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Abstract
At least half of the world’s population uses more than one lan-
guage daily, and many learners engage with educational content in
a language that differs from their primary language. Educational
technologies are uniquely positioned to address this linguistic di-
versity by delivering equivalent instruction in multiple languages,
thereby reaching large multilingual populations. However, for this
potential to translate into meaningful learning at scale, EdTech
systems must support multilingual instruction effectively. To date,
there is limited empirical causal evidence on how the language
of instruction influences learning outcomes and processes in dig-
ital learning environments. In this study, we conducted a small-
scale randomized controlled trial to examine the causal impact of
instructional language on learning in a radio- and mobile-based
engineering course, providing insights relevant to scaling learning
in multilingual contexts. We compared learning with instruction in
Leb Lango–a predominant local language used by the participants
in this study–and in English, one of the country’s official languages.
Our findings show that learners who received instruction in Leb
Lango achieved significantly higher aggregated performance than
those who received instruction in English. Instruction in Leb Lango
enabled learners to engage more efficiently with the course material
and progress through a greater amount of practice content. These
findings underscore the role of language in shaping learning and
engagement in digital learning systems and suggest that, to maxi-
mize learning outcomes at scale, educational technologies should
provide instruction and practice opportunities not only in English
but also in learners’ home languages.
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1 Introduction
The world is linguistically diverse, with more than 7,000 languages
spoken worldwide [24]. At least half of the world’s population
uses more than one language daily [6, 13], and approximately 40%
of learners worldwide lack access to education in a language they
speak or understand [11, 40]. The difficulties of not learning in one’s
primary language are well documented in the literature and are of-
ten associated with reduced comprehension [2, 5, 36, 42]. Learners
in such contexts may face a double burden: developing academic lan-
guage proficiency, while simultaneously mastering subject-matter
content [12]. In-person instruction cannot feasibly accommodate
all learners’ home languages, as teachers cannot realistically teach
in multiple languages simultaneously, and curricula typically lack
the flexibility needed to provide differentiated multilingual sup-
port. Thus, if instruction is to reach the millions of multilingual
learners, it cannot depend solely on traditional classroom-based
delivery. Instead, scalable mechanisms are required. Educational
technologies (EdTech) are uniquely positioned to address learners’
linguistic diversity by delivering equivalent instruction in multiple
languages, including local languages. Prior work in classroom con-
texts has shown that instruction in local languages fosters more
relevant, accessible, and meaningful learning experiences, as well
as improved learning outcomes [30, 33, 35]. While the benefits of
mother tongue instruction are well established in classroom con-
texts, there is limited evidence on whether these benefits extend to
digital learning environments. Moreover, realizing these benefits
in digital environments requires effective multilingual design that
incorporates local languages and is informed by how learners in-
teract with multilingual platforms and how instructional language
shapes their learning.

Prior research examining the integration of local languages into
multilingual EdTech at scale suggests positive correlations with
participation among learners from disadvantaged backgrounds,
faster learning rates, and greater engagement [29]. However, there
remains limited empirical causal evidence on how instructional
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language influences learning processes and outcomes in digital
learning environments.

In this study, we conducted a small-scale randomized controlled
trial to examine the causal impact of the language of instruction
on learning in a mobile learning environment in Uganda. We com-
pared learning with instruction in Leb Lango, a predominant local
language used by the participants in this study, and in English,
one of the country’s official languages. We conducted the study
in an out-of-school low-tech learning environment that delivers a
Science, Technology, Engineering, and Mathematics (STEM) course.
We employed a quantitative approach to examine the following
research questions:

RQ1:What is the effect of Leb Lango instruction (vs. English
instruction) on learners’ learning outcomes?
RQ2:What is the effect of Leb Lango instruction (vs. English
instruction) on learners’ efficiency and persistence in the
course?

