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1 INTRODUCTION 

Child Computer Interaction (CCI) research community is aware of advantages of inviting children to start acting as 

innovators of new digital technology. According to [Kawas 2020] and [Yarosh 2011] the majority of CCI research 

concentrates on designing for and with children. Children have had different roles in digital technology 
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development since 1970’s from passive users and testers to informants and design partners, lately ranging to co-

researchers, process designers and protagonists [Druin 2002, van Doorn 2016, Iversen 2017, Iivari 2018, Schepers 

2018]. However, the existing CCI research has limited understanding and approaches to study children’s current, 

constantly evolving digital lives and practices as well as means and tools for considering the longer-term impact of 

our work on children’s lives and practices. We suggest turning the CCI focus to already existing as well as to the 

emerging technology mediated practices through a practice lens. Shedding light on digital technology use and factors 

shaping it, the practice lens offers several intriguing and important insights for CCI research. We maintain designers 

of new digital technology benefit from analyzing and understanding existing practices and factors causing practice 

emergence and evolution – as [Botero 2013] point out: “The possibilities of design are already present in the 

practices ... design activities do not begin or occur only in the studio or in exploratory workshops.” 

This study presents Nicolini’s practice toolkit [Nicolini 2012] to CCI research for making sense of children’s 

digitalized everyday life and practices and their emergence. In addition, our study demonstrates its use thought 

analysis of children’s and their families’ engagement with an interactive public display infrastructure, providing 

zoom-in and zoom-out analyses of emergent practices around the infrastructure. The practice toolkit not only 

enables to describe the characteristics of the local practices rigorously but also identifies factors shaping their 

emergence [Nicolini 2012]. In addition, we demonstrate how the gained knowledge can be utilized for developing 

CCI research and CCI design. The case we take a closer look at is a public display network project, launched about a 

decade ago in the city of Oulu in Finland where children turned out to be to dominant and most creative and open-

minded user group. Although the displays were otherwise seldom used and discourses around them were 

negatively biased, children and their families appropriated them and adopted them as part of their recurrent 

practices [see Ventä-Olkkonen 2016b, Jurmu, 2016, Ventä-Olkkonen 2016a]. So far, we have shown that children’s 

and families’ public display practices were surprisingly similar to their digital technology mediated practices 

elsewhere [see Ventä-Olkkonen 2017, Ventä-Olkkonen 2018], while in this study we particularly connect the 

practice toolkit with CCI research concerns and discuss its value in large-scale real-world digital technology 

development and deployment project – a topic that yet has received too little attention in CCI. Hence, the paper 

contributes by 1) by presenting the practice toolkit approach and by demonstrating its use for the CCI community; 

and 2) by discussing the use of the practice toolkit for shape large-scale real-world digital technology development 

and deployment, within which children’s role as the open-minded early adopters and innovative appropriators of 

new digital technology should be better appreciated.  

The paper is structured as follows. Section two discusses related research on children’s role in digital technology 

design and development, children’s digital technology practices and children’s practices with public displays. 

Section three introduces the practice lens and practice toolkit utilized in this study, while section four presents the 

empirical studies we have carried out relying on the practice toolkit, including the study set-up, used methods and 

materials and a summary of the main findings. Section five discusses the implications of the practice toolkit for the 

CCI community. Finally, section six concludes the paper. 

2 RELATED WORK 

2.1 Children’s role in design of new digital technology  

It is well known that CCI researchers value children’s role in the design process (see [Kawas 2020, Yarosh 2011]). 

Children have acted for example as users, testers, informants, design partners and more recently as co-researchers, 
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process designers and protagonists [Druin 2002, van Doorn 2016, Iversen 2017, Iivari 2018, Schepers 2018]. In the 

role of user, children use digital technology while adults observe or test for skills before and/or after the use. While 

observing children as users, researchers are specifically interested in understanding the impact of existing 

technologies on children’s learning or testing general concepts to inform future digital technology development. As 

testers, children test ready-made prototypes or emerging technologies for helping to finetune the technologies 

before they are released or published. The problem of both child as a tester and as a user approach is that children 

might feel uncomfortable when being tested and observed and/or they have limited possibilities to impact digital 

technology development: their suggestions might not be considered during the development [Druin 2002].  

As an informant, a child plays a role in different stages of the design process before, during and after digital 

technology development and offers information to researchers or developers. Children might be empowered during 

the process by being listened to by adults, but adults are still in charge and decide on what level children can 

participate in and what ideas will be further developed. As design partners, children are considered equal 

participants to adults throughout the design and/or research process. However, challenging is to negotiate 

decisions when adults are not in charge. [Druin 2002]  

Among the recent roles are the process designer and protagonist roles. As process designers, children are 

designing the design process, not only digital technology [Schepers 2018], while as protagonists, children lead a 

complete design process which includes also critical reflection on digital technology and its role in children’s lives 

and in the society [Iversen 2017, Iivari 2018]. However, these roles require a lot from children to adopt; various 

kinds of skills and abilities as well as adult contemplation and encouragement may be needed [Iivari 2018, Schepers 

2018]. Additionally, a co-researcher role has been introduced in the literature [Doorn 2016], which comes close to 

the practice perspective of this study. As co-researchers, children are engaged in knowledge production that might 

lead to the design of new artefacts [Doorn 2016], the process generating contextual knowledge about the lives, 

experiences and wishes of children. The outcome of this process is a strong conceptual understanding of children’s 

praxis that can be used to design better products. 

While children have participated in the development of technologies aimed for them, children’s’ participation in 

large-scale real-world digital technology development and deployment have not been studied much in CCI [Halkola 

2012, Halkola 2014]. Many CCI studies have focused rather on the education of children and on the process of design 

than on the product [Iivari 2016]. Some CCI studies with company involvement and an aim for real world product 

development can be identified, but generally there is a lack of CCI research pondering on how children can make a 

difference and impact large-scale real-world digital technology developments and deployments, including several 

stakeholders other than children [see Halkola 2012, Halkola 2014, Ventä-Olkkonen 2019]. In this paper, we expand 

the CCI role repertoire for children to include that of child as a practitioner. While thinking children as practitioners 

we advocate a holistic view on children’s lives, not only concentrating on a specific digital technology and 

interactional situation. This holistic view includes aspects of the roles already discussed in CCI but expands the 

focus to the whole life of children being affected by digitalization. In this study, the holistic view is used to examine 

children’s engagement with new digital technology at its public prototype stage in a large-scale real-world case.  

2.2 Children’s and families’ digital technology practices 

Even if in-depth CCI research on children’s and families’ digital technology practices is scarce, CCI research as well 

as research within other disciplines have acknowledged for long that today children and families have an ever-

growing body of technological artifacts at their fingertips. These technologies offer increasing opportunities for 
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both entertainment and education. TV sets and video recorders have been part of the domestic fabric of the 

everyday life for decades, but recent developments have made digital technology a still more pervasive and 

inseparable part of even younger children’s daily lives (see, e.g., a study of babies and toddlers’ use of iPads 

[Hourcade 2015]). Research has also shown that digital technology can offer valuable experiences to young 

children. Researchers have found several benefits of consuming or using digital technology at an early age, for 

example, young children’s communicative and creative competencies can be supported by using domestic digital 

technologies [Neumann 2017, Plowman 2012]. In addition, it is known that digital technology can foster creativity 

and collaboration [Yuill 2013]. It has also been found that the problem-solving skills pre-schoolers learn on touch-

screen devices transfer to physical skills [Huber 2016].   

The existing research has discussed children’s digital technology practices from various perspectives. Quite 

extensive interest has been in supporting children’s learning practices in various contexts and addressing different 

learning topics (e.g., programming, science, Making, tinkering, reading) while children’s collaborative, play or 

making practices have received interest, too [e.g. Karoff 2012, Kim 2019, Kolodner 2017, Pantic 2016, Rutta 2020]. 

However, these studies either focus on supporting practices around development of digital technology or narrowly 

examine the impact of particular digital technology on children’s behavior. Only one short paper was found that 

argues for the utilization of practice theories more thoroughly in CCI research [Karoff 2009].  

Studies examining children’s practices are often conducted in schools and clubs. Hence, mostly they do not 

concentrate on digital technology use in homes or other private settings. In turn, domestic CCI studies that examine 

homes concentrate typically on the design or evaluation of specific smart home applications or robots [e.g. 

Christensen 2019, Erel 2020, Fernaeus 2010, Fitton 2018], not on children’s naturally occurring everyday practices. 

The same goes for the existing research on families’ and parents’ digital practices: the studies have engaged families 

and parents in various kinds of digital technology mediated practices (e.g. [Christensen 2019, Kim 2019, Sadka 2017, 

Wong-Villacres 2017]), but with less focus on understanding such practices broadly as part of everyday life of 

families.  

Then again, there is plenty of research on digital parenting and family practices within other disciplines. 

Research reports that parents have commonly adopted digital technology into their repertoire of parenting tools. 

