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Scientific concepts such as gravity continue to pose challenges for students
in rural and under-resourced classrooms, where reliance on a single language
of instruction often restricts access to meaning and limits conceptual
understanding. This study investigated the impact of a blended English and
Urhobo (BEAU) instructional approach on junior secondary one students’
learning and retention of gravity concepts in rural Nigeria. A quasi-
experimental pre-test—post-test non-equivalent control group design was
employed with 243 students assigned to English-only, Urhobo-only, or
BEAU instructional conditions. A validated 30-item multiple-choice gravity
test was administered, and analysis of covariance (ANCOVA) was used to
examine differences while controlling for pre-test scores. The findings show
that students taught using the BEAU language approach achieved better
significantly in both post-test and retention tests compared to those taught
using English-only or Urhobo-only instructional approaches. The findings
provide empirical evidence that the blended language instructional approach
enhances science learning outcomes in rural Nigerian contexts.
Linguistically responsive instructional approach improves conceptual
understanding and supports long-term retention of abstract scientific ideas,
underscoring the importance of leveraging students’ linguistic resources to
strengthen science education in rural and under-resourced classrooms.
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1. INTRODUCTION

Science education is central to Nigeria’s nine-year basic science program, where gravity is taught as
a foundational concept. Students are expected to explain gravitational force, interpret its effects on objects,
apply relevant calculations, and relate gravitational principles to everyday life in preparation for the basic
science certificate examination. Achieving mastery of these objectives requires not only procedural
competence but also deep conceptual understanding, which is mediated through scientific language [1], [2].
Several researchers found out that there is an influence of language on students’ performance in science
subjects, with evidence showing that many learners, particularly in rural schools, perform poorly due to
a lack of understanding of the language of instruction and their everyday communication practices [3], [4].
English is the official instructional language in Nigeria, often serves as a second language for rural learners,
hindering comprehension of abstract concepts such as gravity. However, despite these efforts, findings on the
correlation between language and achievement remain inconclusive, and systematic investigations into how
language mediates conceptual learning in science are limited.
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The problem in this study lies in the persistent linguistic disconnect between students’ daily
language use and the exclusive reliance on English in science classrooms. While research across Africa and
Asia highlights the cognitive advantages of mother-tongue instruction [5]-[10] underscores its benefits, few
studies have examined this issue within rural communities in central areas of Delta State, where Urhobo
dominates everyday communication but is rarely integrated into classroom science teaching. Moreover, there
is a scarcity of research that investigates retention of scientific concepts under different language conditions,
and almost no studies have emphasized the use of blended-language approaches. This present study
systematically seeks to close the aforementioned gaps by exploring the use of a blended English and Urhobo
(BEAU) instructional approach. This is theoretically anchored in translanguaging theory as a pedagogical
framework for enhancing students’ comprehension and retention of gravity concepts in rural classrooms
in Delta State. Two research questions and their corresponding hypotheses guided this present study.
The research questions for this study were:

— Are there differences in the post-test means of a gravity test among students taught using English-only,
Urhobo-only, and BEAU language approaches?

— Are there differences in the mean retention scores on a gravity test among students taught using English-
only, Urhobo-only, and BEAU language approaches?

Furthermore, the hypotheses of this study were:

— There is no significant difference in the post-test scores of students in a test of gravity among those taught
using English-only, Urhobo-only, and BEAU language approaches.

— There is no significant difference in the retention test mean scores on gravity concepts among students
taught using English-only, Urhobo-only, and BEAU language approaches.

2. LITERATURE REVIEW

Findings on the relationship existing between instructional language and academic achievement has
remained mixed even though widely studied. A substantial body of research across Africa and Asia indicates
that learners achieve better outcomes when taught in the local tongue [5]-[12] underscores the advantages of
local language instructional education, particularly in enhancing conceptual understanding and classroom
participation. Recent Nigerian studies also confirm that instruction in Indigenous languages improves
performance in science subjects, especially in rural contexts [13].

