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Introduction
Like previous work in the field of co-design with children (Bruckman & Bandlow, 2003; Jones, McIver, Gibson, & Gregor, 2003; Williamson, 2003), this chapter seeks to ask: ‘How can the ideology  and practice of participation improve design practices?’ (Lee, 2008, p. 34) and thus produce better products. In the case of the specific focus here, this is in relation to improving the quality of digital and connected toys by better matching design to children’s play patterns and interests. To make this point the chapter draws on three different collaborative research projects in which I have considered children in relation to the design of digital play. Through the sharing of specific insights from the findings of these three projects, I advocate that there are benefits in considering toy design and play in relation to one another (Nesset & Large, 2004). Further, this is better done by positioning the child as a knowledgeable and able partner in this process (Carsaro & Molinari, 2017; Roberts, 2017). In order to achieve this, the chapter is structured first to review past literature about designing digital play and second in the area of co-design and participatory research with children.




Following the literature  review,  the  remainder  of  the  chapter  is divided into sections that outline  one  key  design-related  finding from each of the three separate research projects. These are projects that considered (1) the extent to which children’s use of a connected toy matched the designers’ intentions, (2) how  children can be included in the early stages of digital games design, and (3) children’s  making in the context of Virtual Reality (VR), a rapidly emerging form of digital play.  These three studies  are used to show how children’s play and design should  be  mapped more carefully to one another. Specifically, that there are differences between designers’ intentions and children’s use. Second, children are experts in play and can therefore make a very valuable contribution to design. Third, adults’ and children’s use of cut- ting edge play technology (in this case VR) are different from one another. This is particularly important because technology is usually developed for adults first and then this is used as a benchmark for younger users. Collectively, these findings are used to emphasise the value of including children in the design process of connected toys.

Designing Digital Play
In an earlier publication (Yamada-Rice, 2018), I drew on theories of object orientedness (Kaptelinin, Nardi, & Macaulay, 1999), object ethnographies (Carrington, 2012), artefactual literacies (Pahl & Rowsell, 2010) and material stuff (Miller, 2008, 2009; Shove, Watson, & Hand, 2007) to show how the design of digital toys and content, and the materials used, can be framed as having equal agency in play to the child. In other words, digital play is the product of two agency-bearing halves, that of product/content and that of the player. ‘Knowing’, in this case understanding children’s use of digital toys and play, necessitates looking beyond the child and his/her use to that  of the ‘matter’ of the play as well. We must do this, Barad (2003) says, because ‘practices of knowing cannot be fully claimed as human practices, not simply because we use non-human elements in our practices but because knowing is a matter of part of the world making itself intelligible to another part’ (p. 829). With regard to digital play specifically, Giddings and Kennedy (2008) also support Barad’s ideas:




…that the distinct nature of video game play is generated in the intimate and cybernetic circuit between the human and the nonhuman.
(Giddings & Kennedy, 2008, p. 15)

Applying this theory to gaming practice, Giddings and Kennedy (2008) describe how accomplished gamers should not be solely defined as highly skilled. Instead, the authors ask the reader to consider a perspective in which decentring the human can show how highly skilled gamers are not necessarily gaming geniuses but rather  the:

…game has thoroughly and completely mastered him [the player], it had taught his fingers the precise micro-movements needed to fulfil   its intentions (continued play), and had imprinted on his brain cognitive analogues of its virtually mapped game world. The player is mastered by the machine. We would argue that this mechanic language should not only be read metaphorically. Gameplay is an intense event, a set of intimate circuits between human bodies and minds, computer hardware and the algorithms and affordances of the virtual worlds of videogames.
(Giddings & Kennedy, 2008, p. 15)

These ideas are also shared by others, such as Pérez Ferrer et al. (2016). Thus if children are as much being ‘played with’ by the game, i.e. by the ‘affordances’, those are the properties of the game (Norman, 2013); as they are playing with the game then it seems logical that there would be benefits to including children in the design of digital play in order to enable the production of connected toys that better suit child-users. The next section outlines previous literature on children in the co-design process in order to set the context for including them specifically in play design.