Our findings indicate that learners who received instruction in
Leb Lango outperformed those learning in English in overall per-
formance across course assessments. Beyond learning outcomes,
our study reveals how language shapes learning processes: Leb
Lango instruction enhanced faster comprehension and more effi-
cient learning (as evidenced by fewer practice attempts), as well as
greater persistence (as shown by higher course completion). To the
best of our knowledge, this is one of the first studies to establish
a causal relation between language of instruction and learning in
multilingual EdTech environments. Moreover, the study provides
evidence that EdTech can—and should—serve as the ideal platform
for realizing the benefits of multilingual instruction tailored to
learners’ home languages.

2 Background and Related Work
In this section, we review prior work and position our study within
the broader literature. We begin by examining current practices
regarding instructional language in EdTech, emphasizing learners’
linguistic needs. Next, we explore research on linguistically and
culturally localized EdTech solutions, highlighting learners’ expe-
riences and the benefits of incorporating local languages. Finally,
we draw from research on scalable EdTech, such as Massive Open
Online Courses (MOOCs), which demonstrates that active, practice-
based learning enhances learning outcomes. Together, this review
highlights key insights and identifies gaps in the literature, partic-
ularly the need for research on learning in multilingual, practice-
based EdTech environments and for establishing causal evidence on
the impact of language of instruction on learning outcomes within
EdTech systems.

2.1 Current Practices of Language of Instruction
and Linguistic Inclusion in EdTech

EdTech is well positioned to broaden access to education and ex-
pand participation in multilingual education at scale. However, sim-
ilar to classrooms, most educational technologies currently remain
predominantly monolingual, with instructional content largely de-
livered in global languages such as English, failing to reflect the mul-
tilingual realities of learners. Prior research suggests that language
of instruction plays a critical role in shaping who can meaningfully

engage with these technologies and who is excluded [26, 34]. This
dynamic is particularly pronounced in rural and low-resourced
contexts, where learners may have fewer opportunities to formal
education or practice English than their urban peers, contribut-
ing to persistent literacy and comprehension gaps [14]. A growing
body of research emphasizes the importance of aligning EdTech
with learners’ local linguistic and cultural contexts and highlights
the challenges learners face when instructional language does not
match their primary language [10, 22, 25, 32, 43]. For example,
Kukulska-Hulme et al. (2023) [22], drawing on findings from the
ReMaLIC project across Bangladesh, Nepal, Senegal, and Sudan,
show that learners routinely navigate multilingual environments
in their daily lives, yet encounter significant barriers when inter-
acting with technologies that assume English proficiency. Similarly,
Liddicoat and Heugh (2014) [25] suggests a close link between Eng-
lish and technology, showing that students with limited English
proficiency struggle to interact effectively with digital learning
platforms, which assume competence in English.

Several studies have examined EdTech solutions that consider lin-
guistic inclusion and their relationship to learning outcomes and ex-
periences. For instance, Mohammed andMohan (2013, 2015) [27, 28]
explored culturally and linguistically localized EdTech designs by
developing intelligent tutoring systems for teaching programming
that incorporated English-based Creoles. Their findings suggest
that learners preferred localized instructional content and valued
the ability to adjust the density of cultural and linguistic context.
Similarly, Jantjies and Joy (2012, 2013) [15–17] deployed bilingual
mobile learning technologies in South African high schools, allow-
ing learners to access science and mathematics content-including
simplified notes, textbook materials, interactive drill questions, and
tests - in both English and local languages. Their results showed
that most learners tended to use both languages to engage with
content and reported that bilingual access supported conceptual
understanding. These studies offer important insights into learner
experiences; however, they use self-reported data and qualitative
analyses, providing limited evidence on actual learning outcomes.

Another line of research has examined learners’ motivation and
learning outcomes inmultilingual contexts. For example, Barak et al.
(2016) [4] studied a MOOC offered in both English and Arabic and
found that learners across both language versions exhibited similar
levels of intrinsic motivation and self-determination. More recently,
Moletsane et al. (2026) [29] conducted a quasi-experimental study
in Uganda in which learners selected English, a local language (Leb
Lango), or a combination of English and local language. Their re-
sults indicate that including local languages in multilingual EdTech
was associated with broader access for disadvantaged learners.
Furthermore, learners who chose the local language option demon-
strated higher participation and faster learning rates, even though
they initially performed worse and ultimately reached similar per-
formance levels by the end. While informative, these studies remain
correlational and do not isolate the causal impact of language of
instruction. Taken together, these studies provide valuable insights
into how learners navigate multilingual and culturally inclusive
EdTech environments. However, to the best of our knowledge, none
employ randomized controlled trials (RCTs) to examine the causal
effects of language of instruction in EdTech systems.



