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Abstract

:

In an era where an increasing number of people find it challenging to grasp scientifically accurate environmental data, the need for more engaging museum exhibits to convey this information has never been more crucial. This article discusses Daptec Flat Holm which is a data physicalisation technology project on Flat Holm Island, Wales. Flat Holm Island is designated as a site of special scientific interest and is a local nature reserve. This project aims to understand how we might improve people’s engagement with environmental data through a multi-sensory museum exhibit. To achieve this, the project team applied a new creative approach to make the presentation of environmental data more engaging to a diverse science museum audience. Employing a user-centered methodology, this study reveals insights derived from three distinct user experience investigations conducted during the summer of 2022. The main contribution lies in how the researchers have extracted the nuances from the audience reactions and then identified potential audience types, their points of engagement, as well as their challenges. In detail, the findings illustrate how the application of a vignette data analysis technique revealed distinct audience types, including passive observers, active users, engaged ambassadors, disinterested participants, critical friends, and enthusiastic collaborators. In summary, the paper offers recommendations into how we might further engage a broader audience in technology mediated environmental museum exhibitions.
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1. Introduction


For the sustainability of our world, we have reached a stage where we need to engage people in environment education and climate action. Data are key here to know what solutions and actions will drive impact on climate change. As Crowley et al. highlight ‘understanding how to engage with and empower people to achieve shared biodiversity conservation goals is crucial’ ([1], (p. 2)). However, as Grainger et al. point out, ‘scientists are yet to fully harness the potential of visualisation when interacting with non-scientists’ ([2], (p. 1)). In fact, there is still little regard for people’s technical ability and understanding (or lack thereof), whilst ‘consumers are obliged to accept and live with the data experience’ ([3], (p. 1)). The authors of this paper feel that interactive multi-sensory museum exhibits can play a key role in actively involving the public in contemporary environmental issues. Therefore, the aim of this project is to explore if and how we can enhance public engagement with environmental data through the development of a multi-sensory museum exhibit. By probing the diverse ways individuals interact with the exhibit, the objective of the research is to gather insights that will further inform the design of the exhibit to afford that heightened engagement. In essence, the research aims to discern the intricacies of visitor interactions to guide the design process and in doing so, to create an exhibit that effectively captivates and involves the audience in environmental data.



The following sections document the Daptec Flat Holm project, which investigates a data physicalisation technology that aims to explore a new creative way to engage people with the environmental data of the rich biodiverse Flat Holm Island in Wales (UK). The discussion specifically delves into the development of a multi-sensory exhibit aimed at aesthetically engaging visitors with environmental data at the Techniquest Science Museum in Cardiff, UK. In detail, a multidisciplinary design team of researchers made up of data scientists, creative technologists, and computer scientists have come together to design, prototype, user test, and implement an environmentally driven science museum exhibit that is both meaningful and engaging. Applying user experience data collection methods and a vignette data analysis technique, we reflected on and evaluated the artefact created and how it was perceived and experienced. Through the lens of an environmental science museum exhibit, the following sections offer fresh insights and recommendations into multi-sensory design strategies and how we might design for a wider audience to engage with and appreciate their natural environment.




2. Background


The Daptec Flat Holm project (2020–2022) was an 18-month project funded by the European regional development fund through the Welsh Government, UK. It explored new creative way of engaging people with environmental data and produced a permanent exhibit which is currently running at the Techniquest Science Museum, Cardiff, Wales (UK). For this project a multidisciplinary team applied cutting-edge data science techniques to creative technology to present creative data impressions of Flat Holm Island’s ecosystem. The interesting element here is how the team crafted new opportunities for enhanced ‘environmental data’ meaning through more aesthetic and tangible interactions. In detail, as the weather changes on Flat Holm Island, the weather data are pushed to the weather automata artefact at the science museum in Cardiff where it turns the prism-shaped descriptor panels on the artefact. The aim is that this will create novel weather patterns and in doing so, give an impression of how sunny, cloudy, or rainy the weather is on the island at any point in time. Moreover, the weather automata artefact has been designed with geometric shapes and reflective surfaces to create a new aesthetic that, in turn, aims to attract and engage the general public at Techniquest.



In addition, the Daptec team created a data collection tool which the Flat Holm Island’s warden now uses to count the flora and fauna on the island. These data again power another aspect of the exhibit, an interactive map, which in turn drives another more tactile and visual aesthetic. At the press of a button (there are series of buttons for the flora and fauna), an array of colours and movement is presented on the map. For example, if there are lots of seagulls counted on the island that day, the movement of light and colours is fast and busy. Instead of visualising an exact quantity of seagulls, the aim is to create the impression of seagull busyness on the island; to afford feelings amongst the audience of how frantic it can get with lots of seagulls.



In summary, the Daptec exhibit (data physicalisation) uses environmental data to drive a creative data experience (and what we have coined the data impression). In doing so, it aims to enable people to get that little bit closer (through the senses) to understanding more about the environmental story of the island. By translating the measurement of wind, water, sunshine, and wildlife into tangible and engaging data impressions, the goal is to break down the complex environmental data and make the experience more ‘sensory’ and more ‘physical’ for the audience.




