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Abstract

Background. Despite widespread tablet use in early childhood education, children’s
affective and behavioral experiences with digital assessments remain understudied.
This study addresses gaps in understanding how preschoolers emotionally and
behaviorally respond to a tablet-based learning tool. Methods. We employed
a mixed-method approach analyzing observational data from 161 children (ages
3—6) across three Houston preschools using the Bilingual English Language
Learner Assessment (BELLA). Behavioral coding adapted from SPAFF and DPICS
frameworks examined affect, engagement, digital skill, and social dynamics across
sessions. Statistical analyses included descriptive analysis, McNemar tests for
session comparisons, and multiple linear regression. Results. During first exposure,
engaged affect was most prominent (40.6%), with 51.6% demonstrating good
digital skills. Between sessions, engaged affect significantly increased (y*> = 10.42,
p < .01) while detached affect decreased (y*> = 4.02, p <.05). Digital proficiency
improved across all levels. Multiple linear regression (R? = .497, p <.001) revealed
positive affect and digital skill as significant performance predictors, with age as the
strongest covariate (f = .357, p <.001). Discussion. Digital assessments capture both
cognitive competency and real-time indicators of self-regulation and engagement.
Findings highlight digital literacy’s critical importance in early childhood education
and demonstrate that emotional engagement significantly contributes to learning
outcomes in technology-mediated environments. Limitations/Future Directions.
The study was limited by observational data and suburban private school sampling.
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Future research should incorporate structured protocols, video coding, time-stamped
data collection, and more diverse samples to enhance generalizability and capture
dynamic learning processes.
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Pe3zrome

AKTyalbHOCTh. HecmoTps Ha IIMpOKOE HCHOJNB30BaHHE  IUIAHIIETOB
B JIONIKOJIEHOM O0Opa3oBaHMM, ad@(EeKTUBHbIE M IIOBEAECHYECKHE  ACICKTHI
B3aUMOJCHCTBUS JeTel ¢ IMQPOBEIMH JHATHOCTHYECKUMH HHCTPYMEHTAMH
OCTAIOTCSl MAJION3YYEHHBIMH. J[aHHOE HCClIeJOBaHNE HAIPaBJICHO Ha BOCIIOIHEHUE
Mpo0eIoB B MOHMMAHHUU TOTO, KaK JOIIKOJHHUKH SMOIMOHAIBHO U MOBEACHUCCKH
pearupyioT Ha IUArHOCTHYECKMH WHCTPYMEHT, pPEealH30BAHHBIM Ha IUIaHIIETE.
Metoabsl. Hamu ObUT HMCHONB30BaH CMEIIAHHBIM AM3aliH U1 aHANIM3a JaHHBIX
HaOmromeHmii 3a 161 peGenkom (B Bo3pacte 3—6 JeT) B TpeX IOUIKOIBHBIX
yupexaeHusx XpoctoHa ¢ mpumeHenueM uncrpymenra BELLA (Bilingual English
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AQHIIMHCKUE  3bIK). KoampoBaHWe TIOBENEHHs, aNalTHPOBaHHOE Ha OCHOBE
cucteM SPAFF u DPICS, no3sommio npoaHanu3upoBatb aQdekT, BOBICUEHHOCTb,
muQpoBble HABBIKM M COLHUATBHYI0 TUHAMHUKY Ha MPOTSDKEHHH JHATHOCTHYECKHX
ceccuif. CraTHCTHYECKWil aHANN3 BKIIOYAl JECKPUITHBHBIN aHAJIN3, KPUTEPHI
MakHemapa i cpaBHeHHs cecCUM M MHOXKECTBEHHYIO JHHEWHYIO pPErpeccuio.
Pesyabrarel. Bo Bpems mepBoro HCHOJIB30BaHUS HHCTPyMEHTa Hambosee
pacnpocrpaneHHBIM 0bUT adpext BoBnedennoctu (40,6%), mpu stom 51,6% nereit
HPOJEMOHCTPHPOBAIM XOpOIINe LU(POBbIC HaBBIKU. [Ipu mepexone OT HEpBOi
KO BTOPOH ceccHu HaOIIOanoch 3HaYMMOE yBenmdeHue ad(exra BOBICUCHHOCTH
(x> =10,42, p < 0,01) u cumxkenue adpdpexra orcrpanentoctu (x> = 4,02, p < 0,05).
[udpoBass KOMHETEHTHOCTh YIydIIWIach Ha BCEX YPOBHAX. MHOXXECTBEHHas
nuneiinas perpeccus (R? = 0,497, p < 0,001) mokasasia, 4T0 MO3UTHUBHBINA addext
U [OUQPOBBIC HABBIKM SBIIOTCA 3HAUMMBIMH IIPEANKTOPAMH  yCHENIHOCTH
BBIMIOJTHEH U 33IaHHH, TIPH TOM BO3PACT BBICTYIHII HaUOOJIee CUITbHOM KOBapHaHTOM
(B = 0,357, p < 0,001). Auckyccust. LlnppoBele TUarHOCTHIECKHE HHCTPYMEHTHI
MO3BOJISIOT OLIGHHBATh HE TOJIBKO KOTHUTHBHBIE CIIOCOOHOCTH, HO U CHIOMHHYTHBIE
MOKa3aTell  CaMOpETY/SIIMM M BOBJICUEHHOCTH. [loydeHHBIE  pe3yNbTaThl
HOJYEPKUBAIOT KPUTHYECKYIO Ba)XHOCTb LU(POBOH IPaMOTHOCTU B JIOLIKOJIBHOM
00pa3oBaHUM M JEMOHCTPUPYIOT, YTO SMOIMOHAJIBHAS BOBJICYCHHOCTH BHOCHT
CYILIECTBEHHBIH BKJIAJ] B PE3YIbTaThl 00yUeHHs B TEXHOJIOTHUECKH ONOCPEA0BaHHON
cpene. OrpaHuyeHust ¥ Hanmpas/ieHus Oyaylmux uccienoBanuii. VccnenoBanue
ObUIO  OTPAaHMYEHO HCIOJB30BAHMEM JaHHBIX HAOMIONEHWH W BBIOOPKOM
W3 MPUTOPOJHBIX YACTHBIX MIKON. JladbHEeWIINe HCCIeOBAHNS JOJDKHBI BKIIIOYAThH
CTaHIapTU3UPOBAHHBIE TPOTOKOIBI, BUIEOKOJUPOBAHHE, COOP TaHHBIX C MPUBSI3KON
KO BpeMeHH M Ooyiee pa3HOOOpa3HbIe BBIOOPKH U MOBBIICHHS 0000IIaeMOCTH
PE3yABTATOB U U3y4YEHHs AUHAMHYIECKUX MPOLECCOB HayIECHHS.

Kniroueevie cnosa: O6pa3OBaTCHBHLIC TEXHOJIOTMH, OMOUMOHAJIBHAA PEryJisanusd,
IOBCJICHUEC U a(b(beKT, TOTOBHOCTD K IIKOJIC, CMCIHIaHHbIC METObI, JOIIKOJIbHUKH

®unancupoBanue. CO0p TaHHBIX JUIS JTAaHHON PYKOIUCH OBbLT MOJJIepkaH (PHMHAHCHPO-
BanueM MHcTtuTyTa nenarorudecknx Hayk (UITH) CILIA B pamkax rpanta R305A160402
(rmaBHbIi uccnenoBarenb: Enena JI. ['puropenko). Vcmonnutenu, padoTaroriue Ham
MOJOOHBIMH MPOEKTAMH, TOOMIPSIOTCS K CBOOOJHOMY BBIPaXKEHHUIO CBOEro mpodeccu-
oHabHOrO MHeHus. Takum 00pa3oM, colepiKaHue JaHHOW CTaThH HE 00s3aTENbHO OT-
paxkaet nosurwro win nonutuky UITH, n xakas-m6o opunmanbHas moaaepKka He To/-
pasymeBaetcsl.

BaarogapuocTn. ABTopbl BhpaxkaroT OnarogapHocts M.B. Pa3o 3a momors B cbope
JaHHBIX, 10KTOpY X. Mommuaa u nokropy M.T. TaH 32 KOHCYIbTUPOBAaHUE, a TAKXKE LIKO-
naM XBIOCTOHA 32 y4acTHe.

