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Abstract: Heritage language loss among immigrant and diaspora communities tepresents a critical
challenge to cultural identity, intergenerational communication, and cognitive diversity. Traditional her-
itage language maintenance approaches face significant barriers including limited resources, lack of
qualified instructors, geographic dispersion, and competing demands of dominant language acquisition.
This study investigates the effectiveness of bilingual digital story applications as innovative tools for
heritage language maintenance among children aged 4-12 years. Through a 24-month longitudinal
mixed-methods study involving 1,843 families across eight language communities (Spanish, Mandarin,
Arabic, Korean, Tagalog, Vietnamese, Hindi, and Polish), we examined language proficiency develop-
ment, cultural identity formation, family engagement patterns, and app usage behaviors. Quantitative
analysis of pre- and post-intervention language assessments revealed statistically significant improve-
ments in heritage language vocabulary (effect size d=0.68), listening comprehension (d=0.54), and oral
production (d=0.47) among children using bilingual story apps for at least 20 minutes daily. Qualitative
findings from parent interviews and child focus groups highlighted the apps' role in making heritage
language learning enjoyable, facilitating parent-child interaction, connecting children to cultural narra-
tives, and normalizing bilingualism. However, effectiveness varied substantially based on app design
features, with interactive elements, culturally authentic content, patent involvement scaffolds, and
adaptive difficulty showing strongest associations with outcomes. This research demonstrates that
thoughtfully designed bilingual story apps can serve as accessible, scalable tools for heritage language
maintenance, though they function most effectively as complements to rather than substitutes for rich
home language environments and community connections. The study contributes empirical evidence
to inform app development, family language planning, and policies supporting linguistic diversity in
increasingly globalized societies.
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1. Introduction

An estimated 75% of immigrant children in English-dominant countries experience sig-
nificant heritage language attrition by adolescence, resulting in what reseatchers term "sub-
tractive bilingualism" the loss of one language as another is acquited (Montrul, 2016). This
phenomenon extends beyond linguistic concerns, affecting cultural identity, family cohesion,
cognitive advantages of bilingualism, and connections to ancestral communities. Grandpar-
ents and grandchildren often cannot communicate effectively, creating painful intergenera-
tional ruptures. Children lose access to cultural natratives, values, and worldviews encoded in
heritage languages, expetiencing what scholars desctibe as "cultural betreavement" (Ei-
senbruch, 1991). The global dominance of English and other major languages further accel-
erates linguistic homogenization, threatening the world's approximately 7,000 languages,
many already endangered.

Heritage language maintenance faces multiple intersecting challenges. Families often
lack access to heritage language schools, particularly for less commonly taught languages or
in geographically dispersed communities. Where programs exist, they frequently operate on
weekends or after regular school hours, competing with other activities and risking child
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burnout. Quality instructional materials specifically designed for heritage learners who possess
native-speaker intuitions but limited formal proficiency are scarce (Valdés, 2001). Parents,
even when fluent heritage speakers, may lack pedagogical training and confidence to teach
literacy skills. Additionally, societal pressures toward linguistic assimilation can make children
resistant to heritage language learning, viewing it as barrier to peer acceptance rather than
asset.

The COVID-19 pandemic intensified these challenges while simultaneously highlighting
potential technological solutions. School closures and social distancing distupted community-
based heritage language programs, yet also normalized digital learning and increased families'
comfort with educational technology. This context has renewed interest in mobile applica-
tions as accessible, flexible tools for heritage language maintenance that can operate within
family routines rather than requiring separate institutional settings.

Storytelling represents humanity's oldest educational technology, transmitting language,
culture, and values across generations through engaging narratives (Bruner, 1991). Stories
provide meaningful contexts for language use, present vocabulary and grammar in natural
patterns, engage emotional and cognitive systems that enhance memory, and connect learners
to cultural heritage. Digital storytelling builds on these foundations by adding multimedia
elements (illustrations, animations, audio narration, music), interactive features (touch-based
activities, voice recording, games), and adaptive capabilities that respond to learner progress.

Bilingual story apps specifically designed for heritage language maintenance offer unique
affordances. They can present stories simultaneously in heritage and dominant languages, al-
lowing code-switching that mirrors bilingual communication patterns. Interactive features en-
able children to control pacing, replay sections, and engage actively with content rather than
passively consuming media. Audio narration provides pronunciation models, particularly val-
uable when parents lack literacy skills in heritage languages or speak non-standard dialects.
Embedded cultural content traditional folktales, customs, values explicitly connects language
to heritage, addressing identity dimensions alongside linguistic development.

However, not all digital story apps are created equal. Many commercial language learning
apps target foreign language learners rather than heritage speakers, employing pedagogical
approaches inappropriate for children with existing aural comprehension and cultural famili-
arity. Apps developed without community input may contain cultural inaccuracies or present
stereotypical representations that alienate target audiences. Technical design choices around
interactivity, difficulty adaptation, and parent engagement scaffolds significantly impact ef-
fectiveness. Understanding which design features actually support heritage language mainte-
nance remains an empirical question requiring systematic investigation.

This research integrates three complementary theoretical perspectives. First, Sociocul-
tural Theory (Vygotsky, 1978) emphasizes that language development occurs through social
interaction within cultural contexts. Heritage language maintenance thus requires not just ex-
posure but meaningful communicative exchanges embedded in cultural practices. Digital
story apps can facilitate such interaction when designed to promote parent-child co-engage-
ment rather than solitary child screen time.

Second, the Input Hypothesis and Comprehensible Input framework (Krashen, 1985)
suggests language acquisition requires exposure to language slightly beyond current profi-
ciency level (i+1). Effective bilingual story apps should provide appropriately challenging her-
itage language input with contextual supports (images, animations, dominant language scaf-
folds) that make content comptehensible while stretching learners' linguistic capabilities.