3. Technology-Mediated Sensory Exhibition Design


Technology-mediated sensory exhibition design can be described as the use of technology to enhance and enrich the sensory experience of visitors in exhibitions. As researchers [4] affirm, the visual and auditory cues are a very powerful multi-sensory cue combination in enhancing a holistic visitor experience at a museum. Interestingly, in their work, they found that emotional state and sense of presence mediate the relations between the multi-sensory cues and visitors’ digital museum experiences [4]. In her book, Roppola [5] discussed the concept of broadening and how the content affords meanings that visitors derive through engaging with the exhibits. She discusses the ‘opportunity to see something one would not otherwise see as an example of experiential broadening; to grasp a theoretical principle as an instance of conceptual broadening; to be provoked to assess one’s feelings or to feel differently, as affective broadening; or to appreciate a contrasting point of view, as discursive broadening’ ([5], (p. 216)). Indeed, a technology-mediated sensory approach goes beyond traditional forms of exhibition design that often rely on static displays. Instead, it integrates various technologies to engage multiple senses, creating a more immersive and interactive environment for visitors. The goal is more about leveraging technology in such a way that it enhances the overall exhibition experience, making it more dynamic, participatory, and memorable.



In the last few years, ‘several museums and exhibits have adopted new kinds of interactive installations that present artworks in more attractive ways’ ([6], (p. 1)). Moreover, the re-emergence of virtual reality (VR) has led to more VR-based exhibits [7]. In their studies, Parker et al. [7] explore the impact VR is having on the spatial and social experience of art museums. Sacchettin [8], in their work, describes the concept of the immersive exhibition as an intense experience in a multi-sensory environment that fully involves the visitor. Meanwhile, Lancel et al. [9] question whether we need the human anymore: ‘Is human hosting essential to social touch in the public space of merging realities (e.g., robotics, virtual reality and telematic environments)’? Undoubtedly, technology possesses immense potential to enhance and extend the multi-sensory museum experience. Peressini et al. [10] are even seeing a change in the framework, moving from the idea of exhibition to that of environment (seen as an immersive space, built to reinforce the audience’s experience of perception). However, saying that, for environments like heritage sites, Claisse et al. [11] still feel that the current use of this technology is limited to the pre- and post-visit experience and that it needs to be extended further. In another vein, Albu et al. [12] are using interactive technology to create prototype garments based on material obtained from old or unused textiles. Moreover, Marcu et al. [13] show how the digitization and online accessibility process can bring to life an element belonging to their valuable Romanian cultural heritage. Indeed, the integration of technology in museums is diversifying and enriching the visitor experience, making it more interactive, educational, and enjoyable.



Enhanced Audience Engagement


Museums, today, are striving to create meaningful and engaging experiences for all visitors. However, despite several efforts to make museums accessible to a visually impaired public, their participation in these institutions is still limited, frustrating their desired inclusion [14]. The authors of this paper feel that interactive museum exhibits incorporating multiple senses might offer a solution. This new blend of multi-sensory artefacts with cutting-edge technology can be seen as the means to ensuring that museums remain inclusive and appealing for a diverse audience. As Tayfun et al. ([15], (p. 1)) state, ‘a greater focus on developing inclusive mainstream applications could lead to innovative technologies that could be enjoyed by every person’. Haywood et al. [16] take this further by exploring how children engage with an interactive exhibit at the Science Museum. They found engagement (participation, narration, and co-presence of others) arose from specific aspects of the interactive design of the exhibit [16]. Marto et al. [17] feel that the use of multi-sensory applications in cultural heritage is a powerful tool to enrich users’ visits [17]. They note that ‘humans perceive the world with different senses and in real-time, to evoke more than one or two senses at a time can bring benefits for the user perception’ ([17], (p. 1)). In terms of understanding and measuring the experience of technology-mediated sensory exhibition design, Andelkovic et al. [18] tested a well-established scale for assessing tour guide performance in the museum context. Their results indicated the existence of five museum guide types: Classic Professional, Agile Empath, Operational Erudite, Trustworthy Caretaker, and Passionate Socializer. Moreover, Mcleod et al. [19] used vignettes of children’s spontaneous responses to illustrate and analyse their engagement. These methods allowed for a detailed examination of the ways in which individuals engage/interact with and respond to the technology and technology-mediated exhibitions (including sensory aspects).





4. What Is Data Physicalisation Technology?


Data physicalisation is the encoding of data into an engaging physical form [20]. Depending on its form, physicalized data can be touched, heard, seen, tasted or smelled in its final state. As [21] point out research in physicalisation have expanded data representation techniques to include senses beyond the visual. Indeed, they afford people the ability to directly interact with data using their hands, potentially achieving a more comprehensive understanding of a dataset [22]. It is a physical artefact whose material properties encode data in new ways to derive insight and meaning. Data physicalisations can be everyday objects that range from household devices to street furniture, wearable devices, educational materials, and interactive exhibits [23].



In terms of the user interaction, the physical engagement with data can influence the reflective process [24]. In their research, [3] uses a practice-based approach to identify how knowledge and experience of physical materials can offer novel processes and value to progress communications regarding digital use. Interestingly, the role of interactivity and narration are often overlooked when designing and analyzing personal data physicalisations [24]. In their research, [25] found a tension between a scientific understanding of energy and the experience of various forms of human energy. This includes both the physical and metaphysical understandings of energy and the importance of translating energy data from the quantitative into an emotional context in which people can be encouraged to stop and take note [25]. The next section will introduce the concept of the ‘data impression’ as a means to more immediately engage the senses and emotions in environment education through data physicalisation technology.