Can Multilingual Environments Promote Scalable EdTech L@S ’26, June 29-July 03, 2026, Seoul, Republic of Korea

2.2 EdTech for Learning at Scale
Research has yet to explore the potential for scaling EdTech to mul-
tilingual learners. In recent years, Massive Open Online Courses
(MOOCs) such as Coursera, Udacity, and EdX have been widely
recognized for their ability to broaden access to educational re-
sources at scale [18]. At the same time, a substantial body of learning
sciences research further underscores the value of practice-based
learning in scalable MOOCs environments [20, 21, 41]. Learning
by doing has long been studied in contexts such as MOOCs to
understand how different forms of engagement relate to reten-
tion and understanding, and it has been associated with improved
learning outcomes. For example, in a large-scale implementation
integrating OLI modules into a Coursera MOOC, interactive ac-
tivities—such as quizzes, problem-solving tasks, and feedback-rich
exercises—were more strongly associated with learning gains than
passive engagement with videos or text [20, 21]. Similarly, evidence
from the testing effect literature supports these findings: practice
testing improves learning and retention relative to restudying or
passive review [1], and engagement with short, feedback-rich ex-
ercises enhances exam performance [8, 9]. Together, this evidence
suggests that scalable EdTech systems are most effective when
they incorporate structured, interactive practice rather than relying
solely on lecture-based content. However, most large-scale plat-
forms remain predominantly monolingual and do not reflect the
multilingual realities of learners. We draw from these large-scale,
practice-based studies and identify an opportunity: integrating
multilingual instruction into practice-based EdTech has the poten-
tial to further enhance scalability by enabling a broader range of
learners to engage effectively with instructional content. Building
on insights from large-scale, practice-based platforms, we inves-
tigate how these principles translate to a low-tech, multilingual,
practice-based learning environment, providing causal evidence on
the effects of language of instruction in EdTech.

3 Method
3.1 Study Recruitment and Context
We adopted a randomized controlled trial (RCT) for this study in
collaboration with an educational technology company in Northern
Uganda, which develops and delivers practical, remote engineer-
ing education courses to rural learners in Northern Uganda. The
authors of the paper were not involved in the recruitment, consent,
or data collection processes. These activities were carried out by
the study partners in Uganda. Ethical approval for the study was
obtained from a relevant Ugandan ethics review committee.

All participants were recruited from Lira District, a predomi-
nantly rural district in Northern Uganda. Lira District is largely
populated by members of the Lango ethnic group, whose primary
language is Leb Lango, a minority language spoken by approx-
imately 5% of Uganda’s population [39]. The national language-
in-education policy (LiEP) formally endorses bilingual education,
particularly by promoting the use of local languages as instructional
languages in schools [3, 31, 38]. In line with this policy, early pri-
mary education is delivered in local languages, after which English
becomes the dominant medium of instruction from Primary Four
through secondary and higher education [3, 31, 38].

Our study compares learners under two language-of-instruction
conditions: Leb Lango (local language) and English. A total of 39
learners fully participated in the study, with 20 assigned to the Leb
Lango condition and 19 to the English condition. We obtained writ-
ten consent from youth participants and their parents for course
participation. Participants were between the ages of 9 and 24 years
old, not currently enrolled in school, and reported comfort in both
English and Leb Lango. Of the participants, 69% identified as women
and 31% identified as men. In terms of educational attainment, the
majority of learners (84.62%) had completed upper primary school-
ing (P5-P7), 12.82% lower secondary schooling (S1-S4), and 2.56% of
learners had completed lower primary schooling (P1-P4). The RCT
was conducted in a classroom in which each language group was
split into either a morning or afternoon session and assigned to one
of two facilitators who facilitated the experiment. We conducted
the experiment by bringing participants into a classroom so we
could maintain tight controls but students engaged only with the
ed tech. Facilitators did not provide instruction and were present
only to register attendance and provide technical support. Atten-
dance among initially registered students in the Leb Lango course
was lower than anticipated during the first week. To maintain the
integrity of the randomized controlled trial, we conducted a second
round of recruitment and randomly assigned the newly recruited
participants to the Leb Lango condition.

