
An integrative framework for studying, designing and conceptualising interactivity in children’s digital books

Abstract

In the past five years, there have been significant changes concerning the material and design properties of digital books, with an impact on children’s enjoyment and learning from reading on screen.  Despite the rapid advances in technology, research on children’s digital books is disjointed. This is because of no consistent approach to the study of interactivity, an undertheorized relationship between print and digital books, and a binary design focused on either learning or playful engagement with digital books.  Drawing on the discourse reminiscent of digital game designers, some developers, scholars and professionals celebrate interactivity in digital books as a possibility to motivate and engage children in reading, while a body of experimental research documents the negative impact of interactivity on children’s story comprehension and vocabulary learning. This article presents an integrative framework based on a comprehensive literature review and a content review of the hundred most popular children’s digital interactive books. The framework offers 1, methodological guidance and a definition of interactivity based on five key categories; 2, theoretical guidance based on the third space theory and 3, innovative design and evaluation models based on a ‘method assemblage’. As such, the integrative framework provides new tools and perspectives to advance the field of children’s digital books. 
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Children’s digital books can incorporate text, videos, high-definition images, audio-recordings of music and spoken words, and “hotspots”, which, when tapped, unlock animations and add-on activities (e.g., rubbing the tummy of a story character makes it jump). These new, widely popular literacy resources can combine digital games, short videos, illustrations and printed texts into one ‘hybrid’ text. The hybridisation of genres implies that the interactive nature of reading has changed, both in terms of children’s independent and shared reading.

By virtue of combining many media into one resource, digital books tap into several research fields, including communication studies, computer-human interaction, developmental psychology, narratology, children’s literature, social semiotics or game design.  However, thus far, the study of children’s digital books has not been interdisciplinary enough to encompass the various forms and outcomes of interactivity studied in the individual fields.  While in digital games interactivity is a unique ‘technological affordance’ (Wang, Shen & Ritterfeld, 2009, p.26) or an essential feature (Salen & Zimmerman, 2004), the value of interactivity in children’s books is contested.  A substantial body of empirical work shows that children’s books that encourage physical interactivity (e.g., books with flaps or different textures) are less educational than simple books (DeLoache & DeMendoza, 1985; DeLoache, 1991). In the context of digital books, interactivity has been praised for its potential to motivate and challenge children (reminiscent of digital games research, see for example, Marklund & Dunkel, 2016) but also approached cautiously for possible negative effects on discrete learning skills (reminiscent of printed books research, see for example Takacs & Bus, 2016).  This discrepancy is mirrored by a distinct divide in approaches to the design and evaluation of interactivity in some leading digital book awards (e.g., Children’s Bologna Book Award, Kapi Award) and public initiatives and policy evaluations, where interactivity is typically conceptualised in binary terms (e.g., distracting or instructive; story-congruent or story-incongruent). Moreover, there is an inconsistent definition of interactivity in its empirical research generating inconsistent practice recommendations.  Key design-related concerns are that digital books replicate the design of printed books, or of digital games, for the purpose of reading on screen.  This troubles the often dichotomised debate of reading versus playing (or reading for pleasure versus reading for learning, see Cremin, 2007).

This article proposes an integrative framework that unsettles the notion of interactivity representing a binary choice between reading and playing.  It offers some practical suggestions for advancing the design of children’s digital interactive books in alignment with five categories or “ingredients” of children’s interactive reading experiences.  The current design models of digital interactive books and their scholarly studies are challenged and situated within broader discourse of hybridisation and methodological assemblages.  The central argument threaded through the paper concerns the third space theory and the proposition that a hybrid design positions digital books as a new genre. The article makes an original contribution to the currently undertheorized design and research of children’s digital books and draws attention to the significant role these resources play in children’s contemporary reading experiences (see Guernsey& Levine, 2016 for an overview). 
Aims, theoretical framing and structure of the paper

The discussion centers on digital interactive books available to children of UK pre-school and primary/elementary school age, and aged from two to six years old.  Although the core argument concerns digital interactive books, interactive features of paper-based (physical) children’s narrative books are included in the discussion.  This is a deliberate choice, and builds on previous work (Larson, 2012; Kucirkova, 2013; Kucirkova, 2014), in which it was argued that when discussing children’s literacy experiences, a book format is less informative than the book’s key characteristics.