Parents use digital technology for managing their daily lives with children. Many parents turn to digital technology 

when they need to get things done. Digital technology is also used for calming an upset child and for rewarding for 

good behaviour. Most likely, the media used in such moments is TV, whereas mobile devices are used more often 

when a child is older. [Wartella 2013.] Research shows that digital technologies are not only used for occupying 

children, but families also like to spend time together: they watch TV or play console games together, which enables 

them to relax and take a break from the fast pace of life. Many families also use digital technology as a way to 

facilitate communication and bonding. Some families, especially fathers and sons, primarily bond through digital 

technology experiences. [Horst 2009] A recent concern has been turned to parents and their (over)use of smart 

devices and its influence on children [Mantere 2015]. Besides being truly harmful, using digital technology at home 

while with others is considered annoying. People often become frustrated with their family members when they 

are using personal mobile devices when family is together. Usually, people think that collocated mobile device usage 

should be postponed because of its perceived non-urgency. [Oduor 2016.] Parents try to minimize their mobile 

phone usage while with children and using a mobile phone at mealtimes is considered inappropriate, especially if 

children are present [Moser, 2016].  
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Popular culture, news as well as CCI research suggest that parents should monitor and control their children’s 

experiences with media and digital technology. Particularly the research stream of children’s online safety 

highlights these concerns (e.g. [Hartikainen 2016, Ghosh 2018]). Discourses on appropriate screen time have been 

vibrant within different research fields. There are also views that childhood and digital technology should not be 

mixed, that digital technology hinders social interaction and dominates children’s lives, and that children’s cognitive, 

emotional and social development are under threat due to digital technology [Plowman 2010, Plowman 2013]. 

Parents are encouraged to establish clear rules for digital technology exposure, screen time, and access to content 

[Mazmanian 2017]. Transition times are the defining features of children’s media experiences as well as their 

parents’ mediation practices. Parents enforce transitions away from digital technology when they have finished 

attending to their own needs and when digital technology provides a natural stopping point. [Hiniker 2015].  

Even if plenty of research exists in different disciplines, CCI research would benefit from a more holistic study 

of children’s constantly emerging and evolving technology-mediated practices. We think understanding them and 

the factors shaping their emergence is valuable for the design of the digital practices of the future. 

2.3 Children and public displays 

Children’s role in public display research has so far been rather limited. Search in the ACM digital library with 

keywords “child*” AND “public display”, “public screen” or “pervasive display” in the abstract results only in eight 

articles. In addition, most of these studies concentrate on design and interactional aspects (see [Sakahibara 2019, 

Rubegni 2019]) of such systems for children and not on practices around them. Although studies have not 

concentrated on children as public display users as such, some observation-based studies on public and community 

display installations have provided evidence on children’s and young people´s frequent use of such systems and on 

their enthusiasm for playing with them [Hosio 2015, Mitra 2005, Müller 2012, Peltonen 2008, Mai 2018, Ahn 2018]. 

For instance, in the studies of Memarovic and colleagues, most display users were children who used the display on 

their way home from school, for example. The children also appropriated the display by innovating their own games 

and contests using it. [Memarovic 2015] One of the rare examples of public displays specially targeted for children 

is “the hole-in-the-wall” experiment, where a publicly available computer was installed into a brick wall near a slum 

in the rural India. Observational studies showed how inexperienced children were able to browse, create 

documents, and play games with the computer within a few days without any support. Mere curiosity drove the 

children to interact with the display. [Mitra 2005] In addition, there have been some short-term public display 

experiments in different settings wherein children have been the main target group. Children´s use of these systems 

has been studied in museums [Anthony 2016, Beheshti 2019], parks [Morrison 2016], schools [Matic 2014, M. 

Müller 2014, Tentori 2016] and playgrounds [Belim 2014]. Some studies have focused on learning [Du 2010, Mitra 

2005, Pittarello 2019, Soni 2019] and some on behaviour change [Belim 2014, Matic 2014]. Some have concentrated 

on public display use to help children with autism [Tentori 2016].  

3 PRACTICE LENS 

3.1 Practice theories 

Practices are rather stable routinised behaviour consisting of various elements such as physical and mental 

activities, material environment, artefacts and their use, human bodies’ capabilities, emotions, and motivations. 

[Reckwhich 2002, Kuutti 2014]. Practices are tied to specific places, time, and concrete historical contexts. 
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According to practice theories, social structures and institutions are realized and performed through practices and 

people both carry out and produce practices. However, practices are seen differently in different practice theories. 

Theories such as praxeology, practice as tradition and community, practice as activity, practice as accomplishment, 

practice as the house of social and practice as discourse define practices differently, emphasize different aspects 

and use different vocabularies to describe practices. [Nicolini, 2012]. Nevertheless, the practice theories share 

common elements. They foreground the importance of activity, performance and work, the critical role of material 

aspects and body, individual agency and agents, the centrality of interests in human matters, and the importance of 

power, conflicts, and politics as the constructs of social reality [Nicolini 2012]. 

For studying the relationship between human and digital technology, the practice approach offers radically 

different views compared to more traditional approaches. Practice lens goes deeper beyond perceptions which is 

the first encounter with digital technology where the user positions the ‘thing’ into his/her existing mental models, 

beyond interactions which concentrate on what happens in the interface between a human and a digital technology 

and beyond appropriation which concentrates on whether the users act faithfully towards how the designer 

intended the digital technology to function, or ironically with deviance, resulting in unintended consequences 

[Kuijer 2013]. The practice approach is insightful for understanding the logic of how things come to matter in their 

social, cultural, spatial, and temporal contexts, and thus situates itself into the core of in-the-wild research.  

3.2 Practice toolkit 

Nicolini’s practice toolkit combines different contemporary practice theories (e.g., ethnomethodology, activity 

theory, praxeology, discourse analysis) [Nicolini 2012]. As most practice theories share common elements, using 

them in tandem is legitimate. By using the toolkit, we are able to provide “a thicker account of the world we live in” 

[Nicolini 2012: 213]. The toolkit approach consists of two basic movements: zooming in to the actual 

accomplishment of the practice and expanding the view in place and time by zooming out [Nicolini 2012]. 

Fundamentally, practices are real time doings and sayings which can be inquired through observational studies. 

Zooming in approach includes five lenses for studying practices in place: I) Performance (studied e.g., in 

ethnomethodological and conversation analytical approaches), II) Materiality (in e.g., the activity theory), III) Aim 

(in e.g., the activity theory), IV) Creativity vs. normativity (in e.g., ethnomethodology), V) Legitimacy and learning 

(in e.g., praxeology) [Nicolini 2012]. However, practices never happen in isolation; they are involved in several 

relationships and associations expanding in space and time and forming nexuses of connections. The nexus of 

connections describes the dynamics within one practice but also relationships between different practices. 

Therefore, practices cannot be studied fully by focusing only on the details of their accomplishment through the 

zooming-in approach. It is also necessary to consider wider scope on how local practices are affected by other 

practices and vice versa. For this, Nicolini suggests the zooming-out approach. [Nicolini 2012]. These approaches 

are introduced briefly in table 1. 

Table 1: Practice toolkit foci of inquiry in zoom in and out approaches [Nicolini 2012]. 

Focus of inquiry Explanation 

Zoom in: 

Performances  

Practices are real time doings and sayings in specific times and places, and they exist only when they are 

enacted and re-enacted. They can be detected through observation and descriptions of conduct. 
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Focus of inquiry Explanation 

Zoom in: 

Materiality 

Practice is always involved with body and material artefacts and practice includes observable bodily 

choreography. The inquiry focuses on the material and symbolic landscape of the practice and the active 

role of all material artefacts and how they establish relationships between practices. 

Zoom in: Aim Practices are performed for some reason. Mundane practical concerns seem to orient the practitioners. 

These concerns can be verbally addressed and discussed in distinction to more abstract and indirect values, 

beliefs, or inner motives. 

Zoom in: Creativity 

vs. Normativity 

There are recognizable common elements in each accomplishment of practice, but two events are never 

identical. The boundaries are expressed and kept discursively within the practitioners. However, practices 

are dynamic and in continual evolution. They can be studied by focusing on the norms and rules limiting 

and constraining practices but at the same time one needs to acknowledge creativity, change, and evolution.  

Zoom in: 

Legitimacy and 

learning 

Practices are made persistent by communities of people with similar skills and concerns. Members of the 

community are not necessarily aware of the community and external observation is required to identify 

them. Novice users learn the practices from experienced users. Practices are made persistent also by the 

related tools and instruments which enable the practices to resist over time and bring historical and social 

dimensions. In addition, when a practice becomes part of another practice, the durability of the practice 

increases. 

Zoom out: 

Associations 

Practices are involved with several relationships and connections. One should follow the associations 

between practices and empirically test the practices and their connections and find out how the practice 

considered is causally or materially connected with other practices. This can be done by shadowing the 

practice to separate places by following the intermediaries (people or artefacts). 

Zoom out: Effects By focusing on the effects of the practices and their associations one can see how the practice acts at a 

distance and produces effects in different places and times. It is interesting to examine how practices 

contribute to the ‘broader picture.’  

Zoom out: History 

and evolution 

Scope can also be expanded in time and one can study the emergence and evolution of the practices 

through historical investigation.  

4 ILLUSTRATION OF THE USE OF THE PRACTICE TOOLKIT 

This section describes our research design and empirical results gained using the practice toolkit (for more details, 

see [Ventä-Olkkonen 2016a-c, Ventä-Olkkonen 2017, Ventä-Olkkonen 2018, Ventä-Olkkonen 2019, Jurmu 2016]).  

