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Abstract
This paper investigates and reflects upon the use of digital game landscapes as tools for visual quality assessment. It explores three distinct but related questions. First, can game landscapes engage the missing “young-voice” in landscape evaluations? Second, is it possible to represent the reality of typical landscape vistas? Third, does familiarity with such virtual reality environments impact on overall landscape ratings? This research draws on empirical work undertaken for the Welsh Government to evaluate the impact of their agri-environmental scheme Glastir on the rural landscapes of Wales. This project employed a new, GIS-enabled method to evaluate visual landscape quality, tested using an online photographic preference survey. Whilst the survey was successful, receiving over 2200 responses, young people (<25 years) were significantly underrepresented in the self-selecting sample.
To address this gap, we stepped out of the real-world landscapes that most geographers are comfortable with, into the virtual landscapes of gaming. Our response was to create a virtual Welsh landscape which could be navigated in games software and manipulated to mimic landscape changes. A second survey incorporating images of this virtual landscape was first targeted at computer games design students and then secondly to the wider public, with both groups undertaking the same assessment. Overall >70% of respondents were highly satisfied with the quality of the landscape visualisations. Of those who had visited rural Wales before, 64% gave a rating of at least 7 out of 10 for its representativeness. No significant differences in overall landscape ratings were observed between the two groups which is helpful as it indicates that gaming familiarity would not preclude the use of such landscape visualisations in public consultation exercises. This paper considers results from this pilot study and discusses the visual accuracy of the Welsh landscape created. Wider methodological issues are outlined alongside some of the interdisciplinary challenges involved in the construction of the landscape visualisation.
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1.0 Introduction
Landscape science is an interdisciplinary endeavour drawing upon geography, ecology, architecture and planning. It necessarily merges ideas relating to physical form, aesthetics and purpose to further understanding of the relationships between people and place. These culturally embedded relationships have received recent scrutiny due to their inclusion within the theoretical framework of ecosystem service assessment (MEA, 2005). A beautiful landscape view can be identified as a ‘cultural ecosystem service’ alongside other intangible benefits such as spiritual nourishment or enjoyment of nature (Costanza, et al., 1997; Church, et al., 2011; Daniel, et al., 2012). Assessing the visual quality of a landscape is an exercise in quantifying our qualitative responses to these views (Swetnam, et al., 2017). Such assessments are important to answer fundamental questions such as ‘what do we want our landscapes to look like? and ‘who decides?’
The sensory nature of this evaluation means that visual technologies are often employed in data gathering as well as the presentation of results. Traditionally, this started with fieldwork which is place-based, time-stamped and multi-sensory (Riesco-Chueca & Gomez-Zotano, 2013). Visual impressions of landscapes were originally recorded through narratives, sketches and paintings and this is still important in geographical research (Turkington, 2010).  Site photographs represented a major step forward with respect to capturing the view and they remain important in visual landscape assessment (Arriaza, et al., 2004; Pardo-Garcia & Merida-Rodriguez, 2017; Swetnam & Tweed, 2018). However, the 3D nature of the landscape is still constrained by the 2D capacity of such recording devices. With the development of computer-based technologies, the 3D aspects could be represented more effectively within Geographic Information Systems (GIS) and Virtual Reality (VR) environments (Paar, 2006; Kuliga, et al., 2015). This potential has recently been fully realised for wind farm assessments by Rafiee et al., (2017) and in land management in the GeoGame platform developed by Ahlqvist et al., (2018). In both these cases, the spatial data handling capabilities of GIS have been fully integrated within game engine software.
1.1 Assessing public views on landscape
Traditional methods to gather information about public views on the management of shared rural environments include: town meetings, focus groups, phone surveys, public consultations and community planning exercises (Fletcher, et al., 2014; Gyllin & Grahn, 2015). These sorts of data-gathering exercises seem archaic to the internet-enabled. The voice of the young (<25 years) therefore, is often marginalized in the landscape quality / landscape management debate. It may have been hoped that the rise of internet-enabled phones and the ubiquity of wi-fi access in many places would have helped fill this gap. Online surveys are easy to distribute via social media but issues concerning validity, ethics and uptake remain (McInroy, 2016). However, despite the apparent ubiquity of the internet, engaging this cohort in scientific research remains difficult as users have many other entertainments and virtual activities in which to engage. Our own studies in Wales, UK (Swetnam, et al., 2015) mirrored this finding; a self-administered, online photographic preference survey collected 2263 responses from across the UK but only had 93 (= 4.1%) from people under the age of 25. All other age groups broadly matched that of the wider population in terms of proportion.
1.2 Young People in Landscape Evaluations
The missing voice of young people in landscape assessment is therefore a concern, particularly considering the challenges that this generation will undoubtedly face in managing the impacts of rapid environmental change on their lives. It is crucial that we do understand the landscape preferences of our younger citizens. Thankfully, much groundwork has been done in this area. In particular the literature on younger children’s place preferences is vast with notable contributions offered by Hart (1979), van Andel (1990) and seminal work by Matthews (1992) and Matthews & Limb (1999). Often the emphasis is developmental, exploring how younger children play and explore their local natural environment. Work with adolescents is less common and often has a social focus in an attempt to understand how young adults use shared public spaces. Owens & McKinnon’s (2009) study of 53 teenagers in California identified both formal and informal green spaces used by young adults in their locale (such as sports fields, parks and beaches) and concluded that they were important for three key activities: recreation, restoration and socializing with friends. Safe spaces were valued but so were areas where teenagers could meet and interact without constant adult supervision. Some more recent studies are beginning to explore teenagers’ specific preferences for greenery and vegetation (Luckmann, et al., 2013; van den Bogerd, et al., 2018). Whilst Eder & Arnberger’s (2016) landscape preference work with adolescents in riverine landscapes demonstrated that the associated recreational infrastructure (benches etc.) were important to this age group and their social dynamics. 
