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a b s t r a c t

This paper reports on situations in which children engage with mobile apps to better
understand how they learn through such interaction. The following two research questions
were postulated to address the research purpose: i) What are the conditions that engage
children with mobile apps? ii) How does learning take place during children's engagement
with mobile apps? The study was carried out using a qualitative approach by observing
young children's interactions when using mobile apps. A total of 18 pre-schoolers aged 4
e6 years participated in the study. The observation sessions were video-recorded to un-
obtrusively observe the participants' interactions with 20 selected mobile apps. The data
were analysed using a thematic approach to examining children's emergent behaviours
when engaging with mobile apps to identify, generate code, and produce themes. The
findings demonstrated three prominent conditions of children's learning engagement:
collective sensory skill, emotional expression, and verbal expression. It is evident from the
study that learning in this environment takes place through cognitive, psychomotor-based,
and affective means. This study provides significant insight on how young children engage
with mobile apps to articulate their design implications as well as general guidelines for
selecting quality mobile apps to encourage engagement in home, classroom, and library
use.

© 2015 Elsevier Ltd. All rights reserved.
1. Introduction

The e-book market has become predominantly driven by mobile developments such as smartphones and tablets. Most e-
books consequently have become available in a mobile application format known as mobile applications or “mobile apps”.
Mobile apps, as new education interventions, have recently become very popular in supporting early literacy development
among children. This approach has been elevated with the rising popularity of tablet-based computers such as Apple's IPad
that supports the use of mobiles. Shuler, Levine, and Ree (2012) in their report claim that 80% of the top-selling paid apps from
the ITunes store are in the education category and targeted at children. Apps for pre-schoolers have become themost popular
category with 58% of the market and have experienced the greatest growth of 23%.

Itzkovitch (2012) distinguishes between e-book/mobile apps in terms of their formats: i) apps are run through IOS and
Android software; ii) e-books as in open standards EPUB and Mobipocket (.mobi) formats; and iii) enhanced e-books in
ePUB3 format for iBook (Apple) and Kindle format 8 (KF8) for Kindle Fire (Amazon). In contrast, Cohen (2012) categorised
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mobile apps intervention into three types: i) game apps with interactive features and educational content such as alphabet
memory cards or puzzles with forming letters and words; ii) creating apps with tools for drawing, tracing, and building that
support children's creativity such as painting and colouring tools to create new shape and objects formations; and iii) e-
storybook apps that normally includes colourful and highlighted text for easy reading, animation and interactive features,
read-to-me options, and dictionary for new words and pronunciation. Although e-books and mobile apps are used inter-
changeably in the literature, for the purposes of this study, the term “mobile apps” is referred to educational interventions
that are available in mobile devices that include gaming apps, creating apps and e-storybooks as suggested by Cohen (2012)
in his classifications.

Studies on mobile apps among children can be traced back from studies on e-books that report its usage in young
children's literacy development. Some of these studies have demonstrated positive outcomes with respect to e-book
enhancement of learning, comprehension level, and vocabulary development (Chau, 2008; De Jong & Bus, 2004).
Conversely, some studies have reported negative effects such as animation being distractive to reading comprehension and
diverting children's attention away from learning (Grimshaw, Dungworth, McKnight&Morris, 2007; Korat& Shamir, 2007).
Most of these studies were conducted in a formal learning setting particularly in a classroom setting with the present of
teachers in second through fourth grades (Hutchison, Beshorner & Schmidt-Crawford, 2012; Jones & Brown, 2011; Larson,
2010; Roberts & Barber, 2013), and variation in research design for a specific and dedicated e-book software and e-readers
(Larson, 2010; Wijekumar, Meyer, & Lei, 2012). However, little research has been done to further investigate how learning
takes place when children interact with mobile apps particularly in an informal learning setting (without direct support
from teacher or organized curriculum (Livingstone, 2006), suggesting a need for more studies to understand children
learning in this particular setting.

This study is therefore intended to provide evidence regarding young children just starting to learn to read and at an early
stage of emergent literacy. Its aim is to investigate young children's engagement with mobile apps and to explore conditions
that engage children with such interventions and further to understand how children learn throughout the engagement
process in an informal learning setting. Answers in this regard should contribute to an understanding of pedagogic principles
for effective early literacy instruction, as well as suggest suitable features in choosing appropriate mobile apps for certain age
group of children. This information should be particularly useful in articulating mobile app design principles for publishers/
developers and providing guidelines for parents, teachers, and librarians in selecting high-quality mobile app interventions
for home, classroom, and library usage.
2. Literature review

2.1. Children's engagement in the context

Engagement is a concept that involves a combination of attention, interest, and enjoyment that encompasses self-
direction, interaction, emotion, and choice naturally motivated by stimulating activities/actions. The literature has pro-
vided various definitions of engagement incorporating emotional, behavioural, and cognitive aspects (Marks et al., 2013).
Roskos, Burstein, and You (2012) in their study associated children's engagement during reading e-book intervention with
attention and enjoyment gained through looking, watching, and listening activities, while Sipe (2002) defines engagement as
expressive behaviour that includes dramatizing, talking back, critiquing/controlling, inserting, and taking over. O'Brien and
Toms (2008), on the other hand, define the term engagement as comprising a four-stage process involving quality user
experience with technologies, the steps being: i) point of engagement; ii) period of engagement; iii) disengagement; and iv)
reengagement.

