University of Hull, other Universities (particularly

Reading and Newcastle), and the Natural Environment Research Council.

14
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To support the original version of Flash Flood! a handout was produced. The handout included brief
descriptions of the event, links to the SGG website and social media accounts, and an activity which
could be done alongside the simulation. The intention was to mimic the taking of field notes
performed by geomorphologists, before and after the flood. At events the handout was given out
along with a “I survived the Flash Flood!” badge and was also free to take from the table. It was also
used for those waiting to have a turn on the simulation or watching others to occupy them and was

used with a clipboard and pencil to fit the fieldwork image.

To make the application more accessible a desktop-only version was made available via SourceForge
which could be controlled using a mouse and keyboard. This was free to download and would operate
on any reasonably modern windows machine. However, several schools reported they wished to use
the software but were unable to due to networking restrictions on school machines — in response a
360 video version was produced and made available via YouTube. This version allowed headtracking
but not free movement. It included sound and two versions were available, one with narration and
one without. To support both the desktop and 360 versions a manual was produced, and articles

aimed at students and teachers published (Skinner, 2018; Skinner and Milan, 2018).

4. Evaluation

4.1 Objective 1 — Fun

Through demonstration of Flash Flood! at events it is obvious that most participants enjoy the activity.
Verbal feedback has included words describing the activity as “epic” or “sick”, both meant as a
positive. The most common word received as feedback has been “weird” most often delivered with a
smile on their face — it is obvious that it is meant as a positive, that the uncanny experience of

immersion in a virtual world is exciting, yet out of the ordinary.

Flash Flood! has been highlighted in the feedback obtained by events, usually via comment walls. At

NERC Into the blue comments under the “Things | loved about Into the blue” included “the gogis~

15


Anonymous
Sticky Note
This is only anecdotal - needs data

Anonymous
Sticky Note
This is very tenuous for a large event, where that comment may have been referencing a different stand, even if there were no other VR practitioners there.


337

338

339

340

341

342

343

344

345

346

347

348

349

350

351

352

353

354

355

356

357

358

359

360

361

(Goggles = VR headset) and “flash flood”, and under “Things | learned at Into the blue” was “Rivers
are fantastic!”. Into the blue also ran a public vote for most popular stand, for which Flash Flood! was

awarded joint-3" out of 40 exhibits and events.

Not all feedback has been positive and there have been a few negative comments received during
exhibits. Mostly these are to do with issues relating to VR, for example it makes them feel dizzy or
nauseous, or simply that they did not like it. Other comments have been around dissatisfaction with
the graphics of the game or wanting more game-like objectives. On this latter point, “What am |

supposed to do?” is a common question at the start of demonstrations.

In conversation, it is often commonly asked of participants what they might like to see included in
Flash Flood!. Common suggestions include better graphics, being able to explore a wider space, or
wildlife such as sheep, wolves, bears, or dinosaurs. Others would like more game like elements like
something to shoot, such as zombies (see Curtin, 2017). With Vol.2 where more sets available to do
multiple simultaneous demos, several have commented that they would like to have them linked and

being able to explore the scene together with their friends.

At the 2018 Hull Science Festival, at the University of Hull, Vol.2 was used as part of an Earth Arcade.
The Earth Arcade is a room of game-like activities all designed to communicate key global
environmental issues in a non-intrusive way. The games range in style and complexity so that a family

audience can engage with it effectively. Games included were —

Flash Flood! Vol. 2 - five sets

e Plastic Fishing — a game aimed at pre-school children using magnetic fish to highlight ocean
pollution and plastic waste (see seriousgeo.games/eartharcade/eartharcade_9)

e Flood City: Hull — A PowerPoint game showing the impacts of sea level rise on coastal flooding
in a city

e Riverin a Box— An EmRiver stream table (see seriousgeo.games/eartharcade/eartharcade_3)

e Atable with relevant Top Trump cards and colouring pens and paper |
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The Earth Arcade was situated in its own space, like a mini-festival within the festival, and this space

was used to provide evaluation boards for participants to leave comments with four questions offered

1. What did you enjoy?

2. What did you learn?

3. What will you do?

4. What would you like to see?
In total 69 responses were posted on the board, 42 of which related to Flash Flood!, either directly or
using an appropriately descriptive term (such as Virtual Reality) or as part of the whole Earth Arcade

exhibit. Figure 6 shows the division of these 42 responses.

The majority of the responses were describing what they liked, with all answers positive. 26 of the
responses were generic, for example “The flud computers” or “I enjoyed everything”, whilst 9 were

more descriptive in what they enjoyed —

“I'like the VR river flood it was like | was really there”

“I'liked the VR river experiment. | was very interesting and educational”

“The flash flood was very exciting and cleverly made, it was fun”

“It felt real”

”

“What a fun way to learn some serious stuff. And all the people helping us were so friendly! :)

“I enjoyed seeing what is like in the middle of a flood”

“I'liked the forest — it was great! | got caught in a tree!”