Jas uurupoBanus: Kunann, X., ['puropenxo, E.JI. (2026). AddexT u moBegeHNE JOIIKOIb-
HUKOB IIPH MPOXOXKJCHUH JUAarHOCTHKU Ha IUIAHIIETEe: aHaIN3 JaHHBIX HAOIIOAEHHH C UCIIONb-
3oBanueM nMHCTpyMeHTa BELLA. Mooeruposanue u ananus oannwvix, 16(2), 11—41. https://doi.
org/10.17759/mda.2026160201
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Introduction

This study investigates the use of tablet devices (TD) in classrooms and the TD-
child interactions focusing on co-use recommendations, child-caregiver relationship,
and child behavior. It relies on the Bilingual English Language Learner Assessment
(BELLA) application, used as an English only kindergarten readiness assessment.
Prior work with BELLA validated its psychometric properties and domain coverage
(Kilani et al., 2024; Tan et al., 2023), but the affective and behavioral experience of
children during digital play remains unexamined — particularly the evolution of ex-
periences over repeated sessions and exposures. To address this gap, the study adopts
a mixed method exploratory convergent approach to a secondary dataset using quali-
tative observations of children engaged with BELLA and their BELLA performance
scores. Three research questions motivate and guide the study: (1) What affect and
behavior are observed when children first interact with BELLA; (2) Do we observe
significant changes in the affect and behavior of the children between the first and
second sessions; and (3) How might children’s affect and behavior inform our under-
standing of performance scores in BELLA? In other words, to what extent do observed
affect and behavior predict children’s performance on BELLA tasks, and what patterns
might this reveal about the role of emotional and digital readiness in assessment set-
tings? The following literature review contextualizes the study and addresses the rise
of tablet use in childhood, learning in early childhood, affect and behavior relating to
a child’s experience, identified research gaps, and a short overview of BELLA and oth-
er early assessments.

Rise of Tablet Use in Childhood

Across the world, children are increasingly surrounded by TD and other screens
(e.g., televisions, computers) and mobile devices (e.g., cellphones). In fact, 98% of
children aged 8 years or younger have mobile devices at home, with the majority be-
ing smartphones, followed by tablets in the home, and a child’s own personal tablet.
In 2011, fewer than 1% of children in this age group owned their own tablet, compared
to 42% in 2017. Tablets in the home stood at 78% in 2017 (Rideout, 2021). The same
report from Common Sense — a nonprofit organization focusing on building a more
healthy, equitable, and empowering future for all kids in the digital age — reveals that
not only are there more devices in homes, but the time spent using mobile devices has
dramatically increased going from 5 minutes a day in 2011, to 15 minutes a day in 2013,
and 48 minutes a day in 2017 (Rideout, 2021). These numbers are reflected in other
studies (Kabali et al., 2015), where more than 96% of children under 4 years old had
used a mobile device, with many starting before the age of 1, and most having used one
by the age of 2. These patterns are stronger and more salient in low-income families
(Kabali et al., 2015; Rideout, 2021). For example, a seven-country study of European
nations reported that tablets were children’s favorite device, thanks to the appeal of the
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touchscreens and portability — even within a family where a child does not own one
(Chaudron et al., 2015). These numbers clearly demonstrate that screen devices are an
integral part of the daily lives of many children and their families. The trend is evident-
ly increasing, with no sign of stopping in sight. Parents are the primary driving force
behind the trend, finding a use for TD in caregiving.

It is currently a routine practice to utilize these screen-based portable devices as part
of caregiving (TD in particular), as pacifiers, engagers, or distractors. This is despite
the mixed attitudes towards screen time for children communicated by child-focused
professional organizations, public figures, and parent advocates. A recent study (Wartel-
la et al., 2013) demonstrated that parents, while concerned over their children’s media
use, often rely on these tools to soothe their child, calm them, or aid them for bedtime.
In other words, portable devices are used by parents as a way to manage everyday rou-
tines with children, even though these same parents complain about screen ‘over-usage’.
It is natural to rely on new technologies to help with daily life; however, this over-usage
can have a direct impact on children. In short, screen-based media is an almost unavoid-
able component of modern parenting, and it is likely to remain and expand its presence.

The pervasiveness of screens and parents’ reliance on them in early childhood direct-
ly goes against the recommendations of the American Academy of Pediatrics (AAP). The
recommendations warn against screen time for children under the age of two. This is be-
cause, according to the AAP, the early months are critical for cognitive, language, motor,
and social development, requiring environmental input that children cannot gain from
screens or TD as they would from a caregiver or interacting with their surroundings.

Moreover, it is argued (Hill et al., 2016) that children have difficulty transferring
knowledge gained from screens into their three-dimensional experience. It is advised
that parents use screens with their young children (starting at 15 months of age and
older) and ensure they reteach the content. Moreover, 24-month-old children can learn
new words from live-video chatting with a responsive adult. This happens as early as
15 months old; however, learning new words during live-chat only occurred when using
specially designed applications that are not commercially available (Hill et al., 2016).
Ultimately, co-viewing is the primary recommendation for older children (2 years old
and above), with a statement that the content needs to be age-appropriate and of high
quality. In particular, preschool-aged children (3 to 5 years old) can improve their
cognitive, literacy, and social outcomes when presented with very well-designed tel-
evision programs (e.g., Sesame Street), as per the AAP policy statement (Hill et al.,
2016). Young children engage with TD independently and regularly, particularly in low-
income households (Kabali et al., 2015; Rideout, 2021). Thus, the AAP guidelines do
not align with reality; they are not widely known to the public, as only about 20% of
parents are familiar with them (Rideout, 2021).

Early childhood screen use is no longer exceptional; it has become the norm. Debates
regarding appropriate limitations for young children continue to occur; however, there has
been insufficient investigation into both their detrimental and positive impacts. The focus
is on caregiving, as it should be. However, it also needs to focus on children, particu-

15



Kvmanm X., I'puropenxko E.J1. (2026) Kilani H., Grigorenko E.L. (2026)

Addexr u rnosezieHme JOIIKOILHIKOB TPV Affect and behavior in preschoolers during a tablet-
TIPOXOXKIEHNN IMarHOCTVUKY Ha IUIAHIIIETe: .. based assessment: insights from observational coding...
Mopermmpoanvie v aHayms JaHHbIx, 2026, 16(2), 11 —41. Modelling and Data Analysis, 2026, 16(2), 11 —41.

larly on their experiences with screens. According to sociocultural theory (Taber, 2025;
Vygotsky, 1978, 1994a, 1994b), young children development is mediated through inter-
actions with cultural tools: objects and symbols such as language, routines, and today,
digital devices. Tools like TD are not passive; they are part of the cultural environment
and actively shape how children learn, communicate, experience and resolve challenges,
especially when used in isolation, or without adult scaffolding. These devices can become
a child’s primary mediator when caregivers are absent, which further stresses the impor-
tance of understanding a child’s emotional and behavioral experience during TD use. Self-
regulation frameworks emphasize the deep ties of early learning to the development of
emotional and behavioral control. Zimmerman (2002), and Kubsch and colleagues (2025)
describe how self-regulated learning involves a child’s ability to plan, monitor, and ad-
just cognitive and emotional processes during a task. These skills are just emerging in
preschool years. Expressed emotions, such as frustration, curiosity, disengagement, or de-
light, are central indicators of a child’s regulatory strategies and readiness to learn. Kopp
(1982) offers a complementary developmental framework by tracing the ontogeny of self-
regulation across early childhood. She outlines the progression from external control (e.g.,
compliance with caregiver directives) to self-control and eventually self-regulation. These
regulatory capacities emerge in stages, beginning with basic inhibition and culminating in
the child’s ability to self-monitor, delay gratification, and adjust behavior in the absence
of adult guidance. Even though TD can act as a mediator, a caregiver presence is critical
to mediate this progression of self-control and self-regulation.

Together, these perspectives underscore the importance of observing and interpreting
a child’s engagement with screen-based technology as part of their broader developmen-
tal trajectory, particularly in an educational setting where they will spend the majority
of their time. As TD are being implemented in schools, they need to be studied within
an educational context across all ages, with particular attention to the often-overlooked
pre-kindergarten age bracket (up to five years old).

Early Childhood and Learning

Early childhood is a critical time for cognitive, social, and emotional development.
Technology and screen-based portable media are ever-present in early childhood and
have created a new context for development, shaping the contemporary learning envi-
ronment. As sociocultural theory (Taber, 2025) suggests, digital tools should be viewed
as cultural artifacts that participate in and transform developmental processes. When in-
troduced early, they shape and organize the structure and pacing of interaction, learning,
and meaning-making.