In addition, Roskos et al. (2012) differentiate engagement as having two main characteristics: i) verbal behaviours that
include responses such as commenting, answering questions, offering ideas, laughing, and making noises, and; ii) nonverbal
behaviours such as control of the object, eye gaze, touching, bodymovement, facial expressions (e.g. smiling, frowning), page-
turning, and gestures. According to O'Brien and Toms (2008), engagement indicators include: i) Sensual e i.e., sensory appeal
of multimedia and interactive interface components; ii) Emotional e i.e., enjoyment, fun; iii) Spatiotemporal e i.e., focus and
involvement with content with respect to time and space. Roskos et al. (2012) report three main conditions that engage
children using e-book apps: i) Multi-sensory behaviours e looking, touching, listening, moving, gesturing, making facial
expressions, making noises, using language; ii) communication e commenting, answering questions, asking questions; iii)
emotionale positive/negative feelings. Moody, Justice, and Cabell (2010) identify the three dimensions of children's e-reading
engagement as: i) Persistence e complete and maintaining participation; ii) Enthusiasm e motivation and excitement; and
iii) Compliance e staying focused and following directions.

Overall, the above literature identifies engagement attributes as physical, cognitive, and affective components of
user experiences corresponding to the three domains of learning taxonomy as reported by Krathwohl (2002), Thomas
(2004), and Huitt (2011): i) Cognitive e learning related to knowledge; ii) Psychomotor e learning related to actions
and motor skills; iii) Affective e learning related to attitudes, feelings, and emotions. Although the original Bloom's tax-
onomy is normally used as a measurement tool to address learning outcome, it can also serve as a mean for determining
educational objectives (Krathwohl, 2002) such as in understanding how children could learn using e-book/mobile app-
based interventions.
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2.2. Mobile apps and emergent literacy

The term “literacy” has evolved from traditional notions of reading and writing to include students' ability to learn,
comprehend, and interact with technology such as personal computers, tablet devices, electronic books and more recently
mobile apps (Castek et al., 2006; Coiro, 2003).While emergent literacy refers to a range of literacy-related skills for children in
preschools years that includes naming letters of the alphabet, and phonological awareness and oral language skills (Demir,
Applebaum, Levine, Petty, & Goldin-Meadow, 2011) that is important for children learning and literacy development. The
advent of digital media has introduced a rich display of visual and auditory features, that can be used to promote learning in
children as they are being entertained (Calvert, 2008).

Nowadays, more andmore children has accessed to new reading devices such as e-readers, touchscreen tablets, andmulti-
touch smartphones that offer literacy-related education intervention to children. The interactive multimedia elements in
such interventions provide cross-modal (visual e verbal) associative learning to promote emergent literacy skill like letter-
sound knowledge, phonemic awareness, and print recognition. In addition, Pearman and Lefever-Davis (2006) have promoted
e-books as useful intervention for addressing five elements of reading development as identified by the National Reading
Panel: phonemic awareness, phonics and concepts about print, fluency, vocabulary, and comprehension.

Themassive development of mobile apps in themarket, with frequent advertising references to them as “educational” and
promoting them as providing educational value to children, represents an opportunity for research studies investigating
children's interaction and engagement with mobile apps. According to Mangen (2010) children's interactions with any
technology is amultisensory action that is especially useful when e-book ormobile app interventions provide both action and
perception to facilitate new learning experiences seen to be more engaging and enjoyable for young children. Several studies
have supported this premise, such as Shamir and Baruch (2012), who report that interactionwith e-books as computer-based
activities could develop motivation for children to learn through a variety of multimedia representations including text, oral
narrations, animations, and illustrations.

Moody et al (2010) furthermore identified features of e-storybooks that could assist children in achieving word-
recognition skills by enhancing print using highlighting words and sentences in combination with read-aloud facilities.
Similarly, Shamir and Baruch (2012) reported improvement in both children's vocabulary and early math skills through use of
e-books. Maynard (2010) additionally indicated that children could read faster with e-book readers and they preferred e-
books over print versions. Moreover, Hourcade, Williams, Miller, Huebner and Liang (2013) found that children's social in-
teractions with one another were increased when they used tablet apps rather than paper books in their storytelling ac-
tivities. This newer type of interaction seemed to increase children's engagement because they were experiencing more
enjoyable activity, gaining more confidence and becoming less anxious. Apart from these studies, there are several other
studies investigating efficacy of e-books with respect to children's emergent literacy (such as writing, reading, and numerical
learning), particularly for children with learning disabilities (Shamir, Korat, & Fellah, 2012; Shamir & Shlafer, 2011).