Young people are often reliant on adults to facilitate their access to natural environments. This often happens through supervised visits which are dependent on transport provision whereby the parents drive or take the children to the countryside as a recreational activity. Much has been written in increasingly anxious tones about the growing disconnect between children in urban areas and wild nature which Louv (2005) influentially termed “Nature Deficit-Disorder”. As there is increasing evidence showing the link between time spent outdoors in greenspaces and our physical and mental health (Kahn & Kellert, 2002; Bird, 2007; van den Berg, et al., 2016) this lack of real engagement with reality is worrying. Even though later writers have offered critiques of the message Louv’s book espoused (e.g. Dickinson, 2013), it remains influential; for example, the UK’s National Trust charity heavily promotes a range of outdoor play activities for children (Percival, 2016), with similar schemes developed by the US Forest Service (Kimbell, et al., 2009). It is certainly true that in highly urbanised developed countries such as Japan and the UK, the size of children’s home range and unsupervised engagement in outdoor play has plummeted within a single generation (Witten, et al., 2013; Woolley & Griffin, 2015). Reasons for this are complex and multifaceted but fears associated with high levels of road traffic, stranger-danger and risk-averse societies have been postulated by social scientists (O'Brien, et al., 2000). 
At the same time as this sharp decline in youth’s outdoor activity (Pergams & Zaradic, 2008; Pergams & Zaradic, 2006) there has been a concomitant rise in time spent on technology-enabled play – particularly using computers, tablets and internet-enabled mobile phones. This ‘gamification’ is discussed within the context of conservation science by Fletcher (2017), Sandbrook et al., (2015) and Büscher (2013) who provide useful contributions to the theoretical debate underlying this field. Some researchers believe that this disconnect between people and Nature is creating a generation which is less aware of its intimate dependence on the natural world and the vital ecosystem services it provides to support their existence (Kareiva, 2008; Soga & Gaston, 2016). This in turn, may lead to disinterest and disengagement from pressing environmental problems such as pollution, biodiversity loss and degradation of the physical environment for all species on the planet, not just our own (Sandbrook, et al., 2015). 
1.3 Landscapes and Computer Games 
Computer gaming offers digital landscape experiences where young people are right at the forefront. Many young adults spend a large part of their free time immersed within these highly-technologized and idealised game-worlds (McGonigal, 2011; Rideout, et al., 2010). These virtual landscapes are designed to be inhabited and traversed by those virtual characters playing the game (Martin, 2011). Indeed, (Aarseth, 2000, p. 163) argues that computer games are “preoccupied with space” and that one of the defining elements in computer games is spatiality. A significant number of these games are rooted firmly in fantasy and story-telling with imaginary lands recreated for artistic effect. 
It is sometimes a shock for older generations, who do not have frequent contact with young people, to grasp the cultural significance of computer games in their daily lives. Computer gaming is the fastest growing cultural industry in the industrialized world and an established part of everyday life for many (Aarseth, 2000; Quandt, et al., 2015; McGonigal, 2011). It has been recently estimated that between 2.2 – 2.6 billion people play computer games globally with a market worth over $100 billion per annum (UKIE, 2017). In the mature markets of the Europe, US, Japan and China, the figures are startling; for example, in the US 64% of the population aged 13+ play computer games (UKIE, 2017). It is not however, an activity confined to just young people (Williams, et al., 2008; Pearce, 2008), in the US the average age of gamers is currently 35, whilst in the UK, of those who play at least once a month, 22% are over the age of 50. Once seen as an alternative activity for socially awkward teenagers (Griffiths, et al., 2003), it is now as mainstream as television viewing for many.
1.4 Overall Aim and Research Questions
It is clear, that for many young people their exploration of landscape takes place within the digital world rather than through first-hand experience. This creates challenges for landscape researchers whose task is to evaluate the reality of the here and now. For some young people, the time spent playing computer games far outweighs the time spent exploring the reality of their local outdoor environments.  A recent survey of children in the UK aged between 8 – 15, found that on average they spent less than 16 minutes per day in outdoor locations such as parks or the countryside (ONS, 2018). This emerging disconnect between young people and their physical environments needs to be recognized by policymakers and land managers to avoid disenfranchisement of a key societal group. Young peoples’ views are valid, important and need to be captured. Therefore, our research response was to create a ‘games-designed’ version of a representative 1km2  of the Welsh landscape and use it to assess whether this virtual world could target these under-represented audiences for landscape quality assessment. We explored three questions:
1. Can game landscapes engage the missing “young-voice” in landscape evaluations?
2. Is it possible to represent the reality of generic landscape vistas using the Welsh landscape as a case study? 
3. Does familiarity with virtual reality environments impact on overall landscape ratings?
2.0 Methodology
There were two distinct but linked methodological components to the work – (1) the creation of the 3D game landscapes and (2) the evaluation of these landscapes with gamers and the public; these will be discussed in turn.
2.1 Creation of the virtual game landscapes
Our work is an example of games software being applied to a landscape research task, rather than a landscape game per se (Bishop, 2011). The superlative graphics available were harnessed to create a believable, recognisably-Welsh, rural landscape which could be traversed in order to provide several different vistas. These capabilities were recognised early by Herwig & Paar (2002) who questioned why the high standards of visualisation in games software were not being exploited in landscape planning applications. However, it was not just a programming task; the final landscape was the output of an iterative, interdisciplinary “research conversation” between the landscape geographer (RS) and the games design specialist (JK). The process is summarised in Figure 1 and consisted of four main stages: (1) preparation of a landscape design brief by RS; (2) collation of a photographic archive by RS; (3) game landscape construction (JK) and finally (4) a review and final revision (RS and JK).
2.1.1  Stage 1: The Landscape Design Brief
A design brief was provided based on a GIS-derived 3D landscape model. This simplified terrain represents one example of the topography of rural Wales with a land use layer showing the layout of tracks, roads, water features, woodland, agriculture and settlement (Figure Supplementary S1). It was a composite, drawn from knowledge of 300, 1 x 1km2 sites from across Wales which were surveyed as part of the Glastir Monitoring and Evaluation Programme (GMEP). This wide-ranging ecosystem service assessment of the Welsh landscape was funded by the Welsh Government and included detailed land use mapping and vegetation assessment (Emmett, 2013; Swetnam, et al., 2017). 
