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  Introduction  

 In 2016, approximately 3.8 million children in the United States entered public school kinder-
gartens ( NCES, 2016 ) joining the estimated 656 million children of primary-school age world-
wide ( United Nations Department of Economic and Social Affairs, 2017  ), where they embarked 
on a journey of learning to read and write, skills that will carry them through high school and 
beyond. For up to 20% of these children across different languages and countries, this journey 
carries with it a risk of school failure due to an inability to learn to read as expected ( Brunswick 
et al., 2010  ;  Elliott & Grigorenko, 2014  ;  Görker et al., 2017 ;  Shaywitz et al., 1990 ;  Ziegler & 
Goswami, 2005 ). Intervention research demonstrates that targeted, evidence-based programs 
in kindergarten and fi rst grade can substantially improve reading outcomes for those children 
who require intensive intervention in order to become successful readers (e.g.  Catts et al., 2015 ; 
 Fricke et al., 2013 ;  Hatcher et al., 1994 ;  Hatcher et al., 2004 ;  Torgesen, 2000 ;  Vellutino et al., 
2004 ). However, pre- and beginning readers are not routinely screened for risk in part due to the 
formidable logistical and fi nancial challenges of providing millions of children with a full clinical 
assessment of the language and cognitive skills that are precursors to reading. One solution to the 
impracticality of administering a full diagnostic assessment to every child is a rapid screener that 
would identify children with an elevated risk of reading failure. Such a screener would provide a 
systematic and reliable basis for close monitoring and evidence-based instruction within a gen-
eral education setting. Further, a screener that pointed to resources, teacher-training opportuni-
ties and evidence-based instructional strategies could aid parents, daycare providers and teachers 
to address weaknesses in the component skills of reading before or without formal diagnosis. In 
the following sections, we fi rst describe the research on reading demonstrating that early screen-
ing is not only feasible but also necessary in order to prevent reading failure. Next, we outline 
the critical components of a high-quality screening tool for early reading risk and describe the 
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unique supports and considerations that digital technologies, and in particular tablet apps, bring 
to bear on screening young children. We share our app development process as one example of 
the ways in which mobile technology can serve as a tool for the assessment of risk. Finally, we 
highlight potential clinical and educational implications of early screening. 

  Typical reading development   

 For individuals with typical reading development, reading may be an effortless and automatic 
activity. However, underlying skilled reading is a multifaceted network of competencies for both 
understanding language meaning and recognizing printed words ( Rumelhart, 1994 ;  Scarbor-
ough, 2001 ;  Vellutino et al., 2007 ). General language competencies include knowledge of word 
meanings, facts and concepts, as well as mastery of grammar and the structure of language at the 
sentence, text and discourse levels ( Flax et al., 2009 ;  Hemphill & Tivnan, 2008 ;  Scarborough, 
2001 ). Word recognition requires skill with phonology, the sounds of a language, and orthogra-
phy, the written symbols associated with those sounds ( Stanovich & West, 1989 ). In addition, the 
automatic recognition of familiar sight words is essential to fl uent and rapid reading, particularly 
in languages such as English in which there are frequent exceptions to regular ‘rules’ for spelling 
and sound correspondence ( Cunningham & Stanovich, 1997 ). Thus, children must learn both 
to understand a spoken system of language and also to decipher printed words corresponding 
to that oral language by recognizing patterns in sound and visual symbols in order to become 
successful readers. 

 Predictive indicators of general language and printed word-reading competencies can be 
found even before children have begun to read:  vocabulary knowledge  and  oral sentence comprehen-
sion measure  early oral language skills upon which later reading comprehension and reading 
fl uency depend ( Catts et al., 2016 ;  Hulme et al., 2015 ).  Phonological awareness  and  phonological 
memory  are indicators of pre-readers ability to perceive, remember and manipulate the sounds 
that distinguish words, and  rapid automatized naming  and  letter-sound  knowledge demonstrate 
pre-readers ability to integrate oral and visual symbols in language. Remarkably although these 
constructs do not directly involve reading words or text, in preschool and kindergarten these six 
constructs are good predictors of later reading success and failure ( Catts et al., 2015 ;  Gilger et al., 
1996 ;  Lyytinen et al., 2015 ;  Pennington & Lefl y, 2001 ;  Scarborough, 1989 ;  Snowling et al., 2003 ; 
 Snowling & Melby-Lervåg, 2016 ;  Torgesen, 2000 ).  

  Atypical reading development   

 Although individuals typically display a broad spectrum of ability in both reading and its precur-
sor skills ( Snowling et al., 2003 ), in this article we address the lower end of the spectrum, termed 
in the clinical literature ‘specifi c learning disability in reading’ or ‘developmental dyslexia’. We 
understand this condition from a developmental perspective as an atypical, neurocognitive vari-
ation ( Gilger & Kaplan, 2001 ), and one that bears profound consequences for children’s educa-
tional success in a modern learning environment that heavily relies upon fl uent, rapid reading. 
When individuals with such variation, which we call ‘reading diffi culties’ in this article, do not 
receive appropriate intervention, the consequences can be devastating: children who do not 
learn to read in elementary school risk not only academic failure but also the social and psy-
chological consequences of this failure that include poor self-esteem, anxiety and negative life 
outcomes ( McArthur et al., 2016 ;  Mugnaini et al., 2009 ;  Quinn et al., 2001  ). These negative 
outcomes may be preventable as early differences in the component skills that are foundational 
for reading can be detected in preschool and kindergarten. Early detection of reading risk is 
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especially important as the earlier intervention occurs in a child’s schooling, the more successful 
the intervention is likely to be ( Hatcher et al., 1994 ;  Wanzek et al., 2013 ). 