4.1 Study set-up  

This study concentrated on an interactive multipurpose public display network in a city of Oulu in Finland. The 

display network was part of a research project, which was an initiative between the local university and the 

municipality as well as company partners. The aim of the project was to enhance communication between citizens 

and the municipality as well as to serve as an open platform for ubiquitous computing studies. The core of the 

project consisted of 12–18 large 57” interactive multipurpose public touch-screen displays around the city, some 

located indoors, some outdoors. The content of the displays consisted of non-profit services (news, the weather, 

bus schedules, local service information), entertainment (games and art installations), and commercial 

advertisements. Games were simple versions of well-know and traditional games like Hangman, Ubitris (a version 

of Tetris), Wordster and Memory game as well as simple interactional games like Waste tower game (educated 

about recycling waste), Martians from outer space (space craft shooting game), Ubi mosquitos (game for killing 

mosquitos by tapping). All the displays in the network showed the same content except for one that was located at 
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the central library and included also library related services. The content changed over time: some applications 

were removed while new ones were launched (for instance the n. of games increased). According to the longitudinal 

log data, the usage of the displays slowly decreased over the years. At the end, the displays only collected clicks on 

their surfaces during special events or seasons. However, one display was an exception collecting numerous clicks 

throughout the year. The display located in the entrance hall of a swim center was used more than the rest of the 

displays combined (see Figure 1). This situation led to an interest to study what factors led to the emerging practices 

in this specific location. We started this study six years after the display network was launched. All the material for 

this study was collected within three years after that. In our study, children were identified as the main user group 

of the displays and their emergent digital technology-mediated practices became the focus of analysis. After our 

study, the project was discontinued, after nine years of its launch. The research team of this study was separate 

from the developer team of the displays.  

 

Figure 1. Public display in the entrance hall of the community swimming center. 

4.2 Research Methods and Materials  

To understand the factors contributing to the emergence of practices around an open public display installation, we 

considered research material from various sources. For the zooming-in analysis, we collected material through 

ethnographic studies at the swim entrance hall and user interviews. For the zoom-out studies, the material 

consisted of a diary study with user families, project stakeholder interviews, and texts published about the project 

in the local press and social media.   

Ethnographic study. We started our project by conducting an ethnographic field study at the swim center, 

where the most used display of the display network was located. The frequent use of the display at the place also 

indicated that there might be a community of display users who regularly visited the space and used the artefact. 

The ethnographic material consisted of 55 hours of observations and field notes as well as video recordings of the 

space and the users. The observational data were completed with 39 structured field interviews with 42 display 

users and 8 parents. The informants were recruited in situ.  

User interviews. The ethnographic material was supported with thematic display user interviews. We 

interviewed 9 display users (aged 9–16) who all used the swim center display. Some used a display located at a 

comprehensive school more frequently. The interviewees were recruited through field interviews, a design 

workshop at a comprehensive school, and snowballing [Brace-Govan 2004]. The interviews were semi-structured. 
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The questions which loosely guided the interviews were designed to shed light on digital technology appropriation. 

Each interview lasted approximately 30 minutes. Most interviews were individual interviews, but two were 

conducted in pairs. The interviews were audio-recorded and conducted by one researcher.  

Diary study. For expanding the scope to the nexus of practices, we conducted a diary study with the display 

users and their families. Through the diary study, we were able to follow the associations between practices. We 

recruited three families who kept a diary of their use of the display and other digital media (e.g., tablet and smart 

phones) for several weeks. The participants were recruited through in situ recruitment at the swim center and 

through a network of acquaintances. Through the self-observed diary period [Czarniawska 2014], we were able to 

collect data from private spaces unobtrusively. The diaries consisted of descriptions of 20 use events of smart 

devices. In addition, the study included two semi-structured interviews with 1-2 adult members of each 

participating family. Sometimes, children also participated in the interview. The first interview was conducted 

before the diary study period and the second interview after. All interviews were audio-recorded and transcribed.  

Media texts. In a publicly open urban computing effort, the role of public discourse cannot be neglected. Public 

opinion might influence possible users so that they are either encouraged to try the artefacts or not. The public 

debate on the display network and the whole research project has been vibrant, especially in the discussion forum 

of a local newspaper. As the discussion on social media seemed to escalate, we decided to extend the hermeneutic 

analysis circle to that platform. We collected readers’ comments in the discussion forum of the local newspaper that 

1) commented on a headline story concerning the displays or the research project, or 2) mentioned the displays but 

commented on a story that had nothing to do with the displays, or 3) started a new conversation concerning the 

displays or commented on them. In total, this material consisted of 25 display related headline stories in the local 

newspaper and 416 comment texts.  

Stakeholder interviews. To understand the emergence and development of the display network and thus the 

practices mediated by it, we decided to interview stakeholders involved in the development process of the public 

display network. We recruited the key actors from the developer team for interviews as well as additional 

participants through the snowball method [Brace-Govan 2004]. We interviewed a total of eight researchers 

involved in distinct roles during the development process of the displays and three municipality representatives. 

The interviews were semi-structured, and the timeline method was used as a supporting device [Adriansen, 2012]. 

Each interview lasted for 1–2.5 hours. The interviews were audio-recorded and fully transcribed.   

All the material was analyzed with data-driven analysis methods through thematic coding. Although the analysis 

was inductive, the practice toolkit was utilized as the sensitizing device after the initial coding. Table 2 presents 

motivation for each study material and focus of the analysis.  

Table 2. Research materials, motivation through the practice lens, and focus of the analysis. 

Material Motivation Focus of the analysis 
Ethnographic inquiry: 
observations and interviews 

Zooming in on the local accomplishments 
of the practices 

Zooming-in lenses, especially accomplishments, 
material aspects, aims of the practice 

User interviews  Zooming in on the local accomplishments 
of the practices 

Zooming-in lenses, especially aims, creativity, 
and durability of the practice 

Diary study Zooming out by following associations 
between practices through following 
practitioners in space  
 

Zooming-in lenses, focusing on 
accomplishments, cultural-spatial, temporal, 
social, and material dimensions of the practices 

Media texts Zooming out by studying the effects of the 
practice and the bigger picture; how 

Thematic analysis: UBI display discourses on 
social media, negative and positive opinions 
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Material Motivation Focus of the analysis 
displays generate tension and conflict 
among citizens 

Stakeholder interviews
  

Zooming out through studying the 
emergence and evolution of the practices  

Thematic analysis: influential forces and power 
relations in the development of an urban 
computing infrastructure 

4.3 Empirical results on children’s emergent technology-mediated practices   

We present a summary of the findings of the zooming-in and -out studies in Table 3 (more detailed descriptions are 

provided in [Ventä-Olkkonen 2016a-c, Ventä-Olkkonen 2017, Ventä-Olkkonen 2018, Ventä-Olkkonen 2019, Jurmu 

2016]). For understanding the evolving process of the emergent practices and analyzing the contributing factors, 

we start by first describing the local accomplishments of the practice and its features through summarizing our 

findings from zooming-in studies. Then, to present the evolving process and effects of the practices, we expand the 

scope by summarizing our findings from zooming-out studies. 

Table 3. Summary of the elements of children’s public display practices. 

Focus  Summary of elements of technology-mediated practice 

Zoom in: 

Performances  

What people are 

doing? 

Children milling around the display.  Ethnographic field studies at the swim center revealed that displays 

are mostly used in daytime during school class visits and at evenings and weekends while children’s hobby 

groups gather in space. At those times, children even seemed to mill around the display: If I am waiting for my 

little brother, and if it [the display] is like vacant, or if someone leaves it, I go there [to the display]. Because quite 

a few children are waiting there, to get to the display, so it’s like a competition, who is getting there now. There 

are always many people watching, that when that one leaves… (8-year-old – diary study.) In contrast, adult 

swim center visitors (excluding the children’s parents) rarely interacted with the display. Adults either 

observed the display and the rotating ads from a distance or ignored it totally. According to our interviews, 

the hindering factor for adult users was the lack of privacy while using the display. See [Ventä-Olkkonen, 

2016b, Jurmu 2016] 

Zoom in: 

Materiality  

How the material 

aspects 

(including tools, 

materials, and 

the body) are 

involved in the 

practice? 

Reaching problems and group activities. The display was located at the center of the hall space, designed 

for waiting and passage. All people visiting space pass the display. The display is a large touchscreen and 

interacting with it is a physical exercise requiring whole body choreography especially for the smallest users. 

Children had difficulties reaching it oftentimes. We observed several creative strategies for overcoming the 

reaching issue such as jumping, climbing on the pedals, using mittens for extending the arms, parents lifting 

children or using benches and chairs as standing stools. Still, because of the reaching problems, small children 

ended up tapping the display surface randomly as they could not reach the display menus often located at the 

upper part of the screen. On the other hand, the large size makes the displays suitable for group activities. At 

least five people can have an unobstructed view and reach to touch the display at the same time. However, we 

observed sessions where up to 10 to 20 people participated simultaneously, while only a few people played 

the game, others commented, advised, and just watched. Group activities enable more private use of the 

displays as people can cover the display while using it. See [Ventä-Olkkonen, 2016b, Jurmu 2016] 

Zoom in:       Aim 

/ Meaning of 

the practice 

Why are people 

doing what they 

are doing? 