Creativity and the Data Impression


Data impressionism is seen here to be about making data more perceptible and thus easier to interpret. It can also be about strategically designing an experience (e.g., environmental exhibit) to influence the behaviour of those viewing it. In our view, a data impression should only depict accurate data, but unlike traditional charts and figures, it is designed to make people reflect on how the data make them feel. It is about impacting the human audience by way of a kind of imprint or impression left on their understanding of something by the data. A data impression is not so much about portraying minute detail as it is about loose, bold, and fluent snapshots of the data [26]. It is about tackling the challenge of making sense of complex datasets through new presentations that trigger feelings, thoughts, and new more affective understandings of the data.



The environmental exhibit (Daptec Flat Holm project) that is discussed in this paper has been designed to create an impression of Flat Holm Island’s environmental data. By presenting the data in fleeting yet dynamic aesthetics, the aim is to make the data feel important, relevant, and noticeable for the individual/audience. In creative terms, the approach of data impressionism mirrors the work of impressionist painters of the 1800s, where design elements such as light and colour were used to depict an impression of a scene. The approaches that have been taken for the physicalisation of data from Flat Holm Island have involved combinations of certain coloured lighting and moving materials and reflective surfaces to portray the narrative of a shifting biodiversity. The following sections talk about the creation of the Daptec Flat Holm environmental exhibit.





5. Daptec Flat Holm Exhibit


5.1. Weather Automation Implementation


The weather automata is an important part of the Daptec data physicalisation artefact. It is essentially a series of rotating prisms (see Figure 1). It consists of three elements, one for rain, sun, and wind data. Each of these allows for the immediate physical compiling, manipulation, and animation of surface shapes and textures in response to actual weather data streams from Flat Holm Island. The aim is to portray a ‘fleeting moment’ in the weather data so that the audience can get an impression of what the weather is like on the island at that moment. To achieve this, rotating cogs with reflective and also coloured materials have been used on the faces of the rotating prisms (see Figure 2). The weather automata affords patterns and optical rhythms that then generates hypnotising data impressions of the weather patterns. It is very much about tapping into the senses to create a more affective understanding of what the weather is like. In addition to this, a narrative sceneography of Flat Holm was presented to ensure that the audience can make the connection between the weather and life on the island (see Figure 3).




5.2. Interactive Maps Implementation


There are a number of rare flora and fauna species on Flat Holm Island. These are generally found and counted in particular areas of the island. The back-lit map (see Figure 4) of the island has been carefully designed to represent the data of these species. In a manner similiar to pointillism, the coloured LEDs blend the coloured dots into a fuller range of tones. In detail, the map is divided into these areas by using light-blocking paper material between otherwise diffuse back lighting (see Figure 5). This gives an engaging visual effect combining both highly diffuse colour fields and ‘hard edge’ borders behind a frosted acrylic map. Moreover, the surface of this map has been etched with key cartographic elements of the island (paths, outhouses, lighthouse, etc.). In addition, a top layer of clear acrylic cut-out icons of the various species gives a heightened impression of the island and its species. A touch-interactive panel (see Figure 6) also allows for the audience to dial up a species and see their representation on the map, where the brightness, dynamic movement, and density of light represent the species count data.





6. Study


6.1. Introduction


To investigate people’s experiences of the Daptec Flat Holm exhibit, qualitative research methods were applied. Three user studies were undertaken in conjunction with a vignette data analysis method to explore participant’s interactions, impressions, and attitudes towards the Daptec Flat Holm Island experience. In detail, six vignettes were generated from the data collected. The findings of these studies highlight important qualities that characterize participant’s experiences and provide valuable information regarding potential future interactions with the exhibit. As Henry et al. ([27], (p. 18)) note, ‘it is about achieving an ‘insider’ position on participant’s feelings, impressions and attitudes’. Indeed, vignettes can been used in a variety of ways to contribute to studies with both a quantitative and a qualitative orientation [28]. In their paper, Skilling and Stylianides ([29], (p. 1)) propose that ‘carefully formulated vignettes aligned with the phenomena being investigated can help capture participants’ beliefs leading to a more nuanced understanding of the phenomena’. In detail, the vignette data analysis technique was applied to the data collected from the three user studies. This enabled the Daptec team to consider the different types of interactions emerging from the Daptec Flat Holm experience. It also provided a means to identify and evaluate what aspects of the exhibit needed further evolution and iteration to ensure that it continues to meet the needs of a diverse audience. The experimental procedure was approved by the ethics board of Cardiff Met University and participants provided consent for study participation and the academic use of de-identified data.




6.2. Methodology


In this project, a user-centered methodology is applied, incorporating a multifaceted approach that encompasses observational techniques, surveys, and postcard probes for comprehensive data collection and a vignette approach for data analysis. This holistic methodology (see Figure 7) ensures a rich and nuanced understanding of user interactions, preferences, and feedback, contributing to a more thorough analysis and meaningful insights for the project’s objectives. The following sections detail the observation, structured surveys, and the innovative use of postcard probes to capture a diverse range of user experiences and perspectives.