 Early timing of intervention is further supported by neurobiology research indicating that 
the development of networks of brain regions commonly associated with language and the 
integrative processing required in skilled reading is infl uenced by modifi able factors such as 
practice with language and literacy in addition to environmental factors such as socioeconomic 
status (e.g. years of parental education), and also genetics ( Logan et al., 2013 ;  Norton et al., 2015 ; 
 Ozernov-Palchik et al., 2016 ;  Taylor et al., 2010 ). Variations in reading abilities are associated 
with neurobiological differences that emerge early in brain development, particularly in left-
hemispheric areas and networks related to reading ( Ozernov-Palchik et al., 2016 ). Brain dif-
ferences in these reading-related regions are already evident in infants ( Leppänen et al., 2010 ; 
Langer et al., 2017) and pre-reading children (Raschle et al., 2012) who have a family history of 
reading diffi culty suggesting that atypical brain characteristics may predate reading failure and 
can be targeted even before children learn to read. 

 Although evidence from neurobiology, intervention research and clinical psychology sup-
ports the effi cacy of early identifi cation and intervention before children have begun to fail, in 
the U.S. children are often referred to clinical evaluation only after several years of failing to 
learn to read as expected, and the process of determining need for intervention is a lengthy one, 
often taking many months. In many schools, children do not receive intensive intervention until 
the third grade or later, when they have failed to learn to read and are also well past the optimal 
window for intervention (  Ozernov-Palchik & Gaab, 2016 ). This late timing of intervention 
has limited effi cacy: children who start out as below-average readers in fi rst grade, on average, 
continue to show below-average performance in fourth grade ( Juel, 1988) and on into high 
school ( Landerl & Wimmer, 2008 ;  Shaywitz, 1999  ).  

  Early identifi cation and screening   

 As research demonstrates, early identifi cation and instructional support can provide a viable alter-
native to reading failure ( Hatcher et al., 1994 ;  Torgesen, 2000 ;  Wanzek et al., 2013 ). Based on 
the research discussed in the previous paragraph examining predictors of reading outcomes, we 
propose that an early screener for reading diffi culties in preschool and early kindergarten should 
evaluate seven indicators: phonological awareness, phonological memory, rapid naming, letter-
sound knowledge, vocabulary, oral comprehension and familial risk for reading diffi culty. With 
such a screener, we might support individual needs and risk profi les within the home, community 
or general education context. In this way, early diffi culties with language or other foundational 
skills that are crucial for skilled reading may be remediated through intensive and evidence-based 
responses to screening such that later clinical diagnoses are tempered or not required. 

 The idea that early support for reading development is effi cacious and desirable is certainly 
not new: the importance of pre-reading literacy skills and kindergarten and pre-literacy inter-
vention strategies that address those skills has also long been recognized in educational research 
and practice ( Lonigan et al., 2011  ;  Snow et al., 1998 ) and has resulted in numerous early lit-
eracy assessment tools. A large proportion of these rely upon word reading with the result that 
their predictive power depends upon previous exposure to decoding instruction. While fl uent 
word reading in and after fi rst grade does predict later reading outcomes, word-reading tasks 
are unable to distinguish children at risk for reading failure without prior instruction. Thus for 
the purpose of pre-reader screening, we discuss in the next section only those early literacy 
assessments that do not rely on word reading. These measures can be divided into three general 
categories: composite batteries, curriculum-based formative assessments, and rapid screeners.  
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  Overview of existing early literacy screeners   

 Perhaps the most effective and widely available current screening batteries for pre-readers are 
composites of diagnostic standardized assessments that include all key component areas of pho-
nological awareness, phonological memory, rapid automatized naming, letter (sound) knowl-
edge, vocabulary and oral language comprehension. These largely non-digital assessments are 
conducted one-on-one by a professional with a child using visual stimuli in paper presentation 
books and/or recorded audio stimuli played on a recorder or MP3 player. While currently no 
single commercial battery encompasses all component areas, clinical or school evaluators and 
testing companies are able to compose ‘packages’ of assessments that are tailored for the screen-
ing of young children and generally include tasks that have been validated and nationally nor-
med with young children. Children’s performance is scaled on a normative distribution with 
the lowest quantiles as markers of risk (although many measures were normed on relatively 
small and non-representative samples). Composite batteries have high reliability and validity as 
well as predictive value demonstrated in scientifi cally validated research and are ideal for clinical 
diagnosis. However as screeners, composite batteries are extensive and often time-consuming, 
requiring anywhere from one to three hours to complete. Clinical batteries of standardized 
assessments require trained staff to administer tasks to children on a one-to-one basis, score 
children’s responses, and interpret the results for a lay audience. Most standardized assessments 
are costly and sold under requirement of extensive clinical or academic training at the graduate 
level, a staffi ng resource not available to most schools and clinics for screening all pre-readers. 
Thus, although composite batteries are effective and comprehensive diagnostic tools, they are 
not a feasible method of widely screening pre-readers for reading risk. 