“hid in the chrees”

“I loved to find out about how flood changes river and all around”
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The only negative comment received was under “What would you like to see?” and stated “I liked it

mostly apart from the graphics”. Other comments in that section were —

“Can you make the VR flood simulation interactive? le you get washed away or can build dams etc.”

“Flash Flood sim was very good. Multiplayer with local other PCs?”

“2 very excited boys on the flood VR. Suggestions: Allow bridge access? Gurgling voices if in the

riverbed when the flash flood arrives?”

Four comments were posted under “What did you learn?”, there were —

“l lerned about floods”

“l learn a lot about flash floods”

“I enjoyed the experience and larnt about the havoc these floods can create”

“I learnt about what happens during flash floods”

4.1 Objective 2 - Curiosity

To fulfil the first objective, it is important to keep interactions between the public and scientists as
informal and as natural as possible, avoiding anything which might be intrusive to this. Therefore, in a
science festival setting methods of formally and quantitatively assessing the publics’ response, for
example using questionnaires, is not appropriate nor helpful. This is especially true when considering
individual exhibits within a festival hall where each exhibit may wish to conduct their own evaluations
— this would become tiresome for the public who only wish to have fun, exciting, and interesting

engagements.

To assess the success of Flash Flood!, and other SeriousGeoGames, against Objective 2 users are
signposted to online media relating to SGG. Figure 7 shows the total views for the SGG website and
YouTube channel, with each accumulating a remarkably similar total since September 2015, and both

have been growing at a similar rate of around 200 views per month since the beginning of 2018.
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There are three Flash Flood! related videos on the SGG YouTube channel (out of a total of 51 videos)
—a preview demo for the original version, and the two 360 versions. The growth of aggregated views
for all these videos is also shown in Figure 7. As a share of overall views on the SeriousGeoGames
channel, the Flash Flood! videos has gradually been increasing and currently accounts for around 40

% of the total views, and 56.4 % of those are for narrated 360 video alone.

Figure 8 shows the monthly views for 2017. There was very little activity on either the website or
YouTube channel in January and February but increased during March. The activity in March can be
attributed to a feature on Flash Flood! in NERC’s Planet Earth Magazine (Skinner, 2017), and the
promotion of the Hull Science Festival on 2" April 2017 where SGG ran a featured exhibit. March 2017
saw the most monthly views for the SGGs website in the record (405) and best performing month in
the record for the YouTube channel was April 2017 (677). Many of these views were from a series of
360 videos from an undergraduate field trip, uploaded in March but used as part of the Hull Science
Festival exhibit and thus accumulating a steady number of views. A series of 360 videos covering the
European Geoscience Union’s General Assembly was also released that month and attracted many
views. The narrated Flash Flood! 360 video was released on the 11" April and was the most viewed

video that month with 142.

The NERC UnEarthed Science Showcase took place on 17-19 November 2017 and attracted over 5250
visitors. In the week preceding the event the narrated 360 video was viewed 50 times, was viewed 6
times during the event, and 42 times in the week after. In November the Flash Flood! videos had a
total of 215 views, 81.1 % of the total YouTube channel views. The UnEarthed exhibit also featured
the Humber in a Box game — the demo video on the channel for this game received 32 views, so in all

93.2 % of all video views in November 2017 were related to the UnEarthed exhibit.

5. Discussion

The SeriousGeoGame Flash Flood! has been a success at meeting Objective 1 - to create a positive

experience for the user with scientists and the research topic. Most interactions have been positive
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and when users have provided feedback this has also been overwhelmingly positive. When users have
been asked what they thought of Flash Flood! most have opted to share how much they enjoyed it
over providing feedback on what they learned or how they’d like to see it improved — for example, In

Figure 6, of 42 comments on Flash Flood!, 35 were about enjoyment.

The success against Objective 2 - to increase interest for the user in the research topic - is more difficult
to evaluate as this manifests after the interaction with Flash Flood!. The increase in interest relating
to the exhibits has been gauged using the analytics available through the SGG website and YouTube
channel to observe changes in traffic over time. It is not possible to determine the source of this traffic
(i.e., is it from the public or other academics) or the motivation for the online interaction. Over the
course of the SGG project there has been a steady growth in the number of overall views of the
website and YouTube channel — in regards to the YouTube channel, the Flash Flood! related videos
are increasingly driving this growth and the proportion of views relating to the three videos over the

other 48, growing from 20 % at the start of 2017 to 39 % by the end of 2018.