Display as entertainer, time-killer, in social interaction and as babysitter. While observing the display 

usage we could identify distinguishable practice patterns. There was a group of users, mainly young children, 

who played with the display every time while visiting the space and considered it fun and entertaining. Some 

users went to the display only when they didn’t have anything else to do. These time-killers were usually 

older and oftentimes alone. Third group used the display for supporting social interaction and this 

happened while groups of friends spent time in the space: When I am alone, I prefer my phone, but when I am 

with friends, I prefer playing with the public display so everybody can take part. (Female, 19-years-old – field 

interview.) Finally, parents left their children by the display to wait when they lined up at the cashier, parked 
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their cars, chatted with each other, or dressed in the locker rooms after they had left the pool area and used 

the display as a “babysitter”. See more in [Ventä-Olkkonen, 2016b, Jurmu 2016] 

Zoom in: 

Creativity vs. 

Normativity  

How the practice 

varies? 

Random tapping vs. gaming. Children repurposing the display. The original purpose of the displays was 

information sharing which was implemented through diverse “serious” services aimed at adult users. Besides 

the serious services, there were some games as described in 4. 1.. However, within time the usage rates 

showed that instead of the serious services games were the most used applications. Also, our observations 

revealed that the most frequent users were children who used the displays to play games. When we compare 

the actual use of displays with what was originally intended, the emergent practices appear as creative. 

Different user groups also used the display in divergent ways. For example, the smallest children played with 

the display by tapping the display surface randomly without explicit goals other than reaching the screen and 

receiving a response while older children were able to play the games meaningfully following the original 

intention of the game developers. Different types of display practices could be combined with each other, they 

evolved, and they transformed into other ones. It was not rare that during one use session a user had several 

aims for the practice that varied. For instance, time-killing turned into social group play when more players 

joined in. See [Ventä-Olkkonen 2016a] 

Zoom in: 

Legitimacy and 

learning  

What makes the 

practice 

persistent?  

Display knowhow is inherited within communities of children. At least four aspects affect the durability 

of the practices. Communities of practice. Children formed display user communities. Some children 

regularly played games with others. Children noticed others playing with the display and were drawn to it. 

Learning. In the case of public displays, learning happens mostly through learning by seeing (see [Brignull 

2003]). In the context of the swim center display, practices had been inherited from older users to younger 

ones for seven years. Our observations and interviews confirmed that usually the practices were learned 

through observing others first. Tools and instruments. In the case of public displays, the role of the artefact 

is crucial. It offers a certain type of content (e.g., games) that enables a specific type of interaction (e.g., group 

sessions). Other practices. In the case of the display of this study, the display practices were tied to the 

practices of visiting the swim center (e.g., schools’ physical education class visits, swim training, and families’ 

swim visits). See [Ventä-Olkkonen 2016b]  

Zoom out: 

Associations 

What are the 

associations 

between 

practices? 

Similar practices at home. Through the diary study with display users and their families, we compared the 

display practices at home and elsewhere with the public display practices at the swim center. Interestingly, 

there were the same type of usage patterns at home and at the swim center. The displays at home were used 

to kill time, entertain, and babysit, as well as in social situations. We assume that the display practices at home 

affected the public display practices at the swim center. It seemed natural for parents to leave their children 

in front of the public display for a while, similarly to the practices at home. Children also eagerly used the 

public display for entertainment similarly to their use of smart devices at home. We also assume that practices 

travel in space the other way around: public display practices likely affected the “private”, domestic display 

practices. See [Ventä-Olkkonen 2017, Ventä-Olkkonen 2018]  

Zoom out: 

Effects 

In which ways 

does the practice 

reproduce 

existing social 

arrangements or 

generate tension 

and conflict?  

 

Public displays increasing harmful screen time. The influence between on-going societal discourses and 

actual social practices is two-way. Discourses influence actual practicing and according to our data discourses 

were directly connected with the display practices. Children seemed to use the public display in a similar 

manner to different kinds of media devices (tablets and smart phones). We maintain that public display usage 

patterns cannot be considered in isolation, but they are part of the fabric of digitalized everyday life of 

children. An unintended consequence of the public displays seems to be that these displays, as one more smart 

screen, have increased and reinforced children’s technology use. A public discourse clearly connected to the 

display practices and the local discourses around them is the debate on children’s screen time. Children’s 

increasing use of media devices has been publicly debated during the last years [Hartikainen 2016]. The 

proliferation of digital media devices has increased use. A common belief is that technology hinders social 

interaction and dominates children’s lives too much [Plowman 2013]. The discussion is more critical the 

younger children are. The local discourses we identified connected with this discourse. Using public displays 
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 as babysitters produced negative comments on social media. The project leader’s comment in a news story 

about displays use as babysitters was commented: And you dare to tell this! YUCK! (Reader’s comment.) As the 

displays were such a visible part of the city landscape, they also stimulated discussions in the social media. 

One of the loudest discourses related to the displays concerned criticizing the use of tax money. A common 

belief was that the displays were sponsored by the municipality although this was not the case. Many social 

media writers commented that the municipality should invest in people, not in ‘useless, unfunctional and 

unusable technology’: Completely useless gimmicks and clear waste of tax money. The money should have been 

used, for instance, to support the detoxification center, which is at least a useful service, or for the poor and elderly 

as income support. (Reader’s comment.) These discourses influenced the legitimacy of the public display 

practices. At least adult users tend to be aware of ongoing societal debates and hence regulate their behavior 

in public spaces according to them. When the use of the displays is truly public, people must act according to 

what is socially accepted. The child users are probably not aware of these discourses and do not have to act in 

the way which is generally accepted but can hedonistically just do what they feel like. However, in our case 

parents made an exception with their children to the general adult usage pattern by utilizing the display as a 

babysitter despite the general opinion that children use digital screens too much.  

Zoom out: 

History and 

evolution 

How things turn 

out the way they 

did? 

Display practices as a consequence of compromises between several stakeholder groups. Our historical 

analysis of the display project covers a three-year planning period prior to the display network launch, and it 

reveals that power relations influence and determine the emergent display practices. We interviewed the 

display developers and stakeholders involved in the development process and discussed also the time before 

the displays were launched. Several stakeholder groups (researcher-developers, municipality, advertisers, 

funders and citizens) were involved in the design process, and their requirements and power relations 

influenced the decisions made during the design process. The main goal of the public display project for the 

researcher-developers was to conduct high-quality research. The researcher-developer group coming from 

a technical discipline emphasized innovative high-tech solutions. Within the project, combining the 

developers’ requirements for cutting-edge research and the citizens’ and municipality’s requirement for 

useful services turned out to be problematic. However, as the developers implemented the display network, 

they ultimately chose the content. Secondly, the municipality had a big role in shaping the material solutions 

related to the displays and the display locations. Thirdly, advertisers’ and project funders’ financial 

contributions to the project were essential; thus, their expectations had to be considered. Advertisers 

demanded full-screen broadcast time for ads, which decreased the visibility of the interactive services and 

directly influenced the usage level of those services. The funders offered funding for some parts of the project 

but cut funding from other parts (e.g., content creation). Later, citizens influenced the composition of the 

display content by using some services and not others. Log data of the used services was utilized while making 

decisions concerning the services. Consequently, the displays’ role as game machines began emphasized. Still, 

the greatest conflicts of interest were between the researcher-developers and the citizens. Although the 

displays were officially targeted at the citizens, their requirements were the least listened to in the process. 

Moreover, children’s emergent display practices were not of interest for any of the parties and thus they 

remained mostly neglected. See [Ventä-Olkkonen 2016c, Ventä-Olkkonen 2019] 

  

5 DISCUSSION 

In this section, we discuss our results and their implications for CCI research and practice as well as point out the 

limitations of the study and suggest avenues for future research.  
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5.1 Practice toolkit for guiding CCI research and practice 

In CCI research and design, we are intervening with the complex fabric of people’s everyday life and practices, most 

notably those of children. For this reason, we should be interested in children’s practices:  

• for the purpose of understanding the impacts and consequences of our work,  

• for the purpose of appreciating what is currently there – i.e., what kind of technology mediated practices 
picture in the lives of children with which our work will be entangled; and  

• for the purpose of shaping practice emergence in the lives of children: our work involving design and 

technology likely will be shaping children’s practices in one way or the other and we should be sensitive 

towards this and try to carefully anticipate and reflect on different factors shaping the practices we wish to 

emerge in the future.  

Figure 2 summarizes the essential elements and dynamics involved with the emergence of technology-mediated 

practices, aligning with [Shove 2012], offering a framework for CCI research and practice.  

Figure 2. Elements and dynamics involved with technology-mediated practices (modified from [Shove 2012]). 

 

The framework includes both zoom-in and zoom-out studies on technology mediated practices. As for the former, 

we have conducted a series of zoom-in analyses in the entrance hall of a swim center to understand different aspects 

of the practices better. The analysis revealed the importance of different dimensions in practices. These dimensions 

can be summarized into three essential components of technology-mediated practices: the actors (their aims and 

motives), the tools (materials), and the community (creativity, durability). 

Children as practitioners. First, we maintain that CCI research should start considering children as 

practitioners, not merely as users. These practitioners have various motives, needs, things they care about. For a 

technology-mediated practice to emerge, the practice needs to connect with something the practitioners truly care 

about. Different practitioners may also have different motives for the practice, as was the case in our study, in which 

the zoom-in analysis revealed that different aged people had different motives for the practices: the public displays 

were used for entertaining, killing time, social play, but also for babysitting. Important is to note that many of these 

practitioner groups and practices were not anticipated during the design and development phases of the project. 