Conversely, some studies report no significant differences in students’ achievement when
local language and English instruction were compared, despite higher engagement levels [14], [15].
Previous studies [16]-[18] found that students in Northern, Western, and Eastern Nigeria performed
comparably regardless of the language of instruction. For example, Dorgu and Chukwuemeka [18] found that
there was no significant difference in science achievement between students taught in Igbo and those taught
in English. At the same time, Awofala ef al. [19] reported equivalent performance among Yoruba-speaking
students taught in either language. Collectively, these findings suggest that although language influences
engagement, its direct impact on achievement remains inconclusive.

Importantly, much of this literature frames language choice in binary terms, English-only versus
mother-tongue-only, without sufficient attention to structured bilingual or translanguaging-oriented
approaches. Translanguaging, which allows learners to draw on multiple languages, has been shown to enrich
science learning by bridging comprehension gaps and fostering inclusivity [20], [21]. Globally,
multilingualism is a defining feature of education systems, with over 70% of countries classified as
multilingual [22], [23]. In Nigeria, where over 500 indigenous languages coexist, the dominance of English
in classrooms often marginalizes local languages, creating barriers to conceptual access in science education
[13], [24], [25]. Recent scholarship emphasizes translanguaging as a transformative strategy in multilingual
classrooms. Randle et al. [26] demonstrated how Nigerian higher education institutions were adopting
technology to support translanguaging, thereby enhancing participation and learning outcomes. Study by
Aki and Theiss [27] showed that translanguaging in middle school science classrooms improved students’
engagement and conceptual understanding. Several previous studies [24], [28]-[30] further highlighted how
subject-language perspectives strengthen multilingual students’ science learning.

This study is anchored in translanguaging theory, first articulated by Williams [28], and
subsequently expanded by Garcia [31] and Garcia and Wei [32]. The theory explains that multilingual
learners draw upon an integrated linguistic repertoire rather than operating with separate language systems.
Within educational contexts, translanguaging legitimizes learners’ full language resources as cognitive tools
that can be strategically mobilized to enhance meaning-making and learning. Recent empirical literature
underscores the relevance of translanguaging in multilingual classrooms. Huang and Chalmers [33] in their
review reported that flexible language use often yields stronger academic language development than strictly
monolingual approaches. Similarly, in a systematic review of PK—12 contexts, translanguaging practices
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were found to foster engagement, collaboration, and inclusive participation while supporting learners’
identities [34]. Kuswidyasari and Kasau [35] further synthesized global research, concluding that
translanguaging enhances comprehension and academic performance in linguistically diverse settings, though
challenges remain in restrictive language policies and limited teacher preparation. In the Nigerian context,
strategic use of home languages in bilingual primary classrooms improved curriculum access and conceptual
understanding [36].

Despite these contributions, few theory-driven, quasi-experimental studies have compared
structured translanguaging with both English-only and mother-tongue-only instruction in Nigerian junior
secondary science classrooms. Moreover, while prior research has examined achievement outcomes, there is
a scarcity of studies investigating the retention of scientific concepts under different language conditions.
Even fewer studies emphasize the use of a blended-language approach that systematically integrates English
with local languages in science instruction. This gap is particularly evident in Delta State, where Urhobo
dominate everyday communication but is rarely incorporated into classroom teaching. Guided by
translanguaging theory, this study bridges this void by exploring how the use of a BEAU instructional
approach influences students’ understanding and retention of gravity concepts in rural junior secondary
classrooms.

3. METHOD
3.1. Study design

The design for this study is a quasi-experimental, pretest—post-test non-equivalent control group
design that examine the impact of three instructional language systems on students’ comprehension and
retention of gravity concepts in basic science. The design was deemed appropriate for school-based research
where random assignment is impractical [32]. Intact classes were used due to administrative constraints.
To mitigate threats to internal validity, a pretest was administered to determine baseline equivalence among
the groups. Pretest scores were subsequently used as covariates during data analysis to control for initial
group differences and enhance the accuracy of treatment effect estimation.

3.2. Population, sampling, and techniques

The study population consists of Basic-7, also known as junior secondary school (JSS) 1 students in
rural public schools within Delta State, Nigeria. A purposive sampling technique was employed to select two
schools that satisfied the following inclusion criteria: each school had three distinct JS1 classes.

