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Given the increasing use of app books with young children, research is needed to inform their selection and design. Although
broad guidelines exist, more fine-grained guidance is needed. To address this need, we explored the relations among app
books’ digital affordances, readers’ behaviors with these affordances during both buddy and individual reading sessions, and
their individual outcomes. Fifty-three kindergarteners (ages 5.05—6.46 years; M= 5.60, SD= 0.42) read 12 app books twice
each across 24 buddy reading sessions and four app books once each across four individual reading sessions, and their
comprehension was assessed after each individual reading session. Multivariate, mixed response analysis found that (a) when
a greater number of minimum hotspots were available per page, retelling was better; and (b) availability of word hotspots
was linked to better critical thinking/inference outcomes. Implications include choosing app books with affordances that this
study showed support particular reading outcomes, in alignment with instructional goals.
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GiveN the increased use of app books in early childhood edu-
cation, and the broad nature of existing app book selection
guidelines, more fine-grained research is needed on how app
book affordances are related to young children’s reading
behaviors and their reading outcomes (e.g., Brueck, 2013;
Cahill, McGill-Franzen, & Peterson, 2013; International
Reading Association, 2009; Morgan, 2013; Rideout, 2017).
The existing research is limited in four ways. First, only five
out of 18 existing studies focus on app books (Christ, Wang,
Chiu, & Cho, 2019; Christ, Wang, & Erdemir, 2018;
Kucirkova, 2017; Wang, Christ, & Misfud, 2019; Zipke
2017), as compared to CD-ROM books (see Table 1, column
2). The significant differences between CD-ROM and app
books (e.g., their respective features and ways of interacting
with those features) necessitate research specifically on app
books’ affordances (Roskos, Burstein, Shang, & Gray, 2014).
Second, most studies explore reading behaviors in only one
context—that is, buddy reading or individual reading—but
not both (e.g., Christ et al., 2019; Korat & Shamir, 2012;
Shamir, Korat, & Barbi, 2008; Verhallen & Bus, 2010; Wang
et al., 2019; see Table 2, column 5). Given that context can

early literacy, digital affordances, app books, comprehension

affect reading behaviors and outcomes (e.g., Rosenblatt,
1982), exploring these issues across the two most common
contexts for app book reading is important. Third, few studies
focus specifically on how affordance use is related to chil-
dren’s reading behaviors and outcomes (e.g., Christ et al.,
2019; Wang et al., 2019). Most focus on book types, such as
interactive versus static books (e.g., Korat & Shamir, 2012;
Verhallen & Bus, 2010; see Table 2, column 5). Fourth, most
studies that examine digital-affordance variables focus on
just one kind of variable, such as hotspots, or a limited num-
ber of variables, such as hotspots and page turns (e.g., de
Jong & Bus, 2004; Labbo & Kuhn, 2000; Trushell, Maitland,
& Burrell, 2003; see Table 2, column 5). No previous research
has explored all of the available affordance variables in each
book comprehensively in one analysis.

We address these limitations in our study by (a) focusing
on interactive app books; (b) exploring the relations among
affordances, reading behaviors, and reading outcomes; (c)
exploring these relations across two contexts—buddy read-
ing and individual reading; and (d) including all affordance
variables available in the books in one analysis. The goal of

|@ @ @ Creative Commons Non Commercial CC BY-NC: This article is distributed under the terms of the Creative Commons

Attribution-NonCommercial 4.0 License (http://www.creativecommons.org/licenses/by-nc/4.0/) which permits non-commercial
use, reproduction and distribution of the work without further permission provided the original work is attributed as specified on the SAGE and
Open Access pages (https://us.sagepub.com/en-us/nam/open-access-at-sage).


http://doi.org/10.1177/2332858419859843
https://us.sagepub.com/en-us/journals-permissions
http://journals.sagepub.com/home/ero

*(s)j00q [eISIP OWES A} PAsn d[qe) AY) JO UONIISANS B UIIIM 10130501 padnoid sorpmg,

300q 9[pury] & JuIpeal YIM SaInjed) judunsnipe 9zIs juoj pue ‘AIeuoriomp

Bunys1ys1y 9x23-01-yo3ads ‘YoIeas pIoMAIY ‘SUOIILIOUUR PISN SIUIPNIS 0M) MOH [enpIAIpuy SOA I 300q o[pury 010 ‘uosie
SOWO09IN0 0) PIJB[AIL sem 90130eId WOOISSE[O JB[NFaI "SA $]00q INOY
-dD Jo Surpear jurol Moy Sawo9Ino 03 paje[al sem s}0dsjoy pue UOBWIUE "SA 7 3o sdnoi3 #6007 “TTWeys
9InjeaJ ATRUONJIP PUB UONBWIUE “SA UONBIIIUER [)IM SY00q INOY-JD Surpeal Moy 10 [enpIAIpuf ON I NOY-AD 1800¢ ‘Iureys 2 18I0y
SOWO09INO 0] PAJB[AI SBM SIWI) dAIY] "SA AT $Y00q INOY-D Furpear moy L010T ‘nefg 29 18103
£SOWI00IN0 0 PoJE[aI Sem 9o19eId WOooISSEed 710 ‘weys 29 18103
Je[n3aI "SA S2INJBIJ AIRuondIp YIm Jooq INOY-dD polewiue ue 3urpedal MOH ¢ 10 g Jo sdnoin ON 1 WoOd-an ‘0107 ‘ve10y]
+900C
‘Guor op 29 ‘sng ‘US[[BYIOA
SOWO00INO 0} PAje[al Sem SuIpeal Jooq INOY-AD O9PIA “SA d1JeIS MOH [enpIAIpu] SOA I NOY-AD 0102 ‘sng 2 US[[BYIOA
SOWO09IN0 0) PIJB[AI 1M FuIpear
Sunmnp sjodsjoy Jo AjIqe[reae pue 2ouanbas yooq 3ursooyd ‘sa J00q [eHIIp © 0}
Suruaysi| moy <sjodsjoy pasn pue pajesiaeu sdnois moy Jo sonsnels oAndLosaq ¢ Jo sdnoin SO T INOY-AD  S00T ‘PUBpIRIN 2 [[QYSNL],
SOWO00INO 0} Paje[al sem Surpear JuLmp sjodsjoy €007 ‘Tre1ng
Jo Ajpiqerreae pue 9ouanbas yooq Sursooys ‘sA }0oq [eNSIp © 0} SuTu)ISI] MOH ¢ Jo sdnoin SO I NOY-ad 2 ‘PUBPIBIA ‘[[oySnILL,
100T ‘PuepreiN
sjodsjoy pasn pue pajediaeu sdnoi3 moy Jo sonsnels aandosog € Jo sdnoin SO 1 NOY-ad 2 ‘[oxmng ‘[eysniy,
SOWI09INO 0} PIJe[ol SurA10sqo
Sem SUIPBII OANOBIOIUI SUIAIOSQO "SA JAIIOBIUI "SA [ENSIAOIPNE ‘SA OIpNE MOH 10 [enpIAIpU] SOA 1 INOY-AD 7002 ‘Tead 29 1001y
S90UEBpIOJJE
asoy Jo sapi[enb ay) pue sooUEPIOLE [EISIP [[& YHIM SUOHORIANUL S P[IYD SUQ [enpIAIpuy S9A [4 INOY-dD 000€ ‘uyny| % 0qqe]
sjodsjoy jo uoneande ‘asn a3ed Jo 2o0uonbas/ssa99€ JO 9IULLINIO0
£SoUI09)N0 0] Paje[al sem Furpear jooq jutd ‘sa NOY-0D MOH [enpIAIpu] SOA € INOY-AD ¥00¢ ‘sng 2 3uor ap
SOWO09IN0 0] PAJe[AI sem Surpeal jooq JuLd ‘sA INOI-dD MOH [enpIAIpu] SOA I INOY-AD 00T ‘sng 29 3uor ap
SOW00IN0 0} PAJe[AI sem Surpeal jooq dde 9A1oRIAIUI PAPING "SA papInSun Moy [enpIAIpul 1o
SOW09IN0 0} poje[al sem Jurpeal yooq jurid ‘sa dde moy 7 Jo sdnoin SO € yooq ddy L10T ‘oydiz
SOWO09INO 0] PAJB[AI SEM SUIPLAI JOOq JANORIUIUOU “SA JAIIOBIANUI MOH TenpIAIpuy SOA I yooq ddy L10T ‘Aouury] 29 K903
spunoigoeq onsmsaur| 6102
JUQIQHJIP Sso1oe Furpear Jo suroped aaneyenb ur pasn a1om sjodsjoy moy ¢ 10 g Jo sdnoin SO 1 yooq ddy PHYSIIAL 29 ISLIYD) ‘Tuepy
spunoigoeq onsmsaur| 810C
JUQIQYJIP Sso1oe Furpear Jo suroped aaneyenb ur pasn a1om sjodsjoy moy € 10 Z Jo sdnoin SO 1 yooq ddy ‘IIuopIy 29 ‘Suep) ISLIYD
610¢
SOWI0INO YIIM PAJR[1I00 d1om suondo uonesiaeu pue sjodsioy Jo asn MOH [enpiAIpu] SO 9 yooq ddy  ‘oyD 2 ‘niy) ‘Suepy ISLIYD
SOOUEBPIOJJE UO SISNO0J APnjs dy) MOH 1X9)u05 SuIpedy Jlqe[reAe $300q 300q JO purs| Apnjs yoreasay