The educational values of e-book or mobile apps for children were widely argued. Even though young children have been
reported as being able to use e-book or mobile apps on tablets and touchscreen devices such as applying required skills e.g.
tap, flick, drag and drop, pinch, and spread that progress from novice to mastery (Cohen, 2012); and demonstrating ability to
collaborate, discuss, express joy, frustration, and socially engage with surroundings (Sandvik, Smordal, & Osterud, 2012); and
reading faster as they could manipulate the text easier (Larson, 2010), Chiong, Ree, Takeuchi, and Erickson (2012) on the other
hand found that childrenmay recall fewer details when using enhanced e-books or apps because they are often too busy with
additional features such as games and hotspots. Additionally Chiong et al. (2012) indicated that enhanced e-books may
distract children from a story and disrupt their memory of narrative details, in contrast to their behaviours when using print
versions and textual e-books based on the same stories. Furthermore Mangen (2008) also reported that intangibility of digital
text has caused the reader to have a shallower and less-focused reading experience. This paper reports a study that seek to
understand further on children learning experience while interacting with mobile apps in a context of informal learning
setting where no direct reliance with teachers.
3. Research questions

The main objective of the study is to explore conditions that engage children with mobile apps to better understand how
they learn through such interaction. The following research questions were therefore put forth to address this purpose:

i. What are the prominent conditions that engage children through mobile apps?
ii. How does learning take place when children engage through mobile apps?
4. Research method

A descriptive research approach was used to observe children's engagement with mobile apps in a preschool during
September 2013. The emergent behaviours of such engagement were observed, drawing on existing categories and other
behaviours that might emerge from this observation.
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Prior to the data collection session, consent letters were distributed to parents to obtain formal consent for their children
to participate in the study. A survey questionnaire was disseminated to the parents to gather demographic information and
responses related to mobile apps usage. For the observation session, the study began by allowing the children to interact with
available mobile apps installed in handheld devices. 20 mobile apps were made available for children to choose from. The
selection of the mobile apps was based on users' ratings (4.0 and above) and they were all categorized under educational
purposes. Observational datawas collectedwithin aweek inmorning and afternoon sessionswhere childrenwere invited to a
play room equipped with child-sized tables and chairs to provide informal learning setting without direct reliance with
teachers. The children were given about 15e20 min to interact with their preferred mobile apps. Two video cameras were
used to record the children's interactions with themobile apps. Field notes were also taken to provide data complementary to
the observation session.

A total of 18 children (9male and 9 female) of ages 4, 5, and 6 years participated in the study. Findings from parents' survey
questionnaires provided information on the children's backgrounds. A total of 15 out of 18 responses were collected from the
parents, whose ageswere between 31 and 50 years. The parents indicated that they read books to their children at home.10 of
the parents were aware of mobile apps while 6 of them had downloaded apps, mainly installed in handheld devices, for their
children. The parents were receptive about mobile apps intervention for their childrenmainly because of their portability and
interactive features. 10 of them, however, preferred printed books, primarily because they felt their children would pay more
attention during interactions (e.g. reading process) and better learn/understand the story.
4.1. The mobile apps

The mobile apps collection used for the study was categorized into interactive e-storybooks, gaming mobile apps and
creating mobile apps. The interactive e-storybooks were mobiles with text, read-aloud narration, pictures, and animation
features. Gaming mobile apps on the other hand provided memory flash card activities (e.g. pairing or flipping numbers/
alphabets/pictures); puzzles and matching games. While creating mobile apps include drawing, tracing and building tools.
The study indicated that the most popular mobile apps was “Alphabet”, selected by 6 children, followed by “Draw Finger” and
“Shapes” selected by 3 children each, while “Mathematics Game for Children”, “Twinkle Star”, “Kids First ABC”, “Cinderella”
and “Rabbit and Turtle”were each selected by 2 children. Other mobiles apps, “Art Studio” and “Little Red Riding Hood”were
only selected once.
4.2. Data analysis

A total of 410 min of video observation footage and 20 pages of observation notes were gathered. The video footage was
later transcribed into a total of 50 written pages. These video transcriptions and observation notes were used as the unit of
analysis. The data were processed using MS Excel and NVivo 8 software. A thematic analysis (Braun& Clarke, 2006) approach
was used to identify, generate code, and produce themes and sub-themes in examining children emergent behaviours (verbal
and non-verbal) when theywere engagedwith the mobile apps. The general themes were adapted from Roskos et al.'s (2012)
engagement categorisation and Bloom's taxonomy of learning domain (Huitt, 2011; Krathwohl, 2002; Thomas, 2004).