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As part of the GMEP field mapping, thousands of representative landscape images were taken. Examples of key landscape features were extracted from this photographic collection, to create a gallery of representative images which contained: common tree types, wall constructions, vegetation types, buildings, water features and livestock. These are referred to as “assets” in the technical language of games software.  The photographic archive was essential, enabling the game designer (JK) to match the colour, texture and form of real landscape features in Wales.  
2.1.3 Stage 3: Game Landscape Construction
The final Welsh landscape was compiled using the software ©CryEngine v3.2 which is a leading package used in the games design and architecture market. However, a range of software tools were involved in creating the final landscape including:  ©Photoshop (used for manipulating the appearance of images), ©Flora3D (for the creation of vegetation) and ©WorldMachine (to render the 3D landscapes). This approach is more common in games design where programmers link a changing array of software together in “Workflows” which aim to achieve the very best current effect, rather than being wedded to one piece of software such as a GIS. Two key stages were involved, firstly, the creation of the landscape terrain and secondly, the population of this terrain by the landscape assets such as trees and walls.
The terrain was initially created within the software ©WorldMachine. The “heightmap” method was first used to create a detailed, scaled elevation grid (Golubev, et al., 2016). Many aerial photographs of the Welsh landscape were then stitched and draped over this terrain surface and subjected to weathering and erosion functions to achieve the desired visual effect. This 3D surface was then imported into the visualisation software ©CryEngine which tessellated this terrain for further manipulation.
Trees were some of the most important landscape assets as they play a significant role in the visual structure of the Welsh landscape and their presence and type were embedded in the original Welsh visual quality assessment. Over 50 individual models of eight different tree species were created using ©Flora3D. Each of these required individual tree trunks, foliage and bark to be rendered. The photographic archive created by the geographer was used as a starting point and these images were incorporated into the fine detail. A similar approach was taken with bushes, shrubs, crops, fields, flowers and grass patches to create an authentic look. The individual assets were “painted” onto the terrain using a 3D brush which allowed large numbers of trees to be distributed. Along paths and around other features such as walls the vegetation assets were individually placed as woodland is not random within a managed landscape such as Wales. Finally, the built assets in the landscape – most notably the dry-stone walls which are so important in the visual appearance of these upland areas of the UK were sculpted using ©Zbrush which mimics digital clay and allows stones to be individually crafted and then the surface was rendered using a mixture of photographs and hand-painted techniques.
This time-consuming approach to asset-creation, had many benefits once the landscape was available to be used for scenario testing. As these assets existed as separate entities within the 3D model, it was then relatively easy to turn them on and off within the landscape to mimic landscape change without disrupting the completeness and visual integrity of the whole.
2.1.4 Stage 4: Review and Revise
There followed an iterative series of reviews, where issues concerning the spatial arrangement, scale and lighting were refined. As the games designer (JK) had limited personal experience of Welsh landscapes, these discussions were essential to correct perceptual errors, especially with respect to the relative sizes of components and their appearance. Constraining the innate desire to fantasise and beautify the output was a challenge, as the aim was to create something that was recognisably Welsh, rather than artistic. We were not aiming for photo-realism; this exercise was designed to test the potential of these landscapes to be usable and attractive tools to undertake visual assessments of components in the landscape. Indeed, some game design experts warn against trying to copy Nature too closely as humans are optimized for visual stimuli and when these representations become too life-like it wakens our hard-wired “wardens of reality” which then cause us to focus on these incongruities (Wages, et al., 2004), rather than the task at hand. A screenshot of part of the landscape is shown in Figure 1, other detailed examples are given in Supplementary S2 where links to dynamic video fly-throughs used in the survey are also provided.
2.2 Evaluation of the virtual game landscapes
One of the key aims of this study was to evaluate the use of virtual landscapes created with gaming software for the purposes of visual landscape quality assessment. Therefore, the effectiveness of the test landscape was evaluated using an online photographic preference survey (PPS) created and administered within the survey software Qualtrics using links to the video hosting website ©Vimeo to deliver the video content. PPS are a commonly used tool for visual landscape assessments; see examples from Kienast et al., (2012) Wherett (2000) and Taylor (2018). Previously, such assessments of public preference for landscape views would have been undertaken in person, using printed or projected images of landscapes for evaluation. Such assessments can now be delivered online to larger sample groups, without incurring additional costs, and their validity has been evaluated empirically  (Roth, 2006). 
2.2.1 Test population
Engaging groups of younger people (<25 years), who do not frequently venture into the wider outdoors was one of the key goals of this research. Staffordshire University is nationally recognised for its courses in computer game design and programming and has one of the largest student cohorts in these disciplines in the UK with approximately 1000 gaming students in 2017-18. We therefore, had a relatively large and unique population from which to sample. A clear majority of these adults fall within our target age range and have wide ranging experience of both playing and creating detailed computer games. The games survey was specifically targeted at undergraduate Games Design (GD) students at Staffordshire University. Advertising was tailored to this group, both through course leaders emailing the links to their students and through poster-based information which was tagged with the phrase “Are you a Games Design student? – we need your specific expertise to assist our research”. The survey was distributed to this group in January 2018 via departmental emails and tutorials with promotion by the departmental staff. It was live for six weeks throughout the early part of 2018.
A separate (but identical) copy of the survey was also released to the wider public (P) via social media, landscape forums and geographical associations as well as through the normal channels of research contacts used for the first phase of the Welsh survey (Swetnam et al., 2015). It was also promoted as a research activity on several University Open Days at Staffordshire University during 2018. This phase of the data collection was opportunistic in nature. Due to the prevalence of computer gaming as a recreational activity across a wide range of society, it was likely that many respondents in this second comparative phase would also have experience of playing computer games though it was also possible that there would be a cohort of respondents here who are not as familiar with the visual aesthetics of these virtual worlds. By keeping these two groups separate, we were able to specifically identify the computer gaming experts without having to insert further questions into the online survey.