— Located in rural communities.

— Availability of three qualified basic science teachers per school.

— Students were newly admitted into JS1 with no prior exposure to gravity concepts.
— Teachers were proficient in both English and the Urhobo language.

A total of 243 JS1 students from six intact classes participated in the study. The sample size was
considered statistically adequate based on established rules of thumb for quasi-experimental designs, which
recommend at least 30 participants per group to ensure sufficient statistical power for analysis of covariance
(ANCOVA). With group sizes ranging from 76 to 89, the study exceeded this minimum threshold, thereby
providing reliable estimates of treatment effects. The students were placed in one of the three instructional
languages used:

— Group A: Urhobo-only instruction (n=76)

— Group B: BEAU-BEAU instruction (n=78)

— Group C: English-only instruction (n=89)

All instructional materials and lesson content were standardized and aligned with the Nigerian basic science
curriculum to ensure equivalence of coverage across groups. Differences in learning outcomes were therefore
attributable to the language of instruction rather than curriculum variation.

3.3. Instrumentation

Data were collected using the multiple-choice gravity test research instrument (MCGTRI),
consisting of 30 items and designed to test students’ comprehension and retention of gravity-related concepts.
The items reflected Bloom’s taxonomy cognitive domains. Validation procedures included face and content
validity were done by experts in curriculum and educational measurement, as well as pilot testing with
30 JS1 students from a similar rural school. The test-retest reliability coefficient obtained was 0.713,
indicating acceptable reliability for classroom-based research.
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3.4. Procedure, data collection, and ethical considerations

On the application of BEAU in practice, the instruction in the BEAU group was guided by
structured translanguaging strategies rather than spontaneous code-switching. Teachers first introduced and
explained key concepts in Urhobo to support conceptual access, then reinforced these concepts using formal
scientific terminology in English. For example, the concept of “gravitational pull” was initially explained in
Urhobo with everyday analogies, before being linked to its scientific definition and formula in English. This
sequencing allowed students to build meaning from familiar linguistic resources before transitioning to
abstract scientific language. Teachers were trained to apply BEAU consistently by following lesson plans
that specified when to use Urhobo for conceptual scaffolding and when to switch to English for technical
precision.

To ensure treatment fidelity, all participating teachers attended a two-day training workshop
facilitated by the researchers. The training focused on lesson objectives, instructional sequencing,
language-use boundaries specific to each group, and assessment procedures. Fidelity of implementation was
monitored using structured classroom observation checklists, periodic researcher-led monitoring, and
post-lesson teacher reflection logs. The intervention lasted six weeks and followed the sequence: i) week 1:
ethical clearance approval, training of research assistants and teachers, and administration of the pre-test;
ii) week 2-5: instructional delivery according to each school’s timetable using the assigned instructional
language approach, followed by administration of the post-test; and iii) week 6: administration of the
retention test to assess long-term understanding.

The school authorities gave full approvals to conduct the study, but the students and teachers
voluntarily participated; and students were informed of their right to withdraw at any stage. Teachers also
provided informed consent. Given that intact classes were used and instructional activities formed part of
regular classroom teaching, the study posed no additional risk beyond normal educational practice. Student
data were anonymized using coded identifiers, with no personally identifiable information collected.

3.5. Data analysis

The research questions were answered using means and standard deviation across the three language
groups. The null hypotheses were tested at 0.05 alpha level using ANCOVA statistics by comparing
post-test and retention test scores while controlling for pre-test scores; and effect sizes (partial eta squared or
np?) also calculated determined the magnitude of instructional language effects. Beyond ANCOVA, the study
controlled potential threats to internal validity through structured teacher training, standardized lesson plans,
fidelity monitoring, ethical safeguards, and careful class-level assignment to students. These measures
strengthened confidence that any observed differences in retention would be attributable to the BEAU
translanguaging intervention rather than extraneous factors.

4. RESULTS
4.1. Research question 1 and hypothesis 1

As shown in Table 1, students in all three language groups demonstrated improved post-test scores
compared with pre-test performance. The BEAU group recorded the highest post-test mean score (M=24.60),
followed by the Urhobo-only group (M=23.36), while the English-only group recorded the lowest post-test
mean score (M=18.55).