The NERC UnEarthed event of November 2017 presented the best opportunity to evaluate the impact
of an individual event in driving traffic towards these sources as there were no other events or
activities that month. As 93 % of all YouTube views for that month were related to the exhibit, this
suggests that it was successful in achieving Objective 2. For Flash Flood! itself, the videos received 215
views in November 2017, the most of any month on record and more than double the views of the
months before and after. Views of the SGG website were also higher than the months before and
after. Breaking this down there were more views of the narrated Flash Flood! 360 video in the 7 days
prior to the event than there were during the event and 7 days after, meaning that much of the
internet traffic is driven by promotion of the event (via sharing YouTube links on the Twitter account)
rather than in response to visiting the exhibit — as the majority of SGG’s Twitter audience are scientists,
science communicators, or educators, it is possible that the increased traffic emerges from within the

industry and not from the target public audience.
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In terms of the SeriousGeoGames model, all the elements have proven useful. Science festivals have
proven an effective way to engage large amounts of people in a short space of time, and when
researchers of all levels are under time pressure from several demands this has proven and efficient
way to conduct engagement activities. The public who attend the events clearly find them an
overwhelmingly positive experience even when they were not of the traditional socio-economic
groups associated with science festival attendance. For example, the NERC UnEarthed event was held
in the Dynamic Earth centre in Edinburgh which normally requires an entry fee — the organisers
arranged a waiver for this for the duration of the festival and many of comments received were from
parents stating how much they appreciated this as they had not previously been able to visit the centre

because of the entrance fee.

The video game element is the least developed of the three and consequently the one which receives
the most specific feedback. In the main this is because of limitations in the application and the desire
to have more freedom or an objective to achieve, and this can cause confusion in some who are
expecting a more developed game-like experience. This should be viewed as a huge opportunity for
further development —there is a strong desire for audiences of science festivals for game-like exhibits
(not just video games), especially where there is a competitive element, and these are currently
underrepresented. However, the game-like appearance and feel of Flash Flood! is viewed as a positive
by almost all users, and even the sight of an Xbox control pad within the science festival hall sparks

excitement in some members of the audience.

Since the inception of SGG, the use of VR has been a draw for the exhibits - as soon as one person is
seated and wearing the HMD, looking off in different directions, a crowd soon gathers to see what is
going on. The curiosity and novelty invoked by VR has proven successful in attracting people to interact
with the exhibit and scientists. As VR has developed and become more mainstream over the years this
has changed, but not diminished. Flash Flood! was often the only VR exhibit at events when first

produced but now is often one of several, however as the hardware is relatively cheap compared to
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development costs, it often remains the only bespoke piece software as opposed to video demos or
360 photographs/videos. Comments have shifted from “I’ve never used VR before” to “my friend has

one of these”, but the enthusiasm to try it is still high.

The use of real research data adds value to Flash Flood! and users are interested to find out that 3D
environment is built from data collected in a real river, and the flood based on a real event. This is
usually followed by questions about where the river is and when it happened and provides a useful
conversation starter to discuss the issues around flash flooding and forecasting these types of events.
We have also received comments from the public saying how pleased they were we were exhibiting
something based on real, ongoing research, and not demonstrating basic scientific principles and

experiments.

However, the most important element of any Flash Flood! exhibit is the team of scientists which
interact with the public, sharing their enthusiasm for science and their research expertise. It is
especially successful when their research aligns with the exhibit, but this is not vital — many of the
interactions take place beyond the application itself so it is possible for the scientists to share their
own personal research interests without impacting negatively on the objectives. Users particularly
enjoy interacting with either Chris or Jess who provided the voice overs for Flash Flood! Vol.2 and are

often surprised they are real people who are scientists in real life.

A criticism of the SeriousGeoGames model presented is that the objectives are possibly too narrow or
unambitious. There is scope within Flash Flood! for it to be used to increase the understanding of the
research topic, or even to change behaviours of the public, such as encouraging them to sign up for
automatic flood warning alerts. Delivering and evaluating these objectives within a festival setting,
without having a negative impact on the original objectives, is likely not feasible and more suited to a
less busy and longer interaction in workshops or classrooms and this has been explored using the

desktop and 360 version. Flash Flood! has also been used in workshops and has also been reported as
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being used in school lessons even though it was not conceived or designed for this use. 1ne efficacy

of the application in this context has not yet been explored and is beyond the scope of this study.

6. Conclusion

The Flash Flood! application is game-based, built around real research data, and has been used to
engage thousands of people at science festivals and events. There have been numerous versions of
the application across different platforms, including desktop, 360 YouTube videos, and utilising VR.
Flash Flood! has demonstrated that the SeriousGeoGame model - utilising elements of science
festivals, video games, and virtual reality, to produce game-like applications built around a core of real
research models and/or data — has had success at achieving the first objective of producing a positive
experience for the user. However, although there is evidence that it is successful against the second
objective, to increase the user’s interest in the research topic, this has proven more difficult to
evaluate effectively. There remains great potential to develop Flash Flood! and other
SeriousGeoGames, particularly using the video games elements and use outside of science festivals to

achieve more ambitious objectives.

Data Availability

The data used in this study can be made available on request by emailing the corresponding author.