Digital literacy — the ability to effectively use digital devices and navigate inter-
active content — emerges as an increasingly recognized essential skill that needs to be
carefully investigated. In fact, the increasing presence of screen-based technologies at
home and in classrooms creates a stronger need to nurture this skill in schools (McManis
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& Gunnewig, 2012; Neumann, 2016, 2018). In support of that, interactive applications
and digital tools can offer a unique opportunity for multimodal learning that strengthens
the emergence of literacy, numeracy, and other academic domains, as well as executive
functioning. Executive functioning refers to a set of cognitive skills that include working
memory, inhibitory control, and cognitive flexibility. These skills support goal-directed
behavior and adaptive problem-solving (Kolloff et al., 2025). They begin developing in
early childhood and are crucial for self-regulation and academic success.

Digital tools also provide scaffolding and feedback loops that, when designed devel-
opmentally, can support children’s agency and learning progressions (Plass et al., 2015;
Plass & Kaplan, 2016). They enable personalized learning experiences that can be tai-
lored to individual learning needs at their specific developmental stage (Huber et al.,
2018; Zaranis, 2016). In fact, Strouse and Ganea (2017) revealed that electronic books
improve vocabulary retention more than their paper counterparts by being more interac-
tive and maintaining interest in reading.

Learning in childhood is complex and goes beyond cognitive dimensions and knowl-
edge. There are affective and behavioral experiences that are to be considered. Cogni-
tive and emotional engagement is foundational for meaningful learning outcomes in
technology-mediated settings. Emotions such as curiosity, confusion, and enjoyment are
not just temporary states., they are active contributors to the deep processing and inte-
gration of information children experience during learning (Halverson & Graham, 2019).
Knowing this, researchers must account for the interplay of skill development, motivation-
al states, and socioemotional functioning to fully grasp the impact of TDs on early learning.

Affect, Behavior, and Child Experience: Their Role In Children’s Learning

Emotional states, particularly at very young ages (0 to 5 years old), contribute to
a child’s learning experience and learning outcomes. Emotions such as enjoyment, frus-
tration, engagement, and distraction can reflect underlying cognitive and motivational
processes that may not be immediately visible. For example, mind-wandering or distracti-
bility, combined with concentration, permits the emergence or the incubation of creativity
(Khalaf et al., 2022). The flow of emotions, which refers to the sequence and transition of
affective states during learning, is grounded in dynamic systems and emotion regulation
theories. It emphasizes that emotions unfold over time and influence subsequent cogni-
tive processing and behavioral responses (Camras, 2011; Pekrun & Linnenbrink-Garcia,
2014). Emotions inform the learning process and can provide overlooked indicators of
learning to teachers. While typically negative emotional states such as disengagement or
frustration may adversely influence a child’s motivation and overall learning efficacy (Hu-
ber et al., 2018; Madigan et al., 2019), as part of a flow of emotions, negative emotions
can be part of learning if followed by positive affect (Zhukova et al., 2020).

Additionally, as the guidelines (AAP) suggest, while supported by observation-
al research, social dimensions are critical. Co-use is a cornerstone of TD use among
young children and relies upon caregiver-child interactions. The caregiver has a role in
affecting children’s emotions, learning behaviors, and educational experiences (Barr,
2019; Strouse & Ganea, 2017). Emotional exchanges during co-use may help regulate
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frustration or recover from it, sustain engagement and persistence, or interpret content
more meaningfully. Thus, carefully designed observational approaches can offer a valua-
ble lens for analyzing the characteristics of caregiver-child interactions and their interplay
with affective and behavioral learning indicators, thereby refining educational strategies.

Research Gaps

Given the increase in screen or TD-based exposure and learning and the develop-
mental environment they create, significant research gaps remain. Our understanding
of young children’s emotional, behavioral and social experiences using tablet-based
education is incomplete. For example, two systematic reviews highlight the extreme
lack of qualitative observational research that is focused on these dimensions (Grif-
fith et al., 2020; Herodotou, 2018). Specifically, Griffith (2020) identifies uncertainties
on the impact of interactive applications on social-emotional development, despite the
evident cognitive and academic benefits. Social and emotional development, in fact, is
often overlooked, particularly with pre-kindergartners. Older reviews, such as Herodot-
ou’s (2018), underline the challenges in understanding the learning and developmental
impacts of tablet use.Blumberg’s (2019) review of recommendations and policies on
digital games as a context for children’s cognitive development emphasize the need to
investigate digital games and applications, both for cognitive and socio-emotional im-
pact in younger populations.

Additionally, despite benefits such as emergent literacy (Neumann, 2016, 2018) and
executive functioning (Huber et al., 2018), research seldom considers external influ-
ences like digital proficiency and environmental disruptions, or the specific context in
which digital use occurs (Chiong & Shuler, 2010; Madigan et al., 2019). McPake and
colleagues (2013) highlight the lack of research into how informal digital/screen media
experiences (at home, or outside the educational setting) translate into structured educa-
tional spaces. Applications such as BELLA offer an opportunity to address these gaps by
providing structured, context-rich data on children’s emotional, behavioral, and social
engagement during screen-based learning.

Digital assessment in early assessment: BELLA

BELLA is a tablet-based app designed for preschoolers which serves as a school read-
iness assessment. Specifically designed for children between the ages of 3 to 5 years old,
BELLA is both an assessment and a learning tool. It addresses skill development in ma-
jor domains including early numeracy, early literacy, early science, and social-emotional
development. Thus, BELLA covers critical domains for early education, as well as the
social-emotional element that is often overlooked, and cognitive skills. These cognitive
skills, precursors to higher-order cognitive competencies, include analytical, creative,
and practical. More on the cognitive skills, items, and performance in the assessment is
available in the associated publications (Kilani et al., 2024; Tan et al., 2023).
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BELLA has a library of more than 700 items, which arms preschools with a variety of
engaging questions that can be used throughout the years. Users can select a set of items
that focus on the learning materials relevant to the student at a given time. The sessions
can be repeated, which allows teachers to gauge performance and learning over time.
BELLA can be a supportive tool for learning, providing activities that teachers can rely
on after conducting their lesson plan to reinforce the material covered.

BELLA is one of its kind as a kindergarten entry assessment (KEA). It distinguishes
itself from other assessments with its unique integration of socio-emotional assessment
alongside the assessment of literacy, numeracy, and science. BELLA is designed to adapt
item difficulty to the individual child’s performance, and its interface is child-friendly
and interactive. Its competitors — commonly used KEAs — in the United States in-
clude tools such as Teaching Strategies GOLD (TS-GOLD), Brigance Early Childhood
Screens 111, and the Standardized Test for Assessment of Reading-Early Literacy Enter-
prise (STAR-EL).

TS-GOLD is used as a formative, observation-based assessment for children from
infancy to 3 grade. It focuses on evaluating skills through ongoing teacher observa-
tions within everyday activities, requiring teacher input. It covers 11 domains but fails
at capturing dynamic and spontaneous child responses. TS-GOLD is comprehensive in
its assessment of socio-emotional skills, however, the main weakness remains that the
teacher must observe and document behaviors during regular classroom days, which
can be overwhelming and prone to human error — affecting accuracy and consistency
(Teaching Strategies, 2022). Brigance is teacher-led and includes a set of developmen-
tal screeners from infancy through first grade. These are short, and performance-based
tasks that target academic, cognitive, language, and physical skills. Brigance is ideal for
its valuable insights into developmental milestones, however, it does lack a digital or
adaptive element, which makes it less suitable for schools relying on interactive, screen-
based assessments (French, 2013; Yun et al., 2021).

STAR-EL is a digital competitor of BELLA. It is adaptive and targets early literacy
and numeracy. It is designed for preschool through grade 3. Similar to BELLA, it is
intended to be taken independently on a computer or a tablet. The application primarily
focuses on traditional academic skills and does not specifically assess broader cognitive
domains or socio-emotional skills. STAR-EL fails to fully leverage DM interactivity to
support deeper engagement (Shapiro & Gebhardt, 2012).

These tools are compared with BELLA by Tan and colleagues (2023), who distinguish
BELLA from other KEA programs by its combination of academic content, cognitive
skill assessment and social-emotional evaluation. BELLA is not teacher administered,
although it is teacher informed; and directly engages children through interactive and
adaptive tasks to maximize engagement and minimize observational biases. Compared
to STAR-EL (DM-based KEA), BELLA specifically focuses on preschoolers and takes
a holistic (a comprehensive range of domains evaluated) approach to which academic,
developmental, and cognitive domains it covers. This puts BELLA ahead of currently
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used KEAs, and serves as a tool for further research in pre-school TD use. It is a practical
format, particularly valuable for studying child-TD interactions in an educational setting.