3.2 Course Curriculum and Structure
The curriculum was delivered through a low-tech learning plat-
form designed for resource-constrained contexts, relying on widely
available technologies in rural Africa: namely, basic keypad mo-
bile phones and radio broadcasts. All curriculum content - includ-
ing lessons, assessments, and radio instructions - was identical
across the two language conditions and delivered in the respec-
tive language. Multiple translators independently produced Leb
Lango translations, which were subsequently validated through
comparison and consensus-building to ensure consistency across
the curriculum. Learners followed radio lessons and interacted with
the course using their mobile phones. The program guided learn-
ers through the construction of a solar-powered food dehydrator
following the steps of the Engineering Design Process (EDP). The
EDP was structured into nine ordered steps (or units): Introduction
Step: Basics of STEM education; Step 1: Identify; Step 2: Investigate;
Step 3: Brainstorm; Step 4: Plan; Step 5: Create; Step 6: Test; Step
7: Improve; Step 8: Launch. Each step consisted of several lessons,
with approximately one day allocated to each lesson. These EDP
steps were integrated into the weekly lessons, enabling learners to
engage in hands-on, problem-solving tasks using locally available
materials in their homes and communities. The solar-powered food
dehydrator designed to preserve agricultural produce using renew-
able energy served as the final project. Given the region’s reliance
on subsistence farming, this project provided a locally relevant ap-
plication of STEM concepts, and the completed device functioned
as a demonstration of both conceptual understanding and practical
skills.
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3.3 Course Delivery and Activities
The course consisted of radio broadcast lessons, practice questions,
weekly tests, a final examination, and a hands-on project. All ques-
tions in the course were primarily in multiple-choice format, each
with four answer options. During lessons, instructors engaged learn-
ers by asking practice questions via the radio, which learners an-
swered using Unstructured Supplementary Service Data (USSD)
menus on their phones. USSD is a communication protocol mo-
bile network operators use to send text messages between a mobile
phone and an application server for free. It allows learners to submit
assessment responses without typing, making it ideal for multiple-
choice questions and constrained settings. Learners also completed
weekly multiple-choice tests via USSD, aligned with the content
covered in the preceding week’s lessons. At the end of the program,
participants completed a 16-question multiple-choice final assess-
ment delivered through radio instruction and answered via USSD.
In addition to assessments, learners design and build an innovative
technological product related to the course topic (solar-powered
food dehydrator).

4 Analyses and Results
All analyses were conducted in R (Version 4.5.1, R Core Team, 2025).

4.1 What is the effect of Leb Lango instruction
(vs. English instruction) on learners’
learning outcomes?

We examined differences in course performance by language of in-
struction. First, we considered overall performance by aggregating
learners’ responses across all assessed components of the course,
including in-lesson practice questions, weekly tests, and the final
examination. Performance was measured as the proportion of cor-
rect responses on multiple-choice questions. Since learners could
make multiple attempts on the same question, we considered only
each learner’s first attempt. For each learner, we calculated the
average first-attempt score across all questions. To estimate the
effect of language of instruction, we fitted a linear regression model
predicting standardized overall scores as a function of course lan-
guage (Leb Lango vs. English), controlling for highest completed
education level (P1–P4, P5–P7, S1–S4). We then examined perfor-
mance by assessment type—practice questions, weekly tests, and
the final examination. For each assessment type, we calculated the
average first-attempt score and fitted a similar linear regression
model predicting scores as a function of course language, again
controlling for highest completed education level.