The survey consisted of 15 questions with associated video clips and still images and contained eight key components: (1) demographics; (2) gaming experience; (3) moving video evaluations; (4) still image evaluations; (5) comparison of (3 & 4); (6) detailed feature evaluation; (7) word descriptions and finally (8) declaration of familiarity with the Welsh countryside and overall evaluation. Summary details of the questionnaire structure are given in Table 1, with full details of the possible responses and question types as well as extracts of the survey provided in Supplementary Materials 
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Table 1: Online survey structure with all 15 questions detailed. Those questions with an ID in bold were answered by ALL respondents, the remaining 3 questions were hidden from respondents when not relevant. The survey was constructed in ©Qualtrics software and took approximately 7 minutes to complete.
	Component
	ID
	Question

	Demographics
	1
	What is your gender?

	
	2
	What is your age group?

	Previous computer gaming experience
	3
	Have you any experience of playing computer games?

	
	4
	Approximately how long have you been playing computer games?

	
	5
	In a typical week, how much time in hours, would you spend playing computer games? (Use the last 3 -4 weeks to help you estimate)

	Moving video clip evaluations
	6
	(Having first watched a 40 second video flythrough) How much do you like the visual appearance of the landscape?

	
	7
	Having first watched 2 x 5 second video clips: one with conifer forest, the second with the forest removed. (Close Up)
Do you prefer the look of landscape A or B?

	
	8
	Having first watched 2 x 5 second video clips: one with conifer forest, the second with the forest removed. (Forest on distant horizon)
Do you prefer the look of landscape C or D?

	Still image evaluation
	9
	Presented with a static image from the video clip one with some sheep, one without.
Do you prefer the look of landscape E or F?

	Comparison of still vs moving
	10
	Which format did you find easiest to evaluate?

	Detailed evaluation of individual components 
	11
	Presented with a static image with components outlined by boxes. Users asked to choose whether they like, dislike or are neutral.
How visually accurate do you find each of the following components: signpost, conifer forest, dry stone wall, wire fencing, sheep flock, large deciduous tree, muddy farm track.

	Qualitative descriptions of the respondents view of the content
	12
	What words would you use to describe these virtual Welsh landscapes? – please choose as many as you wish. 

	
	13
	Please add any other words you would like to contribute to describe your response.

	Familiarity with the appearance of real Welsh rural landscapes
	14
	Have you ever visited the Welsh countryside in person before?

	
	15
	If you have visited the Welsh countryside before, do you think that the images looked like the landscape you remember?