Considering that the field of digital interactivity in children’s books is in its infancy, the primary objective is to capture generalities between printed and digital books, and extend their use to future models of interactive books in any formats.  This objective builds on previous work in the field concerned with children’s use of interactive media and digital technologies (Radesky, Schumacher & Zuckerman, 2015; Troseth, Russo & Strouse, 2016) with a specific focus on digital interactive books.  Methodological suggestions are made to inspire future interdisciplinary and methodologically diverse research of children’s digital books to support innovative design and effective use in practice.  These aims are grounded in a socio-cultural orientation (see Vygotsky, 1978), which is characterised by the recognition that knowledge doesn’t reside in a specific tool or object (i.e. the digital interactive book in this case), but in the interaction between the book and the person using it.  Therefore, the key categories of interactivity outlined later in this paper relate to the child’s or adult’s response to the book’s features as well as to the relationship between the child, adult and the book they read together. 

The paper is laid out as follows: I begin by outlining the theoretical, methodological and design issues related to children’s digital interactive books. Theoretical issues concern inconsistent approaches to the definition and study of interactivity across disciplines. Methodological issues relate to the lack of connected empirical work which would marry print and digital books and design issues relate to the challenges of viewing digital books for either play or learning, but not both. After discussing these limitations, I present an integrative framework that offers theoretical, methodological and design guidance for the field. Theoretical recommendations center on the importance of hybridity and third space theories. Empirical recommendations concern five key ingredients of interactivity: Synaesthesia, Scaffolding, Datafication, User Control and Computer Vision Techniques. Methodological recommendations emphasise methods assemblage and practical implications point to the importance of detailed and transparent decisions concerning individual types of interactivity. 

The framework is based on a comprehensive literature review and a content analysis  grounded in the data. The Methodological approach to the literature review and content analysis is detailed next.
Methods for the framework development

Literature review.  The theoretical and empirical interpretations draw on a review of recent studies concerned with digital books and children aged 2-6 years, that is studies published between 2011-2016, identified through searching two main databases recommended by the subject librarian (Psychinfo and ERIC), through the author’s familiarity with the research field and by asking lead researchers in the field for recommendation.  The publication span of the last five years reflects the years when touchscreen devices (tablets and smartphones) became widely available and when the development of children’s literacy and reading software began to emerge.  The literature review is not a systematic review but summarizes the key studies in the area, with a critical look at the authors’ conceptualization of interactivity.

The review is concerned with studies related to children’s independent and shared adult-child book reading sessions, which occurred either at home or in laboratory settings. The review included studies with a qualitative and quantitative orientation, with attention paid to the rigour of methods, relevance and validity of findings and theoretical clarity. In order to ensure that the review is integrative and interdisciplinary, the search of relevant studies was not constrained with one keyword or search phrase. Cognisant of the inconsistent nomenclature in the field, the aim was to provide a narrative overview of the current evidence. Most studies are included and cited in this paper and full list of studies is available from the author, on request.

Maclure (2010) argued that ‘the value of theory lies in its power to get in the way: to offend and interrupt.  We need theory to block the reproduction of the bleeding obvious, and thereby, hopefully, open new possibilities for thinking and doing’ (p.277).  This paper keeps this intellectual imperative but at the same time, proposes a theoretical framework that is practical and not prescriptive.  The latter is particularly important in the domain of digital interactivity where the pace of new developments is unprecedentedly rapid and inventive. 

Review of digital books.  The examples of digital books discussed in this article and the key themes derived for their study, draw on a review of a hundred of the most popular children’s literacy apps. All examples are based on current design possibilities in children’s digital interactive books offered in English on the App Store and Google Play Store (children’s app store markets), included in the Literacy Apps database.

Literacy Apps is an interactive guide of high quality literacy apps, made freely available to teachers and parents by the National Literacy Trust in 2016 (see http://literacyapps.literacytrust.org.uk/).  The apps in the database were chosen to support children’s reading enjoyment or reading for pleasure. Although some digital books in Literacy Apps contain short film or video extracts, the key focus is on digital books which represent stories in a contained set or printed structure, as per the definition of a ‘book’ rather than ‘story’ (Oxford Dictionary of English, online).  All apps are in English, some in American and some in British English. 

All apps in the Literacy Apps database were reviewed by National Literacy Trust, supported by the author and other experts in the field. Popularity was established by the books’ popularity rating in the App or Google Play store, which is based on the number of downloads and the sites’ algorithms.  The apps were reviewed according to a range of criteria, one of which was interactivity. In the context of the Literacy Apps guide, interactivity was simplified to mean: ‘The app has goals, rules and gives clear feedback or encouragement when the child engages with it. These goals and rules can be adjusted to suit the child.’ For the purpose of this paper and in an effort to refine and expand this definition, the author undertook a content analysis of the key interactive features of the hundred apps in the database. The apps were downloaded on the author’s iPad Air device and were reviewed in terms of their interactivity affordances, i.e. what the app does and how the user can interact with it. Results of the content analysis led to the key categories of interactivity presented in the second part of this paper.
Foci and delimitations 

