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Abstract. This study investigated the impact of a digital educational tool
developed in the Quechua language on the mathematical learning of
second-grade Quechua-speaking children in Apurimac, Peru. Employing
a quasi-experimental design, the research compared the performance of
an Experimental Group (EG) using the Quechua-language tool with a
Control Group (CG) receiving traditional instruction. The tool was
designed to address linguistic, pedagogical, technological, and evaluative
dimensions of learning. Pre- and post-test results revealed significant
improvements in the EG across all dimensions (p < 0.05), with post-test
scores in the EG (M = 32.13) substantially higher than those in the CG (M
= 19.47). The study underscores the efficacy of digital tools in fostering
active and contextualized learning, particularly in linguistically diverse
settings. However, challenges such as insufficient teacher training and
lack of culturally adapted materials persist, highlighting the need for
comprehensive strategies to support bilingual education. The results
advocate the integration of native language-based digital tools in
educational curricula to promote equity, cultural preservation, and
academic success among Indigenous populations. This research
contributes to the growing body of evidence supporting Intercultural
Bilingual Education as a means to address linguistic and cultural
disparities in educational outcomes and can be replicated in other
contexts.
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1. Introduction

The study of mathematics fosters the development of analytical and logical
problem-solving skills, enhances reasoning power, spatial thinking, and
creativity, and even contributes to effective communication skills; thus, it is
considered one of the indispensable skills in the global economy of the 21st
century. This skill shows rapid growth during primary school, coinciding with
the rapid increase in intelligence scores, cortical maturation, and exposure to
academic content through formal education (McArdle et al., 2002). There is
extensive literature highlighting the direct relationship between mathematical
cognitive skills and a country's economic growth (Hanushek & Kimko, 2000; Hu
et al., 2018; Hynsjo & Damon, 2016; Opfer et al., 2018).

The development of mathematics worldwide has been evaluated over several
years through the PISA test (Organisation of Economic Development, 2019), and
Latin America consistently ranks among the lowest in performance. In Peru, there
is a marked differentiation in student performance based on their native language,
such as Quechua. It has been shown that students from Indigenous communities
have lower performance in standardized national evaluations, such as the Student
Census Evaluation (SCE), consistently obtaining results below the national
average ( Garcés & Hidalgo, 2019; Ministry of Education, 2018 ). Studies indicate
that children whose native language is an Indigenous language tend to have less
satisfactory mathematical performance compared to their peers who speak
Spanish (Chavez-Epiquén et al., 2021, Holguin-Alvarez et al., 2019). "The
persistent achievement gap between Indigenous and non-Indigenous children
thus likely has long-run effects for the economic welfare of Indigenous peoples
and communities and has the potential to reinforce social inequities" (Hynsjo &
Damon, 2016, p. 116).

Intercultural bilingual education (IBE) aims to address these disparities by
integrating cultural and linguistic knowledge into mathematics teaching.
However, the effective implementation of this approach faces challenges, such as
insufficient teacher training, a sociocultural context that stigmatizes its use,
inadequate educational infrastructure, and a lack of educational materials, among
others (Cama Alanoca, 2023; Ministry of Culture, 2023, 2024; Tranca, 2023).

Didactic resources adapted to Indigenous languages are limited, therefore
creation is necessary because they promote educational efficiency by connecting
mathematical concepts with students' cultural and daily practices (Huaman, 2021;
Saldivar et al., 2021). This leads to teacher training in the use of Quechua and
active, participatory methodologies for teaching mathematics in bilingual
contexts (Huayta, 2022), allowing for greater equitable access to education and
reducing educational gaps (Ministry of Education, 2015). These resources must
correctly use mathematical vocabulary and cultural adaptation of terms, offer a
variety of pedagogical strategies, and enable adequate evaluation.

The objective of this study was to evaluate the effect of implementing a digital
educational tool in the Quechua language on the learning of mathematics by
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Quechua-speaking children. For this purpose, the following research questions
were posed:

1. RQI. What are the pre-test mathematics performances of the control and
experimental groups of students in a primary school in Apurimac
regarding the linguistic, pedagogical, technological, and evaluative
dimensions before implementing a digital educational tool in the Quechua
language?

2. RQ2. What are the mathematics pre-test and post-test performances of the
control group of students in a primary school in Apurimac regarding the
linguistic, pedagogical, technological, and evaluative dimensions before
and after implementing a digital educational tool in the Quechua
language?