AJTerosowio)  JO IquIny

u2pJ1y7) SUNOL Yy Yanasay JXa] [pi31(J 2AIDL2JU] SNO1A2AJ JO SISAIpUl

[ 419VL



TABLE 2

Weelk-by-Week Design Overview of the Study

Week/ unit App book Who participates Activities with app book
Week 1 Barnyard Dance Al children in the e -« Day I: Engaged with the researcher-teacher in a whole-class shared
Unit 1 study reading lesson with this book.
* Day 2: Engaged in a 15-min buddy reading session with this book.
e Day 3: Engaged in a 15-min buddy reading session with this book.
Week 2 Going to Bed All children in the e Day 1: Engaged with the researcher-teacher in a whole-class shared
Unit 1 Book study reading lesson with this book.
e Day 2: Engaged in a 15-minute buddy reading session with this book.
Day 3: Engaged in a 15-minute buddy reading session with this book.
Week 3 The Artist All children in the e Day 1: Engaged with the researcher-teacher in a whole-class shared
Unit 1 Mortimer study reading lesson with this book.
e Day 2: Engaged in a 15-minute buddy reading session with this book.
e Day 3: Engaged in a 15-minute buddy reading session with this book.
Week 4 But Not Hippo All children in the Each child individually read this app book once in a room with the
Unit 1 study researcher-teacher. This app book had similar features to the app books read
during the previous 3 weeks. After reading, the researcher-teacher asked
questions from the comprehension protocol for this book.
Week 5 Dr. Seuss’s ABC Al children in the e Day 1: Engaged with the researcher-teacher in a whole-class shared
Unit 2 study reading lesson with this book.
Day 2: Engaged in a 15-minute buddy reading session with this book.
e Day 3: Engaged in a 15-minute buddy reading session with this book.
Week 6 The Cat in the Hat  All children in the e Day 1: Engaged with the researcher-teacher in a whole-class shared
Unit 2 study reading lesson with this book.
e Day 2: Engaged in a 15-minute buddy reading session with this book.
Day 3: Engaged in a 15-minute buddy reading session with this book.
Week 7 Green Eggs and All children in the e Day 1: Engaged with the researcher-teacher in a whole-class shared
Unit 2 Ham study reading lesson with this book.
e Day 2: Engaged in a 15-minute buddy reading session with this book.
e Day 3: Engaged in a 15-minute buddy reading session with this book.
Week 8 Gustav the All children in the Each child individually read this app book once in a room with the
Unit 2 Goldfish study researcher-teacher. This app book had similar features to the app books read
during the previous 3 weeks. After reading, the researcher-teacher asked
questions from the comprehension protocol for this book.
Week 9 Xis for X-Ray All children in the e Day 1: Engaged with the researcher-teacher in a whole-class shared
Unit 3 study reading lesson with this book.
Day 2: Engaged in a 15-minute buddy reading sessions with this book.
e Day 3: Engaged in a 15-minute buddy reading sessions with this book.
Week 10 Being Global All children in the e Day 1: Engaged with the researcher-teacher in a whole-class shared
Unit 3 study reading lesson with this book.
e Day 2: Engaged in a 15-minute buddy reading sessions with this book.
Day 3: Engaged in a 15-minute buddy reading sessions with this book.
Week 11 A Shiver of Sharks ~ All children in the e Day 1: Engaged with the researcher-teacher in a whole-class shared
Unit 3 study reading lesson with this book.
e Day 2: Engaged in a 15-minute buddy reading sessions with this book.
e Day 3: Engaged in a 15-minute buddy reading sessions with this book.
Week 12 Troop Is a Group  All children in the Each child individually read this app book once in a room with the
Unit 3 study researcher-teacher. This app book had similar features to the app books read
during the previous 3 weeks. After reading, the researcher-teacher asked
questions from the comprehension protocol for this book.
Week 13 Toucan, Toucan’t  All children in the e Day 1: Engaged with the researcher-teacher in a whole-class shared
Unit 4 study reading lesson with this book.

Day 2: Engaged in a 15-minute buddy reading sessions with this book.
e Day 3: Engaged in a 15-minute buddy reading sessions with this book.

(continued)



TABLE 2 (CONTINUED)

Week/ unit App book Who participates Activities with app book
Week 14 Hop on Pop All children in the e Day 1: Engaged with the researcher-teacher in a whole-class shared
Unit 4 study reading lesson with this book.
e Day 2: Engaged in a 15-minute buddy reading sessions with this book.
e Day 3: Engaged in a 15-minute buddy reading sessions with this book.
Week 15 Pat the Cat All children in the e Day 1: Engaged with the researcher-teacher in a whole-class shared
Unit 4 study reading lesson with this book.
e Day 2: Engaged in a 15-minute buddy reading sessions with this book.
e Day 3: Engaged in a 15-minute buddy reading sessions with this book.
Week 16 Fox in Socks All children in the Each child individually read this app book once in a room with the
Unit 4 study researcher-teacher. This app book had similar features to the app books read

during the previous 3 weeks. After reading, the researcher-teacher asked
questions from the comprehension protocol for this book.

this within-subjects exploratory study is to identify the rela-
tions between affordances, behaviors, and outcomes to bet-
ter inform how to select and design books with affordances
that promote desired reading behaviors and outcomes. This
aim is guided by the following research question: How are
app book affordances related to young children’s reading
behaviors (during buddy reading and individual reading)
and comprehension outcomes with interactive app books?

Theoretical Perspectives

This study is informed by Rosenblatt’s (1982, 1985)
transactional theory of reading, which posits a framework
that considers how readers, texts, and contexts dynamically
and recursively transact to construct meaning. Although this
theory was developed before interactive digital texts were
available, we believe that it aptly applies to reading these, as
well. Further, new literacies perspectives offer insights into
the unique meaning-making pathways offered in interactive
digital texts, such as the multitude of choices about how
readers will transact with many more modes of meaning
(e.g., sound, animation, interactive hotspots) as compared to
printed paper books, which results in much more dynamic
and complex transactions (Kress, 2003). Interactive digital
texts are underscored by user control (Trushell, Burrell, &
Maitland, 2001) of multiple affordances that necessitate user
processing savvy (Lefever-Davis & Pearman, 2005), includ-
ing young children knowing what affordances to ignore and
not use (Christ et al., 2019). Because emergent literacy is
conceptualized as “strategies the child uses to comprehend”
(Harris & Hodges, 1995, p. 71), throughout this article, we
refer to children’s transactions (i.e., behaviors) with app
books as reading (i.e., often emergent reading) and their out-
comes as reading comprehension (i.e., the outcomes of hav-
ing used strategies to comprehend). It is important to note
that the children in this study were not decoding printed
words conventionally (i.e., word recognition) at the

beginning of the study, as they were emergent readers.
Instead, they were constructing meaning using the multi-
modal affordances (e.g., text reading aloud, animated
hotspots). However, some children likely became early
beginning readers across the school year.