Co-design with Children

Continuing to draw on the perspective that digital play is as much a combination of tools as it is of humans, Pérez Ferrer et al. (2016) show how we are currently in an era where ‘recent technological advances have enabled large numbers of people to express themselves creatively, who perhaps would not have been able to do so previously’ (p. 19), and as a result there have been a number of software applications written that have allowed non-specialists to partake in creating simple video games, such as Scratch for children of school age. This, Pérez Ferrer et al. (2016) state, is the ‘democratisation of Game Design, i.e. bringing the ability to create digital games to a much broader section of society’ (ibid.).

Within the context of design in general, there have been attempts to include users in the design process ever since ‘an international conference entitled ‘Design Participation’ in 1971’ encouraged and popularised the process (Lee, 2008, p. 31). Williamson (2003) states that, initially, children were included in the design of technologies as ‘testers’ of prototypes and end products. In more recent years, there has been an increasing interest in including children in the earlier processes of design. For example, Van Mechelen (2016) produced a tool kit for ‘designing technologies with and for children’.

Different methods have been suggested as to the best means to include users in the design process. Lee (2008) states this can vary from the designer having full power through to every part of the process being undertaken collaboratively by both designer and user. With regard to children specifically, Love, Gkatzidou, and Conti (2016) suggest the use of three particular methods: a co-design workshop that draws on principles from participatory design, future workshop techniques and rich pictures with regard to the co-design of technology. Specifically, Nesset and Large (2004) outline four roles children can have in the design process: user, tester, informant and/or design partner. Van Mechelen (2016), on the


other hand, writes that children are ‘especially useful to generate ideas and co-construct knowledge at the early, fuzzy stages of the design process where the design problem is still being defined’ (p. 4).

Following on from the work of these researchers, the rest of this chapter presents findings from three different studies. These findings illustrate what I have learnt from including children in the design of digital play in a variety of roles. These are (1) as testers of a connected toy with the findings being considered in relation to the designers’ intentions for their toys, (2) as co-designers in the early stages of game development similar to that used by Van Mechelen (2016), and (3) as informants to the design of play for emerging technologies. Findings and discussion from the three sections show how design and children’s role in it should be considered an integral part of academic studies on connected toys and digital play, as well as form part of commercial processes in the production of these toys.

Children as Expert Testers of Digital Play Design

This section discusses a study undertaken during a short-term scientific mission as part of the COST Action DigiLitEY, which is a European network researching young children’s digital literacy practices. The project considered the extent to which the design intentions of Justyna Zubrycka and Matas Petrikas for a digitally connected wooden doll known as Avakai (Fig. 1) were taken up during play by a group of young children.

Data for the study were collected through a series of interviews and conversations with the two designers and then comparing their answers with observations of 4–6-year-olds playing with the Avakai in an after- school setting in a Northern city of the UK. As discussed in more detail in Yamada-Rice (2018), the findings of the study showed that children’s use of the toy coincided with the designers’ intentions at some points, but in others, children used the Avakai in ways that had not been considered by the adult-makers. This section focuses on two ways in which the toy was used that had not been accounted for by the designers. These examples illustrate that children have expertise and imagination beyond that of adult-designers and toy manufacturers, which if listened to could be fed into the design process in order to produce products that better match children’s play practices.
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Fig. 1 Avakai

Justyna and Matas designed and built a heart into each Avakai. When the doll is picked up, the heart can be felt beating through its wooden body. Further, when two Avakai come into contact their hearts beat faster, simulating an emotional response to their connection. While watching the children play it became obvious that the design of the heart intrigued them as much as the designers had hoped. However, not in the exact way they intended. The children anticipated the heart’s function in relation to their own. One boy picked up the Avakai and started to run with it, doing laps of the room and trying to raise its heartbeat. As the boy became more and more out of breath he checked the heartbeat to see if its rate had increased, but the speed at which it beat remained constant. In the end, the boy declared the Avakai strong, like an athlete, who was unaffected by racing around the room. The fact that the heart rate did not change did not seem to affect this child’s play. However, this observation opens up questions about whether if the Avakai’s heart had responded in the way the boy anticipated the product might have produced an entirely different type of play—perhaps one better connected to children’s practices. In other words, if we take the ideas of Giddings and Kennedy (2008), that digital play is a unique connection between technology and humans, then we must also con- sider that adult-designers and child-users might make these connections in different ways from one another. This is an idea that is also supported by Mazzone, Read, and Beale (2011):