3. RQ3. What is the mathematics pre-test performance of the experimental
group and post-test of the experimental group of students in a primary
school in Apurimac regarding the linguistic, pedagogical, technological,
and evaluative dimensions before and after implementing a digital
educational tool in the Quechua language?

4. RQ4. What are the mathematics post-test performances of the control and
experimental groups of students in a primary school in Apurimac
regarding the linguistic, pedagogical, technological, and evaluative
dimensions after implementing a digital educational tool in the Quechua
language?

2. Context of the Research Study

2.1 Context of Native Languages

Preserving Indigenous languages and cultures is a concern shared by countries
worldwide, leading to various initiatives for their revaluation. Among these are
the International Labour Organization's Convention 169 on Indigenous and Tribal
Peoples in Independent Countries was consolidated in 1989, and the United
Nations Declaration on the Rights of Indigenous Peoples in 2007, Articles 14 and
15, which recommends that states or provinces should take effective measures to
ensure that people have access, when possible, to education in their own culture
and language (Alvarez et al., 2019; United Nations, 2007).

In Peru, the Sectoral Policy of Intercultural Education and Intercultural Bilingual
Education (EIB) was created in 2016 under Article 17 of the Peruvian Constitution,
along with other specific regulations on intercultural education policies, such as
the General Education Law (Ministry of Education, 2003). In July 2021, the
Ministry of Culture approved the National Policy on Indigenous Languages, Oral
Tradition, and Interculturality (President of Perd, 2021). This policy aims
primarily to improve access to public services in Indigenous languages and
reduce discrimination against their use. Among its recommendations is the
development of didactic materials with an intercultural focus to facilitate
meaningful learning by incorporating culturally relevant elements for Quechua-
speaking students (Schroeder, 2005).

Despite these guidelines, the results have been meager, as corroborated in the
research by Alvarez et al. (2019), which evaluated the perception of directors of
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educational institutions regarding the implementation of IBE in Apurimac.
Similarly, the work by Afiafios and Herreras (2023) concludes that many
educational institutions lack the necessary resources and trained teachers.

2.2 Mathematics Performance in Peru

Year after year, the Student Census Evaluation (SCE) is conducted in all public
and private schools in Peru to assess the extent to which students achieve the
expected learning outcomes for their grade level (Ministry of Education, 2023).
This evaluation applies to the areas of mathematics and reading. The results
indicate that, nationally, for the year 2019, only 17% achieved the expected
learning outcomes in mathematics, while in reading, 37.6% achieved (Ministry of
Education, 2019).

Moreover, a marked difference was observed between regions, influenced by
socioeconomic inequality, where students from urban areas and higher
socioeconomic levels tend to obtain better results than those from rural areas or
lower income levels (Berrios, 2023). These gaps are widely corroborated by
literature over the years in studies such as those by Betts and Roemer (2005);
Checchi and Peragine (2010) and Cabrera et al. (2020), which affirms how
inequality of opportunities damages individuals and, consequently, national
economic growth (Ministry of Education, 2019). The Apurimac region currently
faces a critical situation, with a poverty incidence of 29.1%, above the national
average of 20.1%, and a vulnerability to poverty of 53.6% (Ministry of
Development and Social Inclusion, 2021); similarly, the SCE results were
detrimental for the lowest socioeconomic levels, with only 13.7% achieving
satisfactory performance, while students from medium and high socioeconomic
levels obtained 23.3% satisfactory performance (Ministry of Education, 2023).

The report on the SCE results also details the achievements of students based on
their native language, resulting in a nearly double gap in satisfactory performance
for students speaking Spanish compared to those speaking Indigenous languages
(Ministry of Education, 2023). These results could be explained by various factors,
including the direct correlation between academic performance and poverty rates
in rural areas, which presents a poverty gap nearly four times greater than in
urban areas (National Institute of Statistics and Information, 2017), precisely where
most children speak Indigenous languages. It has also been observed that the SCE
is not always conducted in the student's native language but in Spanish. In
addition, academic performance was influenced by access to adequate
educational resources, as regions with better didactic materials tend to show
superior performance (Berrios, 2023; Prensa Regional, 2023).