 Pre-readers may also be screened through curriculum-based, formative early literacy assess-
ments evaluating the child’s progress in a sequence of curricular program objectives, levels or 
benchmarks. Often employed as program screeners, these formative assessments are less expen-
sive and time-consuming than composite batteries, requiring from only four to sixty minutes to 
administer. Although many curriculum-based assessments are only available in paper-and-pencil 
format, others are digital and may even incorporate game-like elements such as animated charac-
ters, goals and rewards to motivate completion when measuring multiple, independent compo-
nent skills. Intended for use on a large-scale, potentially with all children in a classroom or entering 
a school, these tests are often more user-friendly than standardized batteries and may require 
little to no training to administer while providing automated scoring and interpretive reports. In 
addition, tools published by universities or education districts may have been reported in peer-
reviewed forums and have passed through psychometric validation studies. However, formative 
assessments generally focus on proximal skills salient in the classroom environment, are oriented 
towards next steps for instruction in specifi c curricular programs and are criterion- rather than 
norm-referenced. Often not constructed to provide a normative testing distribution, they may 
lack sensitivity or specifi city to accurately identify individual children who fall in a critically low 
quantile of the population as a whole ( Catts et al., 2009 ;  Jenkins et al., 2007 ;  Johnson et al., 2009 ). 

 The third and rapidly growing category of reading screening tools comprises rapid screen-
ers, defi ned as brief curriculum-independent assessments whose goal is a fast but sensitive and 
specifi c, categorical classifi cation of children as at-risk or not for later reading failure (  Johnson 
et al., 2009 ). Several screeners, though of uncertain effi cacy, exist in questionnaire format. Most 
validated pre-reading screeners directly test one or more of the component skills of reading: 
those that assess multiple reading components have higher sensitivity and specifi city than those 
that target a single skill (  Jenkins et al., 2007 ;  Ozernov-Palchik et al., 2017 ). There is currently 
not one screener that directly tests all seven optimally predictive components outlined earlier, 
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and phonological awareness and/or letter-sound knowledge are the most common sub-skills 
evaluated. Many screeners are paper-based, though digital tests are increasingly available from 
private commercial entities or public initiatives by states and institutes of higher education. 
While some commercial screeners are costly, others, often online screeners are easily accessible, 
available at low-cost, and generally do not require extensive training to administer while pro-
viding automated scoring and score interpretation. Furthermore, digital technology has enabled 
some of these tools to incorporate creativity and imagination in engaging children through 
game-like tasks. For example, the need to evaluate multiple disparate component skills is well-
served both by the content gamifi cation of a meaningful story line and animated characters and 
also by structural gamifi cation features such as a journey or quest, badges, points and levelled 
play ( Deterding et al., 2011 ). However, the principal drawback of many commercial rapid online 
screeners is their lack of psychometric evaluation: only eight of the over fi fty rapid pre-reader 
screeners we examined for the purpose of this paper have published peer-reviewed validation 
studies, all emerging from state or public institution screening initiatives. While rapid digital 
screeners hold great promise for the future of reading risk screening, it is critical that these tests 
be constructed in a valid and scientifi cally supported manner, provide a normative score indicat-
ing risk, and encompass the pre-reading skills that have been demonstrated to predict later read-
ing success ( Glover & Albers, 2007 ). As there is no single screener that meets all of these criteria, 
at present a comprehensive reading screening initiative must employ several disparate tools for a 
comprehensive assessment of reading risk.  

  Developing a tablet screener   

 One way in which an optimal screening tool can be constructed to be resourceful, comprehen-
sive and developmentally appropriate is through the incorporation of mobile digital technolo-
gies. Tablets and mobile apps incorporate features that are uniquely suited to the developmental 
capabilities of the young child: in 2013, an average of 72% of U.S. preschoolers engaged with 
mobile technology on a daily basis ( Rideout et al., 2013 ). Touch technology accommodates 
young children’s still-developing fi ne motor capacities by allowing simple gestures to convey 
complex intentions (Rust et al., 2014). Individualized feedback provides cognitive scaffold-
ing through hints or cues and also affective scaffolding through verbal encouragement and 
other forms of extrinsic reward ( Yelland & Masters, 2007 ). Advances in hardware technology 
allow devices to be constructed at a comfortable handling weight and size for young children 
( Petersen, 2015 ). While research is still inconclusive regarding best practices for integrating tech-
nology into children’s learning in developmentally benefi cial ways ( Spektor-Levy et al., 2017 ), 
as the chapters by Sylva and Roberts and by Lee in this volume discuss, tablets and mobile apps 
are a highly accessible technology for young children facilitating not only entertainment, but 
also social interaction and educational content. 

 Beyond interaction and instruction, mobile technology is rapidly becoming an integral tool 
in clinical assessment. Digital formats allow item presentation to be highly standardized and 
precisely timed ( Hadwin et al., 2005 ;  Singleton, 2001 ). Internet server connectivity as well as 
local data storage in mobile devices permit both data retention and transfer avoiding data loss 
and enabling collection and sorting of large datasets for psychometric analysis and the creation 
of baseline norms ( Santos-Febles et al., 2015 ). Secure cloud-based web services provide the 
capability to store and aggregate large-scale data compliant with health privacy laws facilitating 
updates of norms, stimuli and software. Mobile clinical testing apps can be especially useful in 
contexts in which full assessment in a clinic or hospital is simply not possible, overcoming the 
limitations of geographically remote or resource-restricted environments. As we have described, 
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one such context in which clinical assessment is often sorely needed but infeasible using non-
digital tools is that of preschool screening. 