Game files for Flash Flood! can be found at https://sourceforge.net/projects/flash-flood/

Ethics Statement

The study complied with all the Ethical Approval processes for the University of Hull. Specific
considerations were paid to the use of virtual reality — disclaimers were given in game and verbally
about potential dizziness, and to reduce risk participants were required to be seated at all times. In
regards to safeguarding and child protection no SeriousGeoGames or Earth Arcade exhibit crew are
ever responsible for the care of children who must be accompanied by an adult before participating.

Crew are instructed to never find themselves alone with a child. Crew are prohibited from
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photographing the exhibit whilst the public are present (often exceeding the photography policy of
the event). Whilst participating the public are handed the VR headset to have ownership of it during
the activity and instructed how to adjust and wear it, and told to remove whenever they like — crew

do not touch the headset whilst it is on someone else’s head.

Acknowledgements

The original Flash Flood! was funded by a Knowledge Transfer grant from the NERC Flooding from
Intense Rainfall project (SINATRA NE/K00896X/1 and FRANC NE/K008900/1) . Flash Flood! Vol.2 was
funded through the Higher Education Innovation Fund award for the Earth Arcade. The Flash Flood!
360 videos were funded using the NERC Into the blue prize fund. The Flash Flood! handout was funded
by an Outreach Grant from the British Society for Geomorphology. Game and VR development was

conducted by Betalester Ltd.

The success of Flash Flood! would not have been possible without the following people who have
championed it, helped with design, and volunteered at exhibits — Hannah Cloke, Tom Coulthard, Dan
Parsons, Sarah Dance, Chloe Morris, Jess Moloney, Rob Thompson, Matt Perks, Dave Milan, Jazmin
Scarlett, Bas Bowedes, Serena Teasdale, Ryan Lay, Adam Boyne, Josh Porter, John van Rij, Hannah
Williams, Jackie McAndrew, Phil Bell-Young, Mark Lorch, Xuxu Wu, Leiping Ye, Jack Laird, Michelle
Kinnon, David Flack, Louise Arnal, Ye Chen, Josh Johnson, Robert Houseago, Flo Halstead, Greg Smith,
Jenny James, Catherine Mascord, Jo Dewey, Jo Arnett, Annie Ockelford, Freija Mendrick, Marijke De

Vet, Nilufar Xiaokaiti, and Sergio Duran.

24



551

552

553

554

555

556

557

558

559

560

561

562

563

564

565

566

567

568

569

570

571

572

573

References

Abt, C. C.: Serious games, University Press of America. [online] Available from:
https://books.google.co.uk/books/about/Serious_Games.html?id=axUs9HA-hF8C&redir_esc=y

(Accessed 18 March 2019), 1987.

Abulrub, A.-H. G., Attridge, A. N. and Williams, M. A.: Virtual reality in engineering education: The
future of creative learning, in 2011 IEEE Global Engineering Education Conference (EDUCON), pp.

751-757, IEEE., 2011.

Adkins, S. S.: The 2018-2023 Global Game-based Learning Market, Serious Play Conf., (July), 1-43,

2018.

Bain, V., Gaume, E. and Bressy, A.: Hydrometeorological Data Resources And Technologies for
Effective Flash Flood Forecasting HYDRATE Deliverable Report 4.1 : POST FLOOD EVENT ANALYSIS.

[online] Available from: www.hydrate.tesaf.unipd.it (Accessed 18 March 2019), 2010.

Bellotti, F., Kapralos, B., Lee, K., Moreno-Ger, P. and Berta, R.: Assessment in and of Serious Games:

An Overview, Adv. Human-Computer Interact., 2013, 1-11, doi:10.1155/2013/136864, 2013.

Blascovich, J. and Bailenson, J.: Infinite Reality: Avatars, Eternal Life, New Worlds, and the Dawn of

the Virtual Revolution, William Morrow & Co., 2011.

Bricken, M. and Byrne, C. M.: Summer Students in Virtual Reality, in Virtual Reality, pp. 199-217,

Elsevier., 1993.

BULL, W. B.: Threshold of critical power in streams, Geol. Soc. Am. Bull., 90(5), 453,

doi:10.1130/0016-7606(1979)90<453:TOCPIS>2.0.CO;2, 1979.

Bultitude, K.: Science festivals: Do they succeed in reaching beyond the “already engaged”?, J. Sci.

Commun., 13(4), 1-3, 2014.

Chappell, J.: Thresholds and lags in geomorphologic changes, Aust. Geogr., 15(6), 357366,

25



574

575

576

577

578

579

580

581

582

583

584

585

586

587

588

589

590

591

592

593

594

595

596

doi:10.1080/00049188308702839, 1983.

Charsky, D.: From Edutainment to Serious Games: A Change in the Use of Game Characteristics,

Games Cult., 5(2), 177-198, d0i:10.1177/1555412009354727, 2010.

Chin, J., Dukes, R. and Gamson, W.: Assessment in Simulation and Gaming, Simul. Gaming, 40(4),

553-568, doi:10.1177/1046878109332955, 2009.

Clark, A.: Being There: Putting Brain, Body, and World Together Again, MIT Press, Cambridge., 1997.