3.0 Results
3.1 Survey Demographics
In this pilot, 70 complete responses were received from the GD survey of which nine (12.9%) were female.  This represents a response rate of 7% which although relatively low is similar to other studies which used self-selecting, online surveys. For example, Guin-Downes Le, et al., (2012) received an 8% response from a survey of over 12,200.  As hoped, the age profile of the GD group was tight (Figure 2a) with 83% falling into the difficult to reach 18-24 group. There were no GD students over the age of 44 reflecting the youthful nature of this emerging industry. The gender split was also notable, with 87% of the GD respondents identifying as male; this GD gender split partly reflects the overall 2018 GD student cohort at Staffordshire University which has approximately 1000 students of which only 6-8% are female (small variations present between years). Of the 59 completed responses in the Public (P) group, 32 (54%) were female (Figure 2b). The age profile of the P group was bimodal, containing a distinct peak in the 18-24 group of 25 respondents (42%) with a second smaller peak in the 45-54 group of 13 respondents (22%) which clearly reflects the nature of the event. University Open-Days are typically populated by aspiring young applicants in the 18-24 age range accompanied by their parents and occasional younger siblings. There is some evidence to suggest that women are much more likely to engage in voluntary online surveys than men (Smith, 2008; Aerny-Perreten, et al., 2015) which may explain the relative over-representation of women in both the GD and the P group.
Past and current gaming experience in the GD cohort conformed to expected trends. All the GD respondents (n=70) had been gaming for over 6 years, with the majority (94%) having more than 10 years of experience (Figure 2d). Considering most of the cohort were under 24, it is clear, that this group are early adopters playing from a young age. They are also committed gamers with 61% of the GDs confirming that they spent more than 11 hours per week playing (P group = 22%), with 40% of the respondents spending more than 20 hours per week gaming (P group = 7%) see Figure 2c and 2d. 
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3.2 Games Landscape Assessments	
Both sets of respondents were then shown a 40-second fly-through of a game derived “Welsh” landscape which incorporated a variety of landscape features typically found in rural landscapes in Wales. The video is available here:  https://player.vimeo.com/video/148001699?loop=1 They were asked to rate how much they liked the appearance of the landscape using a 1 (disliked) to 10 (really liked) sliding scale (Figure 2e). The GD group gave it a lower mean score of 7.21 ± 1.58, compared to 7.67 ±1.62 from the P group, though these differences were not statistically significant (Mann Whitney U = 1745, p = 0.213). Figure 2c indicates that within the P group, there are also a significant number of respondents who spend time gaming each week. To evaluate the impact of this on overall landscape ratings, the GD and P group data were combined and split purely on weekly gaming activity (Table 2). The mean rating for all respondents irrespective of grouping was 7.48 ± 1.56. There were no statistically significant differences between any groups. When asked to choose between the same clip with specific landscape features added or removed, a clear majority (63%) of the P group preferred the landscape with conifers present rather than absent (Figure 2f); the GD group were balanced between the two options with 52% preferring the conifers. Both groups preferred the scene with sheep present, with 86% of the P group favouring this option compared to 72% of the GD group. 
Table 2: Counts of overall landscape rating for the combined sample (GD and P). Data split purely on the time spent gaming in a typical week (Hrs). Note that n = 127.
	Hours
	Overall landscape rating (1 – 10)
	Summary Statistics

	
	2
	3
	4
	5
	6
	7
	8
	9
	10
	n
	Mean ± Stdev

	0
	
	2
	
	1
	
	3
	5
	3
	2
	16
	7.44  ±2.06

	< 1
	
	
	
	
	3
	5
	9
	1
	2
	21
	7.70  ±1.1

	1 - 5
	1
	
	
	4
	3
	2
	3
	4
	3
	19
	7.20 ±2.11

	6 - 10
	
	
	1
	
	1
	9
	6
	2
	
	19
	7.32 ±1.08

	11 – 20
	
	
	
	1
	3
	3
	11
	
	3
	21
	7.71 ±1.28

	20+
	1
	
	
	1
	2
	12
	7
	7
	1
	33
	7.48 ±1.48

	Total
	2
	2
	1
	7
	12
	34
	41
	17
	11
	127
	7.48 ±1.56



Specific evaluations of the visual accuracy of components of the landscapes did indicate that overall, respondents were quite satisfied (Table 3). When the two groups were combined, the signpost and the large deciduous tree were the most liked features (Figure 2h). The signpost had been copied very carefully from photographs and its built structure allowed the games programmer to mirror its features very accurately. Welsh footpath signs have a specific design and are recognisable to many British people (see top right panel in Figure 3), therefore the high public preference for this feature (liked by 85.7% of the P group) may reflect this familiarity. Its “uniqueness” may have helped respondents feel confident in the visualisation of this landscape. The muddy tracks, sheep and fences were similarly liked, with the wall and the conifer forest regarded as least visually accurate. However, there were some subtle differences in preference between the two groups which we suggest may reflect the GD group’s experience of constructing such landscapes (Figure 3). 
Table 3: Evaluations of component visual accuracy in the virtual Welsh landscape. The seven individual components were highlighted by boxes on the image and the respondent asked for their view (see Supplementary Figure 2 for detail).
	Landscape Feature

	GAMES DESIGNERS
 (n= 68)
	PUBLIC
(n=56)
	COMBINED
(n=124)