Digital and interactive books.  New terms have been coined to distinguish the unique nature of digital books, with names specific to individual reading platforms, e.g., “iPad books” (Kucirkova, 2013) or the books’ publisher, e.g. Onilo's Boardstories (https://www.onilo.co.uk) and more general terms such as “story apps” (e.g., Stichnothe, 2014), “book apps” (e.g., Yokota & Teale, 2014) or “enhanced e-books” (e.g., Marrone, 2014).  These many names reflect the multiple and diverse nature of children’s digital books, but also the multidisciplinary approaches to their study.  In some literature, the label “apps” is used for digital interactive books and “e-books” for digital books with no hyperlinks or hotspots.  In most research published in English-language journals, however, there is no clear distinction and researchers typically describe a particular resource using several terms, e.g., ‘book-like e-book apps that include multimedia, but little digital interactivity’ (Zipke, 2016, p.5).   Given that digital books can, but don’t have to, be interactive, and given that interactive books can be both printed (physical) and digital, this review uses the umbrella term digital interactive books.

Narratives and stories.  Interactivity can be in children’s alphabet, fiction, non-fiction or narrative books.  This paper focuses on interactive narrative books, that is, books that contain a story with a story plot and story characters.  Oral narrative, in itself, is interactive, because ‘the teller adjusts the vocalization, wording, physical movements, gestures, and pace of the story to better meet the needs of the responsive audience (Bull and Kajder 2004, cited in Pujol et al., 2012, p.2).  This article focuses on interactivity that is not prompted by the reader or storyteller, but by the format and content of the narrative itself.

Key theoretical, empirical and design issues in the field 

Theoretical issues: What is interactivity in children’s digital books?

Interactivity was touted to be ‘the most grossly misunderstood and callously misused term associated with computers’ (Crawford, 2005, p. 25) and this has not been helped with digital interactive books, with a range of uses and meanings associated with the term. In cognitive and psychological approaches to the study of children’s books, interactivity is operationalized as a set of features that trigger a certain response.  The nature of this response is studied in relation to a range of learning outcomes (e.g., word learning, story comprehension).  An exemplification of this tradition is the seminal work led by Professor DeLoache, with the focus on interactive printed books (see e.g., Deloache, 2000; Chiong and Deloache, 2013) and by Takacs and Bus, with the focus on digital interactive books (see e.g., Takacs et al., 2014, 2015).  For printed books, interactivity is represented by manipulative features such as flaps, levers and different textures and encourages readers to be physically involved with the book (Timpany & Vanderschantz, 2012). For digital books, interactivity refers to digital hotspots that can be activated through touch (such as tapping or swiping a designated area).  This tradition is in accordance with studies that examined learning from interactive videos (see e.g., Nussenbaum & Amso, 2015) or desktop computer e-books (e.g., Korat, Shamir, and Segal-Drori, 2013) and found positive learning effects of multimedia, as would be predicted by the dual-coding theories (Bus, Takacs & Kegel, 2015).

In literary narrative fiction, interactivity is defined in terms of the user’s response to narratives, which are part of interactive storytelling, or virtual narratives (Ryan, 2006).  The characteristics of the interactive narrative are studied in relation to the user’s influence and position within the narrative and his or her role played in these narratives, i.e. whether the user is internal or external to the narrative and whether s/he can determine the plot development or not.  Unlike the psychology approach, narratology locates the focus of interest in the relationship between the book and the child, and focuses on the child’s interaction and overall positioning within the interactive environment created by the narrative. 

 In the field of social semiotics, the user’s positioning is studied in relation to, for example, the child’s meaning making (e.g., Sumin & Unsworth, 2016), and in media and digital culture studies, in relation to children’s creativity and play (e.g., Giddings, 2014).  In addition, scholars study how certain book characteristics and parent-child interaction patterns jointly influence a child’s reading experience in relation to several factors, including, for example, parent-child embodied interaction in multimodal studies (Kucirkova, Messer, Sheehy & Flewitt, 2013) or the amount and quality of parent-child talk during book reading in developmental research (Hassinger-Das et al., 2016).