Clarke, L., Schillereff, D. and Shuttleworth, E.: Communicating geomorphology: an empirical
evaluation of the discipline’s impact and visibility, Earth Surf. Process. Landforms, 42(7), 1148-1152,

doi:10.1002/esp.4129, 2017.

Coleman, J. S, Livingston, S. A., Fennessey, G. M., Edwards, K. J. and Kidder, S. J.: The Hopkins Games
Program: Conclusions from Seven Years of Research, Educ. Res., 2(8), 3—7,

doi:10.3102/0013189X002008003, 1973.

Connolly, T. M., Boyle, E. A., MacArthur, E., Hainey, T. and Boyle, J. M.: A systematic literature review
of empirical evidence on computer games and serious games, Comput. Educ., 59(2), 661-686,

doi:10.1016/J.COMPEDU.2012.03.004, 2012.

Coulthard, T., Neal, J., Bates, P., Ramirez, J., de Almeida, G. and Hancock, G.: Integrating the
LISFLOOD-FP 2D hydrodynamic model with the CAESAR model: implications for modelling landscape

evolution, Earth Surf. ..., 38(15), 1897-1906, doi:10.1002/esp.3478, 2013.

Coulthard, T. J., Ramirez, J., Fowler, H. J. and Glenis, V.: Using the UKCPQO9 probabilistic scenarios to
model the amplified impact of climate change on drainage basin sediment yield, Hydrol. Earth Syst.

Sci., 16(11), 4401-4416, doi:10.5194/hess-16-4401-2012, 2012.

Crookall, D.: Serious Games, Debriefing, and Simulation/Gaming as a Discipline, Simul. Gaming,

41(6), 898-920, doi:10.1177/1046878110390784, 2010.

26



597

598

599

600

601

602

603

604

605

606

607

608

609

610

611

612

613

614

615

616

617

618

619

620

Curtin, J.: How frightened should we be of flooding? - Creating a better place, Environ. Agency Blog
[online] Available from: https://environmentagency.blog.gov.uk/2017/10/27/how-frightened-

should-we-be-of-flooding/ (Accessed 18 March 2019), 2017.

Dance, S., Ballard, S., Bannister, R., Clark, P., Cloke, H., Darlington, T., Flack, D., Gray, S., Hawkness-
Smith, L., Husnoo, N., lllingworth, A., Kelly, G., Lean, H., Li, D., Nichols, N., Nicol, J., Oxley, A., Plant,
R., Roberts, N., Roulstone, I., Simonin, D., Thompson, R., Waller, J., Dance, S. L., Ballard, S. P.,
Bannister, R. N., Clark, P., Cloke, H. L., Darlington, T., Flack, D. L. A., Gray, S. L., Hawkness-Smith, L.,
Husnoo, N., lllingworth, A. J., Kelly, G. A., Lean, H. W,, Li, D., Nichols, N. K., Nicol, J. C., Oxley, A.,
Plant, R. S., Roberts, N. M., Roulstone, I., Simonin, D., Thompson, R. J. and Waller, J. A.:
Improvements in Forecasting Intense Rainfall: Results from the FRANC (Forecasting Rainfall
Exploiting New Data Assimilation Techniques and Novel Observations of Convection) Project,

Atmosphere (Basel)., 10(3), 125, doi:10.3390/atmos10030125, 2019.

Dankers, R. and Feyen, L.: Climate change impact on flood hazard in Europe: An assessment based
on high-resolution climate simulations, J. Geophys. Res., 113(D19), D19105,

doi:10.1029/2007JD009719, 2008.

Durant, J.: The role of science festivals, Proc. Natl. Acad. Sci., 110(8), 2681-2681,

doi:10.1073/pnas.1300182110, 2013.

Ekstréom, M., Fowler, H. J., Kilsby, C. G. and Jones, P. D.: New estimates of future changes in extreme
rainfall across the UK using regional climate model integrations. 2. Future estimates and use in

impact studies, J. Hydrol., 300(1), 234-251, doi:10.1016/j.jhydrol.2004.06.019, 2005.

Entertainment Retailers Association: Streaming drives entertainment sales 9.4% higher in 2018 to
sixth consecutive year of growth but physical remains crucial to deliver megahits - ERA, Entertain.
Retail. Assoc. [online] Available from: https://eraltd.org/news-events/press-

releases/2019/streaming-drives-entertainment-sales-94-higher-in-2018-to-sixth-consecutive-year-

27



621

622

623

624

625

626

627

628

629

630

631

632

633

634

635

636

637

638

639

640

641

642

643

644

of-growth/ (Accessed 18 March 2019), 2018.

Entertainment Software Association: 2018 Sales, Demographic, and Usage Data: Essential facts
about the computer and video game industry. [online] Available from: http://www.theesa.com/wp-

content/uploads/2018/05/EF2018_FINAL.pdf (Accessed 18 March 2019), 2018.