 Consequently, we set out to construct a pre-reader screening tool that would be compre-
hensive and yet short, psychometrically valid yet not require extensive tester credentialing, and 
effi cient yet engaging and developmentally appropriate while keeping in mind the advantages 
and challenges of composite batteries, formative assessments and digital screeners. We envi-
sioned a screening app as a cost-effective, mobile platform that could be readily accessed in 
a variety of settings. Designed as a 30-minute interactive and engaging game, the app would 
screen for early indicators of atypical reading development. Free or low-cost, wide distribution 
would allow large data aggregation and a dynamic standardization process with norms updated 
on an ongoing basis and refi ned for validity with local populations. After screening, the support-
ing adult would receive a risk profi le and a set of activities, downloadable curricula, illustrative 
videos, resource list and recommendations for next steps. These would be targeted specifi cally 
for educators, clinicians and parents as evidence-based strategies that would give all children the 
opportunity to reach their full reading potential (see earlier references). 

 Constructing a tablet-based risk screener ideally involves four phases: 1) task and stimu-
lus design, 2) pilot testing and initial psychometric review, 3) validation and norming, and 4) 
development of evidence-based supports. We consider here the fi rst design phase in which, 
based on prior research, we chose the fi ve pre-reading components: phonological awareness, 
phonological memory, letter-sound knowledge, rapid naming and the family history of reading 
diffi culty and the two language components, vocabulary and oral language comprehension that 
are most predictive of future reading abilities (see earlier discussion). For each of these compo-
nents, we carefully examined the validated, standardized tasks used in composite batteries and 
peer-reviewed studies (e.g.,  Catts et al., 2005 ;  Chiat & Polisenska, 2016  ;  Norton & Wolf, 2012 ; 
 Ozernov-Palchik et al., 2017 ;  Pennington & Lefl y, 2001 ;  Scarborough, 1989 ). 

 For digital tools in particular, this fi rst phase provides a crucial opportunity to consider the 
match (or mismatch) between ideal test design and technology implementation. We next pro-
vide three examples of the ways in which the benefi ts and constraints of the digital format are 
considered during design: in item selection, response modality, and motivation.  

  Design examples   

 First, while each subtest of a psychometrically validated composite battery may consist of tens 
of items requiring up to forty-fi ve minutes administration time, a useful rapid screener must 
assess all seven features of reading risk in a relatively short period of time without the presence 
of a trained evaluator. While digital formative measures can use computer-adaptive testing tech-
niques to rapidly shift to items that match a child’s skill level, for a normative assessment the 
psychometric requirements of item response theory require a consistent item set to be admin-
istered ( Hadwin et al., 2005 ). Thus, instead of providing the full formative range of evaluation, 
a normative risk screener in development must be brief by focusing on a limited but consistent 
item set discriminating children at-risk from those not at-risk. In our app, we therefore included 
only items that bordered the divide between at-risk and average skill levels eliminating very easy 
items that even at-risk children would be expected to get correct as well as very diffi cult items 
that only advanced children would be likely to master. Psychometric considerations thus did 
not allow us to avail of computer-adaptive capabilities while timing considerations required us 
to defi ne a restricted and optimally discriminant item set. 

 The balance of digital capabilities with appropriate testing methodology is also refl ected 
in choices regarding response modality that potentially impact the assessment’s developmental 
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suitability for the child. For example, vocabulary can be evaluated receptively by speaking the 
name of an object, such as an orange, and having the child point to (or touch) a picture of the 
object, or expressively by displaying an orange and asking the child for its name or for an alter-
nate name if the child provides a broad category, such as ‘fruit’ instead of ‘orange’. In a mobile 
app environment without a trained test administrator, speech recognition software would be 
required to record, score, and potentially provide immediate feedback to a child’s response in 
a productive task; this immediate feedback is not currently technically feasible. One drawback 
of receptive tasks, though, is that they are fundamentally multiple-choice activities. A child 
may pick a correct object simply by chance and the fewer choices presented, the higher the 
probability that the child receives a correct score. The common testing solution of providing 
many choices may be counterproductive as the visual and fi ne motor skills of preschoolers 
are still developing and may result in tapping errors when the correct response area is small 
( McKnight & Fitton, 2010 ). On the other hand, confi rmatory gestures such as double-taps or 
object-dragging used for older children and adults may be diffi cult for young children ( Dubé & 
McEwen, 2017 ;  Vatavu et al., 2015 ). 

 Although computer-adaptive testing and speech recognition capabilities of the digital format 
might be unsuitable for shortening task length or for speech recognition of expressive vocabu-
lary, in other cases digital technologies can facilitate resourceful screening, for example with 
rapid naming. Rapid automatized naming is an inherently expressive task: in the rapid object 
naming format, this task requires the child to name familiar objects in several rows of pictures 
as quickly as possible while the child’s score is based upon the time required to complete all 
rows. Rapid automatized naming is the least commonly assessed component skill of reading 
in current digital screeners, perhaps in part due to the diffi culty of capturing speech onset and 
offset times. However, rapid naming tasks are in fact good candidates for digital analysis because 
speech scoring is relatively simple: fi rst, because there is a limited set of words the software must 
identify and second, because scores do not depend upon fi ne differences in pronunciation of 
the object names or computer feedback during the task. Although immediate scoring is not 
presently technologically feasible, voice recordings can be stored and transmitted online for later 
automated analysis and reporting. Whether or not the digital format supports a particular task 
or response modality therefore depends not simply upon the modality itself but also upon the 
task goal and response evaluation criteria. 