The diversity in conceptualisations and in the methods employed to the research of interactivity is noteworthy, but it is not unique to the field of digital interactive books.  In his comprehensive review of interactivity in the media literature, Kiousis (2002) points out that ‘the academic usage of ‘interactivity’ is marginally inconsistent at best.  Many fundamental differences (e.g. channel vs. technological attributes) lead to incongruity in implied and explicit theoretical definitions.’ (p. 18).  Kiousis (2002) goes on to argue that the multiplicity of approaches creates inconsistency in the conclusions drawn from empirical research: ‘The dilemma is that, while these basic tenets are frequently agreed upon, the components and features that comprise the various definitions can lead to great discrepancies in scholarly output’ (p.18).  Indeed, this dilemma is present in the field of children’s digital books.  
Methodological and empirical issues: Interactivity versus multimedia 
A meta-analysis by Takacs, Swart, and Bus (2014) with 29 studies and 1272 children, found that multimedia features are more effective than print books when read without adult support (in relation to children’s story comprehension and vocabulary).  A later meta-analysis by the same research team (Takacs, Swart & Bus, 2015) with 43 studies and 2,147 children, found that unlike multimedia features, interactivity did not support children’s story comprehension and vocabulary learning.  In this meta-analysis, Takacs et al. (2015) helpfully distinguished between multimedia and interactive features, with the former defined as animated illustrations, background music and sound effects, and the latter as ‘hotspots, games, and dictionaries’.  However, a critical issue that might get missed in meta-analyses is that in different book titles, interactivity corresponds to different book features.  Zipke (2016) suggests that the definition of interactivity in Takacs et al.’s (2015) work was too broad: ‘it may be that some of the features in this broad category of features are more helpful than others. Or may be that some of these features work best with specific books’ (p.15).  

Several recent experimental data do not accord with Takacs & Bus meta-analytic results. For example, two experiments by Kelley and Kinney (2016) with thirty pre-schoolers examined children’s word learning and story comprehension in relation to children’s reading of “interactive” and “non-interactive” digital books.  Kelley and Kinney (2016) found no difference between the interactive and non-interactive books for children’s learning on either of the measures, even after three reading sessions. In Zipke’s (2016) study, interactivity was defined as the user’s ‘interaction with the characters, interaction with the language, sound (both music and sound effects), navigation of the e-book, and specific skill instruction, with ‘little to no animation’ (p.7). Within one of the tested digital books, there were also small games, which were related to the story characters.  Zipke (2016)’s experiment included twenty-five US 4-5-year olds, who were pre-readers and had not read any e-books before, and found that children’s word recognition and story comprehension scores were highest in the interactive e-book independent reading condition.  Qualitative observations explained that children’s independent manipulation of hotspots enhanced their story comprehension through interest-driven, self-motivated exploration. These features are different from Takacs et al.’ s (2015) definition of both multimedia or interactivity.

The contrasting findings between experimental and meta-analytic findings could be explained by the intertwined nature of interactivity and multimedia.  Practically, separating interactivity and multimedia is problematic, because in many digital books developed for children, the line between multimedia and interactivity is blurred (e.g. tapping a hotspot makes a character move but also produce a speech bubble and/or spoken text).  Kiousis (2002, p.40) noted this issue in educational technology research: ‘A major limitation with some experimental inquiries is that a condition is often called ‘interactive’ without considering multiple levels of the variable, let alone defining its meaning.’  He also argued that different definitions of interactivity can lead to contrasting findings, with negative implications for practice.  This concern applies to digital books and is illustrated in the next section by drawing on an award-winning children’s digital book. 

Design issues: focus on play or learning

The Cinderella digital book by Nosy Crow™ (available as an app for tablet and smartphone devices) comes with three options for engagement with the story: ‘Read to Me’; ‘Read by Myself’ or ‘Read and Play’.  In the ‘Read by Myself’ mode, the digital book is a digital version of a paper book, there are no added multimedia or interactivity features.  In the ‘Read to Me’ mode, the book advances through the story automatically, with a pre-recorded voiceover reading the text on each page.  In the ‘Read and Play’ mode, children can select music for the Prince and Cinderella and watch them dance at the ball, or tap the characters to trigger additional dialogue (http://nosycrow.com/apps/cinderella). The Cinderella story app has received several prestigious awards (e.g., FutureBook Innovation Award, Publishing Innovation Award, KAPi Award or Junior Design Award) and very positive user and expert reviews (e.g., http://appsplayground.com/).  In academic literature, however, Nosy Crow’s interactive apps have come under criticism, with the concern that their interactive elements can easily become ‘the goal for the child’ which can interfere with the child’s meaning making and focused attention’ (Hoffman & Paciga, 2014, p.107).  

Design features that separate rather than integrate reading with play (or reading with learning) evoke a dichotomous frame according to which the purpose of reading is located in either reading for pleasure or reading for learning.  An important step in future practice of digital books is therefore to consolidate the contrasting perspectives on the value of individual digital books. Ryan (2006) astutely observed that: ‘Digital narrative is only a failure if we judge it by the criteria of the literary canon, this is to say, by the criteria of another medium.’ (p.180).  By implication, digital interactive books will be perceived inferior if we judge them according to the criteria applied to printed books or digital games.  Instead, a complementary understanding of digital books can be gained by drawing on the third space theory (Bhabha, 1994). 