Table 1. Mean scores of students taught using three language groups
Language group N Pre-test mean(X) SD  Post-test mean (X) SD  Gain score (post-pre)

English-only 89 9.25 2.81 18.55 243 9.30
BEAU 78 8.74 232 24.60 1.94 15.86
Urhobo-only 76 8.53 2.38 23.36 2.40 14.83
Overall 243 8.86 2.53 22.00 3.50 13.14

As seen in Table 2, the effect of instructional language on post-test performance was examined
while controlling for pretest scores. The overall model was significant, F (3, 239)=112.61, p<0.001, which
explains 58.6% of the variance in post-test scores (R>=0.586). Pretest scores did not significantly predict
post-test performance, F (1, 239)=2.81, p=0.095, np*>=0.012 (small effect size). Instructional language had a
significant effect on post-test scores, F (2, 239)=168.86, p<0.001, with a large effect size (np*>=0.586). The
effect sizes in the post-test, np? for language is .586, indicating an exceptionally large effect size.
Consequently, language accounts for 58.6% of the variance in post-test scores after controlling for pretest.
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In contrast, the effect size for pretest is 0.012, signifying a negligible effect, with only 1.2% of the
variance explained. The effect size for the intercept is 0.870, representing the overall mean, and is typically
not interpreted substantively. The model R? is 0.586 (adjusted R?>=0.580), elucidating approximately 58% of
the variance in post-test scores, which is considerable. In summary, the language factor exerts a profoundly
strong and statistically significant influence on post-test scores. The pretest scores do not significantly
forecast post-test outcomes within this model. Overall, the model elucidates more than half of the variance in
post-test scores, which is substantial. In practical terms, membership in the language group emerges as the
predominant predictor of post-test performance, whereas pretest scores contribute minimally once language
is considered. Based on the results, hypothesis 1 was rejected. A post hoc was concluded in Table 3.

Table 2. ANCOVA test for students in the three groups

Dependent variable: post-test

Source Type III sum of squares  Df  Mean square F Sig. np*
Corrected model 1744.115° 3 581.372 112.610  0.000 0.586
Intercept 8250.113 1 8250.113 1598.023  0.000 0.870
Pretest 14.501 1 14.501 2.809 0.095 0.012
Language 1743.538 2 871.769 168.859  0.000 0.586
Error 1233.885 239 5.163
Total 120590.000 243
Corrected total 2978.000 242

a. R=0.586 (adjusted R*=0.580)

Table 3. Bonferroni post hoc comparison of post-test scores across language groups
Dependent variable: post-test Bonferroni multiple comparison
95% Confidence interval
Lower bound  Upper bound

(D) language  (J) language  Mean difference (I-J)  Std. Error  Sig.

Urhobo BEAU -1.2341%* 0.36760  0.003 -2.1204 -0.3479
English 4.8179* 0.35621  0.000 3.9591 5.6766
BEAU Urhobo 1.2341* 0.36760  0.003 0.3479 2.1204
English 6.0520%* 0.35374  0.000 5.1992 6.9048
English Urhobo -4.8179* 0.35621 0.000 -5.6766 -3.9591
BEAU -6.0520* 0.35374  0.000 -6.9048 -5.1992

*The mean differences are significant at the 0.05 level of significance

The Bonferroni post hoc test revealed significant differences in students’ post-test performance
across the three language groups. The BEAU group outperformed both the Urhobo-only and English-only
groups. Specifically, the BEAU group scored 6.0520 which is higher than the English group (p=0.000) and
1.2341 which is higher than the Urhobo group (p=0.003). Similarly, the Urhobo group outperformed the
English group by 4.8179 points (p=0.000) again supporting rejection of hypothesis 1.