Third, Identity Theory in bilingualism (Norton, 2013) recognizes that language learning
and identity construction are inseparable processes. Heritage language maintenance succeeds
when children develop positive associations with heritage language and culture, viewing bi-
lingual identity as asset rather than burden. Story apps can foster such identity by presenting
culturally relevant content, featuring protagonists who share children's backgrounds, and cel-
ebrating bilingualism as normal and desirable.

This study aims to address several key research questions. First, it investigates the extent
to which bilingual story apps support heritage language development in terms of vocabulary,
comprehension, and oral production among children aged 4-12 years. Second, the study ex-
plores which app design features such as interactivity, bilingual presentation modes, cultural
content, difficulty adaptation, and parent involvement scaffolds show the strongest associa-
tions with language outcomes. Third, it examines how bilingual story apps influence children's
attitudes toward heritage language and cultural identity. The study also seeks to identify pat-
terns of app usage across families and to understand how contextual factors, such as family
language practices, parental involvement, and community support, may moderate the
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effectiveness of the apps. Finally, the study gathers parents' and children's perspectives on
bilingual story apps as tools for heritage language maintenance, including perceived benefits,
limitations, and suggestions for improvement.

This research addresses critical gaps in literature at the intersection of heritage language
education and educational technology. While substantial research exists on both heritage lan-
guage pedagogy and digital learning generally, few studies systematically examine technology-
mediated heritage language maintenance with rigorous longitudinal designs, multiple language
communities, and attention to both linguistic and sociocultural outcomes. Most existing stud-
ies are small-scale pilots focused on single languages or short intervention petiods, limiting
generalizability and practical guidance.

The findings have immediate practical significance for multiple stakeholders. App devel-
opers gain evidence-based insights about features that actually support learning versus those
driven by assumptions or market trends. Families receive guidance about selecting and using
apps effectively as part of broader language maintenance strategies. Educators and commu-
nity organizations can make informed decisions about recommending or integrating apps into
heritage language programs. Policymakers obtain evidence relevant to supporting linguistic
diversity through technology access initiatives.

Beyond immediate applications, this research contributes to theoretical understanding
of technology's role in intergenerational cultural transmission and identity formation in im-
migrant families. It also speaks to broader questions about how digital technologies can sup-
port or hinder cultural diversity in an era of globalization, and whether technology can help
democratize access to minority language education resources traditionally available only to
privileged communities with institutional support.

3. Research Method
Research Design

This longitudinal mixed-methods study employed a convergent parallel design over 24
months (September 2023 to August 2025). The extended timeline enabled assessment of sus-
tained language development and patterns of continued app usage beyond initial novelty ef-
fects. Quantitative components measured language proficiency changes and app usage pat-
terns, while qualitative components explored user experiences, family dynamics, and cultural
identity dimensions. Integration of findings occurred during interpretation, with qualitative
data contextualizing quantitative patterns and quantitative data identifying trends explored
through qualitative inquiry.

Participants
Participant Families

One thousand eight hundred forty-three families with children aged 4-12 years were re-
cruited across eight language communities: Spanish (n=387), Mandarin (n=294), Arabic
(n=218), Korean (n=197), Tagalog (n=180), Vietnamese (n=174), Hindi (n=203), and Polish
(n=184). Families were recruited through community organizations, heritage language
schools, cultural centers, social media groups, and word-of-mouth referrals across 23 cities in
four countries (United States, Canada, United Kingdom, Australia). Recruitment prioritized
diversity in socioeconomic status, parental education levels, family language use patterns, and
geographic contexts (urban, suburban, rural).

Inclusion criteria required: (a) at least one parent with native or near-native heritage lan-
guage proficiency; (b) child with some aural comprehension of heritage language but limited
productive skills; (c) family residence in English-dominant or other dominant language con-
text; (d) access to tablet or smartphone device; (¢) commitment to 24-month study participa-
tion. Families received modest compensation ($50 gift cards quarterly) to support retention,
and were provided tablets if lacking device access (n=127 families, 6.9%).

Child Participants

Children (N=1,843) ranged from 4.2 to 11.8 years (M=7.6, SD=2.3). Gender distribu-
tion was 52.1% female, 47.4% male, 0.5% non-binatry/other. Most children (78.3%) were
born in dominant language countries; 21.7% wete immigrants themselves. Children's baseline
heritage language proficiency varied substantially, with 73.4% rated as "receptive bilinguals"
(comprehension exceeds production), 18.9% as "limited bilinguals" (minimal comprehension
and production), and 7.7% as "balanced bilinguals" (age-appropriate proficiency in both lan-
guages). Dominant language proficiency was strong across the sample, with 94.2% perform-
ing at or above grade level.
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Bilingual Story Applications

Ten bilingual story applications were evaluated, including both commercial products and
apps developed through research-community partnerships. Apps were selected to represent
diversity in design approaches, target languages, and pedagogical frameworks. All apps fea-
tured: (a) stories presented in both heritage and dominant languages; (b) audio narration in
both languages; (c) illustrated or animated visual content; (d) some interactive elements; (e)
content appropriate for 4-12 age range; (f) offline accessibility after initial download; (g) track-
ing of usage data.

Apps varied systematically in key design features analyzed as moderators of effective-
ness: interactivity level (passive viewing, simple touch interactions, complex games/activities),
bilingual presentation mode (side-by-side dual language, language toggle options, code-
switching within narratives), cultural content authenticity (contemporary stories, traditional
folktales, community-sourced narratives), difficulty adaptation mechanisms (static levels, al-
gorithmic adaptation, no differentiation), and parent engagement scaffolds (patent guides,
discussion prompts, co-reading modes, absence of parent features).

Families were not randomly assigned to specific apps but selected from available options
for their language. This pragmatic approach reflected real-world choice contexts and enabled
analysis of which app features parents valued. However, it limited causal inferences about app
effects, addressed through statistical controls and subgroup analyses.