6.2.1. Observational Study


The aim of this observational study was to investigate from a distance if and how people were engaging and interacting with the Daptec exhibit. The focus was particularly on people’s intentions and behaviours as they engaged and interacted with the Daptec exhibit. It was a two-fold study that took place at the Techniquest Science Museum, Cardiff, on 27 May 2022 between 10 a.m.–1:30 p.m. and on 19 June 2022 between 10:30–12:30 p.m. The researcher observed (from the background) and took notes on how people experienced and interacted with the data physicalisation technology exhibit.




6.2.2. Postcard Probe Study


This study was centred on the use of a postcard probe to further explore and probe what exactly the younger visitors to the museum were attracted to and engaging with in the exhibit. The focus was on studying what stood out for them, what made an impact on them during their experience of the Daptec exhibit. The study involved seventeen school pupils from a range of local schools. The researchers were interested in the take-home messages of the exhibit (e.g., what aspects of the exhibit that were important enough for them to put into a postcard for their parents, grandparents at home, friends, etc. to see). The study took place on 12 May 2022 (between 11:30 am–2:30 p.m.), 27 May 2022 (between 10 a.m.–1:30 p.m.), and 19 June 2022 (between 11–12:30 p.m.) at the Techniquest Science Museum, Cardiff. As participants approached the exhibit, they were asked if they would be happy to take part in the study. On 12 May 2022, the study took place during a school summer trip session which saw three hundred children pass through the museum. On 27 May 2022, it was during a parent and toddler session at the museum. On 19 June 2022 it was a regular, non-event day at the museum. For the study, participants were asked to walk around and engage with the exhibit. The study facilitator then explained the main aim of the study and answered any questions that the participants had. They were then handed a blank postcard, a pen, and colours and asked to create a postcard (draw and write a message) to describe the highlights of the exhibit for a parent, grandparent, and/or friend at home.




6.2.3. Questionnaire Study


This study was, firstly, focused on understanding adults’ attitudes toward the Daptec exhibit. Secondly, we were interested in probing younger visitors’ experience of the Daptec exhibit. The study took place across several days over the month of May 2022 at Techniquest Science Museum, Cardiff. These sessions were open to the general public, which consisted of mainly families and children. The researcher approached the test participants whilst they engaged with the exhibit. If they agreed to take part in the study, they were informed that the questionnaire would only take ten minutes maximum to complete. They were informed that they could withdraw at any stage throughout the process. Two questionnaires were designed, one for adults and one for the younger participants. The questionnaires were designed to collect both quantitative and qualitative data. Specifically, the answers were obtained through a range of closed-ended and open-ended questions.





6.3. Participants


The main test participants for the observational study on 27 May 2022 were young toddlers, parents, and grandparents who were visiting the museum on a parent and toddler day. The main audience on 19 June 2022 were families. These groups ranged in ages from 2 years to 70+ years of age. For the Postcard probe study, seventeen participants (four boys and thirteen girls) took part in the study. They were between the ages of five to thirteen years old from a range of local schools. Finally, for the questionnaire study, seven adults and fifteen children took part in the study. The adults were three males between the ages of 26–45 years old, one male between the ages of 17–25 years, and three females between the ages of 17–25 years, 26–35 years, and 46–55 years, respectively. The children consisted of five males with ages of between seven and seventeen years old and ten females with ages of between six to seventeen years old.




6.4. Results


A range of data were collected during the three studies. From the onset, it is important to note that a culture of transient interactions was mainly observed in the museum across all the exhibits. This was evidenced during the observational study on 27 May 2022, as it was a parent and toddler session so parents and grandparent’s main priority was to run after and mind their toddler/toddlers. Therefore, there was little time for them to stop and fully interact with the exhibit. Saying that, it is clear from the observation that both adults and children were drawn to the interactive map section of the exhibit and in particular to the buttons. The words buttons, pressing, and map feature quite dominantly in the data collected during this study (see Figure 8). They seemed to like to press the buttons that triggered the display of data on the various species/areas of the map. However, it was observed on many occasions, that the participants wanted instant feedback from the pressing of the buttons. As it is currently designed, the buttons light up an area on the map that represents a flora or fauna and then it plays a short animation of moving lights and colours to present the high, medium, or low count numbers for that choice. The participants being observed seemed to press one button after another expecting it to change instantly. In hindsight, audio cues here might have been effective to further support the participant in understanding the state of the animation/button press.



On the other side of the exhibit, the older participant’s took time to read the literature/information presented about the island. The rotating prisms attracted the attention of many participants, but it seems that less time was spent understanding what was going on when compared to the interactive map. It seems that the ‘interactiveness’ of the map attracted more attention. Saying that, it was found that during the observational study on 19 June 2022, parents with older kids were spending more time reading and engaging with this side of the exhibit. Generally, from the observations, it was noted that people were behaving in a positive manner towards the exhibit. They were attracted to and motivated to engage with the exhibit. However, it was also noted that the next iteration of the interactive map would need to explore how to retain and engage them for longer. Similarly, we wondered, how we might impress the impact of the changing environmental data on them more? For example, as mentioned, the use of sound here could act as a means to support the interaction and the understanding behind the interaction. Also, despite the participant’s being attracted to the rotating prisms, more could be done to maintain their interest and further enlighten them on the experience (e.g., emphasise how the environment is determining the aesthetic and why the data are being presented in this way). Table 1 shows a snapshot of the observations captured.