4.2. Research question 2 and hypothesis 2

Table 4 shows that the BEAU group obtained the highest mean retention score (M=22.05, Sd=2.53),
followed by the Urhobo-only group (M=21.68, Sd=2.32), while the English-only group recorded the lowest
mean retention score (M=18.47, Sd=2.63). Table 5 shows that students’ retention scores based on the
language of instruction was significant. The overall model was significant, F (3, 239)=35.18, p<0.05,
explaining 30.6% of the variance in retention scores (R?>=0.306; adjusted R?>=0.298). Pretest scores did not
significantly predict retention, F (1, 239)=1.14, p=0.286, with a small effect size (np?>=0.005). Instructional
language had a significant effect on retention, F (2, 239)=52.76, p<0.05, with a large effect size (np?>=0.306).
Based on the result, hypothesis 2 was rejected.

Table 4. Retention test mean scores of students taught using three language groups on a test of gravity
Language N Mean Std. Deviation

English 89  18.4719 2.6332
BEAU 78  22.0513 2.53750
Urhobo 76 21.6842 2.3221
Total 243 20.6255 2.9923
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Table 5. ANCOVA tests of between-subjects effects on retention
Dependent variable: retention

Source Type III sum of squares  Df  Mean square F Sig. np*
Corrected model 663.716* 3 221.239 35.176 0.000 0.306
Intercept 7359.141 1 7359.141 1170.056  0.000 0.830
Pretest 7.190 1 7.190 1.143 0.286  0.005
Language 663.652 2 331.826 52.758 0.000 0.306
Error 1503.205 239 6.290
Total 105542.000 243
Corrected total 2166.922 242

a. R?=0.306 (adjusted R?=0.298)

On effect sizes in the retention test, np? for language is .306, indicating a substantial effect size. This
suggests that language accounts for 30.6% of the variance in retention scores after controlling for pretest
performance. In contrast, the effect size for the pretest is 0.005, denoting a negligible effect wherein only
0.5% of the variance is elucidated. The intercept value is 0.830, reflecting the overall mean, although it is not
typically interpreted substantively. The model R? is 0.306 (with an adjusted R? of .298), signifying that the
model elucidates approximately 30% of the variance in retention scores, which constitutes a moderate-to-
strong effect overall. In summary, the language variable exerts a considerable and statistically significant
influence on retention scores. Conversely, the pretest scores do not significantly forecast retention outcomes
within this framework, and overall, the model accounts for nearly one-third of the variance in retention scores,
a significant contribution in behavioral and educational research. Practically speaking, membership in
a particular language group emerges as the primary predictor of retention performance, whereas pretest
scores contribute marginally once language is considered. Based on these findings, hypotheses 2 is rejected.
To identify the direction of group differences, Bonferroni post hoc comparisons were presented in Table 6.

As shown in Table 6, Bonferroni post-hoc analysis reveals that both the BEAU and Urhobo groups
performed significantly better than the English-only group. Mean square error (MSE)=6.293; p<0.05
meaning no significant difference was observed between the BEAU and Urhobo groups. Hypothesis 2 was
therefore rejected.

Table 6. Bonferroni post hoc multiple comparisons for retention
95% Confidence interval
Lower bound  Upper bound

(I) Language (J) language Mean diff. (I-J)  Std. Error  Sig.

Urhobo BEAU -0.3671 0.40434 1.000 -1.3419 0.6077
English 3.2123%* 0.39181 0.000 2.2677 4.1569
BEAU Urhobo 0.3671 0.40434 1.000 -.6077 1.3419
English 3.5794* 0.38910  0.000 2.6413 4.5174
English Urhobo -3.2123% 0.39181 0.000 -4.1569 -2.2677
BEAU -3.5794* 0.38910  0.000 -4.5174 -2.6413

*The mean differences are significant at the 0.05 level of significance

5. DISCUSSION

First, the study demonstrates that the language of instruction exerts a decisive influence on rural
students’ comprehension of abstract scientific concepts. Students taught through the BEAU achieved the
highest post-test and retention scores, with Bonferroni tests confirming BEAU’s superiority over English-
only and Urhobo-only instruction. This finding aligns with translanguaging theory which stresses that
learners’ linguistic repertoires should be leveraged to reduce cognitive load and enhance semantic access.
Prior studies [27], [34]-[36], corroborate that translanguaging fosters engagement and conceptual
understanding, while contrasting evidence from Dorgu and Chukwuemeka [18] and Awofala ef al. [19]
underscores the importance of teaching proficiency, curriculum design, and regional differences as contextual
factors. The present study in southern Nigeria, contributes to this debate by showing that linguistically
responsive pedagogy is particularly effective in multilingual rural settings. Rejecting hypothesis 1 confirms
that instructional language significantly affects achievement in gravity concepts. The superior outcomes of
BEAU and Urhobo groups highlight the pedagogical value of incorporating local languages into science
instruction, not only for comprehension but also for equitable participation.