When CCI research is engaged in longer-term real-world deployments, CCI researchers should be prepared for 

unanticipated practitioners and practices to emerge. Creative usages of technology may also emerge. Technology is 
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always appropriated by the practitioners; it is not only adopted as is. Appropriation includes both faithful and 

unfaithful appropriation, both always driven by the motives of the practitioners in question.   

Materiality. Second, it is important to pay attention to the materiality involved, including the technological 

artifact in question as well as its surroundings. The artifact itself should provide meaningful affordances. Material 

aspects help as well as hinder the practices in many ways. In our study, the display itself enabled the practices to 

persist by offering games and possibilities for group interaction and the size of the display screen lured individuals 

for social sessions, where many people interacted with the display together. However, some children had difficulty 

reaching the content of the display and we observed different bodily choreographies for reaching better. The public 

placement of the display may be seen both as a helping and a hindering factor for the practice emergence. For 

children, public use did not seem to be such a problem as it was for the adults. In CCI projects with real-world 

deployments, materiality should be carefully considered, including the nature of the space, the place, and the artifact. 

Oftentimes it is only the materiality of the artefact that can be determined by the CCI researchers, sometimes not 

even that. Nevertheless, understanding the influence of the surroundings is significant.      

Community maintains the practice. Third, in order to the practices to flourish, there should be a community 

that maintains the practice. In this study, the durability of the practices was enhanced by the display location as it 

enabled 1) learning through observing and 2) the communities of practice to develop, as many children and 

adolescents visited the space regularly, i.e., the display practices were tied to other practices, as the practice of 

visiting the swim center included using the display. Hence, the practices became durable while they were attached 

to other practices. Again, this is oftentimes not controllable by the designers, while fruitful conditions for the 

community to emerge may still be considered in advance. The linkage of emerging practice to existing practices is 

also a significant consideration. For this linkage, it is pivotal to understand the current practices. This will be further 

discussed in relation to zoom-out studies. 

Associations and effects among practices. The zoom-out studies aim to expand the findings from zoom-in 

studies. The idea is to contextualize the local accomplishment of practice. The zoom-out studies focus on the nexuses 

of connections and associations between practices as well as on the effects of the practices and their historical 

evolution. In our case, the diary study of practitioners and their families revealed surprisingly similar practices with 

smart devices at home and with the public display at the swim center. We assume that there is a link between 

private and public display practices, so that practices from other contexts with private screens migrate to the 

context of public screens. CCI research should more broadly acknowledge associations and effects among practices, 

like in our case the linkage between existing and emerging practices and the migration of practices, shaping new 

practice emergence. Again, it will be difficult to determine a priori which practices will migrate or prove out to be 

relevant, but inquiries into the everyday lives of the practitioners should offer valuable insights.   

Public discourses. Our analysis also linked the current display practices with public discourses related to the 

display network. Concerning the effects of the practices, the display practices increased children’s digital technology 

consumption in general. Thus, children’s digital technology practices at home and with the public display were 

linked to discourses about children’s over-use of digital technology. We observed the public display practices being 

connected to ongoing societal discourses also in other ways. The zoom-in study showed that adults used the display 

only occasionally. This was in line with the media discourses written from the adults’ perspective, claiming that the 

whole display project was a waste of tax money. Social media writings showed that the discourse related to the 

displays in the community was surprisingly negative, hostile, and even aggressive. The negative discourse may have 

influenced adults’ usage of the displays, especially those adults who have been aware of the ongoing discourses. For 
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CCI research, it is important to acknowledge the importance of public discourses – in projects involving real-world 

deployments, public scrutiny is to be expected and it is not necessarily positive in tone. Again, such discourses are 

not controllable by researchers, but they can still be anticipated and prepared for. 

Historical trajectory and evolution. Finally, we emphasize the importance of understanding the historical 

trajectory and evolution involved in any project. CCI projects tend to involve different kinds of stakeholders with 

particular motives and values driving their work. In our case, several stakeholder groups were involved in the 

design and development process, and their requirements and power relations influenced the decisions made. The 

city and advertisement representatives imposed their requirements on the displays. The researcher-developers 

were driven by their needs and values relating to top quality research and cutting-edge technology.  Due to all this, 

one could identify conflicts in relation to the interests of the citizens. Although the displays were officially targeted 

at the citizens, their requirements were the least listened to in the process. For CCI research, important is to 

acknowledge, reflect on and anticipate the influence of various kinds of stakeholders. In large-scale real-world 

deployments, most likely it will not only be children who are listened to, but the projects need to respect and 

integrate requirements from a multitude of stakeholders.  

More successful future projects. The experiment with this public display setting was discontinued after eight 

years of deployment. We, the authors of the paper, were only involved in the last phases of the project when the 

displays had already been in use for several years. We feel, however, that to create a more successful story, utilizing 

the findings of the practice lens studies could have made a difference. The funder cut the funding of the content 

creation part of this project. We assume that the researcher-developers would have been happy to receive insights 

and feedback from CCI researchers thorough the project – they did not have anything against serving user needs, 

even if the project turned out the way it did, neglecting the citizen perspective. Unfortunately, we entered the scene 

too late. We found out that children’s technology-mediated practices around the displays were creative and open 

minded and that different aged children were the only prominent user group of the displays. Utilizing this 

information in the development would have been essential. If the artefact in focus would have been developed for 

supporting the practice study findings, the life cycle of the displays could have been much longer and more 

successful.  For example, developers could have created content to fulfil users’ actual, distinctive needs, find 

solutions for problems related to the large display for small users, offer more games for group activities, allow more 

creative usages, and acknowledge different user groups and their motives. In addition, it would have been crucial 

to note that children’s other practices affect this technology mediated practice. Children use devices in an open-

minded manner, so one could have considered the wider picture and tried to find practices from elsewhere which 

could have been used to inspire the public display practices. It is also important to continually follow the evolving 

practices and react accordingly. Also being aware of power relations and various agendas among the stakeholders 

would have been beneficial to prevent disappointments, unrealistic expectations, and overt conflicts. Then again, 

we are happy to report that children managed to affect the trajectory of the project as practitioners somewhat even 

without our intervention: the usage patterns of the displays were followed through log data, which led to even more 

emphasis on games, which the children preferred in their usage. I just wish the children could have shaped the 

project more directly and impactfully. We think that by making this story visible for the CCI researchers, more 

successful projects can be conducted in the future.  
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5.2 Implications  

Practice lens for CCI research. First, we wish to underscore the value of the practice lens for CCI research, where 

so far, the practice lens has not pictured strongly. New technologies continuously change our everyday practices 

and drive the emergence and evolution of entirely new practices, also in the lives of children. We should pay more 

attention to the children’s current practices as well as to their potential emerging technology mediated practices. 

Short-term experiments with limited impacts on children’s everyday lives and practices are valuable on their own 

right, but we should strive at understanding as well as shaping children’s everyday practices, too. This is extremely 

important for CCI research that is focused on empowering children to manage and master in their digitalized future: 

such research expects to have long lasting impacts in children’s lives. Practice lens enables exactly this: 

consideration and pursuing of the longer-term impacts. Previous research has pointed out lack of theories to study 

children’s digitalized everyday life and practices [Kawas 2020, Yarosh 2011]. Practice theories provide a strong 

theoretical foundation to make use of in CCI research. In addition, we noted that CCI research is limited in studying 

large-scale real-world technology deployments in which children are engaged as users and appropriators of the 

technology, not only as designers during the early phases. Practice lens suits this type of studies in particular. 

Moreover, CCI research has recently shown a strong interest in empowering children to start shaping technology 

development and having an actual impact in the world (e.g. [Iversen 2017, Iversen 2018, Kinnula 2021]), while so 

far studies achieving this are limited. As practitioners engaged in real world technology deployments, they may well 

do so. We propose the practice lens to fill these three research gaps. The practice lens gives guidance and inspiration 

both for design and evaluation studies in CCI. It enables grasping the complexity involved in the implementation 

and adoption of any technology: the variety of factors shaping the trajectory of technology from the lab to the field 

and to the intimate part of children’s everyday life and practices.  

Children as practitioners. We propose that the CCI method repertoire should be added with approaches 

enabling approaching children as practitioners. Compared with studies where children act as users or testers [Druin 

2002] our approach includes much wider perspective on children’s technology use than studies concentrating only 

on short glimpses of an interactional situation. Use may also shape prospective technology development; in our 

case usage logs were monitored and new games developed based on children’s usage patterns. Hence, children 

really can have an impact in the role of practitioners. Compared with the roles of informant and design partner 

[Druin 2002], children have much deeper relationship with technology as they embed it within their everyday life 

and practices, not just contributing to its design; and they have increased power and freedom as they may use and 

appropriate the technologies in their own ways at their own pace. In this sense, children as practitioners can be 

considered to act as protagonists [Iversen et al. 2017], reflecting on technology and its value within their own life 

and practices, appropriating the technology in different ways and along these lines shaping its usage trajectories. 

Children in the role of practitioners are also a natural participant group to act as co-researchers [van Doorn 2016]. 