4.2.1. Intercoder reliability
Two intercoders were responsible for coding the data into themes. The percentage of intercoder agreement was calculated

by dividing the number of times they agreed by the total number of analysis units (Freelon, 2010). The initial percentage of
agreement was 46.2%, a low value indicating a need to further refine the sub-themes to correct vague definitions and remove
redundant sub-themes. The sub-themes were therefore revised and, as a result, several new sub-themes were included,
irrelevant sub-themes were removed, and redundant sub-themes were merged. Subsequently, after the second round of data
analysis, the intercoders' agreement increased to 76.7%. The few occurrences of disagreement were resolved in each case by
assigning the data to the most appropriate theme as mutually agreed by both intercoders.
5. Results

5.1. Conditions that engage children with mobile apps

The findings disclose three main conditions that engaged the children with the mobile apps based on the following no-
tions: i) collective sensory skill; ii) emotional expression; and iii) verbal expression.

5.1.1. Collective sensory skill
Collective sensory experience reflects sensory motor skills such as touching, looking, listening, and gesturing while

interacting with the mobile apps. The findings indicate that children have absolute control over the device and therefore
achieve a larger number of independent interactions while using the mobile apps. Some instances of the collective sensory
experience are as follows:
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5.1.1.1. Touching.
Touched the light option and moved the cursor to change the light volume (Adib, Day 2, Session 1).

Tried to move the picture on the screen (Shay, Day 2, Session 1).

Pointed at and touched different features while showing unhappy facial and vocal expressions (Anna, Day 1, session 1).

Moved the animation displayed on the screen to the left and to the right (Anis, Day 1, Session 2).
5.1.1.2. Looking.
Looked at the option list (on the screen) then asking himself “Which one should I choose?”(Adib, Day2, Session 1).

Looked at the screenwhere a new page showed a list of options and asked, “How to use this?” (Erfan, Day2, Session 1).
5.1.1.3. Listening.
Listened andmimicked the narrator with a better accent as he touched number 8 on the screen (Erfan, Day2, Session 1).

Listened and repeated the words she heard from the narrator (the various kinds of animals' sounds) (Nina, Day 2,
Session 2).
5.1.1.4. Gesture.
Rotated the device to get a proper view (Wijei, Day 1, Session 2).

Clapped her hands as she clearly enjoyed finishing the task (Amy, Day 1, Session 1).

His body rocked as he tried the app, not sure what the app was about but continued anyway (Jack, Day 2, Session
2).
5.1.2. Emotional expression
Emotional expression reflects the occurrence of facial expressions and noises made during interactionwith mobile apps in

touch-screen devices. It appeared that several children exhibited positive feelings by making noises to express their feelings,
although some did not express such behaviour and were more neutral. Among the participants, the females in general
showed more emotional expression than the male, while 4-year-old children exhibited more emotional behaviour than the
others. Some instances of the emotion behaviours that included positive facial gestures, no expression/gazing, or negative
facial gestures are as follows:

5.1.2.1. Positive.
He was excited after being able to complete the matching tasks and made some noise afterwards (Shay, Day 2, Session
1).

He looked amazed and genuinely appreciated the app and activities included in it (Erfan, Day2, Session 1).

As he managed to drag all pieces of puzzle to the proper spots, for each successful attempt the app generated the
following audio comments: “Nice going!”, “Good Job”, “Right!”, “Great”, “Awesome”. He seemed excited with the
responses (Amin, Day 1, Session 1).
5.1.2.2. No expression/gazing.
He showed no facial expressions; generally he did not know what he was supposed to do next (Syed, Day 2, Session 2).
5.1.2.3. Negative facial gestures.
He looked confused and poked his head (Amin, Day1, Session 1).

She stared at the screen and looked bored, and did not knowwhat to do. She did not wait to listen to the narration, but
kept tapping to see what it was about but it failed to interest her (Anna, Day1, Session 1).
5.1.3. Verbal expression
Verbal expressions given by the children during their interaction with mobile apps are described as verbal expressions.

Some instances of the comment are as follows:
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When he finally knew how to fill the imagewith colour, he uttered “Oh puzzle!! Oh colour, this one, is purple…” (Adib,
Day 2, Session 1).

When the colour turned green, he exclaimed with excitement “Wow!” (Erfan, Day2, Session 1).

While looking at the balloons floating on the screen hewas impressed and uttered “… Somany bubbles!.... shoot… put
it” (Jack, Day 2, Session 2).

He felt good about the outcome of the tasks and exclaimed “Yes!!” (Erfan, Day2, Session 1).
5.2. The learning experience

The findings from the observation sessions demonstrated how learning take placewhen children engagewithmobile apps
and resulted on the following three main notions: i) cognitive; ii) psychomotor; and iii) affective.

5.2.1. Cognitive
The cognitive notions involves thinking, learning knowledge and development of intellectual attitudes and skills char-

acterized by Awareness and goal accomplishment.