Second, retention outcomes further reinforce the importance of instructional language. Students in
the BEAU group demonstrated stronger long-term retention, supporting previous research [28] argument that
blended language strategies enhanced internalization of complex scientific ideas. This finding is consistent
with Aki and Theiss [27] and Villacrusis [29], who showed that translanguaging improves both immediate
learning and durable memory. In contrast, Dorgu and Chukwuemeka [18] and Awofala et al. [19] reported no
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significant differences, highlighting the influence of contextual variables such as teacher expertise and
student language background. Rejecting hypothesis 2 confirms that language of instruction significantly
affects retention of gravity concepts. Both BEAU and Urhobo groups outperformed English-only instruction,
underscoring the importance of linguistically responsive strategies for sustaining conceptual understanding
over time. The BEAU model addressed a critical gap in Delta State, Nigeria where Urhobo dominates daily
communication but is rarely integrated into science classrooms. By alternating between Urhobo explanations
and English scientific terminology, BEAU provided repeated reinforcement and equitable participation.
While mother-tongue instruction alone proved effective, BEAU offered added value by scaffolding students
into academic English, thereby strengthening both conceptual mastery and language proficiency. This aligns
with Huang and Chalmers [33] who argued that translanguaging is a deliberate, theory-driven strategy that
validates cultural diversity while enhancing meaning-making.

The study contributes empirical evidence to a previously under-researched context, demonstrating
that blended-language instruction reduces barriers to conceptual understanding of abstract science topics.
By synthesizing prior findings and situating them within the rural Nigerian context, this research underscores
the need for context-specific, linguistically responsive educational strategies. The results inform instructional
practice, curriculum design, and policy formulation, offering a pathway to more inclusive and effective
science education in multilingual rural settings.

6. CONCLUSION

This study examined how instructional language shapes students understanding of gravity concepts.
It demonstrates that instructional language plays a decisive role in students’ comprehension and retention of
scientific concepts. The findings revealed that the BEAU approach proved most effective, outperforming
both English-only and Urhobo-only instructional approach. The findings underscore the value of culturally
responsive pedagogy showing that integrating Indigenous language with English enhances learning outcomes
and can strengthen engagement and achievement in science education.

The results carry important implications for educational policy and practices suggesting that
bilingual or mother-tongue instruction can foster deeper understanding and engagement in multilingual
contexts and demonstrates potential of the BEAU language to bridge cultural familiarity with academic rigor.
Despite its contributions, the study has limitations. It is focused only on a single science topic, a short
intervention period and a sample drawn from only two rural schools which restricts generalizability. Broader
replication across diverse subjects, regions, and populations is needed. Investigations into teaching training,
instructional materials and classroom perceptions will provide deeper insights and extending research to
urban and semi-urban schools will help assess broader applicability. Overall, the findings underscore that the
language of instruction is not a neutral choice but a decisive factor in shaping science learning outcomes. It is
suggested that research should be carried out to explore long term impacts of bilingual instructions across
diverse subjects, regions, and populations. Investigations into teacher training, instructional materials, and
classroom perceptions will provide deeper applicability. Overall, the findings underscore that the language of
instruction is not a neutral but a decisive factor in shaping science learning outcomes.

The originality of this study, therefore, is in its empirical validation of the BEAU approach in rural
Southern Nigeria, a context rarely examined in translanguaging research. By demonstrating that language of
instruction significantly enhances both comprehension and retention of abstract science concepts, the study
closes a critical gap in multilingual science education. It reconciles conflicting findings in prior literature by
highlighting contextual factors such as teacher proficiency and curriculum design, while offering actionable
implications for linguistically responsive pedagogy and policy in rural multilingual classrooms.
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