To illustrate how the transactional theory of reading
and new literacies perspectives are applied to emergent
readers’ engagement with app books, consider the follow-
ing example of Karen (all names are pseudonyms) from
our study in this video: http://bit.ly/2naxs9h. The video
shows the affordances of the app book But Not the
Hippopotamus, such as reading aloud the various modes
available in the book (e.g., “Read Myself”). Karen chooses
“Megan Reads It,” a mode that reads all of the text to her
when she turns each page. This mode selection, a reading
behavior that reflects a transaction between reader and
text, affects meaning-making and comprehension out-
comes (Christ et al., 2019).

Additionally, listening to the text read aloud (e.g., “A frog
and a hog cavort in the bog . . .”) potentially supports Karen’s
choice to press the frog and hog hotspots, which in turn acti-
vate animation of them cavorting (a word used in the story’s
text). This behavior is important, because activating hotspots
improves children’s vocabulary learning (Christ et al., 2019).
Further, because Karen is reading the app book indepen-
dently, she cannot rely on any support from another reader
who might help her choose or use the affordances effec-
tively. When children engage in app book reading with a
same-aged peer (i.e., buddy reading), they have the potential
support of another child to improve their transactional
behaviors with text (Christ et al., 2018; Wang et al., 2019).

Relevant Research

Given the limited research on app books, we review stud-
ies that explore the availability or use of digital affordances,


http://bit.ly/2naxs9h

such as various kinds of hotspots, animations, and reading
modes, across both CD-ROM and app books to inform our
study. Most previous research focuses on hotspots, which
are activated by a user’s touch to generate (a) animations, (b)
sound effects or music, (c) orally read words, or (d) some
combination of these. Some hotspots are congruent—that is,
they elaborate or extend the story line (see Unsworth &
Chan, 2008, for a discussion of the ways illustrations and
text elaborate and extend one another). For example, recall
the video of Karen reading But Not the Hippopotamus.
When she presses the frog and hog hotspots, which activates
animation of them cavorting, this elaborates the meaning of
the text. However, hotspots can also be incongruent—that is,
they do not align with the story line. For example, in the
same video, Karen moves the tree that the hippo is standing
under. The tree’s movement is not aligned with the story
line, so it is incongruent. Research shows that the use or
availability of congruent hotspots is associated with better
vocabulary, retelling, and inference outcomes in buddy and
individual reading contexts (Christ et al., 2018, 2019; Korat
& Shamir, 2012; Labbo & Kuhn, 2000; Shamir, 2009). In
contrast, the use or availability of incongruent hotspots does
not help improve comprehension outcomes in individual or
buddy reading contexts (Labbo & Kuhn, 2000; Trushell
et al., 2001; Trushell & Maitland, 2005). Further, when chil-
dren read with buddies, they facilitate one another’s use of
hotspots (Brown, 2016; Christ et al., 2018; Shamir, 2009;
Wang et al., 2019).

Other research explores different digital affordances, as
well. For example, research shows that reading books with
automatic animations of illustration objects, which are
activated immediately when the page turns, results in chil-
dren’s better vocabulary, retelling, and inference out-
comes, as compared to when they read static texts; and this
is the case in both the buddy and individual reading con-
texts (Korat, 2010; Korat & Blau, 2010; Ricci & Beal,
2002; Verhallen & Bus, 2010; Verhallen, Bus, & de Jong,
2006). Additionally, young children most frequently use
the “Read to Me” mode, which presents the book by read-
ing the text aloud to them, and this mode improves their
retelling outcomes as compared to using another mode
(Brown, 2016; Christ et al., 2019; Trushell et al., 2003).
Further, app books have other features, such as navigation
options that include page-turn and menu navigation fea-
tures, for which previous research has not yet investigated
how their availability and use are related to young chil-
dren’s comprehension outcomes.

Our study aims to extend this limited body of research on
affordances in digital books for young children by focusing
on how children use all the available affordances in app
books across two contexts (buddy and individual) and how
this is related to individual comprehension. This addresses
researchers’ calls for more fine-grained analyses regarding

App Book Affordances

effective digital affordance selection and design (e.g.,
Kucirkova, 2017; Zipke 2017).

Method

As part of a broader research project on kindergarteners’
app book reading development, this study explores how the
digital affordances available in app books are related to
young children’s reading behaviors in the buddy and indi-
vidual reading contexts and their individual reading compre-
hension outcomes. The broader study design was modeled
on Clay’s (1966) seminal concepts about print development
research. Our broader study included 12 whole-class shared
reading lessons that modeled and guided children to use
digital affordances in app books effectively to support their
comprehension. After each lesson, children had two oppor-
tunities to read the books used for instruction to practice
applying the lesson strategies with a buddy. There were 24
buddy reading sessions in all. After every set of three lessons
(i.e., a unit), each child individually read a novel app book
that had similar affordances to those used during instruction
in the unit and answered a research assistant’s questions
based on a comprehension protocol. There were four indi-
vidual reading sessions in all.

Drawing from this broader data set allowed us to explore
the relations among app book affordances, reading behaviors
in each of two contexts, and comprehension outcomes in an
ecologically valid way. It also allowed us to investigate varied
app book designs across eight publishers, all of which met the
existing criteria for having affordances that support compre-
hension (Baxa & Christ, 2017; Brueck, 2013; Cahill et al.,
2013; Morgan, 2013; Zipke, 2014). The study used a within-
subjects design to reduce error related to individual partici-
pant differences. Thus, every child in the study read all the
same books, engaged in the same number of buddy and indi-
vidual reading sessions, and was tested on the same books in
the same way at approximately the same time. Table 2 pres-
ents a week-by-week overview of the study design.

Participants

Children from four suburban classrooms in two U.S.
states were invited to participate in the research. No child in
these classrooms was excluded due to language or other
learning needs. We included all children to provide a broad
sample that reflects actual classroom populations. Of those
invited, 53 kindergarteners had both parent consent and
orally assented to participate. Children were ages 5.05 to
6.46 years (M= 5.60, SD= 0.42). The sample was about
equal in terms of gender (52.8% girls, 47.2% boys). Several
racial groups were represented: 62.3% Caucasian, 13.2%
Asian, and 24.5% African American. Although most chil-
dren spoke English as their first language, 20.8% spoke
English as a second language.



TABLE 3
App Book Digital Affordances

Number Number Number of ~ Number of Min. Max.
of auto ofauto  user-activated user-activated number of number of

illustration ~ panning/ congruent  incongruent hotspots per hotspots per  Navigation Kind of
App book animations ~ zooming hotspots hotspots page page options hotspots
Barnyard Dance 0 0 37 11 1 11 Page Animation
Going to Bed Book 2 0 30 18 1 11 Page Animation
The Artist Mortimer 23 0 41 10 0 10 Page Animation
But Not Hippo 0 0 43 18 2 14 Page Animation
Dr. Seuss’s ABC 0 0 136 0 0 28 Page and menu  Word
The Cat in the Hat 0 53 1359 0 3 47 Page and menu  Word
Green Eggs and Ham 0 24 841 0 7 37 Page and menu  Word
Gustay the Goldfish 0 25 291 0 6 19 Page and menu  Word
X is for X-Ray 26 0 52 0 2 2 Page and menu Animation
Being Global 36 0 73 0 0 11 Page and menu Animation
A Shiver of Sharks 48 0 80 0 0 15 Page and menu  Animation
Troop Is a Group 21 1 74 0 2 11 Page and menu  Animation
Toucan, Toucan'’t 33 0 3 0 0 1 Page and menu  Animation
Hop on Pop 0 0 343 0 3 58 Page and menu  Word
Pat the Cat 20 0 12 0 1 2 Page Animation
Fox in Socks 0 29 709 0 2 48 Page and menu  Word

Note. Titles in bold are test books.