Feyen, L., Dankers, R., Bodis, K., Salamon, P. and Berredo, J. |.: Fluvial Flood Risk in Europe in Present
and Future Climates, [online] Available from:
http://publications.jrc.ec.europa.eu/repository/handle/JRC68817 (Accessed 15 September 2017),

2012.

Flack, D., Skinner, C., Hawkness-Smith, L., O’Donnell, G., Thompson, R., Waller, J., Chen, A., Moloney,
J., Largeron, C., Xia, X., Blenkinsop, S., Champion, A., Perks, M., Quinn, N., Speight, L., Flack, D. L. A.,
Skinner, C. J., Hawkness-Smith, L., O’Donnell, G., Thompson, R. J., Waller, J. A., Chen, A. S., Moloney,
J., Largeron, C., Xia, X., Blenkinsop, S., Champion, A. J., Perks, M. T., Quinn, N. and Speight, L. J.:
Recommendations for Improving Integration in National End-to-End Flood Forecasting Systems: An
Overview of the FFIR (Flooding From Intense Rainfall) Programme, Water, 11(4), 725,

doi:10.3390/w11040725, 2019.

Flooding from Intense Rainfall: Flooding From Intense Rainfall | Project FRANC &amp; Project
SINATRA, [online] Available from: https://blogs.reading.ac.uk/flooding/ (Accessed 18 March 2019),

2019.

Fowler, H. J. and Ekstrom, M.: Multi-model ensemble estimates of climate change impacts on UK

seasonal precipitation extremes, Int. J. Climatol., 29(3), 385-416, d0i:10.1002/joc.1827, 2009.

Fryirs, K. A.: River sensitivity: A lost foundation concept in fluvial geomorphology, Earth Surf.

Process. Landforms, doi:10.1002/esp.3940, 2016.

Google Earth: Thinhope Burn, UK (April 27 2006) 54°52’45.14”N 2°31’23.41”W eye alt 727m,

Infoterra Ltd Bluesky, 2019a.

28



645

646

647

648

649

650

651

652

653

654

655

656

657

658

659

660

661

662

663

664

665

666

667

668

Google Earth: Thinhope Burn, UK (January 1 2007) 54°52°45.14”N 2°31'23.41”W eye alt 727m,

Getmapping plc, 2019b.

Gosen, J. and Washbush, J.: A Review of Scholarship on Assessing Experiential Learning

Effectiveness, Simul. Gaming, 35(2), 270-293, doi:10.1177/1046878104263544, 2004.

Jensen, E. and Buckley, N.: Why people attend science festivals: Interests, motivations and self-
reported benefits of public engagement with research, Public Underst. Sci., 23(5), 557-573,

doi:10.1177/0963662512458624, 2014.

Lane, S. N., Tayefi, V., Reid, S. C., Yu, D. and Hardy, R. J.: Interactions between sediment delivery,
channel change and flood risk in a temperate upland catchment, Earth Surf. Process. Landforms, 32,

429-446, doi:10.1002/esp.1404, 2007.

Mani, L., Cole, P. D. and Stewart, I.: Using video games for volcanic hazard education and
communication, Nat. Hazards Earth Syst. Sci. Discuss., 2016(January), 1-19, doi:10.5194/nhess-2016-

23, 2016.

Markowitz, D. M., Laha, R., Perone, B. P., Pea, R. D. and Bailenson, J. N.: Immersive Virtual Reality
Field Trips Facilitate Learning About Climate Change, Front. Psychol., 9, 2364,

doi:10.3389/fpsyg.2018.02364, 2018.

Mendler De Suarez, J., Suarez, P., Bachofen, C., Fortugno, N., Goentzel, J., Gongalves, P., Grist, N.,
Macklin, C., Pfeifer, K., Schweizer, S., Van Aalst, M. and Virji, H.: Games for a New Climate:
Experiencing the Complexity of Future Risks task Force report editors task Force Members and
Contributing authors. [online] Available from: http://tinyurl.com/BUPardee-G4NC. (Accessed 18

March 2019), 2012.

Merchant, Z., Goetz, E. T., Cifuentes, L., Keeney-Kennicutt, W. and Davis, T. J.: Effectiveness of virtual
reality-based instruction on students’ learning outcomes in K-12 and higher education: A meta-

analysis, Comput. Educ., 70, 29-40, doi:10.1016/j.compedu.2013.07.033, 2014.

29



669 Met Office: 5km UK Composite Rainfall Data from the Met Office NIMROD System, NCAS Br. Atmos.
670  Data Centre, available at : http://catalogue.ceda.ac.uk/uuid/82adec1f896af6169112d09cc1174499

671  (last access: 20 September 2016), 2003.

672 Mikropoulos, T. A. and Natsis, A.: Educational virtual environments: A ten-year review of empirical

673  research (1999-2009), Comput. Educ., 56(3), 769-780, doi:10.1016/j.compedu.2010.10.020, 2011.