Also, in our case they were collaborating with us in the study of their praxis, providing valuable information for the 

further development of public displays.  

Practice toolkit for CCI research. We presented the practice toolkit approach by [Nicolini 2012] to CCI 

research. We appreciate the comprehensiveness of the toolkit as well as its usability in practice. It has been 

speculated that offering clear guidelines for researchers is one of the reasons for the popularity of contemporary 

practice theories [Spaargaren 2016]. The practicality of the toolkit approach sets clear frames for the study, which 

makes applying the toolkit easier. The toolkit gives concrete points to focus attention and questions to ask during 

different stages. The toolkit helps in controlling complexity and tying together different data sources. In zoom-in 
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stages observatory data is essential. When expanding the scope in the zoom-out stage, trailing connections through 

different types of material is needed. One advantage of this approach is the flexibility related to the data sources. In 

addition, the toolkit supports analyzing and helps in understanding practices at many different levels and great 

complexity. We demonstrate the usage of the toolkit in the analysis of children’s practices around an urban 

computing installation of interactive public displays. This context is interesting, because urban computing is a 

complex research area, a conglomerate of changing variables and forces that all influence emerging practices. 

However, we maintain that almost any everyday context is a complex one with a variety of variables to be 

considered and hence recommend the toolkit for any context involving children, technology and a wish for longer-

term use and impact. We acknowledge that taken separately, the toolkit includes many issues already 

acknowledged as important in CCI: it points towards understanding people, their tools, their contexts and other 

people involved. However, the toolkit combines them together as well as enables highlighting many issues that so 

far have remained quite neglected in CCI research: the toolkit foregrounds detailed studies on the actual 

performances involved in the use of technological artifacts and on the materiality intimately intermingled, it 

underscores the role of community in the emergence and durability of any practice, it contextualizes the practices 

in an even broader sense and forces to consider the role of discourses, history, conflicts and effects of and 

associations between different practices. Through demonstrating the use of the toolkit, we build a bridge between 

practical interaction–oriented studies and theoretical studies that in the best case end up in high-level 

generalizations and principles [Rogers 2011].  

6 CONCLUSION 

Today, children’s lives are extremely digitalized. In addition, children’s technology mediated practices are 

constantly transforming. While CCI research has a strong agenda to empower children in the digital age through 

design and technology, the existing research is limited in understanding children’s ever evolving digital lives and 

practices. Understanding these practices help us designing more sustainable future practices. Therefore, the main 

contribution of this paper was to provide a theory and methodology package for CCI research. We introduced an 

approach for rigorously understanding and analyzing children’s digitalized everyday life: Nicolini’s practice toolkit 

[Nicolini 2012]. We demonstrated its use thought analysis of children’s and their families’ engagement with an 

interactive public display infrastructure, providing zoom-in and zoom-out analyses of emergent practices around 

the infrastructure. We showed how children used the displays creatively and collaboratively and their emergent 

practices were surprisingly similar to their other digital media practices. In addition, we pointed out the importance 

of the material world and the relationship of the practices to media discourses. Our analysis demonstrated the value 

of the practice toolkit for CCI research and practice as well as highlighted children’s role as the early adopters and 

innovative appropriators of new technology. In the future, we will apply the toolkit in different types of contexts 

related to children’s digitalized everyday life. We acknowledge that the project with public displays in urban setting 

is a specific case in many ways, located within a particular city in a particular country, carried out by a particular 

group of developers and other stakeholders. Children were not the main user group considered in the project. 

Hence, we feel the toolkit should be experimented in other large-scale real-world deployments with children more 

tightly integrated into the project trajectory. Various kinds of cultural contexts, technological solutions and project 

constellations should be explored in the future. Hence, we invite the CCI research community to experiment with 

the toolkit for understanding and mapping the complexity of children’s emerging digital practices. The toolkit can 

be used when planning future projects for anticipating practice emergence and factors associated with that, during 
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their implementation for making sense of and for responding to the project happenings as well as after the projects 

for evaluating and reflecting on the emerged trajectories and outcomes.    

REFERENCES 

[1] Adriansen Hanne Kirstine (2012). Timeline interviews: A tool for conducting life history research. Qualitative Studies, 3, 1: 40-55.  

[2] Aleksandar Matic, Gillian R. Hayes, Monica Tentori, Maryam Abdullah, and Sabrina Schuck: Collective use of a situated display to encourage 
positive behaviors in children with behavioral challenges. In Proceedings of the 2014 ACM International Joint Conference on Pervasive and 
Ubiquitous Computing (UbiComp ’14): 885-895.   

[3] Alexis Hiniker, Kiley Sobel, Hyewon Suh, Yi-Chen Sung, Charlotte P. Lee, and Julie A. Kientz. 2015. Texting while Parenting: How Adults Use 
Mobile Phones while Caring for Children at the Playground. In Proceedings of the 2015 CHI Conference on Human Factors in Computing 
Systems (CHI’15): 727-736.  

[4] Andrea Botero & Sampsa Hyysalo (2013) Ageing together: Steps towards evolutionary co-design in everyday practices, CoDesign, 9:1, 37-54, 
DOI: 10.1080/15710882.2012.760608 

[5] Ann Morrison, Cristina Manresa-Yee, Walther Jensen, Neda Eshraghi. 2016. The Humming Wall: Vibrotactile and Vibroacoustic Interactions in 
an Urban park. In Proceedings of the 2016 ACM Conference on Designing Interactive Systems (DIS’16): 818-822. 
doi>10.1145/2901790.2901878 

[6] Barbara Czarniawska. 2014. Social science research, from field to desk. Sage. 

[7] Brace-Govan, J. (2004). Issues in snowball sampling: The lawyer, the model and ethics. Qualitative Research Journal, 4(1), 52.  

[8] Brittany Huber, Joanne Tarasuik, Mariana N. Antoniou, Chelsee Garrett, Steven J. Bowe, and Jordy Kaufman. 2016. Young children's transfer of 
learning from a touchscreen device. Comput. Hum. Behav. 56, C (March 2016), 56–64. DOI:https://doi.org/10.1016/j.chb.2015.11.010 

[9] Carolina Beniamina Rutta, Gianluca Schiavo, Massimo Zancanaro, and Elisa Rubegni. 2020. Collaborative comic-based digital storytelling with 
primary school children. In Proceedings of the Interaction Design and Children Conference (IDC '20). Association for Computing Machinery, 
New York, NY, USA, 426–437. DOI:https://doi.org/10.1145/3392063.3394433 

[10] Christian Mai and Mohamed Khamis. 2018. Public HMDs: Modeling and Understanding User Behavior around Public Head-Mounted Displays. 
In Proceedings of the 7th ACM International Symposium on Pervasive Displays (PerDis '18). Association for Computing Machinery, New York, 
NY, USA, Article 21, 1–9. DOI:https://doi.org/10.1145/3205873.3205879 

[11] Daniel Fitton, Janet C Read, Gavin Sim, and Brendan Cassidy. 2018. Co-designing voice user interfaces with teenagers in the context of smart 
homes. In Proceedings of the 17th ACM Conference on Interaction Design and Children (IDC '18). Association for Computing Machinery, New 
York, NY, USA, 55–66. DOI:https://doi.org/10.1145/3202185.3202744 

[12] Davide Nicolini. 2012. Practice, Theory, Work and organization. Oxford university press. 

[13] Doorn, F. (2016). Children as co-researchers in design: Enabling users to gather, share and enrich contextual data. 

[14] Druin, A. (2002). The role of children in the design of new technology. Behaviour and information technology, 21(1), 1-25. 

[15] Elham Beheshti, Katya Borgos-Rodriguez, and Anne Marie Piper. 2019. Supporting Parent-Child Collaborative Learning through Haptic 
Feedback Displays. In Proceedings of the 18th ACM International Conference on Interaction Design and Children (IDC '19). Association for 
Computing Machinery, New York, NY, USA, 58–70. DOI:https://doi.org/10.1145/3311927.3323137 

[16] Elisa Rubegni, Vito Gentile, Alessio Malizia, Salvatore Sorce, and Niko Kargas. 2019. Child-display interaction: exploring avatar-based touchless 
gestural interfaces. In Proceedings of the 8th ACM International Symposium on Pervasive Displays (PerDis '19). Association for Computing 
Machinery, New York, NY, USA, Article 23, 1–7. DOI:https://doi.org/10.1145/3321335.3324942 

[17] Ghosh, A. K., Badillo-Urquiola, K., Guha, S., LaViola Jr, J. J., & Wisniewski, P. J. (2018, April). Safety vs. surveillance: what children have to say 
about mobile apps for parental control. In Proceedings of the 2018 CHI Conference on Human Factors in Computing Systems (pp. 1-14). 

[18] Hadas Erel, Nadav Viduchinsky, and Oren Zuckerman. 2020. Towards smart rooms for children: mapping children's needs in the context of 
their bedrooms in the IoT era. In Proceedings of the 2020 ACM Interaction Design and Children Conference: Extended Abstracts (IDC '20). 
Association for Computing Machinery, New York, NY, USA, 223–228. DOI:https://doi.org/10.1145/3397617.3397825 

[19] Halkola, E., & Iivari, N. (2014). Infrastructuring in the future school case-Involving both adults and children. In Proc. ECIS2014. 