In terms of the impressions being formed, the results from the post card probe clearly show that Flat Holm Island’s flora and fauna as well as the weather were the features/aspects of the exhibit that participants were noticing. Quite a few of the participants in this study could not write or could only write a few words so the emphasis was mainly on the postcard drawings. It was clear that they were more engaged with the interactive map side of the exhibit and particularly, from the drawings, there was a focus on the butterflies and seagulls, which are quite prominent on the map. Indeed, it could be the age demographic of the participants that resulted in them gravitating towards the flora and fauna aspects of the exhibit as opposed to the weather aspects. Like most of the participants we observed, they were also drawn to the buttons. Similarly, they pressed the buttons very quickly one after the other. Often, the facilitator had to intervene to explain to them what was happening. In their haste to press the buttons, some seemed to miss the fact that the flora or fauna area lit up to give them impression of the count. Interestingly, despite spending more time pressing the buttons on the interactive map side of the exhibit, many of the postcards did have elements of the weather automata represented too. During this study, we were able to see what the younger visitors to the museum were aware of whilst interacting with the exhibit; it was interesting to note what caught the attention of this young audience.



For example, seagulls, butterflies, and the sun stood out for all the participants. In detail, the butterflies appeared in seven postcards, spiders appeared in two postcards; five postcards had drawings of seagulls; six postcards captured drawings of the sun; seven had green grass represented; one had a slow worm; two had the butterfly path; three had rain clouds; two had the wind triangle; one postcard had the lighthouse and the sea; one postcard had flowers; and finally, two participants had portrayed blue skies on their postcards. Moreover, two participants had drawn maps of the island, one had the lighthouse, farmhouse, and boat on the map whilst the other had a seagull, flowers, farmhouse, and lighthouse portrayed on the postcard. The following shows some of the textual messages written on postcards; it is important to be aware that there were different ages and writing abilities present:




	
‘To Mummy, Flat Holms exhibit is amazing. The lights catch your eyes and it stands out. Love Matilda’.



	
‘I like the butterflies’.



	
‘I do like the island’.



	
‘The thing that changes patterns’.



	
‘It was really cool, there was an interactive part where you could learn about Flat Holm. I learnt that there is seagulls, slow worms and butterflies. Also there is a light up screen of a map of Flat Holm’.








The postcard probe enabled us to have insight into what was of interest to the participants. Again, through their interactions, we also learned that more work will be needed to improve the intuitiveness of the map experience. Moreover, more work will be needed to engage participants for longer on the weather automata and most importantly, to effectively communicate the impact of the changing weather patterns to them.



Along with what was catching the participant’s attentions, we were also interested in people’s attitudes towards the Daptec exhibit. The questionnaire study gave us a deeper glimpse into not only what people were noticing, but also into what they were engaging with and what they wanted more of. In detail, the data from the questionnaires highlighted that more could be done to demonstrate how the exhibit generates the visuals/aesthetic from the weather data (e.g., how the weather determines the aesthetic and then what this means). Similar to the findings from the observational study, the young participants alluded to the need for further iterations. For example, they said that they would improve the exhibit in the following ways: ‘I really like the exhibit yet if I were to change something I would make the buttons more clear on what they are showing on the map’ (P4) and ‘Something to show what the front bit on the map does’ (P5). Despite the majority of participants rating the exhibit highly (see Figure 9), it is clear that some aspects of the exhibit were working effectively but that other areas still needed more iterations, particularly for the younger audiences. Interestingly, the five words used to describe the Daptec Flat Holm exhibit ranged from interesting to fun to good:




	
‘It was fun and it was exciting. There was loads of animals. It was beautiful. There was loads of science’ (P1);



	
‘Cool, big, good, tech, people’ (P2);



	
‘Bright, interesting, interactive, exciting’ (P3);



	
‘Interactive, engaging fun’ (P4);



	
‘Interesting, well-made, interactive’ (P5);



	
‘Good, enjoyed the lights’ (P6);



	
‘OK, buttons, eco, fun, good’ (P11);



	
‘Informative, birds, learning, knowledge, ideas’ (P12);



	
‘Good idea learning about stuff’ (P14);



	
‘Marconi, morse code, gulls, learning, exhibition’ (P15).
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Figure 9. How would you describe your experience of the Daptec–Flat Holm exhibit, where 1 is poor and 5 is excellent (Children’s questionnaire). 






Figure 9. How would you describe your experience of the Daptec–Flat Holm exhibit, where 1 is poor and 5 is excellent (Children’s questionnaire).
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Similarly, the findings from the adult’s questionnaire highlighted that the majority of the participants felt the Daptec Flat Holm exhibit was effective at engaging people with the island’s data. In detail, when asked to rate the two main parts of the Daptec Flat Holm exhibit, we can see that overall the interactive map part of the exhibit was rated higher than the weather automata (see Figure 10). Moreover, four participants ranked the overall exhibit above 60% effective (see Figure 11).