	
	%
	%
	%

	
	Disliked
	Neutral
	Liked
	Disliked
	Neutral
	Liked
	Disliked
	Neutral
	Liked

	Signpost
	13.2
	10.3
	76.5
	5.4
	8.9
	85.7
	9.7
	9.7
	80.6

	Deciduous Tree
	8.8
	13.2
	77.9
	10.7
	8.9
	80.4
	9.7
	11.3
	79.0

	Muddy Track
	16.2
	11.8
	72.1
	17.9
	8.9
	73.2
	16.9
	10.5
	72.6

	Sheep
	23.5
	14.7
	61.8
	16.1
	7.1
	76.8
	20.2
	11.3
	68.5

	Fence
	25.0
	11.8
	63.2
	12.5
	12.5
	75.0
	19.4
	12.1
	68.5

	Wall
	26.5
	13.2
	60.3
	21.4
	14.3
	64.3
	24.2
	13.7
	62.1

	Conifer Trees
	23.5
	20.6
	55.9
	32.1
	12.5
	55.4
	27.4
	16.9
	55.6
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It is notable that the public liked the sheep, which the researchers felt were the most artificial component of the scene. Similarly, the public disliked the conifer trees in the landscapes; this mirrored findings from the wider Welsh GMEP survey (Swetnam et al., 2015), where conifers were actively disliked by 31% of the public (n = 2263). There is some apparent contradiction shown here as when the public group were asked to choose between a landscape with conifer forest and one without, there was a strong preference for the forested landscape (63% preferred it). There are evident differences between asking respondents to consider a whole landscape rather than compartmentalizing it into sections.
The short survey did contain a mix of video fly-throughs and still image comparisons and the respondents were asked which they preferred for evaluation (Figure 2g). A significant minority (32%) of both the P and GD groups expressed a preference for the still image comparisons which mirrored other research findings (Lovett, et al., 2015; Berry & Higgs, 2010). However, a clear majority (68%) of both groups of respondents were happy with either the moving video fly-throughs or the photographs to evaluate landscape quality which mirrors earlier comparisons made by other studies (Reichhart, et al., 2007; Cartwright, 2006).
Table 4: Number of times listed words were selected by respondents (GD and P combined). Words were presented in three columns and the positive and negative were mixed – visual grouping of pairs (such as Natural / Artificial) were avoided to ensure each was considered. Respondents could select none or as many as they wanted. A separate question then invited the respondent to suggest any other words they would like to have picked, user-suggested words are shown below.
	Word
	Count
	+ve
	-ve
	Most popular combinations of words (>2)
	Count

	Natural
	70
	X
	
	Accurate, Familiar, Engaging, Interesting, Natural
	8

	Interesting
	64
	X
	
	Accurate, Familiar, Natural
	8

	Familiar
	63
	X
	
	Accurate, Familiar, Fun, Engaging, Interesting, Natural
	4

	Accurate
	58
	X
	
	Accurate, Natural
	4

	Engaging
	43
	X
	
	Familiar, Interesting, Artificial
	4

	Artificial
	30
	
	X
	Familiar, Interesting, Natural
	4

	Fun
	18
	X
	
	Accurate, Engaging, Interesting, Natural
	3

	Strange
	11
	
	X
	Familiar, Artificial
	3

	Boring
	8
	
	X
	
	

	Alienating
	3
	
	X
	
	

	False
	2
	
	X
	
	

	Confusing
	2
	
	X
	
	

	Totals
	361
	56
	
	

	
User-suggested words: Games Designers 
Adventuring, Bright, Dim, Dry, Plausible, Peaceful (x2), Rural, Serene 

	
User-suggested words: Public 
Appealing, Beautiful, Calming, Computer-generated, Countryside, Cartoony, Different, Enjoyable, Green, Happy, Immersive, Intriguing, Limited view, Mountainous, Mysterious, Realistic (x2), Relaxing, Space



One of the most revealing areas of the survey results was the descriptive text responses (Table 4). Respondents were invited to choose which words best captured their feelings about the landscapes examined. Twelve words were offered, six which were deemed to have positive connotations (natural, familiar, interesting, accurate, engaging, fun) and six with negative connotations (artificial, boring, strange, alienating, false, confusing). We recognise that these distinctions are somewhat subjective, but such word-connotations are recognised in semantics and in sentiment analysis (Liu, 2012).  An earlier pilot of the survey had these 12 paired into positive-negative groups such as ‘natural OR artificial’, ‘accurate OR false’ and respondents were forced to make a choice between them. Although this structured approach yielded data that was potentially easier to analyse due to the binary choice on offer, it was felt on reflection that it was rather didactic. By giving the respondent the opportunity to combine whichever words they wished to, some of the complexity of their response to the landscape could be captured. 
These data show overwhelmingly positive responses to the game landscape with 361 positive-word choices versus only 56 negative-word choices (Table 3). Interestingly, the most common word chosen was ‘Natural’, chosen 70 times, more than twice as frequently as its opposite ‘Artificial’ (30). This was by far the most commonly chosen negative-connotation word however, which does indicate some of the conflicted views held. ‘Familiar’ was also a common choice (63) which indicates that the games software rendering was not visually distracting to most. Interestingly, all eight of those respondents who chose ‘Boring’ as one of their words were from the GD group. Volunteered word choice was also interesting – even though there were twice as many GD respondents, they were far less likely to suggest words. The words they chose, such as ‘Adventuring’ also hint at their interests and engagement with this landscape. The public group were much more forthcoming, offering up eighteen additional descriptors most of which would have positive aesthetic associations such as ‘Beautiful’, ‘Serene’, ‘Immersive’ and ‘Relaxing’.
Figure 4: For those respondents who had visited the Welsh rural landscape before (GD = 46/70, P = 49 /59) - ratings response to the question "How much like Wales is it?“ where (1 = Low, 10 = High).

Finally, those respondents who stated that they had visited the rural landscape of Wales were asked to evaluate how similar the game-derived landscape visualisations were to the rural vistas they had previously seen (Figure 4). It is notable that P group were much more likely to have visited rural Wales with 49 out of 59 confirming their personal experience of this type of landscape (83%) compared to 46 out of 70 (66%) of the GD group. Most respondents were happy with the visual accuracy of the Welsh landscapes with 69% (P) and 61% (GD) rating it as 7/10 or higher though there were some differences between the two groups (Figure 4). The mean value for the GD group was lower at 6.522± 1.81, whilst the P group was 7.04 ± 1.63 though once again, these differences were not statistically significant (Mann Whitney U = 981, p = 0.266). With any Likert Scale response like this, there is a tendency for users to choose more central values whilst avoiding the extremes (Carifio & Perla, 2007), but both groups show a positive skew to their responses indicating higher levels of satisfaction. When combined with the positive self-volunteered descriptors detailed in Table 4, the overall message is one of user-satisfaction.