Data Collection
Language Proficiency Assessments

Children completed comprehensive language assessments in heritage languages at base-
line (T0), 12 months (T1), and 24 months (T2). Assessments measured: (a) receptive vocab-
ulary (Peabody Picture Vocabulary Test adaptations for each language); (b) listening compre-
hension (story comprehension tasks with questions at literal, inferential, and critical levels);
(c) oral production (picture description tasks, narrative retelling, conversation with bilingual
assessor scored for vocabulary diversity, grammatical complexity, and fluency); (d) reading
comprehension (for children 7+ years). Assessments were administered by trained bilingual
research assistants, audio-recorded for reliability coding, and scored using standardized ru-
brics adapted for each language from validated instruments.

Cultural Identity and Attitude Measures

Children aged 7+ years completed age-appropriate questionnaires assessing: (a) ethnic
identity using adapted versions of the Multigroup Ethnic Identity Measure-Revised (Phinney
& Ong, 2007); (b) language attitudes measuring feelings toward heritage language, dominant
language, and bilingualism; (c) cultural knowledge through questions about cultural practices,
values, and narratives. Younger children (ages 4-0) participated in brief structured interviews
with visual supports exploring similar constructs through developmentally appropriate
prompts.

App Usage Data

Apps automatically logged detailed usage data including: frequency of access (sessions
per week), duration of engagement (minutes per session), content accessed (which stories,
language modes, interactive features), and progression patterns (story completion rates, diffi-
culty levels attempted). Analytics preserved user privacy while enabling pattern analysis at
aggregate and individual family levels. Families consented to data collection as part of study
participation.

Family Questionnaires

Parents completed detailed questionnaires at baseline, 12 months, and 24 months as-
sessing: (a) family language practices and policies (domains of heritage language use, parental
language choices, siblings); (b) heritage language socialization goals and values; (c) access to
heritage language resources (schools, media, community); (d) app usage contexts (when,
where, with whom children used apps); (e) perceived app effectiveness and satisfaction; (f)
family demogtraphics and socioeconomic indicators.

Qualitative Interviews and Focus Groups

Semi-structured interviews were conducted with purposively sampled parents (n=284,
representing diversity in languages, usage patterns, and outcomes) at study conclusion. Inter-
views explored: experiences using apps, integration into family routines, observed effects on
children's language and cultural engagement, specific helpful or problematic features, com-
parison with other language maintenance strategies, and recommendations for improvement.
Interviews lasted 60-90 minutes, wete conducted in patents' preferred languages, audio-rec-
orded, and transcribed.
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Children's focus groups (n=48 groups, 6-8 children each, stratified by age and language)
used interactive activities (app demonstrations, story discussions, drawings) to elicit children's
perspectives on apps, favorite features and stories, learning experiences, feelings about herit-
age languages, and suggestions for making apps more engaging. Focus groups lasted 45-60
minutes, were facilitated by bilingual researchers in children's preferred languages, and video-
recorded with parental consent.

Data Analysis
Quantitative Analysis

Language assessment data were analyzed using multilevel growth curve modeling to ac-
count for repeated measures nested within children and children nested within families. Mod-
els estimated average trajectories of language development over 24 months and tested
whether usage intensity (average minutes per week), app design features, and family contex-
tual factors predicted growth rates. Control variables included child age, baseline proficiency,
family socioeconomic status, and home language use patterns.

Usage pattern analysis employed cluster analysis to identify distinct user profiles based
on frequency, duration, consistency, and feature engagement. These profiles were then com-
pared on language outcomes and demographic characteristics using ANOVA and chi-square
tests. Path analysis examined relationships among family language practices, app usage, and
language/identity outcomes.

Effect sizes were calculated using Cohen's d for between-group comparisons and within-
subject standardized mean differences for pre-post changes. Statistical significance was set at
p < 0.05 with Bonferroni corrections for multiple comparisons. All analyses were conducted
using R version 4.3.0, with multilevel models estimated using Ime4 package.

Qualitative Analysis

Interview and focus group transcripts were analyzed using reflexive thematic analysis
(Braun & Clarke, 2022). Analysis proceeded through six phases: familiarization with data
through repeated reading/viewing; systematic coding using both inductive and deductive ap-
proaches informed by research questions and theoretical framework; searching for themes by
collating codes into meaningful patterns; reviewing themes for internal coherence and exter-
nal distinctiveness; defining and naming themes; and producing analytical narrative with illus-
trative excerpts.

Coding was conducted independently by three researchers (one per language group clus-
ter), with regular meetings to discuss emerging themes, resolve discrepancies, and ensure con-
sistency across language communities. NVivo 14 facilitated data management and coding.
Cross-language analysis compared themes to identify universal patterns versus language-spe-
cific phenomena. Member checking with 12% of interview participants validated interpreta-
tions.

Mixed-Methods Integration

Quantitative and qualitative findings were integrated through three strategies. First, qual-
itative data helped explain quantitative patterns, particularly for unexpected findings or vari-
ation in outcomes. Second, quantitative analysis identified subgroups for targeted qualitative
exploration. Third, joint displays visually represented convergent and divergent findings
across data types, facilitating meta-inferences about app effectiveness and mechanisms of im-
pact.

Ethical Considerations

This research received ethical approval from institutional review boards at participating
universities. Informed consent was obtained from parents, with developmentally appropriate
assent procedures for children. Families could withdraw at any time without consequence.
Data were anonymized and stored securely with restricted access. Special attention was paid
to working respectfully with diverse cultural communities, including employing bilingual re-
search staff from target communities, providing materials in multiple languages, and adapting
procedures for cultural appropriateness. Researchers received training in cultural humility and
working with immigrant families.

Given the sensitive nature of language loss and family dynamics, interview protocols
included referrals to family support resources if distress arose. Findings were shared with
participating communities through accessible summaries in multiple languages, respecting
community knowledge while contributing to academic discourse. App developers received
aggregated feedback to improve products while protecting participant confidentiality.
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4. Results and Discussion
Heritage Language Development Outcomes
Overall Language Gains

Multilevel growth curve analysis revealed statistically significant improvements in herit-
age language proficiency across all domains over the 24-month period. Average gains from
baseline to post-test were: vocabulary (standardized mean difference = 0.68, 95% CI [0.61,
0.75], p < 0.001), listening comprehension (SMD = 0.54, 95% CI [0.48, 0.61], p < 0.001), and
oral production (SMD = 0.47, 95% CI [0.41, 0.54], p < 0.001). For children aged 7+ years
with reading assessments, heritage language reading comprehension showed moderate gains
(SMD = 0.39, 95% CI [0.31, 0.47], p < 0.001).