 In addition to item selection and response modality, user motivation provides a third example 
of balance between optimal test design and digital implementation. The engaging game play 
of many rapid digital screeners illustrates how an imaginative narrative in a gamifi ed scene can 
keep children attentive to and engaged in tasks they often fi nd boring or frustrating in traditional 
psychometric batteries ( Brewer et al., 2013 ). Motivational principles such as novelty, e.g., in 
exploring a virtual world that can be interspersed with elements of surprise; reward, e.g., for 
completing tasks or staying engaged in the game; and social interaction and approval, e.g., from 
a virtual ‘friend’ (Dichev & Dicheva, 2017) engage children just as adults. For preschoolers, 
however, it is important to keep in mind potential developmental differences that impact their 
interaction with gamifi cation elements. For example, in more demanding language-based tasks 
requiring inhibitory control, children do not begin to consistently demonstrate theory of mind, 
a construct that refl ects a person’s ability to understand another’s point of view or imagine 
themselves in another’s place, until around the age of three or four years old even though 
they may possess this capacity as toddlers ( Scott & Baillargeon, 2017 ). Participating in gamifi ed 
role-play thus requires metacognitive skills and information-processing capacities that may be 
challenging for preschoolers. In addition, young children may be more easily distracted than 
older children or adults from the primary assessment task by excessive visual detail, extraneous 
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sounds, or challenging physical interactions such as dragging and dropping ( Brewer et al., 2013 ). 
Further, they may not be able to decipher an ambiguous or complex screen interface ( Dubé & 
McEwen, 2017 ;  Masood & Thigambaram, 2015 ). An optimal interface for young children is 
thus relatively simple, well-guided and sparse, while retaining the basic motivational elements of 
novelty, reward and social interaction. 

 As the examples of item selection, response modality and motivation demonstrate, the fi rst 
design phase of a tablet-based screening tool requires a fi ne balance among what is techno-
logically feasible, psychometrically valid and developmentally appropriate. Although we do not 
describe these in detail for the purposes of this chapter, there are three additional phases equally 
critical for constructing an effective screener. First, stimuli must be pilot-tested and test items 
must be reviewed for psychometric properties. Second, validation, norming and standardization 
studies must be conducted and submitted for peer-review of results. Third, practitioner tools 
and references must be constructed so that skills fl agged as needing support can be accompanied 
by practical and evidence-based resources. Only after all four phases are complete is a screener 
ready for public dissemination.  

  Clinical and educational implications   

 Our knowledge about the neurobiological origins of atypical reading development and the 
effectiveness of early intervention was made possible by neuropsychological studies and con-
fi rmed and refi ned in recent decades by brain imaging research. Complementary advances in 
child-friendly technologies such as tablets and mobile apps make the utilization of this knowl-
edge for early universal reading risk screening feasible. Screening is crucial because early risk 
for reading diffi culties is not deterministic: cognitive, perceptual, genetic and neurobiological 
factors interact with the home and educational environment to shape the child’s developing 
brain and later reading ability ( Peterson & Pennington, 2015 ). Providing schools, clinics and 
communities with a digital, cost-effective and effi cient, scientifi cally validated tool for early risk 
identifi cation can potentially impact positively upon the lives of thousands of children who 
would no longer be required to fail to learn to read in order to receive support to learn to read. 
We end with a caution, however, that an effi cient screening tool will be of little use if children 
do not subsequently receive evidence-based supports through close monitoring, instruction and 
potentially, further diagnostic evaluation. In addition, the supports must target the specifi c read-
ing components fl agged in the screener ( Glover & Albers, 2007 ), whether phonological aware-
ness and memory, letter-sound knowledge, rapid naming, vocabulary or oral comprehension. If 
universal screening of pre-readers as well as evidence-based responses to screening for children 
found to have elevated risk are in place, early and customized remediation programs, ideally 
delivered through well-trained teachers within general education, may in the future be possible 
for all children. Such programs themselves may have a ripple-up effect in terms of resource sav-
ings and academic improvement as remediation in the early grades is more effi cient and effective 
than in later years and leads to improved academic, psychological and social development for 
children formerly at risk of reading and thus academic failure.   

   References 

 Brewer, R., Anthony, L., Brown, Q., Irwin, G., Nias, J. and Tate, B. (2013)  Using gamifi cation to motivate chil-
dren to complete empirical studies in lab environments . New York: ACM Press, pp. 388–391.  

 Brunswick, N., McDougall, S. and de Mornay Davies, P. (2010)  Reading and dyslexia in different orthographies . 
Hove: Psychology Press, Taylor & Francis.  

15031-2365d-1pass-r02.indd   400 11/27/2018   11:41:46 PM



Using tablet technology in preschool

401

 Catts, H., Petscher, Y., Schatschneider, C., Sittner Bridges, M. and Mendoza, Katherin. (2009) Floor effects 
associated with universal screening and their impact on the early identifi cation of reading disabilities. 
Journal of Learning Disabilities  42 (2), 163–176.  

 Catts, H.W., Adlof, S.M., Hogan, T.P. and Weismer, S.E. (2005) Are specifi c language impairment and 
dyslexia distinct disorders?  Journal of Speech Language and Hearing Research  48 (6), 1378.  