5.2.1.1. Awareness. Awareness refers to an ability to remember, recognize and understand the mobile apps. A learning process
occurs when children interact with the apps and become aware of the content that provide interactive/static elements and be
able to comprehend its purpose such as in matching and puzzle activities/games, and drawing tools. For example when
interacting with e-storybook apps such as “Cinderella”, “Little Red Riding Hood”, and “Billy the Space Cat”, the children were
aware of auditory and visual stimulations. They were able to activate the narrator's voice and listen to the audio as the
narrator read the highlighted text or when multimedia elements were initiated. They were also able to distinguish between
interactive and static elements.

In addition, awareness on also involves ability in handling the device and app details such as navigation and button
functioning. The finding demonstrates that children are able to browse available apps on the tablets, and choose apps that
catch their interest. Although a number of children (e.g. Sonia, Anna, Erfan, Shay, and Sara) were able to learn to use inter-
active elements, and differentmodes of interaction (such as play withme, read it myself, read it aloud) to interact and perform
the required tasks (such as inmemorymatching game of alphabetic letters, dot to dot activities); therewere, however, a small
number of children (e.g. Nina, Shima, and Amin) incapable of recognizing such features and tools at the initial stage of
interaction.

Some observation notes demonstrate children's awareness on how to interact with the applications read as follows:
Amin selected the “Shapes” app. He touched all available pictures such as anchor, ankle, and airplane one after another
while an audio description of each picture played as he pointed to them. He now knew that these pictures were
interactive multimedia elements with audio features that would be activated upon touching or tapping (Amin, Day 1,
Session 1).

Amy selected the “Cinderella” app that included three different modes (Read to me, Read it myself, Full version). She
selected the “Full Version” mode. The full version directed the app to the website that enables a user to purchase the
app. As thewebsitewas loading, Amy returned back to themain page and this time selected “Read it myself”mode. This
indicated that she was able to identify different modes available in the app and quickly changed from one mode to
another (Amy, Day 1, Session 1).

Sara selected the “Alphabet F” app and opted the “Matching” activity from the menu. Sara started randomly
flipping over cards on the screen. As she flipped over all the memory cards, she found a repeated alphabetic letter
‘G’. She then flipped over a letter ‘G’ from another row. The two cards were matched and they disappeared from the
screen. She now gain understanding and aware on how to complete the memory matching game (Sara, Day 1,
Session 2).

Tom selected the “Little Red Riding Hood” app. The app had various modes of activities. As he tapped on the “hear me”
mode, the narrator started reading the title and he tentatively listened and looked at the page. Then he tapped the
forward button. The next page was displayed and again the narrator read the story (Tom, Day 1, Session 1).

Nina selected the “Art Studio” app. It was a drawing app. She was aware that she could draw using her index finger
when she actually started to draw a few shapes on the sheet. (Nina, Day 2, Session 2).
5.2.1.2. Goal accomplishment. Goal accomplishment reflects children's ability to understand and construct meaning from the
mobile apps when using them to perform/complete certain tasks. Interacting with mobile apps give the children oppor-
tunities for interacting with digital objects that provide different learning experiences, i.e., enabling multimedia compo-
nents, animations, audio, and highlighted text; moving interactive images or objects; using navigation tools to skip,
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proceed, exit, or return. The children used their knowledge to complete certain tasks/activities correctly and solve simple
problems through trial and error or through repeated learning patterns. Some observation notes demonstrate goal ac-
complishments as follows:
Celine chose “Alphabet F” app then selected the “DOTS” activity from the menu. The screen displayed a number of dots
that needed to be connected with one another to form an alphabetic letter. As she dragged her finger from one dot to
another, the alphabetic letter ‘V’ was formed (Celin, Day 2, Session 2).

Jack selected the “Puzzle Fun for Kids 2” app. The puzzle included a few blank spots of jungle animal shapes.
He dragged the pictures (e.g. butterfly, sheep, and ladybug) and placed them at the bottom of the screen. He
managed to find the correct animal pictures for the given spots and completed the puzzle quickly (Jack, Day 2,
Session 2).
5.2.2. Psychomotor
Psychomotor exhibits physical actions (e.g. kinaesthetic as in bodily movement, haptic and tactile as in perception and

manipulation of objects using the sense of touch) to support cognitive growth and furthering recognition skills. The
findings indicate that children are able to demonstrate touch gestures and body movement while using the apps in the
touchscreen device and exhibit fundamental skill while interacting with the applications particularly in gaming and
creating type of apps. Psychomotor skill is observed based on these two characteristics: Perception, and Imitation and
Manipulation.

5.2.2.1. Perception. Perception means the capability of children to use their gesture to actively interact with the mobiles
apps such as how to use their fingers to drag and drop items, and inspecting and estimating where digital objects should
be placed. The findings demonstrate that children are responsive to the objects, features, and multimedia elements
in the apps and be able to use their gesture to interact with them. The children mainly used touch gestures, including
tap, drag, and swipe, to interact with the application. The most popular selected apps were mainly from gaming and
creating category such as “Alphabet F”, “Animal Pond”, and “LF Number” as well as “Draw finger” and “Art Studio” in
which required more sensory motor skills to be applied. Some observation notes demonstrating perception read as
follows:
Sara selected the “Alphabet F” app and opted the “Matching” activity from the menu. This app is comprised of a
memory matching game of alphabetic letters. Sara started randomly flipping over cards on the screen. As she flipped
over all thememory cards, she found a repeated alphabetic letter ‘G’. She then flipped over a letter ‘G’ from another row
(Sara, Day 1, Session 2).