Materials (App Books)

Twelve app books were selected for shared reading
instruction and were also used after the lesson for two ses-
sions of buddy reading. Four additional app books were
selected for individual reading sessions. Selection of all
app books was based on broad criteria that research sug-
gests for selecting high-quality app books, such as choos-
ing books that have (a) high interactivity, (b) affordances
that transform children’s meaning making as compared to
paper books, (c¢) intuitive affordances that are easy for
users to figure out how to operate, (d) developmental
appropriateness, and (¢) good narrative/illustration quality
(Baxa & Christ, 2017; Brueck, 2013; Cahill et al., 2013;
Morgan, 2013; Zipke, 2014). Affordances of each app book
used in the study are presented in Table 3. We chose to use
commercially available app books that were suggested by
online app book reviews for children in the age range of
our participants. Using books that educators and parents
have access to provided ecological validity for our work.
This selection allowed us to investigate a variety of affor-
dances in commercially available books that may support
young children’s comprehension. This aligns with the pur-
pose of our study, that is, to inform more fine-grained sug-
gestions for app book selection and design that support
young children’s comprehension by engaging in a compre-
hensive analysis of how children’s use of affordances in
buddy and individual reading is related to their individual
comprehension outcomes.

Data Collection

The broader study investigated app book reading across
the kindergarten year, which is the first mandated year of for-
mal schooling in the United States. Because we were unable
to find any schools that were already engaged in regular app
book reading instruction, we provided research assistant—
implemented whole-class shared reading lessons so that we
could observe children’s app book reading over time and
across a variety of high-quality app books. To ensure that chil-
dren had time to practice their app book reading skills, we also
provided two research assistant—facilitated app book buddy
reading sessions with each book that was presented in a shared
reading lesson. Instruction and buddy reading sessions were
organized into four units. Each unit presented three app books
that shared similar features (see Table 3). At the end of each
unit, every child read the same new app book individually in a
quiet room alone with a research assistant. Afterward, the
research assistant used the comprehension protocol for that
book to ask a variety of comprehension questions (retell,
inference/critical thinking, and vocabulary-meaning deriva-
tion). An overview of children’s engagement with app books
across the study is presented in Table 2.

The present study included two data sources from the
broader study, video recordings of buddy and individual read-
ing sessions, which were collected from early October through
mid-April. There were 24 buddy reading sessions, during which
each dyad or triad of children read together (one dyad/triad
reading during one session constituted an evenf). There were



Vocabulary Meaning Derivation (outcome) via Strategic Use of Hotspot (reading transaction)

. (return to the page on which the word “parliament” occurs)

. “What does parliament mean?”

e  “How can you check?” (expect/allow child to press either text or hotspot that supports deriving a meaning for the word “parliament”)

Vocabulary Meaning Derivation (outcome) via Strategic Use of Hotspot (reading transaction)

. (return to the page on which the word “kaleidoscope” occurs)
. “What does kaleidoscope mean here?”
. “How can you check?” (expect/allow child to press either text or hotspot that supports deriving a meaning for the word “kaleidoscope”)

Vocabulary Meaning Derivation (outcome) via Strategic Use of Hotspot (reading transaction)

. (return to the page on which the word “flutters” occurs)
. “What does flutters mean here?”
. “How can you check?” (expect/allow child to press either text or hotspot that supports deriving a meaning for the word “flutters”)

Critical Thinking (outcome)
. “Why do you think the animals are always in groups?”
e  (follow up prompt, if needed): “Tell me more about that.”

Retelling (outcome)

. (unprompted retelling) “Tell about the book in your own words.”
. (prompt for more information until the child exhausts all possible things they could retell from this book or says they don’t know

anything else) “Anything else?”

. (prompted retelling) AFTER exhausting all things they can recall without specific questions being asked, then ask any of the following that

the child has NOT already stated:
e What was the story about?
. What animals were in the story?

. What did you learn about these animals?

FIGURE 1.

624 video-recorded buddy reading events in all, each about 15
min, totaling about 156 hr of video data. Buddies were instructed
to help each other read the app book and put the iPad in the
middle so that both buddies could interact with it. Given the
large number of buddy reading sessions (624), it was not pos-
sible to test comprehension after every session. Instead, com-
prehension was tested only after individual reading sessions.
Individual reading sessions occurred one-on-one with a
research assistant in a room adjacent to the classroom in late
November, early February, late March, and late April. These
sessions varied considerably in length (7—32 min), given that
children were allowed to spend as much or little time reading
the app book as they chose. The sessions were guided by an
observation protocol, which also included a comprehension
assessment (see Figure 1). Each child engaged in four indi-
vidual reading sessions, resulting in a total of 212 individual
video-recorded reading sessions (about 53 hr of video data).

Data Coding

Five sets of variables were coded: (a) digital affordances,
(b) reading behaviors during buddy reading, (¢) reading

Individual comprehension assessment protocol for after reading Troop Is a Group of Monkeys.

behaviors during individual reading, (d) individual reading
comprehension outcomes, and (¢) control variables.

Digital affordances. For each app book, first we counted the
numbers of automatic animations of illustration objects
across the book. Second, we determined whether an app
book had any automatic zooming or panning (i.e., yes/no
dichotomous variable) and then counted the number of times
it occurred within each book (i.e., frequency count variable).
Third we counted the number of user-activated congruent
hotspots across the book. Fourth, we counted the number of
user-activated incongruent hotspots across the book. Fifth,
we identified the minimum number of hotspots on any page
in the book. Sixth, we identified the maximum number of
hotspots on any page across the book. Sixth, we noted the
navigation options available in the book, that is, page-turn-
only or page-turn and menu navigation. Finally, we identi-
fied what kinds of hotspots were available in the illustrations,
animation or word. For animation hotspots, when the illus-
tration was touched, it resulted in animation and also often
was accompanied by sound, as well (e.g., when an octopus
was pressed, it moved and squirted ink). For word hotspots,
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TABLE 4
Reading Behaviors

Reading behaviors

Coding of reading behaviors in buddy reading context

Coding of reading behaviors in individual
reading context

Reading mode selection

Sequential vs.
nonsequential
progression through
the app book

Hotspot use

Use of modalities

Use of monitoring

Coded for whether children used the suggested “Read to
Me” mode that read the text aloud to them or the “Read
Myself” mode that required them to press the individual
words in text to hear them read

Progression was coded as (1) sequential and all of text
reads aloud, (2) sequential but only part of text is read
aloud, (3) nonsequential, (4) sequential for first reading
of entire book and then nonsequential for rereading
parts of book, or (5) part of text is read sequentially and
part nonsequentially

Coded as whether hotspot use was mostly (1) infrequent
(hotspots are accessed on fewer than 20% of pages),
(2) each buddy taking a turn on each page, (3) buddies
pressing hotspots simultaneously on each page, or (4)
one buddy pressing hotspots on most pages

For each app book, coded as whether children
predominantly (1) explored new features, (2) pressed
hotspots, (3) listened to and viewed text, (4) recorded
themselves reading

Coded for whether buddies used monitoring strategies,
such as asking questions, drawing attention to app book

Coded for whether children used the suggested
“Read to Me” mode that read the text aloud to
them or the “Read Myself” mode that required
them to press the individual words in text to
hear them read

Progression was coded as predominantly
sequential or nonsequential

Coded as whether or not the child pressed
(1) congruent, unprompted hotspots; (2)
incongruent, unprompted hotspots; (3)
prompted hotspots; or (4) any hotspot multiple
times

For each page of the app book, coded as whether
the child (1) waited for all the text to be read
aloud before turning the page or (2) pressed the
hotspots after the text was read or while the text
was being read, or did not press hotspots

Coded for whether any comprehension-
monitoring strategies occurred on each

content, debating, or negotiating

page, such as noticing or correcting
misunderstandings

when the illustration was touched, this made the word for the
object in the illustration appear and be read aloud (e.g., when
a box was pressed, the word box appeared and was read
aloud). (Note that word hotspots were distinct from the func-
tion that reads words aloud when pressed in the text of the
story.) Affordances varied, sometimes considerably, across
app books. Coding for affordances in each app book is pre-
sented in Table 3.