In addition, when asked what three words they would use to describe the Daptec Flat Holm exhibit, the following answers were shared:




	
‘Amazing and Innovative’ (P1);



	
‘Colourful, Confusing, Intriguing’(P2);



	
‘Interesting and Confusing’ (P3);



	
‘Interactive, colourful and informational’(P5);



	
‘Informative, enjoy-ful, insightful’(P5);



	
‘Informative, educational, unique’ (P6);



	
‘Interesting, informative, engaging’ (P7).








The words interesting and informative feature most frequently. Furthermore, when asked what would they add/change to improve this Daptec Flat Holm exhibit, the following comments were recorded:




	
‘I think they done a great job. They should create more publicity to bring their work to more people’ (P1).



	
‘It would be nice to know more about how the exhibit generates the visuals from the data (although the lady did explain it more, it would be good if this were included more in the exhibit design itself)... (P2).



	
‘The buttons on the interactive map did not always seem to do anything. Maybe they could make a noise or something? Didn’t always find the weather thing very intuitive (what does 50% mean?). (P3) [P3 also mentioned it would be nice to see where the island is on the map of Wales].



	
‘I would add easier to understand information for children or younger years as I often get asked what this is’ (P4).



	
‘ I am not sure what the target audience is but from observing, children tend not to engage with the exhibit as it contains a lot of information. Potentially add more detail on the map to bring more children to the exhibit’ (P5).



	
‘Less delay in the interactive map’ (P7).








The following are participant impressions of Flat Holm Island from the exhibit:




	
‘It’s a worthwhile project but I feel like it needs a few tweaks to more clearly show what its doing. I get that its meant to be impressionistic but impressionism was a reaction to the precision of the camera and I am not sure data visualisation generally has reached the point where we can be impressionistic with it yet’ (P2).



	
‘The island seems quite remote and forgotten. It also seems quite exposed’ (P3).



	
‘Its good to have exhibits about Cardiff and be fully factual. The colours add more interest into the exhibit as well’. (P4)



	
‘It is a great exhibit that fits into Techniquest. This centre needs more exhibits that targets the older population such as this one’ (P5).



	
‘Sounds/looks like an interesting place. Seems there is more to it than I thought’ (P6).



	
‘Somewhere I’d like to visit’ (P7).









6.5. Vignette Analysis


To further gain insight into people’s impressions of the Daptec exhibit and a deeper understanding into the audience’s preferences and needs, a vignette data analysis was implemented on the data collected from the three user experience studies (see Table 2). This provided the means for thinking about how people were interacting with the Daptec exhibit, in particular about the different types of participant groups and how we might more effectively design for them. In detail, the aim was to identify their diverse characteristics, interests, and requirements. As designers, we need to think carefully about the audience, the creative impressions that the exhibit has on them, and then, ultimately, the experiences afforded. The challenge lies in understanding the potential of the impressions created through the interactions (and anchored on the aesthetic), and then how these might evolve and enhance the overall exhibit experience. To achieve this it was important to understand the different modes of interaction and experiences. Table 2 highlights six different vignettes (roles) that participants fell into whilst experiencing the exhibit. Table 3, Table 4, Table 5, Table 6, Table 7 and Table 8 show the individual groupings of data that were used to develop these different vignettes.



The Passive Observer was generally forty or more years of age and passively engaged—watching and reading—with the weather automata section of the exhibit and the posters for between twenty seconds and two minutes (see Table 3). The Active User (aged between two and seventy years old) was seen to have spent roughly a similar time span at the exhibit, but more time was spent at the interactive map actively pressing buttons and interacting with the touchscreen (see Table 4). The Engaged Ambassador (between ten and fifty years old) generally spent around 30 s (or more) predominately at the interactive map section and absorbing the overall feel and worth of the exhibit (see Table 5). In contrast, the Disinterested Participant (aged between six and seventy years old) was seen to observe the exhibit (mainly the weather automata section and posters) from a distance or whilst passing by for ten seconds or less (see Table 6). Table 7 highlights the Critical Friend (aged between eighteen and fifty-five years old), who engaged with all sections of the exhibit (for twenty seconds or more) and was keen to understand the data being presented. Finally, the Enthusiastic collaborator (aged between two-forty years old) took on the role of explaining and interacting simultaneously, spending between ten and sixty seconds at the interactive map section (see Table 8).




6.6. Discussion


Overall, it can be noted from the vignettes that people (all ages) were drawn to and engaged with the exhibit, particularly the interactive map. However, looking at the ‘time engaged’, it can also be said that more can be done to maintain the engagements for longer. It can be argued that this is the culture in a busy and exciting science museum with often very young audiences. However, at the same time, the researchers feel that more can be done to increase the interest/engagement of the ‘disinterested participant’. Also, they feel that it is important to learn from the ‘passive users’ and what they were drawn to. In detail, the team could spend more time to explore how to elevate the fact that the environment itself is creating the aesthetic formations of shapes and reflective surfaces on the weather automata as a means to engage more users. Moreover, in studying the interactions of the ‘active user’ and ‘enthusiastic collaborator’, it is also key to understand how the count data for the specific flora and fauna can more meaningfully drive (perhaps with sound) the speed and drama of the visual presentation on the interactive map. Indeed, the feedback from the ‘critical friend’ highlights the need for a further ‘heightened awareness’ of the environmental data source. Without a doubt, it is mastering the ‘data impression’ and generating the aesthetic to engage a wider range of people (for longer) in the important environment and climate change narratives that is essential here. It is about being inspired by the comments of ‘engaged ambassadors’ and understanding the value of the work to create a more tailored and effective engagement strategy with different segments of the population.