Figure 1 summarizes students’ average performance by language
of instruction. Learners who received instruction in English condi-
tion achieved lower overall performance than those who received
instruction in Leb Lango (51.3% vs. 56.4%, respectively). This differ-
ence was statistically significant in a regression model controlling
for prior educational attainment (𝑏 = −0.69, 𝑝 < 0.05), indicating
that learners who received instruction in English scored, on aver-
age, 0.69 standard deviations lower than learners instructed in Leb
Lango.

When examining performance by assessment type (Figure 2),
learners in the English condition scored 0.87 standard deviations
lower than learners instructed in Leb Lango on practice questions,
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Figure 1: Learners’ average overall scores by language of
instruction (Leb Lango vs. English) across all course assess-
ments.

and this difference was statistically significant (53.7% vs. 63.6%, 𝑏 =

−0.87, 𝑝 < 0.05). In contrast, differences on weekly assessments and
the final examinationwere not statistically significant, with learners
in English scoring slightly lower on average (weekly: 𝑏 = −0.376,
𝑝 = 0.270; final examination: 𝑏 = −0.448, 𝑝 = 0.222). In this and all
subsequent models, the learners’ highest level of education was not
significantly associated with performance.

4.2 What is the effect of Leb-Lango instruction
(vs. English instruction) on learners’
efficiency and persistence in the course?

Given that performance on practice questions differed between the
two language groups, we explored our second research question by
examining learners’ interactions with the course content in greater
detail. Specifically, we investigated how the language of instruction
was related to learners’ efficiency and persistence in the course,
focusing on practice questions. For each learner, we first aggregated
response data to the question level. We then summarized these
data at the learner level by computing two outcome measures: (1)
efficiency; and (2) persistence.

We define efficiency as the number of attempts per question, that
is, the extent of trial and error during interaction with assessment
questions. Fewer attempts indicate higher efficiency, reflecting that
learners reached the correct answer with less repeated effort.

Persistence is defined as the number of distinct questions that the
learner attempted, capturing how far learners progressed through
the course.

For each outcome (efficiency and persistence), we fit a linear
regression model predicting student-level outcome as a function
of course language (Leb Lango vs. English), while controlling for
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Figure 2: Learners’ average scores on practice assessments,
weekly tests, and the final examination by language of in-
struction (Leb Lango vs. English).

learners’ highest schooling level (P1-P4, P5-P7, S1-S4). All outcome
measures were standardized (z-scored) prior to modeling.

4.2.1 Efficiency. We found clear differences by language of instruc-
tion on learner’s efficiency. Learners who received instruction in
English (mean = 6.47, median = 5.75) were less efficient on ques-
tions than those instructed in Leb Lango (mean = 4.07, median
= 3.76), and this difference was statistically significant (𝑏 = 1.17,
𝑆𝐸 = 0.31, 𝑝 < 0.001). The range of attempts was wider for English
learners, spanning from about 2.67 to 12.45, while the Leb Lango
group ranged from about 2.15 to 7.12 attempts. Several outliers are
visible in both groups, with the English group having more extreme
outliers exceeding 12 attempts per question (Figure 3). We also
controlled for first-attempt score in the efficiency model and found
that learners in the English condition were still less efficient than
those in the Leb Lango condition (𝑏 = 0.67, 𝑆𝐸 = 0.27, 𝑝 = 0.018).

We noted that some students in the English group made far
more than four attempts on a single question, exceeding the total
number of available answer options. This raises questions about
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Figure 3: Distribution of learners’ average number of at-
tempts per practice question by language of instruction (Leb
Lango vs. English).

the factors underlying repeated attempts. One possibility is that
learners in the English condition make more attempts to reach
the correct answer due to language support needs. Alternatively,
repeated attempts could reflect self-regulated learning decisions,
such as revisiting questions later for spaced practice or review
in preparation for the final assessment. To distinguish between
these possibilities, we conducted an exploratory analysis of how
attempts were distributed over time. For each learner and question,
we classified each attempt based on its timing relative to the first
attempt: as a first attempt, a quick retry within the same lesson
(less than 12 hours), a repeated lesson attempt after completing
the lesson (12-48 hours), or a longer-term revision (more than 48
hours). We then determined the proportion of attempts falling into
each category. Figure 4 presents the distribution of attempt types
for practice questions by language of instruction.