Materials and methods

Participants

The data presented in the study were collected from students attending three private
preschools in the greater Houston, Texas, in 2022. Eligible participants were children in
pre-kindergarten classrooms, comprising 161 children aged 3 to 6 years old, 74 (45.96%)
girls. Table 1 shows stratification by sex and age. Racial/ethnic demographics were
not collected. The participating schools collected parental consent for the participating
classrooms. The participants were part of a larger study, the results of which have been
published in Tan and colleagues (2023) and Kilani and colleagues (2024). The analyses
presented below have not been featured in any other context.

Table 1 / Tabauua 1
Stratification of the Sample by Sex and Age

CrpaTudukanus BHIOOPKH MO MOJY U BO3PACTy

Age Boys Girls Total
3 1 1 2
4 32 34 66
5 44 32 76
6 10 7 17
Total 87 74 161
Procedures
Setting

The children were removed from their classrooms and taken to a quiet room. No
more than two children were tested at a time. Disruptions were recorded, and included
events such as occasional traffic into the room, hallway noise, or sharing the room with
a speech therapist.

Data Collection

The data were collected by a trained observer who administered BELLA to children in
English. Each child was given a digital tablet and had a profile created in the application.
When ready, children were asked to complete a pre-assigned pilot path (a set of 33 items,
including six literacy, six math, 18 science, and three social/emotional items); each path
took about 20 minutes to complete. The goal was to accomplish a total of 2 pilot paths.
No more than one pilot path could be completed within a day. During the evaluation, the
tester provided minimal guidance to the children to encourage their independent use of
BELLA. Children were allowed to interrupt the session at any point. Sessions were either
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paused (e.g., for bathroom breaks) and resumed when the child returned or paused and
saved (e.g., when the child could not or would not continue) and resumed on a different
occasion. Children could not have more than three sessions. They returned to their class-
rooms at the end of each session. All sessions took place in the morning.

Observer/Tester Assignment and Positionality

The tester was a female psychology undergraduate student. They were in charge of the
primary data collection of the study, working with the participating schools in Texas, and
using her robust training in administering BELLA. They were middle-aged, and had ex-
perience with caregiving as a mother. Their personality shone through a few of the obser-
vations where they occasionally strayed from their formal note-taking style. For example,
the following sentence shows subjective commentary in the use of the word ‘Cute’:

“Child needs a lot of assistance. Asks my permission before answering every ques-
tion. It is very cute the way he expresses delight at some of the pictures.”

Regarding social dynamics, it was not always possible to remain consistent with full
attention, such as in this example:

“People keep coming in and out of this room. It’s somewhat distracting. The child
seems focused, but it is distracting me from paying attention to him. Child has trouble
with dragging questions. He appears to know what he is supposed to do; he seems un-
able to physically do it. Child mostly refuses to answer questions in which he does not
know the answer. He lets the time run out and ignores my encouragement to take a guess.
This room is like a weigh station! At least 20 interruptions in 30 minutes!”

Nevertheless, the tester continued with their task and tried to keep engaging while
maintaining good and truthful record of the session.

The tester acted as the observer; they are referred to as the observer from this point
on. They had been trained in behavioral observation and behavioral coding in a prior re-
search project. They independently took the initiative to record written observations for
each session they conducted with the children. These handwritten observations primarily
focused on the child’s experience with BELLA, recording their affect, social behaviors,
distractibility, digital tablet skills, and performance. Although not formally structured,
observations were guided by a previous two-month-long training received by the ob-
server for a prior project involving behavioral coding of a case study of a 28-month-old
using an iPad (Khalaf et al., 2022; Zhukova et al., 2020). The recorded observations
are open-ended and have no systematic structure. However, a preliminary reading of all
observations identified recurring themes, affect, and behavior which are discussed under
Behavioral Coding.

Materials and Measures
Behavioral Coding
The behavioral coding scheme used to code the observations was designed to con-
sider child affect, engagement, digital skill, and social dynamics. It was adapted from
the Specific Affect Coding System, SPAFF (Coan & Gottman, 2007), and the Dyad-
ic Parent-Child Interaction Coding System, DPICS (Eyberg & Robinson, 1981), both
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of which were used in the above-mentioned case study (Zhukova et al., 2020). The lead
researcher of the present study read the qualitative observations written during the sessions
and identified the behaviors that the observer commonly noticed Specifically, three broad
categories of observations were identified: affect, behaviors, and environmental events.

Regarding affect, four specific affective states were coded for using binary coding, yes
or no, signifying the presence or absence of: (1) detached affect where the observer notes
that the child is displaying signs of distraction or boredom; (2) engaged affect where the
observer notes that the child is displaying signs of concentration; (3) positive affect where
the observer notes that the child is displaying signs of happiness such as smiling or cheer-
fulness; and (4) negative affect where the observer notes that the child is displaying signs
of frustration, anger, or sadness. Frequency of occurrence could not be extracted.

Behaviors were coded in three levels where the lowest is a negative observation,
the highest is a positive observation, and the midpoint is the absence of an observation.
These include two categories: (1) digital tablet skill, where the observer notes a child’s
level of proficiency in using the tablet, navigating it, understanding the activities and
such; and (2) social dynamics where the observer notes the nature of interactions the
child has with the observer. Frequency of occurrence could not be extracted.

Finally environmental events were coded on a binary, yes or no. They are designed
to keep track of events outside of the observer’s control and include three types: (1) en-
vironmental distraction, which is when the observer makes note of an event occurring in
the testing room or outside of it that may disrupt the child’s focus; (2) distraction type
which defines the nature of said disruptor; and (3) session glitch which keeps track of
the occurrence of a technological disruption such as the app freezing or shutting off. Fre-
quency of occurrence could not be extracted.

Table 2 / Tabnuma 2
Description of affect, behaviors, and other variables

Onucanue adpexra, noBegeHUs M APYrux nepeMeHHbIX

Observation Description

Positive Affect (happy) The observer notes that the child is happy or displaying signs of
happiness. These include: smiling, cheerfulness, motivation,
sharing their success.

Examples:

“Child became very excited at getting correct answers. Child would
speak in a high-pitched, loud voice: I did it! I got the answer! “
“Child is delighted that the mouse «eats all the cheese» when she
gets a correct answer. She told me that this is fun.”

“Child is focused on tablet and seems to be enjoying it. He answers
promptly and is smiling as he works.”

Negative Affect The observer notes that the child is frustrated, angry, or sad. These
(angry, frustrated, sad) include: moving around/fidgeting, getting irritated, giving up,
hitting the tablet, fussing, aggressively disengaging, crying, refusal
to work while being upset.

Examples:

22



Kwmanm X., I'puropenxko E.J1. (2026) Kilani H., Grigorenko E.L. (2026)

Addexr u nosezieHme JOIIKOILHIKOB TPV Affect and behavior in preschoolers during a tablet-

ITPOXOJKIEHMY IVIaTHOCTVIKY Ha TUIaHIIeTe: ... based assessment: insights from observational coding...

MopermmpoBanme v aHayms JaHHbIx, 2026, 16(2), 11 —41. Modelling and Data Analysis, 2026, 16(2), 11 —41.
Observation Description

“Child refused to answer questions alone. If I looked away, would
hit my arm repeatedly. Wanted me to look at every answer, would
not press cheese unless instructed. Refused to continue at the
crocodile/toothbrush question. Laid on floor and wouldn’t get up.”
“Child seems impatient. He wiggles around in his seat a lot and
repeatedly taps the tablet while questions are asked. Twice he has
told me he doesn’t know how to answer a question before it had
been asked, but when I told him to listen and he did, he got the
answer right. Now he is making excuses as to why he cannot answer
questions, eg., he needs a different chair. I think he simply does not
want to do this. When he actually pays attention to the questions, he
seems to get the answers right.”

Engaged (focused)

The observer notes that the child is focused or showing signs of
focus. These include: eyes locked on the tablet, answering promptly,
leaning forward, ignoring distractions.

Examples:

“Child is moving about but seems focused (eyes on screen,
answering promptly, not talking, not displaying affect)”

“Child is mostly attentive: eyes on tablet screen, answering
promptly. Glances at me if I move around but quickly returns focus
on the screen.”

Detached Affect
(bored, distracted)

The observer notes that the child is distracted, displaying signs of
distraction, or displaying signs of boredom. These include: looking
around the room, disengagement from the game, moving around,
sighing, and asking if they are done.