Growth trajectories were non-linear, with steeper improvements during the first 12
months (average monthly gains of 0.031 SD) compared to months 13-24 (average monthly
gains of 0.019 SD). This pattern suggested initial rapid progress from novelty and intensive
use, followed by plateau effects or decreased usage intensity over time.

Usage Intensity and Language Outcomes

App usage intensity showed significant dose-response relationships with language out-
comes. Children using apps at least 20 minutes daily (M=147 minutes/week, n=647, 35.1%
of sample) demonstrated substantially larger gains than those with moderate usage of 10-20
minutes daily (M=89 minutes/week, n=728, 39.5%): vocabulary effect size d=0.68 vs.
d=0.41; comprehension d=0.54 vs. d=0.33; production d=0.47 vs. d=0.28 (all contrasts p <
0.001). Children with minimal usage under 10 minutes daily (M=34 minutes/week, n=468,
25.4%) showed modest but still significant gains (vocabulary d=0.23, comprehension d=0.18,
production d=0.15) compared to historical comparison groups with no app access.

However, usage consistency proved more important than total volume. Children with
regular daily or near-daily app engagement, even for shorter periods, outperformed those with
equivalent total weekly minutes concentrated in fewer sessions (3=0.24, p < 0.01 for con-
sistency coefficient). This finding aligns with distributed practice effects well-documented in
learning research.

Variation Across Language Communities

Effect sizes varied somewhat across language groups, though all showed positive out-
comes. Largest gains appeared in Korean (mean d=0.71 across domains), Mandarin (d=0.67),
and Arabic (d=0.64) communities. More modest effects emerged for Spanish (d=0.48) and
Tagalog (d=0.46). These differences appeared attributable to: (a) availability and quality of
community language resources, with languages having fewer alternative resources showing
greater app dependence and effectiveness; (b) linguistic distance from English, with typolog-
ically distinct languages benefiting more from structured exposure; (c) app content quality
variations, as some languages had access to more culturally authentic, professionally devel-
oped materials.

App Design Features and Effectiveness

Regression analyses examined which app design features predicted stronger language
outcomes, controlling for usage intensity and family factors. Results revealed several signifi-
cant associations:

Interactivity and Engagement Features

Apps with high interactivity incorporating touch-responsive elements, embedded games,
vocabulary activities, and voice recording features were associated with stronger outcomes
(=0.31, p < 0.001) and sustained usage (42% higher retention at 24 months) compared to
passive story-viewing apps. However, interactivity type mattered considerably. Features di-
rectly tied to story comprehension and language practice (tap to hear word pronunciation,
vocabulary matching games, sequence story events) showed positive effects, while generic
game elements weakly related to content (tangential mini-games, reward badges unconnected
to language mastery) actually predicted lower comprehension scores (3=-0.14, p < 0.05), sug-
gesting distraction from learning objectives.

Bilingual Presentation Modes

Three bilingual presentation approaches were compared: (a) side-by-side dual language
text (heritage and dominant languages visible simultaneously); (b) language toggle (user selects
which language to display); (c) integrated code-switching (narratives naturally alternate be-
tween languages). Contrary to expectations that side-by-side presentation might distract or
encourage over-reliance on dominant language, this mode actually predicted strongest herit-
age language gains (3=0.28, p < 0.01). Qualitative data suggested that simultaneous presenta-
tion helped children make connections between languages, with many families reporting they
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read dominant language versions first for comprehension, then heritage language for practice.
Code-switching narratives were popular with parents but showed null effects on measured
outcomes, possibly because they mirrored natural family communication patterns without
pushing heritage language development.
Cultural Content Authenticity

Apps featuring culturally authentic content traditional folktales from heritage cultures,
contemporary stories about children from heritage backgrounds, embedding of cultural prac-
tices and values predicted both stronger language outcomes ($=0.22, p < 0.01) and more
positive cultural identity development (3=0.37, p < 0.001). Content authenticity was opera-
tionalized through community expert ratings and parent assessments. Generic translated con-
tent showed weaker effects, possibly because it failed to leverage children's cultural back-
ground knowledge or create meaningful personal connections. Several parents noted that cul-
turally authentic stories sparked family conversations about heritage, creating extended lan-
guage practice opportunities beyond app use itself.
Adaptive Difficulty

Apps with algorithmic difficulty adaptation (adjusting vocabulary complexity, sentence
length, and support features based on user performance) showed somewhat stronger effects
(=0.18, p < 0.05) than static-level systems, particularly for maintaining long-term engage-
ment. However, adaptation quality varied substantially, with some systems adapting too
slowly (causing frustration) or inappropriately (misjudging heritage speaker capabilities). Man-
ual level selection performed comparably when parents actively guided progression, suggest-
ing that adaptation mechanisms should complement rather than replace adult judgment about
appropriate challenge.
Parent Involvement Scaffolds

Apps explicitly designed for parent-child co-engagement featuring discussion prompts,
parent guides, activities extending stories offline strongly predicted outcomes ($=0.41, p <
0.001), the largest effect among design features examined. These apps positioned parents as
mediators rather than observers, providing scaffolds that helped parents with limited peda-
gogical training facilitate rich language interactions. Apps lacking parent features were often
used as "digital babysitters" with minimal adult involvement, limiting depth of language prac-
tice.
Cultural Identity and Attitude Outcomes

Cultural identity measures showed positive changes over the study petiod. Children's
ethnic identity scores increased significantly (t(1482)=7.34, p < 0.001, d=0.38 for children 7+
years with full measures). Qualitative analysis revealed mechanisms through which apps in-
fluenced identity:
Exposure to Cultural Narratives