A guiding framework for future research and practice

Theory recommendation: The third space theory

The third space theory was originally formulated in terms of a third culture, which develops when native people live in-between their own traditional culture and a newly imposed culture of the colonizers (Bhabha, 1994).  Bhabha (1994) theorised that the border between these two spaces is a space of overlap, or a third space, which combines attributes of each of the two bordering spaces.  The theory of third space has been widely applied to the interpretation of children’s new literacies, which often border physical and virtual practices (Muller, 2003), transcend home and school spaces (Pahl & Kelly, 2005) and merge the practices of emerging readers and writers (Levy, 2008).  As Moje (2013) explained, it is in the act of navigating the difference that new products can emerge.  Drawing on the notion of third space as conceptualised by Bhabha (1994) and Soja (1996), Moje (2013) argued that a third space is created when we embrace difference rather than try transcending it to ‘produce new ways of knowing that can afford change’ (p.366).  
A theoretical premise of a third space suggests that future design of children’s interactive books can be more innovative by representing interactivity as an integral option distributed through all aspects of the story experience: illustrations, sounds and texts (see Bizzochi, 2011) and for both child’s independent and shared reading.  Although some story app designers have started applying this concept, there are still very few story apps which would allow for interactivity on the textual level (e.g., the presence of hotspots which highlight new words), audio/oral (e.g., the possibility to enhance or edit the audio-recording accompanying a story) as well as illustrations (e.g., the possibility to colour in an image or add the user’s own picture) and invite both the parent and the child in the interactive experience.  Fully integrated digital interactive books need to support more user-generated multimedia content, which has been recognised as an important way of documenting and maintaining children’s home language and cultural heritage (e.g., Edwards et al., 2002). Applying the third space theory to future research and practice with digital books is best conceptualised as a hybrid research practice.

A hybrid research practice. Digital games and printed books are two different species, which lead to an uneasy alliance.  As Ryan puts it: ‘birds of different feather that cannot truly hybridise-though they can engage in a superficial flirt’ (Ryan, 2006, p.183).  The combination of two media in digital books can be beneficial, as long as their individual features do not cancel out, but complement, each other.  Border spaces, such as those emphasised in the third space theory, carry the potential for innovation because they can mesh the assets of printed books and digital games: ‘the boundary between book and animation become blurred, but as frequently happens, it is in the border area that interesting experimental, hybrid texts emerge’ (p.3, Al-Yaqout & Nikolajeva, 2015).  

Conceptualising children’s digital books as hybrids takes a fresh view on children’s contemporary reading experiences and points to the emergence of a new literary genre.  Hybridity per se is not the novelty element - a hybridisation of genres, formats, languages, cultures and stories has been apparent for many decades in the literature.  For example, in 1911, Isidore of Seville combined glossary with encyclopaedia, and the titles by Rothamsted Research Lab frequently mix comics with stories (see www.bbrc.ac.uk/life/comic).  In terms of content, some contemporary children’s titles combine Asian and Western influences in their illustrations and story plots (e.g., the Name Jar by Yangsook Choi) and frequently include new twists to classic titles (see e.g., the “Dorktales” by Mrs P).  In these hybrids, opposites are perceived as a duality, and as a tension that is productive, not destructive.  By extension, for digital interactive books an integrative solution of “hybrids” can normalize contrasting perspectives on interactivity and celebrate their mixed origins and values. Consequently, rather than aiming for an all-encompassing definition of interactivity, there can be a hybrid definition that encompasses the ‘chief ingredients of the interactive experience’ (Kiousis, 2002, p.15).  

Whether researchers conceptualise interactivity as a variable influencing a child’s response directly or via parent’s mediation and whether they think of it as a beneficial or limiting feature, it is important to clearly name and delineate individual ingredients that comprise it.  Kiousis’ (2002) use of the word ‘ingredients’ is a good choice here, given that interactivity is often subsumed under one umbrella term (or studied as a broad set of interactive features).  The key ingredients of children’s interactive experience with digital books are specified in the next section, with an eye toward positioning children’s digital books as a new literary genre and research frontier.

Empirical recommendations: five key ingredients of interactivity

A content analysis of hundred most popular children’s digital books for the database ‘Literacy Apps’ has led to five broad categories of interactivity in children’s digital books. These categories were derived conceptually and represent the role interactivity plays for a child’s independent or shared reading with digital books.  Each category consists of individual ingredients, which are the design elements that can be incorporated into (or, in some instances, are already part of) the design of children’s digital books.  Table 1 specifies these ingredients along with some suggested research questions relevant for each category of interactivity. 