Examples:

“I cannot tell if the child is concentrating on the app. He is mostly
looking at the screen and is answering questions promptly, but his
body movements are lackadaisical: slouched posture, holding tablet
with one hand but flopping it about. About 1/2 way through —
sat up straight, grasped tablet with both hands, facial expression
changed to concentrated frown.”

Digital Tablet Skill — Good

The observer notes that the child demonstrates proficiency in using
the tablet, navigating applications, performing tasks, understanding
the game rules or understanding the game objectives. This can be
generalized to proficiency with the tablet and the game. Descriptors
include: efficiently opening applications, appropriate tablet
manipulations (swipe, drag, tap), ability to interact with on-screen
elements, not needing to be assisted or prompted more than once,
correctly explains how to play the game. Additionally, assign this
code if a child shows an improvement in any of the above after
receiving feedback.

Examples:

“Quickly learned to press cheese to skip questions.”

“Child immediately (1st question) understood how to operate the
application (listen to question, choose answer, tap cheese.)”

Digital Tablet Skill — Neutral

The observer does not make any note of digital tablet skill.
Examples:
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Observation Description

“Attempted to resume. Saved file was not there. I had to start over.
Child is communicating with me in English. Perhaps the teacher did
not realize how much English this child knows.”

“Child is quiet and focused — eyes on tablet, answering promptly,
not interacting with me.”

Digital Tablet Skill — Poor

The observer notes that the child demonstrates difficulty with
using the tablet, a lack of understanding of the game, inefficient or
inappropriate manipulations. Descriptors include: trouble locating
icons, difficulty understanding and using the proper manipulations
(even when guided), trouble validating responses, trouble following
game instructions, a consistent need for help, help-seeking behavior.
Examples:

“Child did not navigate the app well. Needed to be reminded to
choose an answer and press the cheese many times.”

“Child still needs guidance: some instruction on how to pick an
answer and reminders to touch the cheese after choosing answer.”

Social Dynamics — Good

The observer notes that the child is enthusiastic, actively participating,
shows eagerness or seeks engagement with the caregiver. Descriptors
include: eagerly answering questions, showing interest, initiating
conversation, sharing success/failures, expressing affection,
attention-seeking (different from help-seeking).

Examples:

“Child is not very focused. She is very friendly and keeps talking to
me. I redirect her, but she still talks to me.”

“The child likes to entertain. She makes silly faces and voices,
waiting for me to laugh. She is answering questions, but her full
attention is not on the task.”

Social Dynamics — Neutral

The observer does not make any note of engagement dynamics.
Examples:

“Child did not complete session before lunch. I saved it and will
resume tomorrow.”

“Child is mostly attentive: eyes on tablet screen, answering
promptly. Glances at me if I move around but quickly returns focus
on the screen.”

Social Dynamics — Poor

The observer notes that the child is reticent to do the assessment
or to interact with the observer. Descriptors include: hesitating to
participate, avoiding eye contact, actively avoiding engagement,
intentionally closing the application, refusing interaction, resisting
care/advice.

Examples:

“He is hesitant to try if he does not know an answer. He will
sometimes just let the timer run out without making an attempt.”
“Child seems impatient. He wiggles around in his seat a lot and
repeatedly taps the tablet while questions are asked. Twice he has
told me he doesn’t know how to answer a question before it had
been asked, but when I told him to listen and he did, he got the
answer right. Now he is making excuses as to why he cannot answer
questions, e.g., he needs a different chair.”
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Observation Description
Environment Distraction If an environmental distraction was mentioned, such as a child
interfering, noise in the room, speech therapist present and such.
Examples:

“These children are feeding each other’s enthusiasm. It’s a lot of
fun to watch them.”

“Child is mostly focused. We are in the teacher break room, and
there is constant traffic, but she is looking at the tablet and answering

promptly.”
“There is a speech therapist in the room, working with another
child.”
Distraction Type If the above is yes, please summarize in a few words the distraction
Session Glitch The observer notes that there was a mechanical issue during the

session. For example, they must bring a session to an end or restart
because of a crash, or when a child causes the game to crash.

Performance Indicators

BELLA was used to evaluate children’s pre-academic, social-emotional, and cogni-
tive skills. One pilot path was given per session, with the goal of each child complet-
ing a total of two. In addition to the domains (early literacy, numeracy, science, and
social-emotional development) that constitute the pilot path, items varied in cognitive
skill (analytical, creative, and practical thinking) and difficulty level (easy, medium, and
hard). All pilot paths follow the same structure and item order. The items, while differ-
ent, measure the same domains and cognitive skills. The difficulty level varies between
items across pilot paths while maintaining a balanced approach. At the end of a session,
the data are saved and each item is given a score between 0 and 100. The total average
was calculated for each child as a representation of their overall performance.

Interrater Reliability

Three research assistants were trained in coding the observations. The supervising
graduate student provided the training and participated in the coding. A total of 20 ob-
servations from the dataset were used for training. The group discussed discrepancies,
refined the coding system, and proceeded with coding the full dataset. The process un-
folded across multiple weeks during an academic semester. Fleiss’ kappa was used to
calculate consistency across coders. The coding lead made the final decisions in cases
of disagreement. The complete dataset was coded, and consistency across coders showed
k values ranging from .36 to .89. Interrater reliability indicated almost perfect agree-
ment for positive affect (x = .89), fair agreement for negative affect (k = .36), nearly
perfect agreement for engaged affect (k = .86), substantial agreement for detached affect
(k= .74), substantial agreement for digital skill (x = .63), moderate agreement for social
dynamics (k = .47), and substantial agreement for environmental distractions (k = .70).

Statistical Approach
Descriptive Analysis. A descriptive analysis of the sample, performance scores, ob-
served affect, and behavior during the first session of BELLA was conducted. The analysis

25



Kvmanm X., I'puropenxko E.J1. (2026) Kilani H., Grigorenko E.L. (2026)

Addexr u rnosezieHme JOIIKOILHIKOB TPV Affect and behavior in preschoolers during a tablet-
TIPOXOXKIEHNN IMarHOCTVUKY Ha IUIAHIIIETe: .. based assessment: insights from observational coding...
Mopermmpoanvie v aHayms JaHHbIx, 2026, 16(2), 11 —41. Modelling and Data Analysis, 2026, 16(2), 11 —41.

utilized contingency tables to calculate the frequencies and proportions for affect (bi-
nary) variables, nominal behavior variables, and environmental distractions (binary).
A stratification was conducted to illustrate the distribution of variables across sex, age,
and both sex and age. Fisher’s Exact Test was applied to explore initial associations be-
tween affect and behaviors, as well as between demographics and affect and behaviors.
Fisher’s Exact Test is considered appropriate due to the small sample size. The results
are shown in Table 11.

Comparative Analysis. A comparative analysis was conducted to evaluate whether
changes in affect and behaviors were significant from session one to session two. Partic-
ipants who had only one session and those who had a session interrupted were excluded.
The McNemar-Bowker test was applied. Digital skill was converted into three variables:
good digital skill, neutral digital skill, and poor digital skill. Social dynamics were sim-
ilarly converted into good social dynamics, neutral social dynamics, and poor digital
skill. Both variables were converted post-coding. The McNemar-Bowker test was ap-
plied against the following null hypothesis: there is no difference in proportions between
the two paired observations.

Multiple Linear Regression Analysis. A multiple linear regression was conducted to
examine whether affect and behaviors predict the changes in performance scores con-
trolling for age. Variables were manipulated to fit into a multiple linear regression model.
Positive and Negative affect were combined to create the emotion variables. Engaged
and Detached affect were combined to create the focus variables. These are described
in Table 3. Digital skill and social dynamics were also converted into binary variables.
These are described in Table 4. Neutral levels across all variables were used as a baseline
comparison. These changes are reflected in Tables 3 and 4. Only a completed session 2 is
used for these analyses. The first exposure is considered a training session. To determine
the appropriate sample size, an a priori power analysis was conducted using G*Power
(version 3.1.9.7). We assumed a medium effect size (Cohen’s f2 = .15) with a = .05 and
a desired power (1 — B) = .80. The statistical test selected was a multiple linear regres-
sion, fixed model, R? deviation from zero, with 11 predictors. The power analysis indi-
cated that a minimum of N = 123 participants was required to achieve adequate power
(power = .84) while fitting this model. For a higher confidence (power = .95), N = 178
participants would be required. Given the study’s sample size, this is adequate to detect
effects of medium strength above the .80 threshold.