Among English learners, quick retries accounted for the largest
share of attempts (43%), compared to 32% among Leb Lango learn-
ers. Repeated lesson attempts represented the largest proportion
among Leb Lango learners (35%), and were similar in proportion
to English learners (36.6%). First attempts constituted 27% of all
attempts in the Leb Lango group and 18% in the English group.
Revision attempts were relatively rare in both conditions, though
more common among Leb Lango learners (7.6%) than English learn-
ers (2.8%). Furthermore, the average number of attempts declined
with time for English learners: attempts were highest during quick
retries (mean = 2.82), slightly lower during repeated lesson attempts
(mean = 2.44) and dropped dramatically for revisions (mean = 0.24).
Leb Lango learners showed a flatter early trajectory, with similar
numbers of attempts during quick retries (mean = 1.37) and repeated
lesson attempts (mean = 1.43), followed by a decline during revision
(mean = 0.35). These results are consistent with the possibility that
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Figure 4: Proportion of attempt types for practice questions
by language of instruction.

higher attempts among English learners reflect greater reliance on
repeated attempts during initial engagement, potentially due to
language-related challenges.

Building on the observed differences in attempt trajectories, we
next examined whether learners’ scores varied by attempt type,
considering only the first attempt within each category. This analy-
sis allows us to explore how the learners’ scores change with time
as they make these attempts. To evaluate this, we calculated the
mean proportion of correct responses on the first attempt for each
type of attempt, separately by language of instruction. Figure 5
shows the average score by attempt type and language of instruc-
tion. Both language groups exhibited a similar temporal pattern in
scores across attempt types. Among English learners, first attempt
scores was 53.7%, declined to 52.9% on quick retries, increased to
64.2% on repeated lesson attempts, and slightly decreased to 56.5%
on revisions. Among Leb Lango learners, correctness was 63.6%
on first attempts, dropped to 58.7% on quick retries, increased to
75.7% on repeated lesson attempts, and declined slightly to 63.7% on
revisions. In both groups, scores were highest for repeated lesson
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Figure 5: Average score by attempt type and language of
instruction on practice questions.

attempts and lowest for quick retries. However, Leb Lango learners
maintained consistently higher scores across all attempt types.

4.2.2 Persistence. Regarding the persistence of the course, we ob-
served differences in progression throughout the course (Figure 6).
Learners in the English condition (91 questions) completed less of
the course on average than those in the Leb Lango condition (101
questions) (𝑏 = −0.92, 𝑆𝐸 = 0.33, 𝑝 < 0.01).
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Figure 6: Course persistence by language of instruction.

5 Discussion
We established a causal relationship between the language of in-
struction and learner performance. Our study also provides insights
into how learners engage with course content across the two lan-
guages. Below, we discuss the key findings.

5.1 Multilingual EdTech Has Potential to
Improve Learning Outcomes and Scale
Learning

Our results suggest that, overall, instruction in Leb Lango improved
learner performance relative to English instruction. Importantly,
these differences are not attributable to variation in learners’ for-
mal schooling levels, suggesting that language of instruction plays
an independent role in shaping learning outcomes. One plausible
explanation for our finding is that instruction in Leb Lango re-
duced linguistic barriers to learning. For example, by using the
local language, learners were able to understand concepts more
quickly [23], engage more actively with the content, and connect
ideas more effectively [30, 33, 37]. Our findings align with prior
qualitative studies comparing Leb Lango and English instruction in
EdTech [23], which report that learners and facilitators perceived
Leb Lango learners as understanding course content more quickly
and accurately than those receiving English instruction, likely due
to greater linguistic familiarity. We extend this work by provid-
ing causal evidence that these perceived differences translate into
measurable differences in learning outcomes. Related work on mul-
tilingual delivery in EdTech, based on a study of 2,931 students,
shows that instruction in local languages can broaden access and
participation among disadvantaged learners [29]. While our study
is relatively small in scale, it provides experimental evidence on
learning in a multilingual EdTech context and complements prior
large-scale correlational findings by showing that integrating local

languages into EdTech instruction not only broadens access but
can also enhances learning outcomes.