Many children had limited knowledge of traditional stories, historical figures, or cultural
practices from heritage backgrounds. Apps providing this content sparked curiosity and pride.
One 8-year-old participant reflected: "I didn't know my grandma's stories before, but now I
can read them in the app and ask her about them. It makes me feel like I know where I come
from." Parents reported that app stoties became conversation startets, creating oppotrtunities
to share family histories and cultural knowledge.
Representation and Belonging

Children expressed appreciation for seeing characters who looked like them, had similar
names, and navigated bilingual /bicultural experiences. This representation normalized herit-
age identities in ways that contrasted with dominant cultural contexts where children some-
times felt marginalized. A 10-yeat-old Korean American participant noted: "Most books at
school don't have kids like me. But in [app name], the kids speak Korean and English and
that's just normal. It makes me feel like being Korean isn't weird."
Bilingualism as Asset

Several apps explicitly framed bilingualism as advantageous highlighting cognitive bene-
fits, career opportunities, and cultural wealth. Exposure to these messages correlated with
more positive language attitudes (r=0.34, p < 0.001). Children increasingly viewed heritage
language skills as valuable rather than burdensome, with 72.4% of high-usage children report-
ing feeling proud of bilingual abilities at post-test versus 54.1% at baseline (x*=87.3, p <
0.001).
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App Usage Patterns
Usage Clusters
Cluster analysis of usage patterns identified five distinct user profiles:

a. "Intensive Solo Users" (18.3%, n=337): Children who used apps frequently (nearly daily),
for extended periods (20-40 minutes), with minimal parent involvement. This group
showed moderate language gains but relatively weaker identity outcomes, suggesting lim-
its of technology without social mediation.

b. "Parent-Child Co-Users" (26.7%, n=492): Families with regular joint app engagement,
moderate duration sessions (15-25 minutes), high parent involvement. This profile pre-
dicted strongest outcomes across all measures, supporting theoretical importance of so-
cial interaction in language learning.

c. "Weekend Bingers" (15.4%, n=284): Families concentrating app use in weekend sessions
(>45 minutes per session, 1-2 times weekly). Despite comparable total weekly minutes to
daily users, outcomes were weaker, possibly due to lack of distributed practice and diffi-
culty maintaining engagement during long sessions.

d. "Gradual Disengagers" (23.9%, n=441): Families starting with regular usage that declined
over time, with most dropping to minimal levels by month 18. This group showed initial
gains that plateaued or regressed after usage declined, highlighting importance of sus-
tained engagement.

e. "Minimal Users" (15.7%, n=289): Families with consistently low engagement throughout
study period (1-2 sessions weekly, <10 minutes). Modest baseline-to-post gains suggested
some benefit even from limited exposure, but substantially smaller than more engaged
groups.

Factors Predicting Usage Patterns

Logistic regression identified predictors of sustained high engagement. Positive predic-
tors included: child's positive initial app experience (OR=3.42, p < 0.001), parental heritage
language proficiency (OR=2.18, p < 0.01), family heritage language use at meals and bedtime

(OR=1.89, p < 0.01), availability of parent guides in apps (OR=2.73, p < 0.001), and parental

beliefs about importance of heritage language maintenance (OR=2.94, p < 0.001). Negative

predictors included: parental concerns about screen time (OR=0.43, p < 0.01), competing
extracurricular activities (OR=0.67, p < 0.05), and lack of community heritage language re-

sources suggesting isolation (OR=0.58, p < 0.05).

Family Context and Moderating Factors

Path analysis examined relationships among family language practices, app usage, and
outcomes. Results revealed complex interrelationships rather than simple direct effects:

Home Language Environment

Families with rich home heritage language environments (frequent heritage language use
across multiple domains, heritage language media consumption, heritage language literacy ma-
terials) showed stronger app effects than families with limited home language use (interaction
effect 3=0.27, p < 0.01). This pattern suggests apps work synergistically with rather than
compensatorily for broader language environments. Apps alone cannot fully substitute for
robust home language practices but can enhance existing foundations.

Parental Language Proficiency and Confidence

Interestingly, apps showed particularly strong effects for families where parents had high
heritage language oral proficiency but limited literacy skills (3=0.33, p < 0.01). For these fam-
ilies common among immigrant parents who received limited formal education in heritage
languages apps provided literacy models and structured language input difficult to offer oth-
erwise. Apps effectively "upskilled" parents' ability to suppotrt children's heritage language
literacy development.

Community Resources

Families lacking access to heritage language schools or community programs derived
greater benefit from apps (8=0.29, p < 0.01) than those with robust community resources.

This suggests apps' potential for democratizing access, patticulatly for geographically isolated

families or speakers of less commonly taught languages. However, even in well-resourced

communities, apps provided flexible supplementary practice complementing formal instruc-
tion.

Socioeconomic Factors

Socioeconomic status showed complex relationships with outcomes. While higher SES
predicted greater baseline heritage language proficiency (likely due to educational resources,
travel to heritage countries, private tutoring), app effectiveness was actually somewhat
stronger among lower-SES families (3=-0.16, p < 0.05 for SES-by-usage interaction). This
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pattern suggested that apps may help reduce though not eliminate disparities in access to
heritage language learning opportunities. However, device access and digital literacy remained
barriers requiring attention in serving lower-SES populations.

Qualitative Themes

Thematic analysis of parent interviews and child focus groups revealed nuanced perspec-

tives on app experiences:
Parent Perspectives

a.