Table 3 / Tabnmma 3
Combinations of Affect to Create Emotion and Focus Variables

Komounauuu agpexToB 1151 co31aHUSA NepeMeHHBIX IMOIUI U (pokyca BHUMAHUSA

Positive Affect | Negative Affect | Engaged Affect | Detached Affect

Positive Emotion X -

Mixed Emotion X X

Negative Emotion - X
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Positive Affect | Negative Affect | Engaged Affect | Detached Affect
Neutral Emotion - -
Positive Focus X -
Mixed Focus X X
Negative Focus - X
Neutral Focus - -
Table 4 / Tabnuua 4

Digital Skill and Social Dynamics Levels

Ypomm [[I/l(l)pOBbIX HaBBIKOB U COIMAJILHON THMHAMHUKH

Digital Skill Social Dynamics
Good Poor Good Poor
X - X -

- X - X
Results

Sample Description

The sample included 161 children. Of these, 87 were boys and 74 were girls. Their
ages ranged from 3 to 6 years old, with the majority being 4 and 5 years old (66 and 76 par-
ticipants, respectively). Only 2 participants were age 3, and 17 were age 6. The mean age
of the sample was 4.65 years old, with a standard deviation of SD = .76.

Each session number and its sample characteristics were reviewed, and participants
that never completed a full session were removed. Session three is unique in that it is the
session where children who faced difficulty during one of the first two sessions had to
have a third session. The numbers of occurrences of each affect and behavior are report-
ed in the Tables 5—10 below.

Session 1
Table 5 / Tabnuua 5

Counts of Affect During Session 1

KosamnuecTBo Bo3aeiicTBHil BO BpeMs ceanca 1
Affect and Distraction Positive Count Neutral Count

Positive Affect 24 131
Negative Affect 25 130
Engaged Affect 63 92
Detached Affect 45 100
Environment Distraction 31 124

Participant Total: n = 155
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Table 6 / Tabnuma 6
Counts of Behaviors During Session 1
KonuyecTBo noBenenuii Bo Bpems ceanca 1
Behaviors Good Count | Neutral Count Poor Count
Digital Skill 80 41 34
Social Dynamics 48 90 17
Participant Total: n = 155
Session 2
Table 7 / Tabmauua 7
Counts of Affect During Session 2
KoanuectBo ciayuaes adpdexra Bo Bpems ceanca 2
Affect and Distraction Positive Count Neutral Count
Positive Affect 28 124
Negative Affect 31 121
Engaged Affect 82 70
Detached Affect 59 93
Environment Distraction 36 116
Participant Total: n = 152

Table 8 / Tabmaura 8

Counts of Behaviors During Session 2

KosanuecTBo IIOBeI[eHPIfI BO BpeMs CeaHCa 2

Behaviors Good Count | Neutral Count Poor Count
Digital Skill 41 90 21
Social Dynamics 41 101 10

Participant Total: n = 152
Session 3
Table 9 / Tabaura 9
Counts of Affect During Session 3
KoanuectBo ciyuaeB adpdexra Bo Bpemsi ceanca 3
Affect and Distraction Positive Count Neutral Count
Positive Affect 1 12
Negative Affect 3 10
Engaged Affect 3 10
Detached Affect 6 7
Environment Distraction 1 12
Participant Total: n = 13
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Table 10 / Tabmuua 10
Counts of Behaviors During Session 3

KonuyecTBo noBegenuii Bo Bpems ceanca 3

Behaviors Good Count | Neutral Count Poor Count
Digital Skill 3 4 6
Social Dynamics 2 7 4

Participant Total: n = 13

First exposure to BELLA

Contingency-table analyses were conducted to identify the affect and behavior pro-
files children exhibited during their first exposures to BELLA. A total of 155 children
were included. The attrition was due to children with incomplete first sessions, who
had been removed. The most frequently displayed affect was engaged affect (n = 63;
40.6%), followed by detached affect (n = 45; 29%). Positive affect was observed in
24 children (15.5%), while negative affect was reported in 25 children (16.1%). Regard-
ing digital tablet skills, 80 observations (51.6%) reflected it to be good, 34 (21.9%) —
poor, and 41 (26.5%) neutral. Social dynamics showed a majority of neutral observations
(n = 90; 58.1%), while good and negative social dynamics accounted for 48 (30.9%)
and 17 (11%) observations, respectively.

Notable groupings were observed within the contingency-table, with no statistical
analyses attempted. When comparing the occurrence of affect with the occurrence of
behavior, we see that a positive affect frequently occurred with good social dynamics
(n = 21) and least often with poor social dynamics (n = 0). Engaged affect commonly
occurred with good digital skill (n = 42), whereas detached affect showed mixed asso-
ciations, often paired with neutral or poor digital skill. Negative affect did not show any
clear pairing with behavior.

The data were also grouped by age and sex, revealing the following: 5 year-olds were
the most likely to show positive affect (n = 17), followed by 4 year-olds (n = 4) and
6 year-olds (n = 3). Engaged affect was similarly highest in 4 and 5 year-olds. Detached
affect similarly shows a high prevalence in 4 (n = 21) and 5 (n = 17) year-olds. Sex dif-
ferences were subtle, with girls showing slightly lower rates of affect and boys showing
higher rates of good digital skill while simultaneously being more likely to display poor
digital skill. In terms of social dynamics, girls had slightly more good interactions, while
boys had more neutral and negative interactions.

Correlations and Dependency Between Variables
To explore associations between affective states and behavioral observations further,
a series of pairwise Spearman’s rank correlation were conducted, and significant corre-
lations are reported. The analysis revealed that age is positively correlated with social
dynamics (rho = .276; p < .001) and positive affect (rho = .188; p < .05). Digital skill
negatively correlated with negative affect (rho = .291; p <.001) and positively correlated
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with positive affect (rho = .291; p < .001). Social dynamics also had a strong positive
correlation with positive affect (rho = .488; p <.001). These findings indicate that older
children are more likely to show good social engagement and positive affect, and that
higher digital skill is linked to both greater engagement and reduced negative affect.
Fisher’s Exact Test was applied to identify dependency or relatedness between affect and
behaviors, with six significant relationships. All tested variables are reported in Table 11.

Stratification by age or sex is not reported in Table 11. Findings reveal that amongst
4 year- olds (n = 62), positive affect was associated with social dynamics (p < .05), neg-
ative affect was associated with digital skill (p < .05) and social dynamics (p < .05) as
well. Engaged affect was associated with digital skill (p < .05), and detached affect was
associated with social dynamics (p <.05). Amongst 5 year-olds (n = 74), the association
between positive affect and social dynamics persisted (p < .001) as well as the associa-
tion between negative affect with digital skill (p < .05). Detached affect was associated
with both social dynamics and environmental distraction. Digital skill was also associ-
ated with social dynamics. Finally, the 6 year-old group (n = 17) revealed no significant
associations. This may be due to the smaller number of participants in that group. Sex-re-
lated findings aren’t significant, but we observed a few trends within the sample where
being a boy had a modest association with negative affect and digital tablet skills. Being
a girl was associated with both positive affect and good social dynamics, as well as en-
gaged affect and good digital tablet skills.

Table 11 / Tabnuma 11
Fisher’s Exact Test: Relatedness Between Categories

Tounblii TecT PUIIepa: B3aUMOCBA3b MEXKIY KATETOPHUAMHU

Variable 1 Variable 2 p-value

Positive Affect <.05

Negative Affect 475

Age Engaged Affect 287
Detached Affect .348

Digital Skill <.05

Social Dynamics <.05

Positive Affect 376

Negative Affect 126

Sex Engaged Affect 254
Detached Affect .860

Digital Skill 323

Social Dynamics 547

. Digital Skill 101
Positive Affect Social Dynamics <.001
. Digital Skill <.001
Negative Affect Social Dynamics .080
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Variable 1 Variable 2 p-value
Digital Skill <.001
Engaged Affect g :
Social Dynamics 371
Digital Skill 493
Detached Affect g :
Social Dynamics <.001

Change in Affect and Behavior from Session 1 to Session 2

To assess whether affect and/or behaviors changed between the first and second ex-
posure to BELLA, a McNemar test was applied to paired data from 133 participants.
These participants completed both sessions without glitches or interruptions. Findings
revealed that engaged affect (y*> = 10.42, p < .005) significantly increased, and detached
affect significantly decreased (y* = 4.02, p < .05). Positive and negative affect exhibited
no significant changes and remained relatively stable across sessions.