Table 1: Five key categories of interactive experience in digital books derived from literature and apps’ review

	Category


	Ingredients
	Suggested research questions

	Synaesthesia


	Touch manipulation

Audio presentation

Visual presentation 

Taste properties

Odour properties
	How do different synesthetic responses relate to different reading contexts and contents?

How can different kinds of synesthetic responses be combined for a rich reading experience?

How can individual properties be best sequenced for a rich interactive experience?

	Scaffolding


	Audio-, video-recorded or visual prompts

Hyperlinks to other, explanatory content


	How to best combine adult- and book-generated scaffolding during shared reading of digital books? Which groups of children benefit most from specific scaffolding features and in which contexts of learning? 

	Datafication


	GPS-tagging and tracking

Usage tracking

Experience tracking


	How can individualised data support the reading experience of individual children?

What are the long-term benefits of individualised reading experiences?

	User control
	Attention-directing features

Problem-solving features
	To what extent are activities within stories disrupting or extending the child’s reading experience? 

What is the role of template-based as opposed to open-ended problem-solving tasks in children’s reading experience?

	Computer vision techniques
	Virtual reality features such as action stimulator or environment creations

Augmented reality features such as 3D representations of story characters or story plots


	What is the role of transmedia in children’s reading experience? Which content and context of reading do AR- and VR-based reading experiences work best?


Syneasthesia.  An important ingredient in children’s interactive experience with digital books is synaesthesia, that is, a sense experience or sense impression, derived from reading a book.  Kümmerling-Meibauer (2015) analysed the materiality and interaction of children’s printed/ physical books and theorised an ‘overarching book concept that connects synaesthesia (books can be touched, looked at, heard, smelled, and tasted) and joyful play’ (p.252).  The notion of synaesthesia prompts reflections on the role of senses in meaning-making and developing reader identity, as well as the role of the material features of texts. Indeed, the appearance of digital books on the market has rationalized the longstanding interest of literacy and literature scholars in embodiment and materiality in the reading act (e.g., Barad. 2003; Mackey, 2016, Alaca, 2017).  It is possible that with the shift towards voice recognition software as the main navigation system of interactive media, different senses and different combinations of individual senses will become foregrounded in the interactivity research and design of children’s digital books.

Touch, vision and audition are foregrounded in the reading process of both printed and digital books, but taste and smell are important synesthetic responses too, carrying an instructive and entertaining potential.  Currently, taste and smell are inherent in printed books and only available for digital books as added features (through, for example, aerosol e-book enhancers, see Smell Of Books™).  However, with the advances made in olfactory technology, it is foreseeable that digital books will soon integrate various smells and scents in their design. With 3D printing, edible books constitute a novel way of transforming interactive reading with digital technologies (see http://www.bodleian.ox.ac.uk/science/edible-book-festival) 

Scaffolding.  Scaffolding refers to a response to books that include prompts, questions, links to synonyms for unknown words and other instructive elements designed to help the child comprehend the text.  While with print books scaffolding is limited to the visual and written mode, with digital books scaffolding prompts become available as audio, animation or video features, available to all children in a standardized or customizable format.  As yet, digital books cannot support the child’s reading experience through gestures and facial expressions as a parent would, but there are patents and facial recognition software algorithms for automated eye tracking, and facial recognition feedback, which could be soon implemented into individual titles (see Troseth & Strousse, forthcoming).  Some well-designed instructional interactivity features can already offer an instructive reading experience for children’s independent reading, as found by Takacs et al. (2014): ‘The present meta-analysis challenges the notion that young children necessarily need adult scaffolding in order to understand a narrative story and learn words as long as they encounter optimally designed multimedia stories’ (n.d.). 

In the future, digital books might include several kinds of oral scaffolding, encouraging children to respond to certain parts of a digital book and providing them with personalized feedback.  Given the popularity of digital puppets (e.g., Talking Tom™), future designs might incorporate scaffolding features into children’s favourite story characters, which could accompany book-reading as an embedded voiceover or an interactive toy connected to a specific book title. 


Datafication.  A distinct type of interactivity in children’s digital books is the ability to collect readers’ personal data and use them to customize the reading experience.  Such data may be of geographical nature and assist with the so-called loco-specific literature (i.e. content offered to readers based on their physical location), or –and which is more the case with young children- of an instructional nature.  Although as yet, individual digital books have limited datafication possibilities, digital libraries and reading management systems can collect information on the length of the child’s reading and compute several statistics in the background, based on the child’s engagement with several book titles.  For instance, digital books accessed through the Epic!™ digital library subscription system use children’s data such as length of reading and number and types of titles read, to produce a “reading log” for parents/teachers to track progress for the child.  Based on the data, the library generates a list of recommended titles, rewards and badges, for each child.