Reading behaviors during buddy and individual read-
ing. Using the videos of buddy and individual reading ses-
sions, we coded five variables: mode selection, sequential
versus nonsequential progression through the book, hotspot
use, use of modalities, and use of monitoring. Coding is
adapted from our previous work (Christ et al., 2019; Wang
et al., 2019) and is presented in Table 4. Codes for buddy
reading are in column 2, and codes for individual reading are
in column 3.

Individual reading comprehension outcomes. After each
individual reading session, a comprehension assessment
protocol was used (see Figure 1 for the protocol used after
children individually read the app book Troop Is a Group of
Monkeys). Responses to the protocol were coded for four

comprehension outcomes: unprompted retelling, prompted
retelling, inference/critical thinking responses, and vocabu-
lary-meaning generation. Both unprompted and prompted
retellings were coded using a retelling rubric (see Figure 2,
which shows the scoring for Troop is a Group of Monkeys).
Inferential/critical thinking responses and vocabulary-mean-
ing generation were coded on categorical scales, which are
presented in Table 5.

Control variables. To avoid uncontrolled variable bias, we
included child variables culled from the broader study,
including gender, race, language status (English as a first
language or English language learner based on school
records), concepts about print score at the beginning of the
year, and listening comprehension with traditional printed
book score at the beginning of the year. We also controlled
for the location (Michigan or New York), classroom in which
a child was embedded (Class 1, 2, 3, or 4), and time (i.e., the
date on which the session occurred).

Coder training, process, and intercoder agreement. Rigorous
coder training was undertaken, then two coders separately
coded all the reading behaviors during buddy reading, reading
behaviors during individual reading, and individual reading



Add the points for unprompted retelling first, then add additional points to that score that are elicited by prompted retelling questions.

(0) low quality—excludes expected | (1) moderate  quality—includes | (2) high quality—includes expected information
information or includes incorrect | expected information but with mini- | with details
information mal detail
Characters (not provided or incorrect) Includes 1-2 characters Includes characters:
. Boy
. Fish/Goldfish/Gustav/Gus
. Man
Events (not provided or incorrect) Includes 1-2 events: Includes 3-5 events:
e Too big for his bowl,
e Too big for the rose/mother’s bowl,
e Too big for the pots,
e  Too big for bathtub,
e Too big for basement
Problem (not provided or incorrect) boy fed fish too much OR goldfish | boy fed fish too much AND goldfish grew
grew
Resolution (not provided or incorrect) The fish shrinks / gets little again | The man shrinks the fish
(doesn’t include that the man does
this)

Unprompted Retelling Score /8
Prompted Retelling Score /8

FIGURE 2. Retelling rubric for Troop Is a Group of Monkeys.

comprehension outcomes. Differences were discussed to
establish consensus codes, which were used for analyses.
Interrater reliability and percentage agreement were high and
are presented in the last two columns of Table 6.

Data Analysis

As modeling outcomes separately via several ordinary least
squares regressions ignores correlations among outcomes and
can bias the results, we modeled all outcomes simultaneously
to obtain unbiased results via Zellner’s method (also known as
“seemingly unrelated regressions”; Kennedy, 2008) with
EViews software (Lilien, Startz, Ellsworth, Noh, & Engle,
1995). Specifically, we modeled children’s comprehension
outcomes (unprompted retelling, prompted retelling, infer-
ence/critical thinking responses, and vocabulary-meaning gen-
eration). We entered the variables according to time constraints,
expected causal relationships, and likely importance.

Score, =b, +e, +b, Class, +b,Child, +
b, Time, + b, App Book, +
b,Buddy _Reading _Behavior, +

b_Individual _Reading _Behavior,,

The vector of outcomes, Score,, of children’s perfor-
mance y (unprompted retelling, prompted retelling, infer-
ence/critical thinking, and vocabulary-meaning generation)
for each child 7/ has grand mean intercepts 3, with unex-
plained components (residuals) e,

To determine which explanatory variables were linked
to the outcomes, we first entered structural explanatory
variables (class, child demographics, time, digital affor-
dances for the specific book being read on a specific day),
which might affect process explanatory variables (reading
behaviors during buddy reading or reading behaviors dur-
ing individual reading), which in turn are entered later.
Class variables capture location and class within each loca-
tion: New York (vs. Michigan), New York Class 1 (vs.
Class 2), and Michigan Class 1 (vs. Class 2) (Class). As
omitting only significant variables might yield omitted-
variable bias, we safely remove nonsignificant variables to
reduce multicollinearity and preserve degrees of freedom,
especially given our small sample size (Kennedy, 2008). A
nested hypothesis test (x* log likelihood) indicated whether
each set of explanatory variables was significant (Kennedy,
2008).



TABLE 5
Individual Reading Outcomes

Reading outcome

Coding of reading outcome

Inference and critical thinking responses

A 3-point categorical scale was used to score responses: (0) undeveloped response—the

child did not use any pertinent text clues, or the child made up clues that were not
aligned with the text content; (1) developing response—the child used clues from the
text that could help the child infer, but the response did not fully answer the question;
and (2) developed response—the child used clues from the text and made an inference
that fully answered the question in a way that made sense.

Vocabulary meaning generation

A 6-point categorical scale (based on the Semantic Continuum of Young Children’s

Vocabulary Knowledge; Christ, 2011) was used to score responses: (0) no

knowledge; (1) general comprehension without explanation of the word’s meaning;

(2) schematically related understanding without specific examples or definition of its
meaning; (3) contextual knowledge, such as an example of the word’s appropriate use in
context; (4) decontextual knowledge, such as a definition; and (5) combined knowledge,
such as both an example and a definition.

Second, we entered a vector of children’s characteristics:
gender (female vs. male), race (Caucasian or Asian vs.
African American), English as a first language (vs. English
as a second language), concepts about print score at the
beginning of the year, and listening comprehension score at
the beginning of the year (Child). Third, we entered time of
reading (7ime,,). These control variables were included to
avoid omitted-variable bias but are not related to our research
questions and thus not reported in our Results or Discussion
section.

Fourth, we entered the affordances of the specific app
book that a child was reading at that time before comprehen-
sion assessment for that book: whether the book had page-
turn-only (vs. menu and page-turn) navigation, whether the
book had word hotspots (vs. animation hotspots), the mini-
mum number of hotspots that were available on each page of
that book, the maximum number of hotspots that were avail-
able on each page of that book, total automatic animations of
illustration objects in that book, whether that book had pan-
ning/zooming, the number of automatic panning/zooming
occurrences in that book, total user-activated congruent
hotspots in that book, and total user-activated noncongruent
hotspots in that book (App Book).

Fifth, we entered percentages of children’s buddy reading
behaviors: progression (percentage pressed/said all words but
not sequentially, percentage predominantly used hotspots [vs.
predominantly listened to text read aloud], percentage read
pages sequentially and some of the text was not read aloud,
percentage only part of text was read aloud, percentage read
pages sequentially, percentage read pages sequentially and all
of the text was read aloud), mode (percentage used “Read to
Me” mode [vs. “Read Myself” mode]), hotspot use (percent-
age mostly took turns using hotspots and someone used
hotspots on almost every page, percentage predominantly
only one child pressed hotspots and did so on almost every
page, percentage mostly took turns using hotspots and
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someone used hotspots on almost every page, percentage
infrequent hotspot use [pressed hotspots on fewer than 20% of
pages in an app book]), and monitoring (percentage debated
about the book, percentage negotiated use of affordances in
the book, percentage drew attention to the book content, per-
centage asked a question) (Buddy_Reading_Behavior).