A User-Centred approach is recommended in the design of novel technology for children in order to reduce the discrepancy between the system conceptual model, defined by adult designers, and the mental model of children users.
(Mazzone et al., 2011, p. 1)




Another example is the way in which the designers embedded speakers into the Avakai doll in a place that made them seem to the children as though they represented ears. The speakers disseminate sounds based on emotional responses to movements made with the doll. For example, if an Avakai is shaken it makes a noise representing annoyance.

One girl in the study became very attached to the Avakai. At the end of the first day, she whispered ‘I love you’ into one ear (speaker) of the Avakai she had been playing with. On consecutive days, I saw her whispering into the doll’s speakers in an inaudible hushed voice. This example illustrates how for this one child, at least, the placement of the speakers in the location of the ears meant she perceived them like her own, in that they were for receiving sounds rather than output- ting them. When I reported this finding back to one of the designers, Justyna, she immediately saw ways in which the finding could be incorporated into the doll’s design, such as by creating a means of recording sound to allow the doll to be played with in a way that fitted with how this one child had used the doll.

The two examples shared in this section show how, as Barad (2003) proposes, it is important to consider the ‘matter’ of children’s play in order to fully understand a child’s use. In this project, the design intentions were known first-hand and so this made it easy to compare them to the children’s uptake. The practice of user-testing in commercial play development is not uncommon, but it tends to be undertaken rapidly by market researchers who fund research differently from academia. What this section shows is that academic experts in play have knowledge and resources to map children’s use and design together in other ways. Thus, if detailed observations of children’s play with objects of the Internet of Things are undertaken, they can allow the design of toys to potentially better reflect the play practices of the children they are aimed at. The next section goes a step further to suggest that not only is the ‘matter’ of digital play important but that children could be involved in designing it.



Children   as  Co-designers  in  the  Early Stages of Game Development
The study discussed in this section was funded by the Higher Education Funding Council for England, and it took the form of an industry sabbatical to explore the possibility of including children in the design of video games. At the time of the study, I was a full-time academic lecturing in Early Childhood Education. My research to this point had primarily been concerned with how children use digital tools for play. In other words, I was a researcher working at the end of the design process looking at children’s use of products already on the market. During these earlier studies, I often had questions about why certain design decisions were made. For example, if I found a design feature that children didn’t like or couldn’t use, I wondered how it had materialised. Was it because of limitations in the technology? A financial decision? Or a lack of understanding of young children on the part of the developers? Just before the start of the project I met Peter Robinson, Head of Global Research at Dubit, a company specialising in research on and development of digital play for children. Peter talked to me about the different research processes Dubit used at the time to ensure the best


possible products were being made for children. We had different ideas about the possible usefulness or limitations of regularly including young children in the design of digital products being made for them. To this end we undertook a very small-scale project working with three children aged 5–6 years old to explore what would happen if we included them in the initial design process.

In creating the project methodology, Peter and I positioned the children in the study as experts in their play lives, as many researchers before us had done (e.g. Corsaro & Molinari, 2017; Roberts, 2017). We started by explaining to the child-participants that Peter worked for a digital games company and that we were exploring ways in which children could help make the design of digital play better. All three children were very excited to meet someone who worked for a digital games company and positioned him as an expert in an industry that they held in high esteem. On the days Peter was unable to join the research sessions the child-participants expressed disappointment and sought reassurance that they would meet him again. I took this interest as an early indication that, because digital play is an integral part of most children’s lives, they were interested in how the products they use were made and were excited to be included in the process.

Each child was lent a tablet for the duration of the project and we started by asking them to take photographs/videos of the kinds of digital and non-digital play they enjoyed outside school. We then inter- viewed each participant separately about their physical and digital play using photographs they had recorded as prompts. After this they were asked to choose a collection of themed apps to test until we met again when they were asked what they liked and disliked about the products. The collections offered included groups of apps within the following themes: superheroes; music; food and cooking; art; and animals.