Considering the surge of interest in the so-called “big data”, future design of children’s digital books is likely to see basic data-collecting features as standard features in all children’s digital books.  The first step towards big data processing is to ensure secure data storage and data handling (e.g., Kucirkova, Ng & Holtby, 2017).  The second step is to explore the benefits of datafication in children’s books for alternative purposes that would recognise the multifaceted nature of reading for pleasure (Kucirkova, 2017).


As for future datafication trends, the popularity of the Digital Maker Movement (see Quinlan, 2015), indicates that increasingly, young children will be encouraged to create, code and “make” their own digital media.  Future design is likely to include more options for children’s own data-collection possibilities.  Such possibilities imply the need for studying the active, autonomous and agentic role (interactive versus interpassive) children can assume when they interact with customisable or personalized digital books.

User control.  Attention-directing and problem-solving features used to be a central design characteristic of early digital books.  Early comparative research found that hotspots that are incongruent with the story or that disrupt the parent-child dialogue during book reading, negatively affect the child’s story comprehension (Parish-Morris et al., 2013; Krcmar & Cingel, 2014).  
Recent design developments and the intertwined presence of multimedia and interactivity complicates matters for what counts as congruent and what as incongruent with the narrative.  While with one mode of representation (a picture) the congruence between a picture and the story might be easier to establish, this gets more complicated with multimedia stories where an interactive feature encompasses multiple media (e.g., a picture moves, makes sounds and plays a short video).  The user control category thus invites the question of who is in control of the narrative, and who can make effective use of children’s attention.
Computer vision techniques.  Computer vision techniques highlight the fluid continuities and discontinuities between old and new reading formats.  At the time of writing, this type of interactivity exists in prototype forms, with some innovative projects experimenting with augmented and virtual reality experiences added to physical and digital books.  The Bridging Book project (see http://www.bridgingbook.com/) illustrates how computer vision techniques can challenge the separation between digital and printed books.  In the Book of Hours prototype, each page in a printed book corresponds to a digital page on the screen that has various interactive features.  The printed book connects to the digital book wirelessly, through the use of magnets, embedded in each of its pages.  For example, the static tree leaves on one of the pages of the printed book can be in the digital version activated for a spin.  In the Farm Animal prototype book by The Bridging Book, each printed page contains an illustration of a farm animal, which corresponds to a digital page that plays a short video and spoken sounds when turned over.

In the past two years, there has been a distinct departure from digital books that contain many “bells and whistles” to more sophisticated and hidden kinds of interactivity and future design is likely to continue this trend.  Therefore, virtual reality technologies are likely to be of interest to book designers, especially with new virtual reality eyeware, which could be embedded in the actual book and run in the background, without disrupting the reading experience.  In the future, children’s digital books might include geospatial search options, pointing- enabled search, or projected character images.  The possibility to superimpose digital images opens up exciting possibilities for digital augmentation of physical books and for connecting them with Internet of Things technologies (including networking hardware or sensors). 


The five key categories and their individual ingredients are a first step towards a research and practice consensus on the definition of interactivity in children’s digital books.  The five ingredients acknowledge the complexity of the phenomenon and leave room for an iterative hybrid definition that can be revised with successive ingredients reflecting design innovations as they become available.  Design innovations need to be paralleled by efforts to improve the methodological approaches to the study of children’s digital books.  

Methodological recommendations: towards methodological hybridity

A narrow range of outcome measures does not accord with contemporary theoretical models of reading, which include psychological as well as socio-cultural aspects of reading (e.g., Mangen, 2016) and which call for a departure from formulaic definitions of reading and early literacy (Sefton-Green, Marsh, Erstad and Flewitt, 2016).  There are three methodological improvements that are crucial for the field to advance as a hybrid research practice: alternative comparison conditions; alternative outcome measures and the use of method assemblage.

Alternative comparison conditions.  Children’s reading in the digital age is ‘much more eclectic, fast-moving and multi-layered’ (Sefton-Green, Marsh, Erstad and Flewitt, 2016, p.19) than reading on paper. This implies refined models of children’s reading in the digital age, which include a wider range of comparison conditions.  In particular, juxtaposing print versus digital formats might not be as valid as focusing the comparison on specific book elements relevant for interactivity and multimedia.  For instance, considering that automated audio-recordings turn digital books into storytelling machines, it might be fruitful to compare individual ingredients in digital books to other reading-related experiences, such as drama-based storytelling.  Lwin (2016) carefully analysed the oral story shared by a professional storyteller with four-to-five-year-old children in a pre-school, and noticed some unique patterns beneficial for children’s story comprehension. 