Sixth, we entered percentages of students’ individual
reading behaviors: progression (percentage books that a
child read sequentially [vs. nonsequentially]), mode (per-
centage books for which a child selected “Read to Me”
mode [vs. “Read Myself” mode], percentage pages on
which child listened to text read and pressed the hotspots
after the text was read, percentage pages on which child
pressed hotspots simultaneously while text was being read,
percentage pages on which child waited for all the text to
be read aloud before turning the page), hotspot use (per-
centage pages on which congruent, unprompted hotspots
are used; percentage pages on which incongruent,
unprompted hotspots are used; percentage pages on which
prompted hotspots are used; percentage pages on which
use any hotspot is used multiple times), and monitoring
(percentage books during which a child used a monitoring
strategy).

We also tested the natural log of the behaviors and the
likelihood that each behavior occurred at least once when
reading a book. If multiple variations of the same variable
were significant, we retained the one that accounted for the
most variance.

To test whether behaviors (Buddy_Reading_Behavior,
Individual_Reading_Behavior) mediated structural vari-
ables (Class, Child, App Book), we used mediation tests
across the vectors (Sobel, 1982). For significant mediators,
the proportional change was 1 — (b°/b), where b’ and b were
the regression coefficients of the explanatory variable with
and without the mediator in the model, respectively. Then,
we did a path analysis (Kennedy, 2008).



TABLE 6
Summary Statistics (N= 318) and Interrater Reliability

Variable M SD Min. Median Max. o %°
Individual reading outcomes
Unprompted retelling 32.969 26.286 0 25.000 100
Prompted retelling 61.967 21.385 0 62.500 100
Inference/critical thinking 0.858 0.615 0 1.000 2 961 983
Vocabulary 1.962 1743 0 2.000 4 983 982
Control variables
New York (vs. Michigan) 0.453 0 0.000 1
New York classrooms, Class 1 (vs. Class 2) 0.208 0 0.000 1
Michigan classrooms, Class 3 (vs. Class 4) 0.340 0 0.000 1
Girl (vs. boy) 0.528 0 1.000 1
Caucasian 0.623 0 1.000 1
Asian 0.132 0 0.000 1
African American 0.245 0 0.000 1
ESL (vs. native English speaker) 0.208 0 0.000 1
Concepts About Print score 10.723 5.209 1 11.000 21
Listening comprehension with paper book score 0.436 0217 0 0.429 1 993 99.6
Time (date each session occurred) 3.500 1.121 2 3.500 5
Digital affordances
Navigation page turn only (vs. page turn and menu) 1.802 0.961 0 2.000 3
Word hotspot (vs. animation hotspot) in illustrations 0.500 0.501 0 0.500 1
Minimum number of hotspots per page 3.000 1.736 2 2.000 6
Maximum number of hotspots per page 23.000 14.749 11 16.500 48
Total number of automatic animations of illustration objects 5.250 9.115 0 0.000 21
Total number of automatic pans/zooms 8.257 12.688 0 0.000 53
Total number of user-activated congruent hotspots 279.250  266.507 43 182.500 709
Total number of user-activated noncongruent hotspots 4.500 7.813 0 0.000 18
Transactions during buddy reading 987 99.0
Progression
% Presses/says all words but not sequentially 0.003 0.038 0 0.000 1 987  99.0
% Predominantly uses hotspots (vs. predominantly listens to 0.003 0.038 0 0.000 1 987  99.0
text read aloud)
% Sequential and some of text was not read aloud 0.000 0.002 0 0.000 0 987  99.0
% Part of text play 0.023 0.063 0 0.000 0 987 99.0
% Sequential pages 0.000 0.004 0 0.000 0 987  99.0
% Sequential and all of the text was read aloud 0.003 0.028 0 0.000 0 987  99.0
Mode
% Text “Read to Me” (vs. “Read Myself”) 0.342 0362 0 0.225 1 987  99.0
Hotspot use
% Mostly both press hotspots simultaneously 0.203 0276 0 0.000 1 923 949
% Predominantly only one child presses hotspots and does so 0.213 0.300 0 0.000 1 923 949
on almost every page
% Mostly take turns using hotspots and someone uses hotspots 0.387 0355 0 0.333 1 923 949
on almost every page
% Infrequent hotspot use (hotspot is accessed on fewer than 0.662 0352 0 0.667 1 923 949
20% of pages)
Monitoring
% Debating about the book 0.137 0229 0 0.000 1 954 989
% Negotiating use of affordances in the book 0.411 0322 0 0.333 1 963  98.2
% Drawing attention to the book content 0.779 0.279 0 1.000 1 989  99.6
% Asking question 0.213 0295 0 0.000 1 958  98.5
(continued)
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TABLE 6 (CONTINUED)

Variable M SD Min. Median Max. o %°
Transactions during individual reading
Progression
% Books that child progresses sequentially (vs. 0.000 0.000 0 0.000 0 987  99.0
nonsequentially)
Mode
% Books for which child selects “Read to Me” (vs. “Read 0.154 0.233 0 0.083 1 987  99.0
Myself”’) mode
Use of multiple modes
% Pages on which child listened to text read and pressed the 0.506 0319 0 0.583 1 987  99.0
hotspots after the text was read
% Pages on which child pressed hotspots simultaneously while ~ 0.267 0298 0 0.167 1 987  99.0
text was being read
% Pages on which child waited for all the text to be read aloud 0.717 0452 0 1.000 1 987  99.0
before turning the page
Hotspot use
% Pages on which congruent, unprompted hotspots are used 0.685 0.325 0 0.833 1 990  99.6
% Pages on which incongruent, unprompted hotspots are used 0.000 0.000 0 0.000 0 945 97.6
% Pages on which prompted hotspots are used 0.560 0297 0 0.583 1 989 99.5
% Pages on which use any hotspot is used multiple times 0.710 0.315 0 0.833 1 994 99.6
Monitoring
% Book during which a child used a monitoring strategy 0.213 0274 0 0.083 1 973 994
Strategic use of app book affordances (i.e., hotspots) 1.533 0.647 0 2.000 2 984  98.7

*Krippendorf’s alpha.
"Percentage agreement between coders.

An alpha level of .05 was used for all analyses. To aid
reader understanding, we report how a 10% greater value of
an explanatory variable beyond its mean is related to a cor-
responding difference in the outcome variable beyond its
mean. For inference/critical thinking and vocabulary-mean-
ing generation outcomes, we used the odds ratio (Kennedy,
2008). With 53 children, statistical power exceeded 0.85 for
an effect size of 0.4 (Cohen, West, Aiken, & Cohen, 2003).
Due to the low statistical power of this small sample, the
likelihood that a nonsignificant result is a false negative is
high, but we retain high confidence for significant results.
Testing many hypotheses increases the likelihood that at
least one of them incorrectly rejects a null hypothesis (false
positive). To reduce their likelihood, we used the two-stage
linear step-up procedure, which outperformed 13 other
methods in computer simulations (Benjamini, Krieger, &
Yekutieli, 2006).

Results

Interestingly, app book affordances were not linked to
either the buddy reading or individual reading behaviors that
we identified but rather were directly linked only to indi-
vidual reading outcomes (see Figure 3, columns 1 and 4; for
correlations and covariances, see Table Al in the appendix).
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First, for app books with a greater minimum number of
hotspots available on each page, children’s unprompted and
prompted retelling outcomes were better. Specifically, when
reading app books with 10% more minimum hotspots avail-
able on each page than average, students averaged 2% higher
prompted and unprompted retelling scores (2% = odds ratios
of 0.983 and 0.828 in Table 7, columns 2 and 3, row a). As
we did not examine app books that represented a wide range
of minimum numbers of hotspots available on each page, we
lacked the data to calculate the optimum number. This can
be examined in future studies.