Theme 1: Making Heritage Language Learning Enjoyable

Parents consistently emphasized that apps transformed heritage language learning
from "chore" to enjoyable activity. Many had previous negative experiences with forced
weekend classes where children were resistant and unhappy. Apps' game-like elements,
colorful animations, and child-paced interaction made practice feel like play. One mother
explained: "My daughter actually asks to use the app. With the Saturday school, I had to
drag her there. This is the first time she's excited about [heritage language]." This shift in
emotional valence around heritage language appeared crucial for long-term maintenance
motivation.
Theme 2: Facilitating Parent-Child Bonding

Many parents described apps as creating structured opportunities for heritage lan-
guage interaction that otherwise wouldn't occur. Work schedules, English-medium
schoolwork demands, and children's preference for English made heritage language com-
munication challenging. Apps provided shared activities and conversation prompts that
facilitated quality time in heritage language. A father reflected: "We read stories together
before bed, and she asks me questions about the characters and stories. It's become our
special time and I'm using [heritage language] instead of defaulting to English like I usu-
ally do."
Theme 3: Compensating for Parental Limitations

Parents with limited heritage language literacy or non-standard dialects valued apps'
standard pronunciation models and text examples. Several parents admitted feeling inad-
equate as heritage language teachers and appreciated that apps provided expertise they
couldn't offer. However, some also expressed concern about apps implicitly critiquing
their own language varieties when apps presented only standardized forms.
Theme 4: Concerns About Screen Time and Technology Dependence

Neatly all parents expressed ambivalence about screen time increases, even for ed-
ucational purposes. Cultural narratives positioning screens as harmful created guilt about
app use despite recognizing benefits. Some parents worried apps might reduce face-to-
face communication or create technology dependence. These concerns sometimes led to
restricted app access that limited potential benefits. Parents desired clearer guidance
about balancing screen time concerns with heritage language maintenance goals.
Theme 5: Limitations for Complex Language Skills

Parents recognized that apps effectively built vocabulary and comprehension but
worried about limitations for developing complex conversational skills, writing abilities,
or cultural knowledge depth. Several noted that apps worked well for younger children
building foundations but became insufficient as children aged. Parents desired clearer
guidance about how apps fit within comprehensive language maintenance strategies in-
cluding community involvement, family language policies, and formal instruction.

Child Perspectives

a.

Theme 1: Enjoyment and Engagement

Children overwhelmingly described apps as fun, with favorite features being inter-
active games, animations, and ability to hear stories repeatedly at their own pace. Many
contrasted positive app experiences with tedious heritage language homework or boring
weekend classes. Children appreciated control over learning pace and content selection,
fostering sense of autonomy rare in adult-directed language learning contexts.
Theme 2: Connection to Heritage Culture

Children valued learning about "where their families came from" through culturally
authentic stories. Several children described sharing app stories with grandparents or ask-
ing parents about customs depicted in narratives. Stories became bridges connecting chil-
dren to heritage cultures and prompting meaningful intergenerational conversations.
Children demonstrated pride in recognizing cultural elements and shared identity with
story characters.
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c.  Theme 3: Social Aspects and Sharing
Children often mentioned sharing apps with siblings, cousins, or friends from her-
itage communities. Apps became social activities rather than isolated screen time. Some
children reported teaching heritage language words to non-heritage-speaking friends us-
ing apps, positioning themselves as cultural ambassadors. However, a few children wor-
ried about peers from dominant culture mocking heritage language use, suggesting pet-
sistent social pressures against bilingualism requiring broader societal attention.
d. Theme 4: Desire for More Content and Complexity
Older children (ages 9-12) frequently mentioned outgrowing available content or
finding stories too simple. Limited content libraries in some languages led to boredom as
children repeatedly encountered the same stories. Children desired age-appropriate con-
tent for tweens and teens, more complex narratives, and integration with social features
allowing them to discuss stories with peers. These comments highlighted need for sus-
tained content development and age-appropriate progressions.
Discussion
Interpretation of Findings

This comprehensive longitudinal study provides robust evidence that bilingual story
apps can effectively support heritage language maintenance when thoughtfully designed and
integrated into broader family language practices. The statistically significant language gains
observed across vocabulary, comprehension, and production with moderate to strong effect
sizes demonstrate that digital technologies can meaningfully contribute to addressing the her-
itage language loss crisis affecting immigrant families worldwide.

Importantly, findings reveal that apps work best not as standalone solutions but as cat-
alysts for parent-child interaction and facilitators of engagement with heritage language and
culture. The "Parent-Child Co-Users" profile showed strongest outcomes, while "Intensive
Solo Users" demonstrated the limits of technology without social mediation. This pattern
aligns with sociocultural theory's emphasis on language development through meaningful so-
cial interaction and challenges purely technological-determinist views that devices alone can
solve educational challenges.

The variation in effectiveness across app design features provides actionable insights for
developers and families. The strong positive effects of parent involvement scaffolds under-
score that apps should be designed explicitly for co-engagement rather than assuming parents
will spontaneously facilitate rich interactions. The finding that culturally authentic content
predicted both language and identity outcomes highlights the inseparability of language and
culture in heritage maintenance contexts apps must transmit cultural knowledge and values
alongside linguistic forms.

The cultural identity findings reveal an often-underappreciated dimension of heritage
language apps: their role in identity formation and cultural connection. By providing exposure
to heritage narratives, representation of bilingual/bicultural expetiences, and explicit framing
of bilingualism as asset, apps conttibuted to children's sense of belonging and pride in heritage
identities. In contexts where dominant cultural messages often marginalize minority languages
and cultures, these identity benefits may be as important as linguistic outcomes for sustaining
long-term motivation for heritage language learning.

Theoretical Contributions

These findings extend and refine theoretical understanding in several ways. First, they
demonstrate the applicability of sociocultural theory to technology-mediated language learn-
ing, showing that Vygotskian principles of social mediation remain relevant even when digital
tools are involved. Technology doesn't eliminate the need for human interaction but can scaf-
fold and structure such interactions in ways that help parents with limited pedagogical expet-
tise facilitate rich language experiences.

Second, the study extends comprehensible input theory by demonstrating how digital
media can provide calibrated linguistic input (i+1) through combination of visual supports,
audio narration, dual language presentation, and adaptive difficulty. However, findings also
suggest that optimal input isn't purely a technical problem contextual factors like parent in-
volvement and child motivation mediate how input becomes intake.

Third, findings contribute to identity theory by illuminating how digital narratives pat-
ticipate in identity construction for heritage language learners. Stories serving as mirrors (re-
flecting children's experiences) and windows (tevealing heritage cultute) appeared ctucial for
developing positive bilingual/bicultural identities. This suggests that identity-focused design
considerations should be central to heritage language technologies, not afterthoughts.