Alternative outcome measures.  Thus far, research emphasis has been placed on children’s cognitive and mental responses to digital books.  The key value of qualitative studies in this area is the theoretical extension they provide to cognitive models of reading, including the focus on socio-emotional outcomes and corporal responses to texts.  For example, using social semiotics, Sumin and Unsworth (2016) studied a selection of children’s digital interactive books and concluded that ‘they make explicit and salient the interpersonal dimension of the story, in particular the shifts in emotion, by allowing the user to change the ambience at various points of the story using the swiping gesture’ (p.96).  The researchers suggest that this brings the reader closer to the emotional life of the main character, meaning that the reader can better empathise with the character.

In addition to mental or intellectual processing, reading involves a range of emotional and social responses and it evokes corporal and physical responses, which ‘merit more scholarly attention in a time when reading texts on the substrate of paper (print) gives way to reading on an increasing diversity of screens’ (Mangen, 2016, p.458).  The use of touchscreens implies that children employ a wider range of touch movements than they do when manipulating paper-based resources.  These include tapping, pressing, scratching and, when adding their own drawings and early marks, also using straight and circular strokes (Price, Jewitt, and Crescenzi, 2015).  Importantly, the touch-sensitivity of touchscreens can influence children’s subsequent fine-motor development, which is as an important developmental milestone (Bedford et al., 2016).

Children’s embodied responses can be studied in the moment of interaction, but also in relation to their accumulation over time (see Mackey, 2016).  While print-based books preserve traces of frequent use and touch on their pages, digital books can change in content as updated versions of the same book become available, or as parents and children modify the book’s content.  The flexibility of the digital format is likely to affect parent- child interaction in a different way than sharing a static printed book.  In particular, repeated readings of digital books include new contents, which is not the case with print books.  Longitudinal studies will be required to elucidate how digital books affect children’s preferences for specific books and their lifelong love of reading.
Method assemblage.  There is no easy way to reconcile contrasting disciplinary discourses and the often-reported gap between practice and research in children’s digital media (see Vaala, Ly & Levine, 2015), but we can go some way in recognising the value of mixed method and multidisciplinary approaches.  Burnett (2016) draws on Law’s (2004) notion of ‘method assemblage’ and argues that multiple methodological lenses and multiple variables of interventions, lead to a fuller understanding of the value of heterogeneous phenomena.  In a similar vein, MacLure (2006, 2010) argues that the methods of a rich theory should be “baroque”, a concept that was also employed by Burnett and Merchant (2014; 2016) to highlight the complexity and diversity of children’s literacy practices in virtual worlds. 
The use of multiple methods would better correspond to the complex and uncertain nature of interactivity in children’s digital books.  As argued in relation to interactive media and children’s development more generally (see Barr & Linebarger, 2016), individual disciplines and their methodologies can be foregrounded depending on the context and content of digital reading.

Design and practical recommendations

For optimal user experience, designers need to consider the individual ingredients of interactivity and selectively choose their incorporation into children’s digital interactive books. Correspondingly, more detailed considerations of the purpose and value of individual types of interactivity should be introduced into the evaluation criteria of children’s digital books. Some databases and evaluation frameworks don’t mention interactivity at all; for example, The Apps Playground database categorises apps in terms of educational, playful and creative learning. Some evaluation frameworks use simplified definitions of interactivity, which is a pragmatic, but often imprecise criterion of quality. While the five key ingredients of interactivity might be too complex to communicate to all children’s caregivers, they could be used to refine the interactivity criteria used by the database curators and contributors. 

Educational professionals need to be made aware of the shortcomings of current research on digital interactive books, with particular reference to the methodological and empirical inconsistencies. It is essential that researchers help this process by spelling out their findings and approaches in clear language and involve educators in their discussions (e.g., by producing freely available research summaries for online publications or professional magazines). As I argued before in relation to educational apps (Kucirkova, 2016), a close collaboration between researchers, designers and teachers is possible and desirable for educational technology and this extends to digital interactive books.

To conclude, this theoretical and empirical review makes it clear that to avoid technological or social determinism, we need to diversify our methods, develop more discriminating definitions of individual ingredients of interactivity in children’s digital books, and integrate more heterogeneous perspectives for its research.  It is only when this synergy is achieved that we can develop unbiased recommendations for practice and design of children’s digital books.
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