One of the reasons for doing this was to determine if the children would choose a theme that related to their wider play interests and,   if they did, whether they could be seen as ‘experts’ who could bring a highly informed opinion to the design of digital play in that specific area. For example, Peter and I questioned whether or not a child who classified themself as having an interest in animals would also have good insights into how to improve an app with an animal theme. If this proved to be the case, we concluded it would be a straightforward way to work out which children to draw on in relation to the design of specific products. Thus, it would potentially be easier to include children in established commercial digital play development practices. For as Mazzone et al. (2011) and Van Mechelen (2016) state, we also recognised that including children regularly in the design process necessitates the creation of a framework to simplify their involvement and bring about useful results. This should include decisions about the key points in the process for inclusion and a list of best methods for co-designing at specific ages.



The findings which emerged from our thematic analysis (Braun & Clarke, 2006) showed that all three children had threads of interest that linked their physical and digital play. One girl chose the category of apps within the theme ‘Art’. Her reasons for doing so related to her interest in drawing. She described how art was part of her home life and that her mum was really good at drawing fonts. She gave specific examples, such as asking me if I knew the Twentieth Century Fox logo and then telling me that her mum can draw it exactly how it looks. The second girl similarly chose art-themed apps. The data about her physical play suggested that, as with the first girl, these matched her other interests. She took many photographs with the tablet and said that ordinarily she liked taking photographs, especially of herself and her family. She also liked to read and write and stated that she loved creating mysteries and had watched and read all the Harry Potter books except the last one, which she did not want to start because it would mean bringing the series to an end. The only boy in the study was very interested in digital gaming and also liked to read comics. He chose to use the super- hero-themed apps, which seemed connected to this theme.

Young children having thematic interests that they explore across different domains and platforms of play relates to findings of other research I have undertaken (Yamada-Rice, 2014). As a result, it seems to suggest that children can be seen as experts in relation to specific themes of play in the way Peter and I had anticipated. Thus, unlike the findings of Love et al. (2016), who found that the inclusion of children in the design of new technology can be challenging because they have a more difficult time verbalising their thoughts than adults, the three children in this study were very knowledgeable in seeing links across their physical and digital play and as a result could easily articulate how a game following that particular theme could be made more enjoyable. As a result, children, even those young in age like the ones in this project, could be valuable contributors to the early stages of game design.


The final section discusses children’s use of VR and how their under- standing of the medium, and how it is different to other media, illustrates that children could be useful partners in the design of emerging technologies and play in its earliest stages of development.

Children as Informants to the Design of Play for Emerging Technologies
This final section focuses on the importance of including children in the earliest stages of emerging forms of digital play, in this case VR. In doing so, I show how children’s needs and uses of emerging forms of digital play are likely to be different from adults’. This is important, given that content for new technologies is usually developed   for adults first, then this knowledge is applied to products aimed at a child-market.

The findings discussed in this section are drawn from my involve- ment with Deborah Rodrigues and Justyna Zubrycka on the German part of an EU-funded project called MakEY, about young children and Makerspaces. Deborah runs her own company called Glück which provides tech and play workshops in various locations around the world, where she teaches children how to create with physical and digital materials. Justyna, as outlined in the first case study, is the designer of the connected toy called Avakai. Our ideas for the German part of the MakEY project developed from one of the findings from a study looking at children’s engagement with VR (Yamada-Rice et al., 2017), in which children wanted to play across physical and vir-    tual spaces. Thus we sought to explore children’s play and making across physical and virtual spaces. Specifically, Deborah produced a virtual world based on Avakai dolls designed by Justyna. We asked children to use physical materials to design something that might be of use to an Akakai in the virtual world. All participants created an object that related directly to the virtual Avakai world and were able to articulate clearly how the object did so. For example, Fig. 2 shows the creations of two of the research participants, one created a rocket for the Avakai and the other made a mirror.


[image: ]
Fig .2 Physical making for the Avakai
These examples show how children were able to produce physical objects that directly related to the design of VR content and also imagine how they would play across both domains. Using this finding as a starting point we explored differences and similarities in children’s play and making in physical and virtual contexts.