 Catts, H.W., Nielsen, D.C., Bridges, M.S., Liu, Y.S. and Bontempo, D.E. (2015) Early identifi cation of read-
ing disabilities within an RTI framework.  Journal of Learning Disabilities  48 (3), 281–297.  

 Catts, H.W., Nielsen, D.C., Bridges, M.S. and Liu, Y.-S. (2016) Early identifi cation of reading comprehen-
sion diffi culties.  Journal of Learning Disabilities  49 (5), 451–465.  

 Chiat, S. and Polišenská, K. (2016) A framework for crosslinguistic nonword repetition tests: Effects of 
bilingualism and socioeconomic status on children’s performance.  Journal of Speech, Language, and Hear-
ing Research  59 (5), 1179–1189.  

 Cunningham, A.E. and Stanovich, K.E. (1997) Early reading acquisition and its relation to reading experi-
ence and ability 10 years later.  Developmental Psychology  33 (6), 934.  

 Deterding, S., Dixon, D., Khaled, R. and Nacke, L. (2011) From game design elements to gamefulness: 
Defi ning gamifi cation. In  Proceedings of the 15th international academic MindTrek conference: Envisioning 
future media environments . New York: ACM Press, 9–15.  

 Dichev, C. and Dicheva, D. (2017) Gamifying education: What is known, what is believed and what remains 
uncertain: A critical review.  International Journal of Educational Technology in Higher Education  14, 9.  

 Dubé, A.K. and McEwen, R.N. (2017) Abilities and affordances: Factors infl uencing successful child – 
tablet communication.  Educational Technology Research and Development  65 (4), 889–908.  

 Elliott, J.G. and Grigorenko, E.L. (2014)  The dyslexia debate . Cambridge: Cambridge University Press.  
 Flax, J.F., Realpe-Bonilla, T., Roesler, C., Choudhury, N. and Benasich, A. (2009) Using early standardized 

language measures to predict later language and early reading outcomes in children at high risk for 
language-learning impairments.  Journal of Learning Disabilities  42 (1), 61–75.  

 Fricke, S., Bowyer-Crane, C., Haley, A.J., Hulme, C. and Snowling, M.J. (2013) Effi cacy of language inter-
vention in the early years.  Journal of Child Psychology and Psychiatry, and Allied Disciplines  54 (3), 280–290.  

 Gilger, J.W. and Kaplan, B.J. (2001) Atypical brain development: A conceptual framework for understand-
ing developmental learning disabilities.  Developmental Neuropsychology  20 (2), 465–481.  

 Gilger, J.W., Lyytinen, H., Ahonen, T., Leiwo, M. and Lyytinen, P. (1996) A longitudinal study of Finnish 
families genetically at risk for developmental reading disorder: Preliminary data on the ability of paren-
tal variables to predict early infant ERP and motor skills.  Behavior Genetics  26 (6), 585–585.  

 Glover, T.A. and Albers, C.A. (2007) Considerations for evaluating universal screening assessments.  Journal 
of School Psychology  45 (2), 117–135.  

 Görker, I., Bozatli, L., Korkmazlar, U., YüCel Karadag, M., Ceylan, C., Sogut, C., . . . Turan, N. (2017) 
The probable prevalence and sociodemographic characteristics of specifi c learning disorder in primary 
school children in Edirne.  Nöro Psikiyatri Arşivi  54 (4), 343–349.  

 Hadwin, A.F., Winne, P.H. and Nesbit, J.C. (2005) Roles for software technologies in advancing research 
and theory in educational psychology.  British Journal of Educational Psychology  75 (1), 1–24.  

 Hatcher, P.J., Hulme, C. and Ellis, A.W. (1994) Ameliorating early reading failure by integrating the teach-
ing of reading and phonological skills: The phonological linkage hypothesis.  Child Development  65 (1), 
41–57.  

 Hatcher, P.J., Hulme, C. and Snowling, M.J. (2004) Explicit phoneme training combined with phonic read-
ing instruction helps young children at risk of reading failure.  Journal of Child Psychology and Psychiatry, 
and Allied Disciplines  45 (2), 338–358.  

 Hemphill, L. and Tivnan, T. (2008) The importance of early vocabulary for literacy achievement in high-
poverty schools.  Journal of Education for Students Placed at Risk  13 (4), 426–451.  

 Hulme, C., Nash, H.M., Gooch, D., Lervåg, A. and Snowling, M.J. (2015) The Foundations of Literacy 
Development in Children at Familial Risk of Dyslexia.  Psychological Science  26 (12), 1877–1886.  

 Jenkins, J.R., Hudson, R.F. and Johnson, E.S. (2007) Screening for at-risk readers in a Response To Inter-
vention framework.  School Psychology Review; Bethesda  36 (4), 582–600.  

 Johnson, E.S., Jenkins, J.R., Petscher, Y. and Catts, H.W. (2009) How can we improve the accuracy of 
screening instruments?  Learning Disabilities Research & Practice  24 (4), 174–185.  

 Juel, C. (1988) Learning to read and write: A longitudinal study of 54 children from fi rst through fourth 
grades.  Journal of Educational Psychology  80 (4), 437.  

 Landerl, K. and Wimmer, H. (2008) Development of word reading fl uency and spelling in a consistent 
orthography: An 8-year follow-up.  Journal of Educational Psychology  100 (1), 150.  