Limitations


Despite efforts to ensure diversity, certain groups were inadvertently excluded from the sample of people studied due to the times and events (parent and toddler events, etc.) at the museum. This exclusion has resulted in a lack of representation from particular demographics, including their behavioural characteristics. Also, the actual design of the exhibit faced limitations attributed to the specific characteristics and constraints inherent in a museum setting. For example, the museum had a predefined spatial layout that needed to be aligned with. Consequently, other exhibits posed as distractions, leading participants to transition between them. Moreover, the creative freedom of the exhibit designers was curtailed by health and safety considerations, and resulted in the incorporation of protective layers over the rotating cogs of the weather automata to ensure no injuries. These limitations highlight the complexity of designing exhibits that not only attract attention but also sustain engagement across diverse audience types. Addressing these limitations requires a nuanced understanding of visitor behaviours and preferences, as well as continual refinement of the exhibit design to optimize the overall museum experience.






7. Conclusions


Society as a whole is now experiencing the significant impacts of climate and environmental changes, which include changing weather patterns, rising sea levels, and lessening of biodiversity to name a few. Without a doubt, we desperately need to reach out to more people and seek new ways to interact with and motivate them to take action and be more aware and educated. Drawing on the expertise of a multidisciplinary team, the aim of the Daptec Flat Holm project was to understand the intricacies of visitor interaction to guide the design process to create an exhibit that effectively captivates and involves a wider audience in environmental data. As we have seen from the findings of this study, the exhibit has the potential to engage the interest of the general public but evidently in many different ways. By undertaking a vignette analysis, we were able to gain valuable insights into the perceptions and behaviours of the audience. This qualitative research method allowed us to create vignettes that resonated with different individuals within the sample studied. This enabled us to shed light on their unique viewpoints and interactions. This insight, in turn, can support us in refining our multi-sensory approach to more effectively engage and connect with diverse users in a meaningful way. In terms of the actual exhibit, the researchers can also see that more work is needed to make the narrative more transparent for the audience, especially around how exactly the environment is driving the experience and telling its own story. For the Daptec team, we intend to continue to reflect on the different participant experiences and how we might more meaningfully design for them in the next iteration of the work. As we delve deeper into the possibilities presented by the Flat Holm project, we aim to further explore the creative avenues that can elevate the overall multi-sensory science museum experience.



Recommendations for Engagement with Environmental Data


To design a technology-mediated, multi-sensory environmental exhibit to engage diverse audience types, the authors suggest three key recommendations. The first recommendation highlights the importance of delivering data/content clearly and concisely to ensure that they are meaningful for all audience types. A case in point is the weather automata, which, despite capturing attention, posed challenges for some participants due to its abstract nature. Looking ahead, there is an acknowledgment of the necessity to render the data in a way that is more directly correlated to the subject matter, still attaining an engaging impression but avoiding unclear abstractions.



The second recommendation recognises the need for exhibits to embrace inclusivity and respect for all audience types, including diverse factors such as age groups, genders, and backgrounds. Take, for instance, the interactive map, which generally engaged its wide audience through its interactive features. However, to elevate the sensory allure and keep the audience engaged with the data for longer, additional efforts are required to improve the outcomes and creativity of the interactive elements. Significantly, the research suggests a promising avenue for enhancing the overall experience of the interactive map by strategically incorporating sound elements. Indeed, the team has learned that the calculated yet complimentary integration of various sensory elements has the potential to greatly elevate inclusiveness and engagement with the museum exhibit and the environmental data.



The final recommendation revolves around encouraging hands-on exploration and active participation to heighten the overall experience. By incorporating opportunities for hands-on engagement with the data, the exhibit can foster a more immersive and memorable encounter, allowing all audience types to interact directly with the subject matter. In this project, the flora and fauna component could have been developed further to encourage a sense of discovery and personal connection with the exhibit (e.g., visitors actively recording the count data for each species), contributing to a more impactful and enjoyable experience.



In summary, these recommendations offer insights for designers of technology-mediated, multi-sensory science museum experiences, guiding them to design for engagement with environmental data and to leave a lasting impression on diverse audiences.
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Figure 1. Weather automata: reflective surfaces. 
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Figure 2. Weather automata: rotating prisms. 
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Figure 3. Weather automata final exhibit. 
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Figure 4. Interactive map: LED light arrangements. 
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Figure 5. Interactive map: lighted sections. 
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Figure 6. Interactive map final exhibit. 
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Figure 7. User-centred methodology (red area highlights what is documented in this paper). 
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Figure 8. Frequency count of words collected from the observation of the exhibit. 
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Figure 10. Adult ratings of the exhibit. 
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Figure 11. In your opinion, how effective is this Daptec Flat Holm exhibit at engaging people in the island data? (Adult’s questionnaire). 
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Table 1. A snapshot from the observations on 27 May 2022 between 10 am–1:30 p.m.
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	Firstly, a lady (approximately 60–70 years) was observed pressing the buttons on the interactive map, after roughly forty seconds she left the exhibit. A gentleman (approximately 60–70 years) then read the literature about the island on the weather automata side of the exhibit (roughly for one minute). A father (approximately 30–40 years) and a toddler (approximately 2–3 years) were observed pressing the buttons on the interactive map, the toddler seemed to enjoy the colours and liked touching the touch screen (this lasted roughly sixty seconds).