Children were asked to recreate their physical models by using the application Google Tiltbrush to create within a virtual world. Children immediately picked up differences in creating with physical and vir- tual materials. For example, the boy who had created the rocket showed frustration at not being able to make it look as abandoned as the physical rocket he had made when using virtual tools:


Boy trying to create a broken and abandoned looking rocket: “You can’t get black on here. It comes out like that [sparks of blue light shoot out everywhere].”
Researcher 1: “Because it [the VR environment] is dark.” Researcher 2: “How about the yellow?”
Boy: “The yellow? This is like an Orange.”
Researcher 2: “Oh, OK. How about a green? Remember how sometimes when metal goes rusty it goes green?”
Boy: “Yeah, like coins.” Researcher 2: “Yep.”
Boy: [showing frustration]: “You can’t see it here.”
Researcher 2: “You can walk around, you don’t need to stay in the same place always. Walk around.”
Boy: “Yeah but how would you make it [the rocket he has drawn] more abandoned?”
Researcher 2: “More abandoned?”
Boy: “Yeah, so it’s got like more cracks in it.”

In the above example, the child tried to create in the VR world using very similar techniques he had employed with his physical creation. Similarly, another boy tried to recreate a character he had drawn with pen and paper in VR and become frustrated by the three-dimensional space. This is because, unlike drawing on a physical material, there was nothing to resist the pressure of his virtual drawing tool, so when he drew a line in Tiltbrush it was impossible for his next line to begin where the last had ended and join it exactly. Therefore, his physical colouring technique could not be employed in VR. The difficulties both children experienced showed how they began to understand and critique the affordances of VR in relation to how they differed from the physical environment and other media they had used. Unlike in the co-design project described in the last section, children found it harder to apply their play skills and expertise across the physical and digital (in this case VR) domains.

An unexpected finding was to discover that including children in the early stages of new technology development allowed them to begin to understand its affordances, how it worked and thus start to critique the con- tent. This is unsurprising given that the anthropologist Tim Ingold (2013) writes that making builds an active connection between thinking and knowing and that we humans have forever learned about the world through our hands. The examples show how including children in the design of digital play with emerging technologies can provide insights into how their use of the medium matches what is known about their play  on  other  platforms,  or  in  this  case  the  physical  environment.  It also informs design aspects specifically needed for children. For example, each child in this study could have benefitted from better onboarding that allowed them to understand that, unlike other  forms  of  drawing, they could fully immerse themselves in their compositions, such as by walking amongst their virtual brushstrokes. Also, that drawing with light has properties that do not replicate those of physical materials.


Conclusion

The examples given from the three studies included in this chapter show that there is still scope for investigating how best to include children in the design process. In particular, as new forms of digital play emerge, such as VR, existing methods from previous studies (e.g. Van Mechelen, 2016) might need to be adapted or abandoned for new ones. Nonetheless, it seems likely that, in all circumstances, ‘due attention will need to be given for how to ‘scaffold children’s creative abilities’ into the [design] process’ (Van Mechelen, 2016, p. 16). This scaffolding approach is also shared by Mazzone et al. (2011) who propose a frame- work for doing so. Once this is established, the examples shared here, along with others that have gone before, such as those from Nesset and Large (2004), suggest there are strong benefits in including children in the design process and that these outweigh any negatives, such as cost. Including children in the design of the Internet of Toys is therefore no exception. For example, in relation to observing them as end-users of designs, such as in the first study with the Avakai doll, it is possible to elicit valuable ideas for the development of digital toys and play. In that particular case, this related to how the doll could include a voice- recording device or making the heart beat differently depending on how the doll is moved. The second study showed how children can be positioned as expert advisers on digital play that relates to their phys- ical interests and thus have ideas which they can clearly articulate on the importance of different game mechanics for the enhancement of the product. Finally, the last case study showed how children explore the affordances of new types of digital play and provided findings that call for adequate on-boarding of children within this process.



There are benefits not only for digital play developers but also for the children included in the design process. First, the empowerment brought about by recognising them as experts in their own play practices builds confidence. Second, by allowing them to gain insights into the processes of the digital games industry, they have an opportunity to decide if they may wish to work in game design when they become adults. Including children also allows them to have digital products that better match their needs. Finally, it allows children to be critical of digital content and toys.
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