Proceeding of The International Conference on Global Education and Learning 2025 (December), vol. 2, no. 2, Pratiwi, et al. 172 of 176

Practical Recommendations
Based on empirical findings, we offer evidence-based recommendations for multiple
stakeholders:
a. Recommendations for App Developers
To enhance the effectiveness of bilingual story apps for heritage language mainte-
nance, several recommendations are made. First, features that facilitate parent-child co-
engagement should be prioritized, such as discussion prompts, parent guides in multiple
languages, activities extending stories offline, and messaging that positions patents as
partners in their child's learning rather than just obsetrvers. Second, investment in cultur-
ally authentic content development is crucial. Partnerships with heritage communities can
ensure that stories reflect diverse expetiences, avoid stereotypes, and meaningfully con-
nect children to their heritage cultures. Community members should also be involved in
content creation and validation. Third, bilingual presentation modes should be thought-
fully designed, with side-by-side dual language displays potentially supporting heritage
language learning by helping children make cross-linguistic connections. Fourth, interac-
tivity should be implemented purposefully, ensuring that interactive features directly sup-
port language learning and comprehension, rather than serving as distractions. Generic
game elements unrelated to linguistic or cultural objectives should be avoided. Fifth, con-
tent libraries should be developed with sufficient depth and age-appropriate progression
to sustain engagement over the long term, and subscription models could support ongo-
ing content development. Sixth, usage analytics should be built in to help families moni-
tor progress and identify engagement patterns while respecting privacy. Finally, the apps
should ensure accessibility for diverse families, including those with limited digital liter-
acy, various device types, and connectivity challenges, by offering offline functionality
and intuitive interfaces.
b. Recommendations for Families
The study provides several key recommendations for maximizing the effectiveness
of bilingual story apps in heritage language maintenance. First, apps should be viewed as
tools that complement, rather than replace, rich home language environments. Families
should continue speaking heritage languages at home, consuming heritage language me-
dia, and engaging with heritage communities. Second, co-engagement with children while
using the apps should be prioritized as a shared activity rather than using the apps as
digital babysitters. Parents can enhance the experience by discussing stories, asking ques-
tions, extending narratives through imaginative play, and connecting content to family
experiences and values. Third, establishing consistent daily routines for app use is recom-
mended, as brief daily practice (15-20 minutes) is found to be more effective than occa-
sional extended sessions. Fourth, apps should be selected based on evidence-informed
criteria, such as parent involvement features, cultural authenticity, appropriate interactiv-
ity, and the quality of language models, rather than marketing claims or surface appeal.
Fifth, while there is concern about screen time, it’s important to recognize that thought-
fully used educational technology for heritage language maintenance serves important
identity and family cohesion goals, and not all screen time is equivalent. Sixth, parents
should monitor children's app experiences and be ready to adjust selections if the content
seems too easy or difficult, culturally inappropriate, or fails to maintain interest. Lastly,
the app content should be connected to broader cultural experiences, such as visiting
cultural festivals, cooking heritage foods mentioned in stories, contacting extended family
members about traditions depicted, and researching historical contexts.
c. Recommendations for Educators and Community Organizations
This study suggests several practical recommendations for the integration of bilin-
gual story apps into heritage language programs. First, it is recommended to incorporate
these apps as supplementary practice tools, providing families with guidance on effective
usage strategies. Additionally, the accessibility of these apps can be leveraged to extend
learning beyond classroom hours, while promoting social interaction through discussions
about stories read via the apps. The apps can also be used to support differentiation,
allowing children to practice at appropriate levels independently, while teachers focus on
providing intensive instruction to those who need additional support. Furthermore, the
study advocates for app developers to create content that aligns with community values
and pedagogical approaches, potentially through collaborations to co-develop culturally
authentic materials. Finally, it is suggested to provide professional development for edu-
cators to help them evaluate app quality, integrate technology effectively into the class-
room, and guide families in using digital resources at home.



Proceeding of The International Conference on Global Education and Learning 2025 (December), vol. 2, no. 2, Pratiwi, et al. 173 of 176

d. Recommendations for Policymakers
This study recommends several key actions to enhance heritage language mainte-

nance. First, it advocates for the development of high-quality heritage language apps for
less commonly taught languages, supported by grants and partnerships to address market
failures where commercial incentives are insufficient. Second, it emphasizes the im-
portance of ensuring equitable access to technology through device distribution pro-
grams, affordable internet access, and digital literacy support, to prevent digital divides
from exacerbating linguistic inequities. Additionally, funding research on technology-sup-
ported heritage language maintenance is recommended to build an evidence base that can
guide family decisions, educational practices, and continued innovation. Another sugges-
tion is to develop guidelines and quality standards for educational language apps, which
will help families navigate the crowded marketplace and encourage developers to priori-
tize effective pedagogical design. Finally, the study calls for recognizing heritage language
maintenance as a valuable cultural and cognitive goal deserving public support, not just
private family responsibility, through policies that support bilingual education and the
vitality of minority languages.

Limitations

Several limitations should be acknowledged when interpreting findings. First, while sub-
stantial, the sample comprised families who volunteered for a technology study and commit-
ted to 24-month participation. These families likely had stronger technology comfort, higher
motivation for heritage language maintenance, and more stable living circumstances than
broader immigrant populations. Findings may not generalize to families facing extreme eco-
nomic hardship, recent trauma, or other barriers to sustained research participation.

Second, the eight languages studied, while diverse, represent relatively large immigrant
populations with established communities and at least some existing educational resources.
Findings may not apply to speakers of endangered indigenous languages, refugees from con-
flict zones, or tiny diaspora communities facing different challenges. Additionally, linguistic
typology variations (e.g., tonal vs. non-tonal languages, logographic vs. alphabetic writing sys-
tems) may affect optimal app design in ways not fully captured.