15031-2365d-1pass-r02.indd   401 11/27/2018   11:41:46 PM



Leon Guerrero et al.

402

 Langer, N., Peysakhovich, B., Zuk, J., Drottar, M., Sliva, D.D., Smith, S., . . . and Gaab, N. (2017) White 
matter alterations in infants at risk for developmental dyslexia.  Cerebral Cortex  27 (2), 1027–1036.  

 Leppänen, P.H.T., Hämäläinen, J.A., Salminen, H.K., Eklund, K.M., Guttorm, T.K., Lohvansuu, K., . . . 
Lyytinen, H. (2010) Newborn brain event-related potentials revealing atypical processing of sound 
frequency and the subsequent association with later literacy skills in children with familial dyslexia. 
Cortex  46 (10), 1362–1376.  

 Logan, J.A., Hart, S.A., Cutting, L., Deater-Deckard, K., Schatschneider, C. and Petrill, S. (2013) Read-
ing development in young children: Genetic and environmental infl uences.  Child Development  84 (6), 
2131–2144.  

 Lonigan, C.J., Allan, N.P. and Lerner, M.D. (2011) Assessment of preschool early literacy skills: Linking 
children’s educational needs with empirically supported instructional activities.  Psychology in the Schools  
48 (5), 488–501.  

 Lyytinen, H., Erskine, J., Hämäläinen, J., Torppa, M. and Ronimus, M. (2015) Dyslexia – early identifi ca-
tion and prevention: Highlights from the Jyväskylä Longitudinal Study of Dyslexia.  Current Developmen-
tal Disorders Reports  2 (4), 330–338.  

 Masood, M. and Thigambaram, M. (2015) The usability of mobile applications for pre-schoolers.  Procedia – 
Social and Behavioral Sciences  197 (Supplement C), 1818–1826.  

 McArthur, G., Castles, A., Kohnen, S. and Banales, E. (2016) Low self-concept in poor readers: Revalence, 
heterogeneity, and risk.  PeerJ  4, e2669.  

 McKnight, L. and Fitton, D. (2010) Touch-screen technology for children: Giving the right instructions 
and getting the right responses. In  Proceedings of the 9th international conference on interaction design and 
children . New York: ACM Press, 238–241.  

 Mugnaini, D., Lassi, S., Malfa, G.L. and Albertini, G. (2009) Internalizing correlates of dyslexia.  World Jour-
nal of Pediatrics  5 (4), 255–264.  

 NCES. (2016) Digest of education statistics, 2016.  https://nces.ed.gov/programs/digest/d16/tables/
dt16_203.10.asp .  

 Norton, E.S., Beach, S.D. and Gabrieli, J.D. (2015) Neurobiology of dyslexia.  Current Opinion in Neurobiol-
ogy  30, 73–78.  

 Norton, E.S. and Wolf, M. (2012) Rapid automatized naming (RAN) and reading fl uency: Implications for 
understanding and treatment of reading disabilities.  Annual Review of Psychology  63, 427–452.  

 Ozernov-Palchik, O. and Gaab, N. (2016) Tackling the ‘dyslexia paradox’: Reading brain and behavior for 
early markers of developmental dyslexia.  Wiley Interdisciplinary Reviews: Cognitive Science  7 (2), 156–176.  

 Ozernov-Palchik, O., Norton, E.S., Sideridis, G., Beach, S.D., Wolf, M., Gabrieli, J.D. and Gaab, N. (2017) 
Longitudinal stability of pre-reading skill profi les of kindergarten children: Implications for early 
screening and theories of reading.  Developmental Science  20 (5), e12471.  

 Ozernov-Palchik, O., Yu, X., Wang, Y. and Gaab, N. (2016) Lessons to be learned: How a comprehensive 
neurobiological framework of atypical reading development can inform educational practice.  Current 
Opinion in Behavioral Sciences  10, 45–58.  

 Pennington, B.F. and Lefl y, D.L. (2001) Early reading development in children at family risk for dyslexia. 
Child Development  72 (3), 816–833.  

 Petersen, P. (2015) That’s how much I can do: Children’s agency in digital tablet activities in a Swedish 
preschool environment.  Nordic Journal of Digital Literacy  10 (3), 145–169.  

 Peterson, R.L. and Pennington, B.F. (2015) Developmental Dyslexia.  Annual Review of Clinical Psychology  
11 (1), 283–307.  

 Quinn, M.M., Rutherford Jr, R.B. and Leone, P.E. (2001)  Students with disabilities in correctional facilities . 
ERIC Digest. Washington, DC: U.S. Department of Education.  

 Raschle, N., Zuk, J., Ortiz-Mantilla, S., Sliva, D.D., Franceschi, A., Grant, P.E., . . . Gaab, N. (2012) Pediatric 
neuroimaging in early childhood and infancy: Challenges and practical guidelines.  Annals of the New 
York Academy of Sciences  1252 (1), 43–50.  

 Rideout, V., Saphir, M., Pai, S. and Rudd, A. (n.d.)  Zero to eight: Children’s media use in America 2013 . San 
Fransisco, CA: Common Sense Media.  

 Rumelhart, D.E. (1994) Toward an interactive model of reading. In: Ruddell, R., Ruddell, M. and Singer, 
H. (eds.)  Theoretical models and processes of reading , (4th edition). Newark, DE: International Reading 
Association, 864–894.  