674  Milan, D. J.: Geomorphic impact and system recovery following an extreme flood in an upland
675 stream: Thinhope Burn, northern England, UK, Geomorphology, 138(1), 319-328,

676  doi:10.1016/j.geomorph.2011.09.017, 2012.

677 Mitchell, A. and Savill-Smith, C.: The use of computer and video games for learning: A review of the

678 literature. [online] Available from: www.LSDA.org.uk (Accessed 18 March 2019), 2004.

679 Moloney, J., Coulthard, T. J., Rogerson, M. and Freer, J. E.: Reassessing Holocene Fluvial Records -
680  Applying A New Quality Control Criterion To Radiocarbon Dated Geomorphological Data, Am.
681 Geophys. Union, Fall Meet. 2018, Abstr. #£P11E-2110 [online] Available from:

682 http://adsabs.harvard.edu/abs/2018AGUFMEP11E2110M (Accessed 14 May 2019), 2018.

683 Office for National Statistics: Families and Households - Office for National Statistics, Off. Natl. Stat.
684 [online] Available from:
685  https://www.ons.gov.uk/peoplepopulationandcommunity/birthsdeathsandmarriages/families/bulle

686  tins/familiesandhouseholds/2017 (Accessed 18 March 2019), 2017.

687 Pall, P., Aina, T., Stone, D. A., Stott, P. A., Nozawa, T., Hilberts, A. G. J., Lohmann, D. and Allen, M. R.:
688  Anthropogenic greenhouse gas contribution to flood risk in England and Wales in autumn 2000,

689 Nature, 470(7334), 382-385, d0i:10.1038/nature09762, 2011.

690 Porter, T. and Cérdoba, J.: Three Views of Systems Theories and their Implications for Sustainability

691 Education, J. Manag. Educ., 33(3), 323-347, d0i:10.1177/1052562908323192, 2009.

692 Prudhomme, C., Jakob, D. and Svensson, C.: Uncertainty and climate change impact on the flood

30



693

694

695

696

697

698

699

700

701

702

703

704

705

706

707

708

709

710

711

712

713

714

715

regime of small UK catchments, J. Hydrol., 277(1), 1-23, d0i:10.1016/S0022-1694(03)00065-9, 2003.

Psotka, J.: Educational Games and Virtual Reality as Disruptive Technologies, J. Educ. Technol. Soc.,

16, 69—-80, doi:10.2307/jeductechsoci.16.2.69, 2013.

Reason, P.: Education for Ecology, Manag. Learn., 38(1), 27—-44, doi:10.1177/1350507607073021,

2007.

Ryan, R. M., Rigby, C. S. and Przybylski, A.: The Motivational Pull of Video Games: A Self-
Determination Theory Approach, Motiv. Emot., 30(4), 344—360, doi:10.1007/s11031-006-9051-8,

2006.

Salzman, M. C., Dede, C., Loftin, R. B. and Chen, J.: A Model for Understanding How Virtual Reality
Aids Complex Conceptual Learning, Presence Teleoperators Virtual Environ., 8(3), 293-316,

doi:10.1162/105474699566242, 1999.

Schumm, S. A.: Geomorphic thresholds: t he concept and i t s applicationsl. [online] Available from:
https://pdfs.semanticscholar.org/8509/62189c833c950e9b94a0713fb8200aeeb810.pdf (Accessed

18 March 2019), 1979.

Science Festivals Alliance: Science Festivals Alliance: 2017 Annual Report. [online] Available from:
https://sciencefestivals.org/wp-content/uploads/2017-SFA-Annual-Report-Lo-Res.pdf (Accessed 18

March 2019), 2018.

Science Festivals Network UK: UK Science Festivals NetworkList all members |, Sci. Festivals Netw.
UK [online] Available from: http://sciencefestivals.uk/list-all-members/ (Accessed 18 March 2019),

2019.

Skinner, C.: Flash Flood! - Environmental science in virtual reality, NERC Planet Earth [online]

Available from: https://nerc.ukri.org/planetearth/stories/1854/ (Accessed 18 March 2019), 2017.

Skinner, C.: Riding the (Flood) Wave - Flash Flood! Desktop, Teach. Geogt., In Press, 2018.

31



716

717

718

719

720

721

722

723

724

725

726

727

728

729

730

731

732

733

734

735

736

737

738

Skinner, C. and Milan, D.: Visualising the Geomorphic Impacts of Flood Risk, Geogr. Rev., In Press,

2018.

Slater, L. J.: To what extent have changes in channel capacity contributed to flood hazard trends in

England and Wales?, Earth Surf. Process. Landforms, doi:10.1002/esp.3927, 2016.

Smith, M.: One in ten Brits have a zombie plan | YouGov, YouGov [online] Available from:
https://yougov.co.uk/topics/politics/articles-reports/2017/09/08/one-ten-brits-have-zombie-plan

(Accessed 18 March 2019), 2017.

Squire, K.: Video Games in Education, Int. J. Intell. Simulations Gaming, 1, 49—-62 [online] Available
from: http://citeseerx.ist.psu.edu/viewdoc/download?doi=10.1.1.543.5729&rep=rep1&type=pdf

(Accessed 18 March 2019), 2003.