This causal link highlights the potential role of EdTech in sup-
porting learning among multilingual populations at scale. This is
particularly important for multilingual learners and learners out-
side formal schooling systems, who primarily use local languages
in their everyday lives. If designed to incorporate learners’ home
languages, EdTech systems may help expand access to education
and promote equity in multilingual contexts where the language of
instruction differs from learners’ home language.

Our results are also consistent with prior research on local lan-
guage instruction in classroom settings, which shows that teaching
in learners’ home languages can support conceptual understanding
and foster more meaningful learning experiences, particularly for
marginalized students [30, 33, 35]. However, these benefits have
not been fully realized in practice, as implementing multilingual
education in classrooms is challenging. Even when language-in-
education policies formally incorporate local languages in the early
years of schooling, their implementation has often been limited and
uneven. Integrating local languages into educational technologies
offers a practical pathway to advance these policy goals by enabling
instruction in learners’ home languages at scale.

Whereas prior work using quasi-experimental designs found
highest schooling level to be a strong predictor of performance,
with larger effects than language of instruction [29], we did not find
highest schooling level to be significantly associated with learner
performance in our study. While one might expect learners with
more formal schooling to outperform those with less schooling,
randomization balances educational backgrounds across groups
and reduces the selection biases that can affect quasi-experimental
estimates. Our findings therefore suggest that instruction in Leb
Lango supported learners across all education levels in demonstrat-
ing their knowledge. This highlights the potential of multilingual
instruction to promote equity in learning. However, additional re-
search is needed to better understand the relative contributions of
schooling and language across diverse contexts.

5.2 Practice-Based Learning in Local Languages
EdTech Enhances Learning Efficiency and
Persistence

Practice activities appear to have played an important role in shap-
ing overall performance: learners in the Leb Lango condition bene-
fited more from practice, which may help explain the cumulative
advantage observed in aggregated course outcomes. These patterns
suggest differences in engagement and learning processes across
the two language conditions.

We found that learners in the two language conditions exhib-
ited different learning behaviors in the digital environment. Firstly,
learners in the Leb Lango conditionweremore likely to answer prac-
tice questions correctly on their first attempt and therefore made
fewer attempts per practice question, indicating greater efficiency.
This suggests that instruction in the local language supported faster
comprehension and more accurate initial responses. In addition
to the direct benefits of greater comprehension, instruction in the
local language also led to indirect benefits. Leb Lango learners pro-
gressed through a greater number of practice questions, allowing
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them to engage with more varied concepts and persist further in
the course. Prior work shows that varied practice is strongly related
to the best learning outcomes compared to repeatedly completing
the same questions up to correctness [8]. Our findings extend prior
evidence to multilingual contexts and suggest that providing prac-
tice in learners’ local languages can potentially be scaled through
EdTech and may enable learners to engage with a wider range of
course content and achieve improved learning outcomes.

Secondly, we found that learners’ attempts at practice questions
reflected a combination of learning strategies. Learners in the Eng-
lish condition engaged more in quick retries, whereas learners in
the Leb Lango condition engaged more in repeated lesson attempts.
This pattern is consistent with learners receiving instruction in
English using repeated practice to get the correct answer, whereas
Leb Lango learners repeated practice to review and revise. The
distinction between quick retries and repeated lesson attempts
suggests that language barriers may lead learners to rely on trial-
and-error behaviors rather than review-based engagement. These
results highlight important nuances in how language may shape
engagement with practice content.