 Rust, K., Malu, M., Anthony, L. and Findlater, L. (2014) Understanding child-defi ned gestures and chil-
dren’s mental models for touchscreen tabletop interaction.  Proceedings of the 2014 Conference on Interaction 
Design and Children . New York: ACM Press, 201–204.  

15031-2365d-1pass-r02.indd   402 11/27/2018   11:41:46 PM



Using tablet technology in preschool

403

 Santos-Febles, E., Reigosa-Crespo, V., García-Liashenko, K., Echemendía, A., Plasencia, E., Pujols, G., . . . 
Eimil, E. (2015) A system to support regional screening programs to identify school-age children at 
risk of neurodevelopmental disorders. In:  World Congress on Medical Physics and Biomedical Engineering, 
June 7–12, 2015, Toronto, Canada . Cham: Springer, 1469–1473.  

 Scarborough, H.S. (1989) Prediction of reading disability from familial and individual differences.  Journal of 
Educational Psychology  81 (1), 101–108.  

 Scarborough, H.S. (2001) Connecting early language and literacy to later reading (dis)abilities: Evidence, 
theory, and practice. In: Neuman, S. and Dickinson, D. (eds.)  Handbook of early literacy research . New 
York: Guilford Press, 97–110.  

 Scott, R.M. and Baillargeon, R. (2017) Early false-belief understanding.  Trends in Cognitive Sciences  21 (4), 
237–249.  

 Shaywitz, S.E., Fletcher, J.M., Holahan, J.M., Shneider, A.E., Marchione, K.E., Stuebing, K.K., . . . and Shay-
witz, B.A. (1999) Persistence of dyslexia: The Connecticut longitudinal study at adolescence.  Pediatrics  
104 (6), 1351–1359.  

 Shaywitz, S.E., Shaywitz, B.A., Fletcher, J.M. and Escobar, M.D. (1990) Prevalence of reading disability in 
boys and girls: Results of the Connecticut longitudinal study.  JAMA  264 (8), 998–1002.  

 Singleton, C. (2001) Computer-based assessment in education.  Educational and Child Psychology  18 (3), 58–74.  
 Snow, C.E., Burns, M.S. and Griffi n, P. (1998)  Preventing reading diffi culties in young children: Committee on the 

prevention of reading diffi culties in young children . Washington, DC: National Research Council.  
 Snowling, M.J., Gallagher, A. and Frith, U. (2003) Family risk of dyslexia is continuous: Individual differ-

ences in the precursors of reading skill.  Child Development  74 (2), 358–373.  
 Snowling, M.J. and Melby-Lervåg, M. (2016) Oral language defi cits in familial dyslexia: A meta-analysis 

and review.  Psychological Bulletin  142 (5), 498–545.  
 Spektor-Levy, O., Plutov, I., Israeli, N. and Perry, N. (2017) Integrating technology in preschool science 

and inquiry. In:  Digital tools and solutions for inquiry-based STEM learning . Hershey, PA: IGI Global, 1–32.  
 Stanovich, K.E. and West, R.F. (1989) Exposure to print and orthographic processing.  Reading Research 

Quarterly  402–433.  
 Taylor, J., Roehrig, A.D., Hensler, B.S., Connor, C. and Schatschneider, C. (2010) Teacher quality moder-

ates the genetic effects on early reading.  Science  328 (5977), 512–514.  
 Torgesen, J.K. (2000) Individual differences in response to early interventions in reading: The lingering 

problem of treatment resisters.  Learning Disabilities Research & Practice  15 (1), 55–64.  
 United Nations, Department of Economic and Social Affairs (2017) World population prospects: The 2017 

revision, key fi ndings and advance tables.  https://esa.un.org/unpd/wpp/Download/Standard/Population/ .  
 Vatavu, R.-D., Cramariuc, G. and Schipor, D.M. (2015) Touch interaction for children aged 3 to 6 years: 

Experimental fi ndings and relationship to motor skills.  International Journal of Human-Computer Studies  
74, 54–76.  

 Vellutino, F.R., Fletcher, J.M., Snowling, M.J. and Scanlon, D.M. (2004) Specifi c reading disability (dyslexia): 
What have we learned in the past four decades?  Journal of Child Psychology and Psychiatry  45 (1), 2–40.  

 Vellutino, F.R., Tunmer, W.E., Jaccard, J.J. and Chen, R. (2007) Components of reading ability: Multivariate 
evidence for a convergent skills model of reading development.  Scientifi c Studies of Reading  11 (1), 3–32.  

 Wanzek, J., Vaughn, S., Scammacca, N.K., Metz, K., Murray, C.S., Roberts, G. and Danielson, L. (2013) 
Extensive reading interventions for students with reading diffi culties after grade 3.  Review of Educational 
Research  83 (2), 163–195.  

 Yelland, N. and Masters, J. (2007) Rethinking scaffolding in the information age.  Computers & Education  
48 (3), 362–382.  

 Ziegler, J.C. and Goswami, U. (2005) Reading acquisition, developmental dyslexia, and skilled reading 
across languages: A psycholinguistic grain size theory.  Psychological Bulletin  131 (1), 3–29.      

15031-2365d-1pass-r02.indd   403 11/27/2018   11:41:46 PM



15031-2365d-1pass-r02.indd   404 11/27/2018   11:41:47 PM