4.0 Discussion
Our impetus for this work was realising that we had a serious gap in our responses to an important public consultation on visual landscape quality monitoring for Wales (Swetnam, et al., 2015). The most recent census in Wales recorded 30.4% of the population being <25 years old (Office for National Statistics, 2011), whilst our online survey only had 4.1% of respondents in this age group.  We attempted to bridge this gap to the “young voice”, not by expecting these young people to suddenly choose to spend their leisure time in the outdoors, but by stepping into the virtual worlds they choose to interact with. By changing the medium of engagement to a virtual Welsh landscape we were able to tap into a favoured recreational practice of this cohort, namely computer gaming (Quandt, et al., 2015). The games landscapes that they spend time in are familiar to them and therefore offer potential to be used in this manner. With respect to our first research question regarding the ability of game landscapes to engage younger people in formal landscape evaluation, our pilot study indicates that this is indeed possible. Our findings showed good engagement from even our committed games designers i.e. those spending more than 20 hours a week gaming. The fact that a significant minority of this group had never even been to Wales, even though Staffordshire University is in the city of Stoke-on-Trent and only situated an hour from the border with Wales shows that we could connect with a young urban population.
Our second research question related to the technical and visual challenge of representing the Welsh landscape. Was it possible to create a virtual landscape that was sufficiently like Wales that it could be used in similar ways to manipulated photographs to assess landscape visual quality? Our data indicate that this is indeed possible with such high-quality graphics. Some components were more successfully realised than others; in particular the vegetation and the built structures such as the footpath signs were well liked and felt to be accurate by the majority of respondents from either group  The value of an interdisciplinary approach was exemplified here – the landscape geographer ensured that the output of the virtual design process was sufficiently realistic to enable sensible landscape interventions to be evaluated. This was tested in our pilot survey with satisfaction levels of >70% recorded by both groups of respondents (P) and (GD). 
Thirdly, we were interested to explore whether familiarity with such technologized environments would impact on overall landscape ratings? Would the GD group have completely different responses to the wider public when considering the visual appeal of a landscape? Our data does not provide evidence to support this either in terms of differences in overall appeal of the landscape nor its visual accuracy with respect to the real Welsh countryside. This consistency of response is helpful as it indicates that gaming familiarity would not preclude the use of such landscape visualisations in public consultation exercises. Certainly, the GD group were less likely to have visited the Welsh countryside than the public group, only 67% as compared to 88%, but this may well have more to do with their relatively young ages than with a recreational preference. Our data may simply indicate that the older respondents in the P group were more likely to have had time and greater opportunities to explore Wales than the GD students. The reasons for that are outside the scope of this study. 
4.1 Caveats
We acknowledge that part of this pilot survey used a self-selecting sample which was accessed via an online questionnaire and photographic preference survey. The benefits of such an approach are obvious: it is relatively cheap and quick to administer; it can give access to marginalized or hard-to-reach populations and makes data collection and processing simple. Evidence does exist, that the quality of such datasets is as good as more traditional paper-based methods (Gosling, et al., 2004). However, we acknowledge that our pilot survey will potentially be prone to two types of error: coverage bias and self-selection bias. The first occurs when respondents have unequal access to the survey, or knowledge about the survey’s existence. This survey was delivered within a wifi-enabled University campus, to highly IT-literate games design students with universal access to the online survey. In addition, every student was given equal notification to the survey through a course-wide email from the subject lead and poster information was available in many visible locations around their department. We therefore are confident that coverage bias was not an issue. 
The second source of error is much more problematic. Self-selection bias is a feature of most internet-based surveys with survey participation linked to greater personal involvement and interest in the topic (Khazaal, et al., 2014). Such bias is particularly noticeable in surveys with relatively low response rates such as ours (Bethelehem, 2010). As previously discussed, one of the reasons why this survey was targeted at University Game Design students was to engage with a “hard-to-reach” population cohort, it was deliberately biased in its design as the group we wished to access are marginalized or disinterested in the topic of landscape management and evaluation. We believe therefore, that in this pilot study the self-selection bias should not devalue the results, which are proof of concept rather than definitive with respect to the visual landscape results. We acknowledge that the self-selecting nature of the online survey and the relatively small sample size does limit the external validity of the results and a much larger response would be required to ensure the general applicability of the findings.
There is also the possibility that the novelty factor of using the medium of computer gaming landscapes in this fashion could quickly fade. With any technology-mediated task, engagement may quickly decline (de-Marcos, et al., 2016), particularly in a visual medium which develops as rapidly as computer gaming. Users may also come to resent the intrusion of serious-gaming type approaches within their recreational sphere. 
5.0 Conclusion
Landscape scientists have long been interested in Virtual Reality (Foo, et al., 2015) and in using this technology to scenario-test landscape planning options (Lovett, et al., 2015; Paar, 2006; Dockerty, et al., 2005). However, much cutting-edge technological development in the representation of landscapes in virtual worlds has occurred well outside the disciplinary boundaries of geography, ecology or environmental science. The economic importance of the games industry (UKIE, 2017) means that the money spent on research, design and technical innovation dwarfs anything available to the physical sciences. Instead of trying to re-invent the wheel, we do need to actively collaborate across disciplines. This is much more efficient in terms of programming effort and means bespoke landscape games are not always necessary. If we program our real-world concerns and requirements into games software, the decision-making, and scenario evaluation can be implicit in an existing virtual landscape.
With respect to the challenge of engaging the young in landscape evaluation, our work is promising. Virtual landscapes which may appear abstract to older generations without access or familiarity with such technology (Smith, 2013, p. 19), are familiar to the ‘digital natives’ of the younger generations (Prenksy, 2001). Perhaps we, as geographers, scientists and planners need to step into this virtual world to engage with our youth in a landscape setting they are comfortable navigating. Key to success is an interdisciplinary approach, combining the technical flair of the visual effects experts with the geographical grounding provided by the landscape scientist.
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[bookmark: _GoBack]Supplementary Table 1: Online survey structure with all 15 questions detailed, possible responses listed, and research purpose of each question outlined. Note that those questions with an ID in bold were answered by ALL respondents, the remaining 3 questions were hidden from respondents when not relevant. The survey was constructed in ©Qualtrics software and used links to video clips uploaded onto the ©Vimeo web hosting site. On average the survey took 7 minutes to complete and was mobile phone compliant.
	Component
	ID
	Question
	Possible Responses
	Format
	Purpose

	Demographics
	1
	What is your gender?
	Male / Female / Prefer not to say
	Single choice
	To evaluate the impact of age / gender.