Regarding behavior, results show that all three levels of digital skill significantly
shifted between sessions. Specifically, poor digital tablet skills decreased (¥* = 6.50,
p < .05) while neutral (¥*> = 28.90, p < .0001) and good digital tablet skills increased
(x*=13.43, p <.001). Overall, this indicates that children’s use of BELLA and the tablet
generally improved across just two sessions. Social dynamics show no significant chang-
es across its three levels, suggesting that the social engagement of children remained
relatively stable across sessions.

Linear Regression: Performance

Sample and Scores

The sample used for the linear regression included 148 participants. The smaller sam-
ple size is due to children missing performance scores, children that only had one ses-
sion, and children with incomplete sessions. Only a complete second or third session for
each child was included in this analysis. The first session is considered a training ses-
sion. The sample completed a total of 33-items, similar across pilot paths. Performance
scores were calculated as percentages to reflect the number of correct answers. Perfor-
mance scores ranged from 20.24 to 93.39. The median is 66.12 and the mean is 63.96.
The standard deviation is 15.63.

Dummy-Coding

New variables were created in line with Tables 3 and 4. Positive affect and Negative
affect were combined to create an Emotion variable. Emotion has four levels: positive
affect only, negative affect only, mixed positive affect and negative affect, and neutral
affect. Neutral affect served as the comparative baseline for the regression. Engaged af-
fect and detached affect were combined to create a Focus variable. Focus has four levels,
similar to Emotion. Neutral Focus served as the baseline. Digital tablet skills and Social
dynamics each have three levels. Each level has been decomposed into Good, Poor, and
Neutral, giving three levels for each variable. Neutral is used as the baseline.

Regression
Overall, the regression model was statistically significant, F(11, 136) = 12.23, p <
<.001, and explained approximately 49.7% of the variance in BELLA performance scores
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(R? = .497). Specifically, two of the predictors were statistically significant. Children
who displayed positive affect without negative affect scored higher on BELLA (B =.168,
p <.05). Children observed to have negative digital tablet skills (e.g., incorrect tablet ma-
nipulations) scored substantially lower (f =—.403, p <.001). Age was a strong covariate
(B=.358,p <.001). No other emotion, focus, or social dynamic combinations were sta-
tistically significant. See Table 12 (below) for the full set of regression coefficients. Giv-
en the number of predictors, multicollinearity was examined using pairwise correlations
(Table 13) and variance inflation factors (Table 14). The strongest pairwise correlation
was between positive affect and positive social dynamics with r = .55. All other predictor
pairs were below .40. These do not meet the threshold of .7 for potential multicollinearity
concerns. Variance inflation factors ranged from 1.04 to 2.29, with all tolerance values
above .43, confirming no problematic collinearity. The adjusted R? for the full model was
.457. A reduced model retaining only the three significant predictors (positive affect, poor
digital skill, and age) yielded an adjusted R? of .414. Model comparison indicated that the
full model provided a significantly better fit, F(8,136) =2.41, p <.05.

The results show that only negative digital skill and positive affect significantly
contributed to the performance scores. The non-significant results, however, still show
trends that can inform further investigation. Specifically, the presence of a negative af-
fect and detached affect seemed to be associated with lower scores, while engaged affect
was associated with higher scores. Good digital tablet skills trended negatively, which
may be due to noise in the data. Positive social dynamics were associated with lower per-
formance but not as strongly as negative social dynamics. The nature of observed social
interactions needs to be more specific in order to differentiate between disruptive social
interactions that take away from the task at hand, or interactions that are task oriented.
Age remains the most critical factor influencing performance. Given the age range (3 to
6 year-olds) and the fact that it is a critical developmental period, this is expected.

Table 12 / Tabmnuma 12

Multiple linear regression results: performance change

Pe3yabTaThl MHOKECTBEHHOM JIMHEHHOI perpeccum:
H3MeHeHHe MPOM3BOIUTEIbLHOCTH

Predictor B SE t P
Intercept 67.59 2.78 24.32 <.001
Emotion — Mixed affect -.014 11.77 -0.23 .822
Emotion — Positive affect 168 3.16 2.18 .031*
Emotion — Negative affect -.047 2.60 —0.73 464
Focus — Mixed -.117 3.65 -1.53 128
Focus — Positive .091 2.79 1.03 305
Focus — Negative -.133 3.23 —-1.45 150
Digital — Good -.047 2.29 -0.71 477
Digital — Poor -.403 2.95 -5.99 <.001*
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Predictor B SE t P
Social — Good -.044 2.66 —0.58 561
Social — Poor -.080 4.41 -1.13 259
Age (Centered) 358 1.55 5.58 <.001*

Note: «*» — Significant p-values at the 0.05 level.

Table 13 / Tabnuua 13

Pairwise Pearson Correlations Among Regression Predictors

Ilapusbie koppeasinun ITupcona Mexkay NpeMKTOPAMH perpeccun

Predictor 1 2 3 4 5 6 7 8 9 10 |11
Emotion —
Mixed affect o
Emotion —
Positive affect -0.04)—
Emotion — o
Negative affect -0.041-0.227) —
Focus —
Moo 20.03]0.04 |0.12 |—
Focus — 20.07[-0.02 [-0.03 |-0.32"" | —
Positive
Focus — 0.13 [-0.13 [0.04 [-024" |-0.52"" | —
Negative
Digital — 20.05/0.07 000 [-0.01 |0.14 |-029""|—
Good
Digital — 20.04[-005 [0.11 [0.05 [-029""(0.13 [-027"|—
Poor
Social — 20.05]0.55™ [-0.15 [-0.01 [-0.09 [0.05 [0.05 [-0.06 |—
Good
Social — 20.02[-006 [0.257]-0.03 |-0.23" [0.39" |-0.17 [0.23"|-0.17" | —
Poor
Age 0.03 [0.16 |-0.14 [-0217 [0.01 [0.05 |-0.02 [-0.16 |0.11 |-0.12|—

Note: * p<.05, **p <.

01, *** p < .001.

Table 14 / Tabnuma 14

Variance Inflation Factors and Tolerance Values for Regression Predictors

Koa¢ppuuuenrsl nHGISIUUH JUCIIEPCUH U J0IIyCTUMbIE

3HAYeHHs 151 IPeIUKTOPOB Perpeccuu

Predictor VIF Tolerance (1/VIF)
Mixed Affect 1.04 .96
Positive Affect 1.61 .62
Negative Affect 1.13 .89
Mixed Focus 1.59 .63
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Predictor VIF Tolerance (1/VIF)

Engaged Focus 2.10 48

Detached Focus 2.29 44

Digital Skill — Good 1.19 .84

Digital Skill — Poor 1.23 .82

Social Dynamics — Good 1.58 .63

Social Dynamics — Poor 1.36 73

Age (Centered) 1.11 .90

Note. VIF > 5 indicates concern; VIF > 10 indicates serious multicollinearity. Tolerance < .20 is
concerning. All values are within acceptable ranges.

Discussion

The study examined affective and behavioral patterns exhibited by children when
using BELLA in an isolated setting external to their regular classroom. The goal was to
explore the behavioral and emotional user experience of the TD based assessment, and
the learning process as they unfold during the sessions, which has been long overlooked
in preschoolers. There were three steps to evaluating affect and behaviors: (1) an initial
descriptive analysis to grasp what characterizes children’s first time experience when
exposed to a tablet-based assessment; (2) a comparative analysis to identify the change
in children’s experience with BELLA from the initial session to the second session; and
(3) a regression analysis to identify which affect and behaviors contributed to children’s
performance on BELLA items.

Descriptive Analysis

Studies have scarcely investigated the emotional and behavioral experience of pre-
school age children during digital media use, focusing on cognitive outcomes (Hu-
ber et al., 2018) or narrow learning domains such as literacy only (Neumann, 2018).
The descriptive analysis offered insight into how preschoolers experience digital media
within the educational context, extending current knowledge. Additionally, the observa-
tions are made during the first experience with BELLA, offering a chance to observe how
the child adapts to a new task, with multiple knowledge and cognitive domains admin-
istered on a digital tablet. The observed responses reflect both developmental readiness
and the degree to which children are familiar with navigating digital environments inde-
pendently. Good digital skill is important, and was linked with increased positive affect
and decreased negative affect, suggesting that procedural fluency may buffer emotional
dysregulation and promote learning enjoyment. The evidence demonstrates that digital
skill matters for more than task performance; it matters for children’s affective experi-
ences, which are associated with their overall performance.