Nina selected the “Art Studio” app. It was a drawing app. She tapped on a colour icon (pink) and tapped her finger on
the sheet, displaying a pink spot. She drew a tree, a circle, and a square on the sheet. She tapped on a brush and changed
the size to the thicker one. Then she drew a simple line on the sheet (Nina, Day 2, Session 2).
5.2.2.2. Imitation and manipulation. Imitation and manipulation demonstrate ability to repeat and perform an actionwith some
confidence and proficiency through taking repetitive actions (Ferris & Aziz, 2005). Children's acquisition skills begin with
experimentation and repetitive actions, making them able to shift from novice level to mastery of certain skills. The findings
indicated that childrenwere constantly involved in discovery as to how to interact with available interactive and multimedia
component available in the apps and trying to perform and accomplish a task or interactingwith the other features.With each
repeated effort they improved their skills and knowledge with respect to how to properly complete an activity. Some
observation notes demonstrate Imitation and Manipulation read as follows:
Sonia selected the “Kids First ABC” app. She tapped the ‘Start’ button then opted for a e piece puzzle. She dragged
the pieces to the given spots using her finger. After she successfully completed the first puzzle (a heart shape) she
selected another puzzle with 6 pieces. Her first few attempts to solve the puzzle failed but later she decided to drag
the pieces one by one and move them around on the given spots to find the best match and drop them into their
correct places. She then successfully completed the 6-piece puzzle (Sonia, Day 2, Session 2).

Sara selected the “Alphabet F” app and opted for the ‘DOTS’ activity from the menu. The screen displayed a number of
dots that should be connected together to form an alphabetic letter. She dragged her finger fromone dot to another. She
connected all the dots and an alphabetic letter ‘E’ was displayed on the screen. A new page then showed another
alphabetic letter. Sara then dragged her finger from one dot to another, and a letter ‘F’ was formed and displayed. She
continued these actions for other letters including, ‘G’, ‘H’, and ‘I’ (Sara, Day 1, Session 2).

Nina selected the “Alphabet F” app opted for the ‘WORDS’ activity that is all about learning vocabulary, and sounds of
letters. The page showed a letter ‘A’ and number of pictures showing objects beginningwith the letter ‘A’. As she tapped
on the pictures, the app narrator read the name of each, and she then repeated after the narrator words such as “Ant,
Alligator, Apple, Airplane” (Nina, Day 2, Session 2).
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5.2.3. Affective
The affective theme reflects emotion, attitude, and value while interacting with mobile apps. As a result of such inter-

action, the children exhibited different emotions such as feeling happy, amused, interested, motivated, as well as negative
feelings such as boredom, frustration, and confusion. The two characteristics observed from the affective theme are Receive
and Response.

5.2.3.1. Receive. Receive demonstrates children's sensitivity to the mobile apps as stimuli. The behaviour indications of it
include attentiveness, and take interest/not interested to experience. It reflected in positive and negative emotions. Most of
the children (e.g. Amin, Jack, Sara, Shima, and Sonia) showed positive emotions by appearing happy and amused when
interacting with the apps that was demonstrated by laughing and smiling. Conversely, some children (e.g. Fatiha, Ahmad,
Tom, and Nina) exhibited negative emotions such as boredom, confusion, and frustrationwhen interacting with the appwhen
theywere not interested, failed to successfully complete a task, or were distracted. Some observation notes demonstrating the
Receive theme read as follows:
… . when Shima successfully finished connecting all the dots in “Alphabet F” app, she smiled and asked her peer to see
the result. She then started to clap her hands and looked very happy (Shima, Day 2, Session 1).

… Shimawas amused when looking at her peer's screen that showed an animated dancing cat with an alphabet board
in its hand (Shima, Day 2, Session 1).

As Tom selected the “Little Red Riding Hood” app, he listened attentively to the story. He looked at the screen and at
some point started to move the animations as directed by the narrator. He was focused while listening to the narrators
until the story reached its end (Tom, Day 1, Session 1).

… Amy selected ‘Read it myself’ mode from the “Cinderella” app consisting of text and static images. She looked at
the screen and then tapped on the pictures but nothing happened. She proceeded to the next page where similar
features were displayed. Again she proceeded to the next page with the same outcome. She decided to skip all the
pages using the forward button until reaching the end of the page displays. She seemed bored with the apps (Amy,
Day 1, Session 1).