 





Table 2. Six vignettes formed from the data collected in the three user studies.
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Six Vignettes






	
Type

	
Age

	
Interaction

	
Sectionof Exhibit

	
Time Engaged




	
Passive Observer

	
mainly 40+ years old

	
Watching and reading

	
Weather Automata section and Posters

	
20 s to 2 min




	
Active User

	
2–70+ years old

	
Pressing buttons and interacting with touchscreen

	
Interactive Map section

	
20 s to 2 min




	
Engaged Ambassador

	
10–55 years old

	
Engaging in the overall feel of the exhibit

	
Interactive Map section

	
30+ s




	
Disinterested Participant

	
6–70 years old

	
Watching from a distance or interacting while passing

	
Weather Automata section and Posters

	
10 s or less




	
Critical Friend

	
18–55 years old

	
Understanding the data

	
Weather Automata section, Interactive Map section, and Posters

	
20+ s




	
Enthusiastic Collaborator

	
2–40 years old

	
Explaining and interacting together

	
Interactive Map section

	
10–60 s











 





Table 3. Sample of data groupings for Passive Observer.
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	Passive Observer





	- A nine-year-old girl spent roughly thirty seconds looking at the rotating prisms of the weather automata.



	- A mother (approximately 30–40 years) and baby stopped to spend about thirty seconds looking at the rotating prisms and also passively engaging with the map lights.



	- One male adult (about 40 years old) spent time reading the information around the exhibit.



	- A gentleman (approximately 60–70 years) then read the literature about the island on the weather automata side of the exhibit (roughly for one min).










 





Table 4. Sample of data groupings for Active User.
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	Active User





	- A four-year-old pressed buttons continuously on the map for about fifty seconds.



	- An older male (50+ years) stopped to read/watch the touchscreen, he interacted with the sound and stood and watched the video for approximately three min.



	- One female (about 40 years old) in a wheelchair with her son (about 8 years old) came to the exhibit for roughly twenty seconds and pressed the buttons.



	- Another male (roughly 70 years old) with his partner (roughly 70 years old) in a wheelchair interacted with buttons and waited for the map’s response.










 





Table 5. Sample of data groupings for Engaged Ambassador.
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	Engaged Ambassador





	- ‘It’s good to have exhibits about Cardiff and be fully factual. The colours add more interest into the exhibit as well’. (P4)



	- ‘it is a great exhibit that fits into Techniquest. This centre needs more exhibits that targets the older population such as this one’ (P5).



	- ‘I think they done a great job. They should create more publicity to bring their work to more people’ (P1).



	- ‘It was fun and it was exciting. There was loads of animals. It was beautiful. There was loads of science’ (P1).










 





Table 6. Sample of data groupings for Disinterested Participant.
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	Disinterested Participant





	- Another male adult (roughly 30 years old) pressed the buttons, looked for a response, and then left the exhibit.



	- One male (7 years) spent ten seconds pressing the buttons.



	- A father and mother (approximately 30–40 years) with their toddler looked at the colours on the map, they pressed one button, and then left after ten seconds.



	- One female (about 9 years old) spent ten seconds pressing the buttons whilst on route downstairs.










 





Table 7. Sample of data groupings for Critical Friend.
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	Critical Friend





	- ‘It would be nice to know more about how the exhibit generates the visuals from the data’ (P2).



	- ‘The buttons on the interactive map did not always seem to do anything. Maybe they could make a noise or something?’ (P3).



	- ‘I would add easier to understand information for children or younger years as I often get asked what this is’ (P4).



	- ‘I am not sure what the target audience is but from observing, children tend not to engage with the exhibit as it contains a lot of information. Potentially add more detail on the map to bring more children to the exhibit’ (P5).










 





Table 8. Sample of data groupings for Enthusiastic Collaborator.
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	Enthusiastic Collaborator





	- One young mother and toddler spent some time (about sixty seconds) on the map side of the exhibit pressing the buttons. The mother explained to the child what each button represented.



	- A father (approximately 30–40 years) and a toddler (approximately 2–3 years) were observed pressing the buttons on the interactive map, the toddler seemed to enjoy the colours and liked touching the touch screen (this lasted roughly sixty seconds).



	- Then, a female (roughly 30 years old) with her daughter (roughly 6 years old) stopped to press the buttons to see the reaction on the map; the female explained what was happening to the daughter, the female wanted to read the Marconi poster but was dragged away by the daughter (the interaction lasted about twenty seconds).



	- A younger male (roughly 40 years old) and his daughter (roughly 7 years old) spend twenty seconds pressing buttons trying to work out what they represented.
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