Positive affect was closely associated with good social dynamics and engaged focus,
suggesting that emotional, social, and behavioral components jointly contribute to how chil-
dren approach digital tasks. Previous research supports the role of emotionally supportive
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engagement in learning. (Denham & Liverette, 2019), and Strouse & Ganea (2017)
demonstrated that positive affect and attention mediated vocabulary learning in toddlers
interacting with electronic books. However, the findings were obtained in controlled lab
settings with parent-child dyads, rather than in naturalistic contexts where children may
interact with digital tools independently. This study extends the affect and learning link
to a school-based setting in which the preschoolers navigated a tablet assessment without
direct adult scaffolding in their first time exposure. Given the interdependence patterns
identified, it is evident that an engaged (focused) child is more likely to have good digital
skill, while a detached (distracted) child is less likely to. This holds for both a lab and
a familiar school setting. Teachers should promote engagement and make sure that chil-
dren have adequate digital skills to be able to maintain their focus. Such a pattern may
also indicate that both emotional and behavioral readiness shape how children approach
digital tasks. The associations identified were more robust for the 4—>5 years old range,
although that may be explained by most of the sample being in that age range, while 3-
and 6-year-olds were a minority. Sex on the other hand did not have significant relation-
ships and only suggests that boys have more behavioral extremes (good vs poor digital
skill), and girls showed slightly more positive social dynamics.

Overall, the analysis suggests that children were able to concentrate and fully pay
attention to the application, and that half of them had good proficiency with the tab-
let interface. Specifically, the first experience with BELLA evokes positive affect for
some, and difficulty for others when they do not display good digital skill. The asso-
ciations identified strengthen the idea that age 4 to 5 is a key developmental period
for emotion-behavior integration in digital contexts (Kolloff et al., 2025; Zimmerman,
2002). Children in this range appear to be sensitive to both internal states and external
task challenges. Age is a critical driving force that affects every child’s experience.

Comparative Analysis

When comparing children’s affective and behavioral responses between their first and
second sessions, clear patterns emerged. Engaged affect significantly increased, while
detached affect significantly decreased, suggesting that upon the second exposure, chil-
dren were more focused and less bored or distracted. These shifts align with research on
learning engagement and self-regulatory development in early childhood, which shows
that familiarity with a task can reduce cognitive load and improve sustained attention
(Kubsch et al., 2025; Zimmerman, 2002). In parallel, digital skill improved. The total
number of children showing poor digital navigation decreased, while neutral and good
digital skill increased. Even a brief repeated interaction with the tablet was sufficient to
support perceptible digital skill learning. BELLA’s interface could be a contributing fac-
tor to the ease of navigation and control of the application. The familiarity with the tool
could have helped children struggle less while navigating the screen, showing less errors
related to BELLA use, as opposed to errors with manipulating a tablet.

In contrast, social dynamics remained unchanged across sessions. This can be interpret-
ed in different ways. Children’s social interactions with the observer may be more resist-
ant to change because children need more time to become familiar with new individuals,
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or could be due to inconsistencies in the collection of behavioral data. Nevertheless,
while social engagement in early childhood is often context-dependent and is typically
particularly affected by digital media (Blumberg et al., 2019; Herodotou, 2018), interac-
tions with the caregiver were relatively brief and confined by the nature of the activity.

Predictive Analysis

The multiple linear regression analysis examined whether affective states and behav-
ioral observations during the session were associated with children’s performance scores
on BELLA. The overall model was statistically significant and explained nearly half of
the variance in performance, suggesting that observable emotional and behavioral cues
meaningfully contribute to academic outcome in digital assessments. Specifically, three
predictors stood out. Children who displayed positive affect, without concurrent negative
affect, had significantly higher scores. Those with poor digital skills scored substantially
lower. Age was the strongest predictor in the model, with older children performing bet-
ter overall. This echoes findings in Tan and colleagues (2023) where item performance
increased with age. Age, however, is not the sole metric that needs to be included in
future studies. Specifically, we propose that emotional positivity and digital skill con-
tribute independently to positive performance, and highlight the importance of a child’s
positive experiences with regards to enjoyment and skill in early childhood assessment.
The emotional and behavioral attributes of an experience are as important to account for,
particularly in this age group that is still learning self-regulation.

Other emotion and focus combinations did not reach statistical significance, but re-
vealed meaningful trends. Negative affect and detached affect were generally associated
with lower performance, while engaged focus was associated with higher performance.
This pattern is consistent with emotion-cognition interaction models, which suggest that
sustained attention and affective engagement support deeper processing and task comple-
tion (Halverson & Graham, 2019; Pekrun & Linnenbrink-Garcia, 2014). Negative emo-
tion or disengagement may disrupt cognitive flow or increase off-task behavior (D’Mello
& Graesser, 2014; Tan et al., 2021).

Interestingly, social dynamics were not predictive of performance at all. This could
be due to the fact that the observer tried not to intervene, or observation inconsistencies.
It could also be that social interactions are simply not a contributor to performance when
using a tablet-based assessment that was designed for independent use with minimal car-
egiver intervention.

Overall, findings point to the importance of emotion and digital skill in predicting
children’s success with digital assessment tools. Age remains the dominant contributor,
however, it is not operating on its own. Age influences these behavioral and affective
dimensions, particularly given the early developmental period examined.

Implications

The findings carry several implications for early childhood education. First, the ob-
served relationships between affect, behavior, and performance underscore that digital as-
sessments like BELLA do not only capture competency and learning; they elicit real-time
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indicators of readiness, self-regulation, and engagement. Emotional cues such as engaged
affect or negative affect (e.g., frustration), and behavioral observations such as digital skill
and fluency provide essential context to the child learning process. The findings align with
sociocultural perspectives that emphasize digital tools as influential cultural mediators in
development (Taber, 2025), and support the idea that children’s responses to digital envi-
ronments are dynamically shaped by both internal and contextual variables.

Second, the predictive value of digital skill for performance reinforces the arguments
that digital literacy is now a common developmental skill. Digital readiness shapes how
children access, navigate, and benefit from digital learning. Teachers should not assume
that preschoolers already know how to use TD. Digital literacy should be supported
through practice and scaffolding, especially when children have limited access at home
(McManis & Gunnewig, 2012; Neumann, 2016).

The link between positive affect and higher performance supports the evidence that
emotional engagement, or focus, facilitates cognitive processing and deeper learning.
These affective experiences are part of what makes digital learning effective, when
well-designed. Educational technologies for children shouldn’t only measure knowledge.
They should be designed to facilitate emotional regulation, and to allow for a level of
co-use with the caregiver. The latter component is critical with digital screen use in edu-
cation, although the results in this study do not support it.

From a research standpoint, the results affirm the value of a mixed-method approach,
capitalizing on observational information. There is already much that relies on paren-
tal reports, performance data, and other measures. Children’s inherent affective and
behavioral experience is overlooked although it is part of critical dimensions of early
development.

Limitations and Future Directions

The study is limited by its use of secondary observational data. While the data are
rich in naturalistic insights, they were relatively free-form, and subject to the observ-
er’s bias. A systematic naturalistic strategy is needed, with strict control and consist-
ency in the types and scope of observations to be collected. To our knowledge, such
research is limited, and this work presents an example of the information that might be
obtained from such observational studies. Additionally, the observations were not able
to capture the dynamic nature of the BELLA sessions and the flow of emotions and be-
havior. A careful, time-documented data collection plan needs to be utilized in future
research. This would also allow researchers to demonstrate the influence the caregiver
has on emotions, learning behaviors, and overall educational experiences, given the em-
phasis on social dynamics. In the current study, the data are limited and cannot fully sup-
port this claim. In addition, while the regression model accounted for a relatively high
proportion of variance in performance, collinearity diagnostics indicated no problematic
shared variance among predictors. However, a reduced model with only the three signif-
icant predictors explained nearly as much variance, suggesting that the non-significant
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predictors contributed modestly beyond the core three. Future studies may benefit from
a more parsimonious model or a larger sample to improve the predictor-to-participant
ratio.. Another limiting factor is that the study did not evaluate the pre-existing digital
skill of children or their current educational competencies. The sample was also from
a private suburban pool of preschools, which limits the generalizability of the results.
Future studies should incorporate structured observational protocols, video coding, and
perhaps screen-capture of the tablet manipulations in order to maximize the information
recorded. Time-stamping behaviors and affect are critical to reveal the dynamic nature
of learning-related behaviors and emotions. A more diverse sample needs to be studied,
including public and lower-income schools from across states to increase generaliza-
bility. Finally, a clear breakdown of the affect and behaviors of interest will add a level
of detail that can differentiate between specific emotional states such as happiness and
excitement, or sadness and anger.
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