[20] Halkola, E., Iivari, N., Kuure, L., Kinnula, M., & Molin-Juustila, T. (2012). Children’s participation in constructing the future school: A study of a 
large-scale effort involving ICT. International Journal of Social and Organizational Dynamics in IT (IJSODIT), 2(2), 48-64. 

[21] Harry Brignull and Yvonne Rogers. 2003. Enticing people to interact with large public displays in public spaces. In Proceedings of the Ninth 
IFIP TC13 International Conference on Human-Computer Interaction (INTERACT’03), 17-24.  

[22] Heidi Hartikainen, Netta Iivari, and Marianne Kinnula. 2016. Should We Design for Control, Trust or Involvement? A Discourses Survey about 
Children's Online Safety. In Proceedings of the The 15th International Conference on Interaction Design and Children (IDC '16). Association 
for Computing Machinery, New York, NY, USA, 367–378. DOI:https://doi.org/10.1145/2930674.2930680 

[23] Helle Karoff and Stine Liv Johansen. 2009. Materiality, practice, body. In Proceedings of the 8th International Conference on Interaction Design 
and Children (IDC '09). Association for Computing Machinery, New York, NY, USA, 238–241. DOI:https://doi.org/10.1145/1551788.1551840 

[24] Honglu Du, Hao Jiang, Mary Beth Rosson, John M. Carroll. 2010. Increasing students in-class engagement through public commenting: An 
exploratory study. In Proceedings of 2010 IEEE 10th International Conference on Advanced Learning Technologies (ICALT): 373-377.  



19 

[25] Horst, H. A. (2009) Families Introduction. In M. Ito, S. Baumer, M. Bittanti, D. Boyd, R. Cody, B. Herr-Stephenson, H. A. Horst, P. G. Lange, D. 
Mahendran, K. Z. Martínez, C. J. Pascoe, D. Perkel, L. Robinson, C. Sims, L. Trip (eds.) Hanging out, messing around, geeking out: Kids living and 
learning with new media. MIT Press: 149–157. 

[26] Hosio, S., Harper, R., O'Hara, K., Goncalves, J., & Kostakos, V. (2015). Life through the lens: A qualitative investigation of human behaviour with 
an urban photography service. In British HCI '15 Proceedings of the 2015 British HCI Conference (pp. 157-164). ACM. 
https://doi.org/10.1145/2783446.2783577 

[27] Iivari, N., & Kinnula, M. (2016, October). Inclusive or inflexible: A critical analysis of the school context in supporting children's genuine 
participation. In Proceedings of the 9th Nordic Conference on Human-Computer Interaction (pp. 1-10). 

[28] Iivari, N., & Kinnula, M. (2018, August). Empowering children through design and making: towards protagonist role adoption. In Proceedings 
of the 15th Participatory Design Conference: Full Papers-Volume 1 (pp. 1-12). 

[29] Iversen, O. S., Smith, R. C., & Dindler, C. (2017, June). Child as protagonist: Expanding the role of children in participatory design. In Proceedings 
of the 2017 Conference on Interaction Design and Children (pp. 27-37). 

[30] Iversen, O. S., Smith, R. C., & Dindler, C. (2018, August). From computational thinking to computational empowerment: a 21st century PD 
agenda. In Proceedings of the 15th Participatory Design Conference: Full Papers-Volume 1 (pp. 1-11). 

[31] Janet L. Kolodner, Tamer Said, Kenneth Wright, and Amy Pallant. 2017. Drawn into Science Through Authentic Virtual Practice. In Proceedings 
of the 2017 Conference on Interaction Design and Children (IDC '17). Association for Computing Machinery, New York, NY, USA, 385–391. 
DOI:https://doi.org/10.1145/3078072.3079751 

[32] Jörg Müller, Robert Walter, Gilles Bailly, Michael Nischt, and Florian Alt. 2012. Looking Glass: a field study on noticing interactivity of a shop 
window. In Proceedings of the SIGCHI Conference on Human Factors in Computing Systems (CHI’12): 297-306. 
doi>10.1145/2207676.2207718 

[33] Juan Pablo Hourcade, Sarah L. Mascher, David Wu, and Luiza Pantoja. 2015. Look, My Baby Is Using an iPad! An Analysis of YouTube Videos of 
Infants and Toddlers Using Tablets. Proceedings of the 33rd Annual ACM Conference on Human Factors in Computing Systems. Association 
for Computing Machinery, New York, NY, USA, 1915–1924. DOI:https://doi.org/10.1145/2702123.2702266 

[34] June Ahn, Tamara Clegg, Jason Yip, Elizabeth Bonsignore, Daniel Pauw, Lautaro Cabrera, Kenna Hernly, Caroline Pitt, Kelly Mills, Arturo Salazar, 
Diana Griffing, Jeff Rick, and Rachael Marr. 2018. Science Everywhere: Designing Public, Tangible Displays to Connect Youth Learning Across 
Settings. In Proceedings of the 2018 CHI Conference on Human Factors in Computing Systems (CHI '18). Association for Computing Machinery, 
New York, NY, USA, Paper 278, 1–12. DOI:https://doi.org/10.1145/3173574.3173852 

[35] Jurmu, M., Ventä-Olkkonen, L., Lanamäki, A., Iivari, N., Kukka, H., and Kuutti, K. (2016). Emergent Practice as a Methodological Lens for Public 
Displays In-The-Wild. Proceedings of the 5th International Symposium of Pervasive Displays (Oulu, Finland, June 20–22). PerDis’16. ACM 
Press: 124–131.  

[36] Kari Kuutti, and Liam J. Bannon. 2014. The turn to practice in HCI: towards a research agenda. In Proceedings of the 32nd annual ACM 
conference on Human factors in computing systems (pp. 3543-3552). ACM. 

[37] Karoff Skovbjerg Helle Skovbjerg Karoff, Lars Elbæk, and Sigrid Rytz Hansen. 2012. Development of intelligent play practice for trampolines. 
In Proceedings of the 11th International Conference on Interaction Design and Children (IDC '12). Association for Computing Machinery, New 
York, NY, USA, 208–211. DOI:https://doi.org/10.1145/2307096.2307127 

[38] Katarina Pantic, Deborah A. Fields, and Lisa Quirke. 2016. Studying situated learning in a constructionist programming camp: A multimethod 
microgenetic analysis of one girl's learning pathway. In Proceedings of the The 15th International Conference on Interaction Design and 
Children (IDC '16). Association for Computing Machinery, New York, NY, USA, 428–439. DOI:https://doi.org/10.1145/2930674.2930725 

[39] Kawas, S., Yuan, Y., DeWitt, A., Jin, Q., Kirchner, S., Bilger, A., ... & Yarosh, S. (2020, June). Another decade of IDC research: examining and 
reflecting on values and ethics. In Proceedings of the Interaction Design and Children Conference (pp. 205-215). 

[40] Kim Soo Hyeon Kim and Heather Toomey Zimmerman. 2019. Understanding the Practices and the Products of Creativity: Making and 
Tinkering Family Program at Informal Learning Environments. In Proceedings of the 18th ACM International Conference on Interaction Design 
and Children (IDC '19). Association for Computing Machinery, New York, NY, USA, 246–252. DOI:https://doi.org/10.1145/3311927.3323117 

[41] Kinnula, M., & Iivari, N. (2021). Manifesto for children’s genuine participation in digital technology design and making. International Journal 
of Child-Computer Interaction, 28, 100244. 

[42] Kuijer, L., Jong, A. D., & Eijk, D. V. (2013). Practices as a unit of design: An exploration of theoretical guidelines in a study on bathing. ACM 
Transactions on Computer-Human Interaction (TOCHI), 20(4), 21. 

[43] Lisa Anthony, Kathryn A. Stofer, Annie Luc, Jacob O. Wobbrock. 2016. Gestures by Children and Adults on Touch Tables and Touch Walls in a 
Public Science Center. In Proceedings of the The 15th International Conference on Interaction Design and Children (IDC’16): 344-355. 
doi>10.1145/2930674.2930682  

[44] Lydia Plowman, and Joanna McPake. 2013. Seven Myths About Young Children and Technology, Childhood Education 89,1: 27-33, DOI: 
10.1080/00094056.2013.757490 

[45] Mantere, E., & Raudaskoski, S. (2015). Kun matkapuhelin vie vanhemman huomion. In: Lahikainen, A. R. Mälkiä T. & Repo K. (eds.) Media 
Lapsiperheessä. Tampere: Vastapaino: 205–226. 

[46] Marisol Wong-Villacres, Upol Ehsan, Amber Solomon, Mercedes Pozo Buil, and Betsy DiSalvo. 2017. Design Guidelines for Parent-School 
Technologies to Support the Ecology of Parental Engagement. In Proceedings of the 2017 Conference on Interaction Design and Children (IDC 
'17). Association for Computing Machinery, New York, NY, USA, 73–83. DOI:https://doi.org/10.1145/3078072.3079748 

[47] Maximilian Müller, Nuno Otero, Aris Alissandrakis, and Marcelo Milrad. 2014. Evaluating usage patterns and adoption of an interactive video 
installation on public displays in school contexts. In Proceedings of the 13th International Conference on Mobile and Ubiquitous Multimedia 

https://doi.org/10.1145/2783446.2783577


20 

(MUM’14): 160-169. doi>10.1145/2677972.2677983 

[48] Mazmanian, M., & Lanette, S. (2017). Okay, one more episode: An ethnography of parenting in the digital age. Proceedings of the 2017 ACM 
Conference on Computer Supported Cooperative Work and Social Computing, New York, NY, ACM: 2273–2286. 