Second, when reading app books with word hotspots
available, students averaged 3% higher inference/critical
thinking scores (3% = odds ratio of 0.136 in Table 7, column
4, row b). Other app book affordances, including navigation
options in a book, maximum number of hotspots available
on each page in a book, total number of automatic anima-
tions of illustration objects in a book, whether a book had
panning/zooming, total number of automatic zooming/pan-
ning occurrences in a book, total number of user-activated
congruent hotspots available in a book, and total number of
user-activated noncongruent hotspots available in a book,
were not linked to buddy reading behaviors, individual read-
ing behaviors, or outcomes when reading that book. Also, all
mediation tests were not significant.



1. App Affordances 2. Buddy Reading

3. Individual Reading

4. Outcomes

FIGURE 3.

Thicker lines indicate larger effect sizes.
*p < 05, %*p < 01, ***p < 001,

Finally, findings related to how buddy and individual
reading behaviors were related to children’s outcomes are
important (Figure 3, columns 2 to 4; Table 7, columns 4 and
5, rows c to f). However, they are not related to our research
questions or hypotheses for this study. Further, these rela-
tions have been reported in our previous work (see Christ
et al,, 2019; Wang et al., 2019; Wang, Christ, Chiu, &
Strekalova-Hughes, 2019). Therefore, these aspects of the
results are not discussed.

Discussion

Our study, which explored more digital affordance vari-
ables across a greater number and variation of app books
than has been done in previous research, and how these were
related to young children’s reading behaviors in both buddy
and individual reading contexts and individual comprehen-
sion outcomes, revealed important new findings. In this sec-
tion, we discuss how each important finding extends

Monitoring - *
Draw buddy’s +0.136 Unprompted
attention Retelling
- +0.234 ***
Minimum 7
# of hotspots
Prompted
Retelling
Log +0.216 **
(% monitoring Inference/
Word hotspot strategies) | 10,055 * Critical
Thinking
% Used
relevant  |+0.381 * |
hotspot “| Vocabulary
% Listen  [+0.158 **
to all pages

Path diagram modeling students’ unprompted retelling, prompted retelling, inference/critical thinking, and vocabulary.

previous research and its implications for educators,
researchers, and app book designers. We also discuss the
meaning of some notable nonsignificant findings. We con-
clude by advocating a more detailed and nuanced perspec-
tive for app book selection, which we refer to as dynamic
selection.

Minimum Number of Hotspots Available on a Page

First, our findings show that a greater minimum number
of hotspots available on each page is related to young chil-
dren’s better retelling outcomes. This is likely due to each
hotspot’s contribution to extending the possibilities for inter-
actions that create deeper understanding or retaining that
information about the story. Largely, this is because most of
the hotspots in the books we selected were congruent (see
Table 3). For example, in the app book Gustav the Goldfish,
the minimum number of hotspots on a page is six, and all of
those were congruent (see Table 3). This is the second
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TABLE 7

Summary of Four Final Regression Models Predicting Students’ Comprehension Outcomes

Unprompted Prompted Inference/critical Vocabulary
Explanatory variable retelling retelling thinking response response
Affordances
a.  Minimum number of hotspots per page 3.544%x* 1.893*
(0.983) (0.828)
b. Word hotspot 0.136%*
(0.064)
Buddy reading
¢. Draw buddy’s attention—collaboration 12.770*
(6.106)
Individual reading
d. % Listen all page (% pages on which child waited for all text 0.847*
to be read before turning page) (0.415)
e. % Used congruent hotspot (% pages on which congruent, 1.468%*
unprompted hotspots are used) (0.515)
f. Log (% monitoring) 0.088%*
(0.029)
R? .140 .056 .044 297

Note. Unstandardized regression coefficients shown with standard errors in parentheses. Each regression model included a constant term for each outcome.

Hp < 05, FEp < 01, #*%p < 001

greatest minimum number of hotspots per page across all 18
books (range = 0-7). This relatively large minimum number
of hotspots per page includes hotspots for all the characters
on every page on which they are included in the illustration.
When any character is touched in the illustration, its printed
name appears and is read aloud. This provides ample addi-
tional opportunities to process the characters’ names while
reading the book, and characters’ names are one element that
is scored in the retellings. Likewise, aspects of events in the
book are also reinforced by the word hotspots, and the
greater minimum number of hotspots provides more oppor-
tunities for reinforcement. For example, the text reads,
“Gustav was bigger!” Then, when a child touches Gustav in
the illustration, the word big appears and is read aloud.
When Gustav is touched again, the word bigger appears and
is read aloud. If touched a third time, the word bursting
appears and is read aloud (these are three of 13 total hotspots
on this page). Thus, the hotspots reinforce and extend the
idea of Gustav getting bigger. This provides opportunities
for children to better recall events from the story, which is
another aspect of retelling that is scored. This finding extends
ecarlier research that qualitatively explored how children
used congruent versus incongruent hotspots and how this
was related to their comprehension outcomes (e.g., de Jong
& Bus, 2004; Labbo & Kuhn, 2000; Trushell et al., 2001,
2003) but did not statistically explore how a broader variety
of hotspot affordance variables, including minimum/maxi-
mum numbers of hotspots, types of hotspots, and so on were
related to young children’s reading outcomes in one
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statistical analysis to identify their relative contributions to
outcomes.

Most of the hotspots in the books used in our study were
congruent (see Table 3), and congruent hotspots have been
shown to support positive comprehension outcomes (Christ
et al., 2018, 2019; Korat & Shamir, 2012; Labbo & Kuhn,
2000; Shamir, 2009). Thus, our results should be interpreted
as showing that increasing the minimum number of congru-
ent hotspots per page would be beneficial in terms of app
book selection and design. Unfortunately, we lack the data to
calculate the optimum number of minimum hotspots avail-
able per page. Thus, this should be explored in future
studies.

Word Hotspots

Our findings show that the availability of word hotspots
(i.e., places in the illustration that when touched activate a
printed word appearing and being read aloud) is related to
young children’s better inference/critical thinking outcomes.
This is likely due to the word hotspots providing additional
text-based clues that support the inference/critical thinking
process. For example, one of the inference questions about
the Gustav the Goldfish story is, “What do you think the man
did to get Gustav back to his regular size?” On the page that
precedes Gustav being restored to his regular size, the text
reads, . . . he came right away with a lot of strange bottles
tucked into his vest and a thing on his back like a medicine
chest.” Then, when the child touches the illustration of the
man, the words strange bottles appear and are read aloud.



Likewise, when the child touches the illustration of the
chest, the words medicine chest appear and are read aloud.
These hotspots seem to help identify relevant text clues that
can be used to infer that the man gave Gustav some medicine
to shrink him back to his regular size. Again, this finding
extends previous qualitative research that predominantly
explored children’s use and outcomes related to congruent
versus incongruent hotspots (e.g., de Jong & Bus, 2004;
Labbo & Kuhn, 2000; Trushell et al., 2001, 2003; Wang
et al., 2019) but not a broader variety of hotspot affordance
variables within a single statistical analysis to identify their
relative  contributions to children’s comprehension
outcomes.

For educators, this finding suggests that selection of app
books with congruent word hotspots will better facilitate
young children’s inference/critical thinking outcomes as
compared to other affordances. In terms of design, integrat-
ing word hotspots into app books would support their being
used to meet this goal.