Sutherland, I. E., Blackwell, A. and Rodden, K.: Number 574 Sketchpad: A man-machine graphical
communication system, [online] Available from: http://www.cl.cam.ac.uk/ (Accessed 18 March

2019), 2003.

Trope, Y. and Liberman, N.: Construal-level theory of psychological distance, Psychol. Rev., 117(2),

440-463, doi:10.1037/a0018963, 2010.

Vogel, J. )., Vogel, D. S., Cannon-Bowers, J., Bowers, C. A., Muse, K. and Wright, M.: Computer
Gaming and Interactive Simulations for Learning: A Meta-Analysis, J. Educ. Comput. Res., 34(3), 229-

243, d0i:10.2190/FLHV-K4WA-WPVQ-HOYM, 2006.

Warburton, K.: Deep learning and education for sustainability, Int. J. Sustain. High. Educ., 4(1), 44—

56, doi:10.1108/14676370310455332, 2003.

Weisberg, S. M. and Newcombe, N. S.: Embodied cognition and STEM learning: overview of a topical

collection in CR:PI, Cogn. Res. Princ. Implic., 2(1), 38, doi:10.1186/s41235-017-0071-6, 2017.

Wijman, T.: Global Games Market Revenues 2018 | Per Region &amp; Segment | Newzoo, Newzoo

32



739

740

741

742

743

744

745

746

747

[online] Available from: https://newzoo.com/insights/articles/global-games-market-reaches-137-9-

billion-in-2018-mobile-games-take-half/ (Accessed 18 March 2019), 2018.

Wilson, K. A., Bedwell, W. L., Lazzara, E. H., Salas, E., Burke, C. S., Estock, J. L., Orvis, K. L. and Conkey,
C.: Relationships Between Game Attributes and Learning Outcomes, Simul. Gaming, 40(2), 217-266,

doi:10.1177/1046878108321866, 20009.

Wou, J. S. and Lee, J. J.: Climate change games as tools for education and engagement, Nat. Clim.

Chang., 5(5), 413—-418, doi:10.1038/nclimate2566, 2015.

33



748 Figures

749

750  Figure 1 - The view inside Humber in a Box.
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Science Festivals

Research
Data/Models

Video Games Virtual Reality

Figure 2 — Venn diagram showing the SeriousGeoGame model — a true SeriousGeoGame would be
positioned in the middle of the diagram, built with research data and/or models, and using elements

from science festivals, videos games, and virtual reality.
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Anonymous
Sticky Note
This is a very confusing diagram. Firstly it is not how a Venn diagram works as the circle with the research data/models covers several of the intersections, which also have no additional detail in them. What is the cross over between video games and science festivals? What about video games and virtual reality? It feels like this would be a great place to put a reflection on the literature and theory of this study, what are the learning objectives, or methodology for example, but the image certainty needs work. Additionally what do you mean by research data/models? Those are very different things.
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756

757  Figure 3 — Google Earth images showing the reach section surveyed and used for Flash Flood!. The
758  right-hand image is from before the flood in 2006 (Google Earth, 2019a), and left-hand image from

759  after the flood in 2007 (Google Earth, 2019b).
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761  Figure 4 — Screen shot from the original Flash Flood!.
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762

763  Figure 5 —Screenshot from Flash Flood! Vol.2.
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® What did you like?

® What did you learn?

® What will you do?

= What would you like to see?

764

765  Figure 6 — Division of responses relating to Flash Flood! at Hull Science Festival 2018.
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Sticky Note
I'm really not sure what this pie chart is trying to show, I wold actually assume this is more of an assessment of the questions themselves than of the activity. 'What will you do?' is quite a difficult question to answer, which might be why is got the least number, as opposed to 'what do you like' which gets the most. I would hesitate to use this as demonstration of the effectiveness of the game.


7000

6000

(7)) .

%5000 =YouTube Views

> — Website Views

[1+]

E 4000 —=F|ash Flood! Views

© 3000

[0}

0

52000

pd

1000
0
n mn O W W W W W M~ M~ MM/M~-/m~T-/m® O @ 0 0 @0 0
N R R A N R R R
0 2 5 8 33 9358333935883 935
- w oz - =Es woz " == w o=z -

Period

766

767  Figure 7 — Aggregated total YouTube and Website views for SeriousGeoGames since September

768 2015 to January 2019. Also shown are the total views for all Flash Flood! related YouTube content.
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Anonymous
Sticky Note
I would suggest that both figure 7 and figure 8 show the same thing, and I'm not sure you need them both. Figure 7 in particular is very good at showing the increase in users over time. If you want the additional data you could aggregate the two using a timeline which identifies the festivals and promotional events which stimulated the increase in views.
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772 Figure 8 — Monthly views for the SeriousGeoGames website, YouTube channel, and the Flash Flood!

773 videos for 2017.
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