Third, the quasi-experimental design with families self-selecting apps limited causal in-
ferences about design features. While statistical controls and subgroup analyses addressed
confounding, randomized controlled trials would strengthen confidence in feature effective-
ness claims. However, such trials would sacrifice ecological validity and family choice auton-
omy that were study priorities.

Fourth, language assessments, while comprehensive, may not capture all dimensions of
heritage language competence, particularly pragmatic skills, stylistic variation, and ability to
navigate bilingual code-switching contexts. Heritage speakers often develop unique linguistic
profiles different from both native monolinguals and foreign language learners; standard as-
sessments may inadequately represent these profiles.

Finally, the study occurred during and immediately following the COVID-19 pandemic,
a unique historical moment affecting family dynamics, technology adoption, and access to in-
person heritage language resources. Findings may not fully translate to "normal" times,
though the shift toward greater technology integration in daily life appears likely to persist.

5. Conclusion

Heritage language loss represents one of the most pressing challenges facing immigrant
and diaspora families worldwide, with profound implications for individual identity, family
cohesion, and cultural diversity. This research demonstrates that bilingual digital story appli-
cations can serve as accessible, scalable tools for addressing this challenge, supporting meas-
urable language development, fostering cultural identity, and facilitating meaningful parent-
child interaction around heritage language and culture.

However, apps are not magic bullets that can single-handedly reverse language shift or
substitute for rich home language environments, community connections, and societal valu-
ing of linguistic diversity. Their effectiveness depends critically on thoughtful design that pri-
oritizes parent-child co-engagement, cultural authenticity, and purposeful interactivity. Apps
work best as components of comprehensive family language strategies that include consistent
home language use, community participation, and explicit cultivation of positive bilingual
identities.
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The design features associated with strongest outcomes parent involvement scaffolds,
culturally authentic content, side-by-side bilingual presentation, learning-focused interactivity
provide evidence-based guidance for developers seeking to create effective heritage language
technologies. Too many existing apps prioritize commercial appeal or generic foreign lan-
guage learning approaches inappropriate for heritage speaker contexts. This research illumi-
nates alternative design paths grounded in heritage learners' unique needs and sociocultural
contexts.

The identity dimensions of heritage language apps deserve particular emphasis. By con-
necting children to cultural narratives, providing representation of bilingual /bicultural expe-
riences, and framing bilingualism as asset, apps contributed to positive identity development
that may prove as important as linguistic gains for sustaining long-term heritage language
maintenance motivation. In societies where minority languages often carry stigma and chil-
dren face pressure toward linguistic assimilation, technologies that celebrate bilingualism and
cultural heritage serve vital counter-narrative functions.

The variation in app effectiveness across family contexts highlights both opportunities
and challenges for educational technology addressing linguistic inequity. Apps showed strong-
est benefits for families lacking alternative heritage language resources geographically isolated
families, speakers of less commonly taught languages, lower-SES families who cannot afford
private tutoring or travel to heritage countries. This suggests genuine potential for technology
to democratize access to heritage language learning opportunities. However, realizing this
potential requires ensuring equitable access to devices, connectivity, and digital literacy sup-
port; otherwise, apps may exacerbate rather than reduce disparities.

Looking forward, the accelerating pace of technological innovation promises ever more
sophisticated tools for heritage language maintenance voice Al for conversation practice, aug-
mented reality for immersive cultural experiences, adaptive algorithms providing increasingly
personalized instruction. However, technology alone cannot solve the fundamentally social
and political challenges underlying language loss: societal devaluation of minority languages,
pressures toward linguistic assimilation, lack of institutional support for bilingualism. Apps
can be valuable tools within broader ecosystem of family practices, community programs, and
supporttive policies, but they cannot replace these essential foundations.

Heritage language maintenance matters not just for individual families but for global
linguistic and cultural diversity that enriches humanity. Every language encodes unique ways
of thinking, cultural knowledge accumulated over generations, and irreplaceable windows into
human possibility. As English and other major languages dominate global communication,
we risk impoverishing our collective cultural heritage through loss of thousands of minority
and endangered languages. Technology cannot single-handedly reverse these macro-level
trends, but thoughtfully designed heritage language apps can support individual families' ef-
forts to maintain linguistic traditions and pass them to next generations. In doing so, they
contribute to preserving humanity's magnificent linguistic diversity in an era of rapid globali-
zation.

This study opens numerous avenues for continued investigation. First, it suggests the
need for longitudinal tracking of participants into adolescence and adulthood to assess
whether childhood app use predicts sustained bilingualism, cultural identity, career choices,
and intergenerational transmission to the next generation. Additionally, experimental studies
with random assighment to specific app features are recommended to establish causal rela-
tionships between design elements and learning outcomes, providing more definitive design
guidance. Another area for future research is the investigation of apps' effectiveness for het-
itage language literacy development, particularly as reading and writing skills are often most
vulnerable to attrition and are challenging for non-literate parents to support. Research on
apps designed for adolescents and adults seeking to reclaim partially lost heritage languages is
also crucial, as their needs and motivations differ from those of children developing initial
proficiency. Further studies could examine apps' role in endangered and indigenous language
revitalization contexts, where intergenerational transmission has been severely disrupted and
technology may serve unique preservation functions. Comparative research across diverse
dominant language contexts, such as heritage language maintenance in China, France, or Bra-
zil, would help understand how different linguistic ecologies affect app effectiveness. Addi-
tionally, there is potential for investigating how emerging technologies such as augmented
reality, voice Al, and generative language models might enhance heritage language apps while
addressing potential risks like replacing authentic cultural content with Al-generated material.
Research into the economic sustainability of heritage language app development is another
promising area, focusing on business models and funding mechanisms to support continued
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innovation. The study also calls for examining the effects of these apps on family dynamics
and relationships beyond language outcomes, including parent-child bonding, sibling interac-
tions, and intergenerational communication patterns. Lastly, cross-disciplinaty collaboration
between linguists, developmental psychologists, educational technologists, designers, and
community advocates is needed to create next-generation heritage language technologies
grounded in diverse expertise.
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