Learners in both the English and Leb Lango groups achieved
higher scores when revisiting questions during repeated lesson
attempts, and even attempts made after longer intervals during
revisions showed strong performance. Notably, learners in the Leb
Lango group scored higher than the English group across all at-
tempt types. This suggests another indirect benefit of instruction
in learners’ home language; by making instruction more accessible
and comprehensible, it may provide learners with more time and
opportunity to self-regulate their practice. In this case, it allowed
students in the Leb Lango group to allocate a greater proportion of
their activity to revision attempts and to space their practice more
[7, 19], with better learning outcomes.

6 Implications
Overall, integrating instruction and practice opportunities in learn-
ers’ home languages within EdTech platforms creates strong poten-
tial for scaling high-quality learning to broader populations whose
linguistic backgrounds align with the language of instruction. Using
scalable digital delivery, multilingual EdTech can extend access to
STEM content beyond traditional classroom constraints, enabling
more learners to explore a wider range of topics and progress fur-
ther in the curriculum. In turn, this approach may contribute to
more equitable participation and learning in STEM at scale.

Our findings provide causal evidence that multilingual environ-
ments can promote scalable EdTech even in low-resource settings.
Our study provides causal evidence that complements prior re-
search that successfully implemented multilingual EdTech at larger
scale [29]. First, language shapes how learners engage with content
in digital learning environments, indicating that scalable EdTech
should incorporate local languages to promote more efficient com-
prehension and engagement. Second, it is not sufficient to trans-
late content alone; platforms must support sustained, practice-rich
learning experiences in learners’ local languages: combining local
language instruction with varied practice activities has potential
to support better conceptual understanding and enables learners
to progress through more topics and learn more. Third, scalable

multilingual EdTech must account for differences in how learners
interact with content in different languages to ensure effective-
ness. For example, the repeated attempts observed among English
learners likely reflect a strategy to consolidate understanding in
a less familiar language. Therefore, scalable systems should pri-
oritize both the integration of local languages and the provision
of adaptive supports–such as contextual translations, scaffolded
practice, structured feedback–to accommodate diverse linguistic
pathways to learning. Finally, integrating local languages into digi-
tal platforms can make language-in-education policies actionable at
scale, enabling broader access to quality instruction for multilingual
learners.

7 Limitations and Future Work
Our study has several limitations. Firstly, the sample size was small,
with only 39 participants, which may limit the precision of our
estimates. Secondly, due to platform constraints and the low-tech
nature of the system, our analysis was constrained to multiple-
choice items, which restricted the range of question types and
limited our ability to capture nuanced insights into how learners
use language and interact with the technology in free-text. Thirdly,
we did not directly measure learners’ language proficiency, and
therefore cannot determine how proficiency in English or Leb Lango
may have influenced the results. Lastly, we did not evaluate whether
the English and Leb Lango versions were equivalent in difficulty.
Translation choices and potential differences in item difficulty may
have influenced how learners navigated the course and engaged
with the content.

These limitations point to several directions for future work.
Future studies could incorporate baseline measures of language
proficiency to better understand how fluency interacts with in-
structional language in shaping learning outcomes. Furthermore,
ensuring equivalence in content difficulty across language versions
would strengthen comparability between language conditions. Fu-
ture studies with larger sample sizes could further validate these
findings in broader contexts.

Our results should be interpreted with these limitations in mind.
Nevertheless, our work suggests important implications for scaling
EdTech to linguistically diverse learners.

8 Conclusion
In this study, we provided causal evidence on the effect of language
of instruction on the learning outcomes and learning processes in
an EdTech environment through a randomized controlled trial. We
compared instruction in Leb Lango with instruction in English and
found that learners receiving Leb Lango instruction outperformed
English learners on aggregated STEM course performance in non-
formal settings. Specifically, learners in the Leb Lango condition
were more likely to answer questions correctly on practice activi-
ties, required fewer attempts per practice question, and progressed
through a greater number of practice questions, indicating more
efficient engagement and persistence with the learning material.
English and Leb Lango learners performed similarly on weekly
tests and the final examination. Our findings reveal different ways
in which language shapes learning and engagement. This study
provides evidence that the potential of educational technologies to
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scale instruction can be achieved by including equivalent and high-
quality instruction and practice opportunities in different languages
in parallel.
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