…Amin selected ‘PLAY’mode from the “Shapes” app. It displayed a red Circle on the screen. He tapped on the circle and
the narrator mentioned ‘red circle’. He started to tap on the circle then it moved to the left and the right, and each time
the narrator's voice said ‘red circle’. He kept tapping but nothing new happened until he looked bored and exited from
the app (Amin, Day 1, Session 1).
5.2.3.2. Response. Response reflects children's ability to react and attend to themobile apps as they interacting with them then
demonstrating enthusiasm and motivation to proceed, perform, contribute or otherwise. A few children demonstrated
contentment and satisfaction by making noises and clapping when they had successfully passed through different stages of
activities. Most children were motivated enough to complete a task, although a few of them did not. Most children were also
willing to explore the apps, although in a few cases (Nina, Wijei, and Anna) they declined to finish the task by abandoning the
task in themiddle of interaction and electing a different activity/mode. Some observation notes demonstrating Response read
as follows:
Sara selected the “Alphabet F” app and chose the “Matching” activity. It included a memory matching game using
alphabetic letters. Sara started randomly flipping through the displayed cards. At first shewas unable to understand the
goal of this game but after a while she found a repeated alphabetic letter, the letter ‘G’. She flipped over the other letter
‘G’ from another row then the two cardswerematched and disappeared from the screen. A newgamewas then started;
it was a 4� 4 cardmatching game. Again she started to flip through the cards to find amatch. As she gained knowledge
on how to complete the task she looked motivated to play more (Sara, Day 1, Session 2).

Sonia tapped on the “Alphabet F” app, and selected the “Puzzle” activity. She failed to perform the task as the beginning,
because she was not able to properly drag the object to the correct spot. She could not also find a match for the blank
spots but she eventually managed to complete the puzzle and put objects into correct positions. She managed to
successfully complete the puzzle. Sonia then decided to return to the main menu and selected another puzzle, one that
includedmore pieces of puzzle items. She seemedmotivated to domore. She successfully completed the puzzle quickly
(Sonia, Day 2, Session 2).

Nina selected the “Art Studio” app and began tapping on different drawing tools to explore their functions. She was not
able to properly use the drawing tools but still managed to sketch some patterns although she was not sure what to do
next. She commented that she was not interested in continuing (Nina, Day 2, Session 2).

Ahmad had opened several apps (e.g. Animal Pond, Draw Finger, Learn to Read, Rabbit and Turtle, and Little Red Riding
Hood). He explored the interactive elements and features of each app, but kept changing to try another app without
having any real interest in using any of them (Ahmad, Day 2, Session 2).
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6. Discussion

This study was conducted to investigate conditions that engage childrenwith mobile apps and to seek understanding how
children could learn through the interaction in informal learning setting. A total of 18 preschool children (9 male and 9 fe-
male) of ages 4, 5, and 6 years participated in the study. Three types of mobile apps were used for the purpose of this study
namely, e-storybook apps, gaming apps and creating apps. Children's interactions with these mobile apps were observed and
video recorded.

The findings demonstrated three main conditions that engage children with mobile apps through sensory motor,
emotional and verbal expressions. Additionally the childrenwere observed to be able to learn through their experience when
interacting with the mobile apps. This is evident in their learning incidents related to knowledge (cognitive); actions/motor
skills (psychomotor); attitudes, feelings, and emotions (affective).

Learning through cognitive involves thinking, learning knowledge, and development of intellectual attitudes and skills
characterized by awareness and goal accomplishment. The children were demonstrated to be aware and could apprehend
content of the mobile apps that normally include interactive elements, matching activities, puzzle games, and drawing tools.
In addition, the children were aware of navigation and button functioning of the mobile apps and device used and were able
choose mobile apps that catch their interest. The observation further revealed that the children could engage and learn
through their interaction when they managed to complete and accomplish goal of certain tasks such as solving puzzle and
memory games.

Learning through psychomotor exhibits physical actions such as kinaesthetic actions in body movement, haptic and tactile
actions as in perception and manipulation of objects using the sense of touch to support cognitive growth and recognition
skills. The findings indicate that children are able to demonstrate touch gestures and body movements and achieve funda-
mental skills when interacting with the apps to manipulate events on the screen. The observational data demonstrates that
children were more inclined to use gaming and creating apps rather than e-storybook that offer more features for sensory
motor skills. Psychomotor skill is characterized by perception, and imitation and manipulation. Perception is demonstrated in
the ability of the children to use their gesture to actively interact with the mobiles apps, and in discovering how to use their
fingers to drag and drop such objects. Imitation and manipulation on the other hand demonstrate the ability to repeat and
perform actions with confidence and proficiency through taking repetitive actions such as in completing dot-to-dot activities,
matching games and completing puzzle.