Notable Nonsignificant Findings

Some of the digital affordance variables that we explored
seem not to matter. For example, whether or not app books
have page-turn-only or page-turn and menu navigation
options does not relate to young children’s comprehension
outcomes. Likely this is because most children in our study
read sequentially, and either mode of navigation facilitates
this. Likewise, neither app books’ maximum number of
hotspots available on each page nor their total number of
user-activated congruent hotspots available relates to young
children’s comprehension outcomes. This may be because
the minimum numbers are more important than the maxi-
mum numbers—that is, having enough congruent hotspots is
important, but having more than that is not problematic.
Again, this is likely a function of the majority of hotspots in
the books we selected being congruent (see Table 3). So, the
hotspots largely facilitate better comprehension (Christ
et al., 2018, 2019; Korat & Shamir, 2012; Labbo & Kuhn,
2000; Shamir, 2009) rather than detract from it, as might
occur with large numbers of incongruent hotspots (Labbo &
Kuhn, 2000; Trushell et al., 2001; Trushell & Maitland,
2005). Thus, educators and researchers do not need to focus
on these aspects of app book affordances during selection
when the majority of hotspots are congruent. Further, app
designers may choose to include navigation affordances and
maximum numbers of hotspots for app book design aligned
with the story and need not worry about the effects of too
many hotspots or navigation options having a negative rela-
tion to young children’s comprehension outcomes, so long
as they design congruent hotspots.

In addition, some affordances that previous research
shows to be significant predictors of young children’s com-
prehension outcomes are not significant when included in a

App Book Affordances

broader analysis, like ours. This is likely due to the relative
strength of their contribution to the outcomes. For example,
although automatic animations of illustration objects in digi-
tal books are related to better outcomes as compared to static
paper books (Korat, 2010; Korat & Blau, 2010; Ricci &
Beal, 2002; Verhallen et al., 2006; Verhallen & Bus, 2010),
our findings show that when automatic animations of illus-
tration objects are included in the same analysis with other
affordances, such as interactive hotspots, their contribution
to outcomes is no longer significant. Likely, this reflects
how affordances provide gradations of support for compre-
hension—that is, automatic animations of illustration objects
provide more support than static ones, and interactive ani-
mations provide more support than automatic ones. Thus,
although educators and researchers might choose app books
with automatic animations of illustration objects, they
should be mindful to ensure that the app books also include
additional affordances, such as greater minimum numbers of
congruent interactive hotspots, which are significantly
related to young children’s better comprehension outcomes.
Likewise, app book developers may include automatic ani-
mations of illustration objects in addition to other affor-
dances that support better outcomes but not in lieu of those.

Finally, we note that our findings do not show any con-
nections between the availability of digital affordances and
young children’s reading behaviors in particular contexts
(i.e., buddy or individual reading). This may be because the
buddy reading group was small (two or three children), and
the iPad was always placed in the center of the table, so all
children could engage in interactivity with the affordances in
similar ways across buddy and individual reading. This issue
warrants further exploration in the future.

Dynamic Selection of App Books

Our findings extend suggestions for app book selection,
underscoring the importance of considering specific affor-
dances to support particular outcomes. We call this dynamic
app book selection. That is, although broad criteria are ini-
tially important when selecting an app book—such as choos-
ing app books that have a developmentally appropriate
high-quality narrative and illustrations and digital affor-
dances that are interactive, transformative, and intuitive
(Baxa & Christ, 2017; Brueck, 2013; Cabhill et al., 2013;
Morgan, 2013; Zipke, 2014)—a second critical step is also
important: dynamic selection that considers how specific
affordances are related to specific outcomes to inform selec-
tion of app affordances that align with desired reading out-
comes. For example, our findings suggest that to facilitate
retelling outcomes, educators should select a high-quality
app book that contains a greater number of minimum hotspots
per page. Or if the goal is to support inference/critical think-
ing outcomes, it is important to select a high-quality app
book that has hotspots that contain important information/
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language related to the story, like the word hotspots did in our
study. In terms of app books’ design, we suggest that integrat-
ing multiple affordances that support desirable outcomes
(e.g., a greater minimum number of hotspots per page and
hotspots that contain important information/language related
to the story) in the same app book would provide the most
flexibility in terms of its potential use to meet multiple objec-
tives. This is the case in the app book Gustav the Goldfish.

Limitations and Future Research Directions

There are five limitations to our research, several of
which suggest future research directions. First, we chose
books with predominantly supportive digital affordances.
Future research might explore how digital affordances avail-
able in app books link to reading behaviors and outcomes
when more of a range of supportive versus nonsupportive
affordances are included in the books (e.g., some books with
predominantly noncongruent hotspots). Second, we chose
commercially available app books. This choice aligns with

most previous research in this area (see Table 1, last column)
and also provides ecological validity for our findings.
However, this choice meant that we did not have experimen-
tal control of books/affordances. Third, our outcome focus
was limited to comprehension. Other researchers have
explored other early literacy outcomes, such as word recog-
nition (e.g., Zipke, 2017). We suggest extending research
that focuses on other kinds of outcomes by using a more
fine-grained analysis of how digital affordances in app
books are linked those outcomes. Fourth, the children in our
study were kindergarteners and emergent/beginning read-
ers. Studies of older readers at later beginning and almost
fluent reading stages might also adopt this more fine-
grained approach to identifying links between digital affor-
dances and outcomes. Fifth, given the fine-grained coding
for each child in the study, we had to limit the total number
of participants to make the coding task feasible. However,
future studies might include a greater number of partici-
pants from across more locations and research teams to bet-
ter represent the population of young app book readers.

Appendix

Ancillary Results

TABLE Al

Correlations (below the diagonal), Variances (in bold), and Covariances (above the diagonal)

1 2 3 4 5 6 7 8 9 10 11 12 13
1 683.823 304.700 5569  6.878 0347 1390 1.535 11.257 5525 1.238 1.600 -0.202  5.676
2 0.544 458.682 3561 11.413 —-0.494  0.947 0.095 4.878 2087 0416 1.153 0905 5.108
3 0.347 0.271 0.376 —0.083 —0.007 0.016 0.012 0346  0.087 0.004 0.027 0.012  0.182
4 0.263 0354 —-0.098 2980 0291 0.222 NA NA -0.621 -0.081 0329 0.169 0.375
5 0.033 -0.057 —-0.027 0.415 0.166 0.032 0.000  0.002  0.012 -0.003  0.022  0.008 —0.023
6 0.247 0.206 0.122  0.595 0363 0.046 0.000  0.003  0.013 0.003 0.031 0.002 0.027
7 0.117 0.009 0.039 NA 0.000  0.000 0.250 0495 0580 -0.012  0.000 -0.150 -—0.221
8 0.249 0.132 0.327 NA 0.003  0.008 0.574  2.981 1.818  0.047 —0.003 -0.293 -0.215
9 0.120 0.055 0.080 —0.240  0.017 0.035 0.658 0.597  3.112 0.022 -0.016 -0.598 —0.758
10 0.170 0.070 0.021 —-0.159 -0.023 0.047 —0.088 0.098  0.046 0.077 0.003 0.002 0.022
11 0.135 0.119 0.098  0.423  0.118 0.315 0.000 —-0.003 —0.020 0.023  0.204 0.003  0.058
12 —0.019 0.104 0.048 0.261 0.047 0.025 -0.735 -0417 —0.834 0.022 0.019 0.165 0.237
13 0.146 0.160 0.200  0.134 —-0.038 0.083 —0.297 -0.084 —0.289  0.053 0.086  0.392  2.209

Note. 1 = unprompted retelling, 2 = prompted retelling, 3 = inference/critical thinking, 4= vocabulary, 5= New York Class 1, 6= listening comprehension
with paper book pretest, 7= word hotspot (vs. animation hotspot), 8 = minimum number of hotspots per page, 9= log (percentage selects “Read to Me” mode)
(individual reading), 10= monitoring—draw buddy’s attention to book content (buddy reading), 11= listen all pages (individual reading), 12= percentage
used relevant hotspot (individual reading), 13 = log (percentage monitoring) (individual reading).
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