	
	2
	What is your age group?
	<18 / 18 – 24 / 25 – 34 / … up to/ > 85
	Single choice
	

	Previous computer gaming experience
	3
	Have you any experience of playing computer games?
	Yes (answer Q4 & Q5) / No (go to Q6)

	Single choice
	To identify computer gaming experience

	
	4
	Approximately how long have you been playing computer games?
	< 1 year / 1 -5 yrs. / 6 – 10 yrs. / >10 years
	Single choice
	To determine the respondent’s experience of computer game visuals.

	
	5
	In a typical week, how much time in hours, would you spend playing computer games? (Use the last 3 -4 weeks to help you estimate)
	< 1 hour / 1 -5 / 6 – 10 /11 – 20 / > 20 hours 
	Single choice
	To identify the occasional versus committed computer gamer.  

	Moving video clip evaluations
	6
	(Having first watched a 40 second video flythrough) How much do you like the visual appearance of the landscape?
	Dislike -> Neither Like / Dislike -> Like
	Likert Scale
	To establish the overall appeal of the Welsh 3D game landscapes.

	
	7
	Having first watched 2 x 5 second video clips: one with conifer forest, the second with the forest removed. (Close Up)
Do you prefer the look of landscape A or B?
	Landscape A or Landscape B
	Single Choice
	To undertake a test landscape evaluation using both moving / still images from the games landscape.

To compare against previous results from traditional photographs for the Welsh study sites.


	
	8
	Having first watched 2 x 5 second video clips: one with conifer forest, the second with the forest removed. (Forest on distant horizon)
Do you prefer the look of landscape C or D?
	Landscape C or Landscape D
	Single Choice
	

	Still image evaluation
	9
	Presented with a static image from the video clip one with some sheep, one without.
Do you prefer the look of landscape E or F?
	Landscape E or Landscape F
	Single Choice
	

	Comparison of still vs moving
	10
	Which format did you find easiest to evaluate?
	Moving video / Still images from video / No problem with either
	Single Choice
	To assess ease of use of different types of media.

	Detailed evaluation of individual components 
	11
	How visually accurate do you find each of the following components: signpost, conifer forest, dry stone wall, wire fencing, sheep flock, large deciduous tree, muddy farm track.
	Select for each outlined component: Accurate () / Inaccurate () / Neutral ( )
	Self-selected response from three options
	To evaluate the success of the detailed landscape construction based on the original photographs used in the game landscape creation.

	Qualitative descriptions of the respondents view of the content
	12
	What words would you use to describe these virtual Welsh landscapes – please choose as many as you wish. 
	Available options: accurate, alienating, artificial, boring, confusing, engaging, false, familiar, fun, interesting, natural, strange
	Multiple choice
	To elicit a narrative response – with some prompts provided as a starting point. Will different groups choose different descriptions?

	
	13
	Please add any other words you would like to contribute to describe your response.
	Free text box to enter any additional words
	Optional free text contribution
	To encourage deeper engagement and to allow non-standard responses to the landscapes by the respondent.

	Familiarity with the appearance of real Welsh rural landscapes
	14
	Have you ever visited the Welsh countryside in person before?
	No (End of Survey), all others to Q15
Yes, I have lived or still live there
Yes, I have visited frequently
Yes, I have visited a few times
Yes, but only once
	Single Choice
	To determine physical / real familiarity with the real Welsh countryside outside of towns and the built-up coast.

	
	15
	If you have visited the Welsh countryside before, do you think that the images looked like the landscape you remember?
	Nothing like it -> Not bad -> Very like it
	Likert Scale
	To evaluate how successful the representation of the Welsh countryside is for visual landscape quality assessments.




[image: ]Supplementary Figure 1: The original GIS outline and elevation image shared with the Games Designer as part of the project brief (top) with examples of the photographic archive used to aid construction (middle) and the final Welsh landscape (bottom). Hyperlink to the video flythrough also provided.


Supplementary Figure 2: Individual game landscape features for assessment of visual accuracy. Survey respondents were presented with the image. The component areas are highlighted by a box on screen in which the user clicks once to turn green to like, twice to turn red to dislike, once again to return it to a neutral state. The individual responses are shown in Figure 2h and Table 2 of the main text.
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Figure 1: Construction of the Welsh Games Landscape - key stages in
the interdisciplinary design process. The four main stages as discussed
in section 2.1 are shown by (1) to (4).
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Figure 2: Summary results comparing Games Design Students (GD) with the
wider public (P). Unless stated total n = 129.
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Figure 3: A comparison of the most liked and the most
disliked game landscape assets: games designers versus
the public.

Most Liked Feature Public &

Games Designers

Public

Games Designers .
Most DisLiked Feature

See https://playervimeo.com/video/1480016992loop=1 for3D visual fly-
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