[49] Monica Tentori, Lizbeth Escobedo, Carlos Hernandez, Aleksandar Matic, Gillian R. Hayes: Pervasive Displays in Classrooms of Children with 
Severe Autism. IEEE Pervasive Comput. 15(3): 48-57 (2016) 

[50] Moser, C., Schoenebeck, S. Y., & Reinecke, K. (2016). Technology at the table: Attitudes about mobile phone use at mealtimes. Conference on 
Human Factors in Computing Systems, New York, NY, ACM: 1881–1892. 

[51] Nemanja Memarovic (a), Ava Fatah gen. Schieck, Holger Schnädelbach, Efstathia Kostopoulou, Steve North, and Lei Ye. 2015. Capture the 
moment: "In the wild" longitudinal case study of situated snapshots captured through an urban screen in a community setting. In Proceedings 
of the 18th Conference on Computer Supported Cooperative Work (CSCW'15): 242-253.  

[52] Neumann, M. M., & Neumann, D. L. (2017). The use of touch-screen tablets at home and pre-school to foster emergent literacy. Journal of Early 
Childhood Literacy, 17(2), 203–220. https://doi.org/10.1177/1468798415619773 

[53] Nicola Yuill, Yvonne Rogers, and Jochen Rick. 2013. Pass the iPad: collaborative creating and sharing in family groups. In Proceedings of the 
SIGCHI Conference on Human Factors in Computing Systems (CHI '13). Association for Computing Machinery, New York, NY, USA, 941–950. 
DOI:https://doi.org/10.1145/2470654.2466120 

[54] Nikita Soni, Sayli Bapat, Schuyler Gleaves, Alice Darrow, Carrie Schuman, Hannah Neff, Peter Chang, Kathryn A. Stofer, and Lisa Anthony. 2019. 
Towards Understanding Interactions with Multi-Touch Spherical Displays. In Extended Abstracts of the 2019 CHI Conference on Human 
Factors in Computing Systems (CHI EA '19). Association for Computing Machinery, New York, NY, USA, Paper LBW0238, 1–6. 
DOI:https://doi.org/10.1145/3290607.3313063 

[55] Oduor, E., Neustaedter, C., Odom, W., Tang, A., Moallem, N., Tory, M., & Irani, P. (2016). The frustrations and benefits of mobile device usage in 
the home when co-present with family members. Proceedings of the 2016 ACM Conference on Designing Interactive Systems: Fuse. New York, 
NY, ACM: 1315–1327. 

[56] Ofir Sadka and Oren Zuckerman. 2017. From Parents to Mentors: Parent-Child Interaction in Co-Making Activities. In Proceedings of the 2017 
Conference on Interaction Design and Children (IDC '17). Association for Computing Machinery, New York, NY, USA, 609–615. 
DOI:https://doi.org/10.1145/3078072.3084332 

[57] Peter Knøsgaard Christensen, Christoffer Øland Skovgaard, and Marianne Graves Petersen. 2019. Together Together: Combining Shared and 
Separate Activities in Designing Technology for Family Life. In Proceedings of the 18th ACM International Conference on Interaction Design 
and Children (IDC '19). Association for Computing Machinery, New York, NY, USA, 374–385. DOI:https://doi.org/10.1145/3311927.3323141 

[58] Peter Peltonen, Esko Kurvinen, Antti Salovaara, Giulio Jacucci, Tommi Ilmonen, John Evans, Antti Oulasvirta, and Petri Saarikko. 2008. It's Mine, 
Don't Touch!: interactions at a large multi-touch display in a city centre. In Proceedings of the SIGCHI Conference on Human Factors in 
Computing Systems (CHI’08): 1285- 1294. doi>10.1145/1357054.1357255 

[59] Pittarello, F., & Brutti, L. (2019). A public tangible interface for engaging and informing young citizens about climate change. Proceedings of 
the 8th ACM International Symposium on Pervasive Displays. 

[60] Plowman, L., McPake, J., & Stephen, C. (2010). The technologisation of childhood? Young children and technology in the home. CHILDREN & 
SOCIETY, 24, 63-74. doi:10.1111/j.1099-0860.2008.00180.x 

[61] Plowman, L., Stevenson, O., Stephen, C., & McPake, J. (2012). Preschool children's learning with technology at home. Computers and Education, 
59(1), 30-37. doi:10.1016/j.compedu.2011.11.014 

[62] Reckwitz, A. (2002). Toward a Theory of Social Practices: A Development in Culturalist Theorizing. European Journal of Social Theory, 5(2), 
243–263. https://doi.org/10.1177/13684310222225432 

[63] Rogers, Y. (2011). Interaction design gone wild: Striving for wild theory. Interactions, 18(4), 58-62.  

[64] Schepers, S., Dreessen, K., & Zaman, B. (2018). Rethinking children’s roles in Participatory Design: The child as a process designer. International 
journal of child-computer interaction, 16, 47-54. 

[65] Shove, E., Pantzar, M., & Watson, M. (2012). The dynamics of social practice: Everyday life and how it changes. Sage. 

[66] Spaargaren, G., Weenink, D., & Lamers, M. (2016). Practice theory and research: Exploring the dynamics of social life Routledge. 

[67] Sugata Mitra, Ritu Dangwal, Shiffon Chatterjee, Swati Jha, Ravinder S. Bisht, and Preeti Kapur. 2005. Acquisition of computing literacy on shared 
public computers: Children and the" hole in the wall". Australasian Journal of Educational Technology, 21(3). 

[68] Ventä-Olkkonen, L. Iivari, N., Lanamäki, A. (2019). In sweet harmony or in bitter discord? How cultural values and stakeholder requirements 
shape and users read an urban computing technology. Journal of AI & Society. 

[69] Ventä-Olkkonen, L. Iivari, N., Lanamäki, A., Jurmu, M., Kukka, H., and Kuutti K. (2016). People lining up to use a cool new gadget in the city? 
Surprise and variety in technology appropriation of multipurpose public displays. Journal of Interaction Design and Architecture(s) (IxD&A) 
N.29, 2016, 136–158. (a)  

[70] Ventä-Olkkonen, L., Iivari, N., Kuutti, K. (2017). Digital technologies in everyday environments: Zooming in and out to children’s and their 
families’ smart device practices with public and private screens. European Conference on Cognitive Ergonomics ECCE’17, (Umeå, Sweden, 
September 19-22) ECCE’17, ACM Press: 129–136.  

[71] Ventä-Olkkonen, L., Lanamäki, A., Iivari, N., and Kuutti, K. (2016). Using With Discretion: Identifying Emergent Practices around Interactive 
Public Displays. Proceedings of the 24th European Conference on Information Systems (Istanbul, Turkey, June 13–15) ECIS 2016, Research 
Papers. 122. https://aisel.aisnet.org/ecis2016_rp/122. (b) 



21 

[72] Ventä-Olkkonen, Lanamäki, A., Iivari, N., and Kuutti, K. (2016). It's a Pain in the... Wild?: Struggling to Create Conditions for Emerging Practices 
in an Urban Computing Project. Proceedings of the 9th Nordic Conference on Human-Computer Interaction (Gothenburg, Sweden. October 
23–27) NordiCHI ’16. ACM Press: Article No. 51. (c) 

[73] Ventä-Olkkonen, Leena & Iivari, Netta & Kuutti, Kari. (2018). Entertainment with Public Displays and Personal Screens. The Journal of 
Interaction Science. 6. 25. 10.24982/jois.1810018.004. 

[74] Vítor Belim, Olga Lyra, Pedro Teixeira, Ana Caraban, Maria José Ferreira, Rúben Gouveia, Andrés Lucero and Evangelos Karapanos. 2014. 
Beyond gamification: sociometric technologies that encourage reflection before behavior change. In Proc. of the 11th Conference on Advances 
in Computer Entertainment Technology (ACE’14): Article No. 27.  

[75] Wartella, E., Rideout, V., Lauricella, A. R., & Connell, S. L. (2013). Parenting in the age of digital technology - A national survey. ().Northwestern 
University.  

[76] Yarosh, S., Radu, I., Hunter, S., & Rosenbaum, E. (2011, June). Examining values: an analysis of nine years of IDC research. In Proceedings of the 
10th International Conference on Interaction Design and Children (pp. 136-144). 

[77] Ylva Fernaeus, Maria Håkansson, Mattias Jacobsson, and Sara Ljungblad. 2010. How do you play with a robotic toy animal? a long-term study 
of Pleo. In Proceedings of the 9th International Conference on Interaction Design and Children (IDC '10). Association for Computing Machinery, 
New York, NY, USA, 39–48. DOI:https://doi.org/10.1145/1810543.1810549 

[78] Yuriko Sakakibara, Yoshio Matsuda, Takashi Komuro, and Kayo Ogawa. 2019. Simultaneous interaction with a large display by many users. In 
Proceedings of the 8th ACM International Symposium on Pervasive Displays (PerDis '19). Association for Computing Machinery, New York, 
NY, USA, Article 34, 1–2. DOI:https://doi.org/10.1145/3321335.3329680 