Affective learning reflects emotion, attitude, and value while interacting with mobile apps. The two main characteristics of
affective learning were Receive and Response. Receive as reflected in emotions involves both positive (e.g. happy and amused)
and negative (e.g. boredom, confusion, and frustration) attributes as a children sensitivity to the mobile apps as stimuli. This
was apparent through their laughing and smiling while interacting with the mobile apps. The findings indicate that, in
Response, children are able to give feedback through the apps tools/features in showing interest and motivation to proceed as
they either successfully pass through different stages or otherwise give up and discontinue. Although children engagement is
the focal instances to evidence the learning incidents, the findings also reported children disengagement in the interaction
mainly because demotivated and not interested to pursue the activity.

Fig. 1 demonstrates overall findings of the study. There are three main conditions that engage children with mobile apps:
through sensory motor, emotional and verbal expressions. These three engagement conditions were reflected through the
children's learning experience as observed from three learning incidents related to knowledge (cognitive); actions/motor
skills (psychomotor); attitudes, feelings, and emotions (affective). Based on the figure, the engagement conditions were
evident in more than one learning experiences (as such Collective sensory skill in Cognitive and Psychomotor; Emotional and
Verbal expression in both Psychomotor and Affective). This was learnt from the findingswhen childrenwere engaged through
collective sensory skill they were also demonstrated to be able to experience the learning process from Cognitive and Psy-
chomotor. For example as the children were engaging with collective sensory skills using touching, gesturing, looking and
Fig. 1. Engagement conditions of children's learning when interacting with mobile apps.
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listening, they could manage to complete and solve puzzle or memory game as reflected in goal accomplishment (in
Cognitive) and imitation and manipulation (in Psychomotor).

In addition, the finding in general demonstrates that children learning are more prevalent in psychomotor aspect as also
supported by the engagement condition through collective sensory skills. It is evident from the findings (in Section 5.2.2 and
Section 5.1.1) that children are more interested in the gaming and creating mobile apps rather than the e-storybook. This was
anticipated as gaming and creating mobile apps provide more multi-sensory learning experiences that stimulate children's
motivation, enjoyment, and attention and subsequently maintain their engagement. This is in line with findings from Roskos
et al. (2012), and by Roskos, Burstein, Shang, and Gray (2014) who reported that children are more engaged with haptic
perception, i.e., recognizing objects through touching.

Although e-storybook apps typically included with interactive elements in the text, animation, hotspots features, and
read-aloud narration, it could not generally retain children engagement when compared to gaming and creating apps. This
could possible because of psychology factors that children in the age of 4e6 years old would prefer and engage more to game
based apps as they are learningmore through playing and pleasurable activities. This was also reported byWright, Fugett, and
Caputa (2013) in their study that indicate childrenwho experience enjoyment would be more motivated to read frommobile
apps.

Therefore, it is important for parents particularly, to choose appropriate apps for their children such as based on their
different learning styles (e.g. visual, auditory, tactile and kinaesthetic). In addition, most mobiles apps that available in the
market do not properly indicate its suitability for a particular children learning style hence mobile apps designer/publishers/
developers could take this into account when designing mobile apps for children based on multiple intelligent concepts.
Although mobile apps in game and creating category would be more appropriate for children at very young age, reading on
the other is also essential. The current available features in e-storybook app such as read-aloud narration and animation
hotspots feature seems could not maintain children engagement, thus, new features should be introduced and included to
entice children engagement especially at the early age. This could include coereading features involving active participation
of parents/teachers/peers/close relatives such as incorporating role-play feature in the reading process, collective dictionary
building and collaborative pronunciation assistant.

Although this study was conducted in informal learning setting (without direct support from teacher or any organized
curriculum) the findings could provide some insight on pedagogical implication particularly on how the engagement con-
ditions and type of mobile apps could facilitate children in achieving their learning outcome mainly in emergent literacy
development (e.g. letter-sound knowledge, phonemic awareness, and print recognition). Mobile apps however should be
used in a wider learning ecology and not limited for entertainment purpose only.

7. Conclusion

This paper reports on conditions that engage children using mobile apps and seeks to better understand how children
could learn through the engagement process. While mobile apps have been recognized as valuable educational interventions
for young children, only few studies have described how children could actually learn thorough the engagement particularly
in informal learning setting where no direct reliance with teachers. Nevertheless, participants in this study demonstrated
three main learning notions: cognitive, psychomotor and affective, to support the learning incidences.

Further study should be directed toward addressing how instructional design of mobile apps can foster children's learning
processes particularly to promote reading or e-reading to young children. This could be tied into assessing children's learning
performance when using mobile apps intervention. Future research should also embark on large observational studies using
more sophisticated methods to closely monitor children's interaction with mobile apps to assess their reading engagement
and how such interaction could possibly enhance early readers' required reading skills. It is essential to acknowledge the
limitations of this study related to the small sample size, the limited number of apps used, and the restricted focus on specific
knowledge particularly related to emergent literacy development of young children. This study, however, does provide
significant insights as to how young children engage with mobile apps; it articulates design implications as well as providing
general guidelines for selecting suitable mobile apps for home, classroom, and library use.
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