3. Related Works

The relationship between native language proficiency and mathematics
performance is complex and multifaceted. This relationship is influenced by
various factors, including linguistic clarity, cognitive processing, and language
proficiency, which collectively impact mathematical understanding and problem-
solving abilities (Han & Ginsburg, 2001; Peng et al., 2020).
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Numerous studies indicate that studying mathematics in a student's native
language generates more meaningful learning outcomes. In this regard, the
tindings of Bouhlila and Hentati (2022) reported that nine-year-old students who
received instruction in their first language achieved higher performance in
mathematics, while those who received instruction in a second language achieved
significantly lower performance, along with a reduction in their overall cognitive
and content scores. This is related to the mastery of linguistic skills required for
understanding the real world through statements (Ferrari, 2003; Prediger et al.,
2018).

Similarly, Outhwaite et al. (2020) found that children aged five to six who worked
on mathematics in their first language made better progress in completing tasks.
The study suggests that children need to have sufficiently developed linguistic
competence to access curriculum content and respond to instruction (Cummins,
2008; Peng et al., 2020) as it facilitates better understanding and participation
among young students (Espada, 2012). Kung et al. (2019) also agree that language,
specifically mathematical language, is a predictor of mathematical skills in the
preschool stage, with mathematics and language being implicitly and explicitly
integrated and inseparable in teaching (Martinez & Dominguez, 2018).

Furthermore, Spiridonova and Savvinova (2015) concluded that interference from
instructional languages should be strictly avoided during the basic formation of
mathematical language, and a progressive bilingual education system should be
followed. In this system, the first years (Ist to 4th grade) should be taught
exclusively in the native language, followed by progressive transition stages until
reaching the 10th and 11th grades, where the second language is used as the sole
medium of instruction. This bilingual transition model results in more optimal
mathematics learning.

From another perspective, various studies have explored the significance of
learning and teaching mathematics in bilingual contexts of linguistic minorities
by area. These works indicate that students in rural areas face more difficulties in
numeracy and problem solving compared to their urban peers (Holguin-Alvarez
et al., 2019), which complicates learning specialized vocabulary and structures
that are part of mathematical science, as well as reading, writing, and critical
thinking in general (Vukovic & Lesaux, 2013). They also have a two to three times
higher risk of repeating grades compared to their monolingual peers (Klieme,
2001).

Regarding the benefits of learning a second language, the creation of new skills
such as improved working memory (Bialystok et al., 2006), cognitive flexibility,
and inhibitory control (Park et al., 2023), attentional control processes (Kempert
et al., 2011), and mathematical coding and processing in tasks not directly related
to language (Gonzalez-Martin et al., 2024) are highlighted. In addition, there is
better comprehension and retention of mathematical concepts (Park et al., 2023).
However, these skills derived from bilingualism are guaranteed only with
mastery of the second language; otherwise, they may be counterproductive, as
deficits in mastering an instructional language generate a cumulative effect in all
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subjects, leading to a deterioration of competencies in all academic fields
(Saalbach et al., 2013).

Under these premises and contextualizing the reality of students of Indigenous
languages in Latin America who generally only have access to education through
the dominant language (Pérez, 2015), disadvantages are observed in achieving
optimal performance due to difficulties in understanding the language of
instruction (Suppiah Shanmugam et al., 2021). They have a higher cognitive load
that forces them to think and use their knowledge in their native language before
responding in the second language, resulting in lower precision and processing
speed, which can detract from the ability to focus on solving real mathematical
problems (Saalbach et al., 2013; Sicat & David, 2016).

Based on the findings, there is a greater consensus on not applying mathematics
instruction in a second language at an early age, as the child has not yet fully
acquired the skills of the first language. In this context, Han and Ginsburg (2001)
emphasize that the clarity of mathematical terms in a native language improves
mathematical performance. Holguin-Alvarez et al. (2019) indicate that it can
facilitate problem solving when active and contextual strategies are employed.
Prediger et al. (2018) and Wanjiru et al. (2021) show that linguistic factors explain
a substantial percentage of the variation in mathematics performance, suggesting
that mastery of the native language should be considered in educational
assessments to address social disparities and improve mathematical literacy.

4. Construction of Educational Materials in the Indigenous Quechua
Language

The Quechua language is the Indigenous language of Peru, having been the
language of the Inca Empire, and is deeply rooted in other South American
countries. Currently, it has over 10 million speakers (Adelaar, 2004) and is an
official language in Peru.

To preserve culture, promote learning, or improve education, personalized
technological solutions are being developed (Poonpon et al., 2024; Rojas et al.,
2020). In this context, to support the learning process and preserve the language
of Quechua-speaking students, various educational and technological strategies
have been implemented. These include digital educational materials in the
Quechua language, developed by the governing body of Peru's national education
system. These materials are designed to address mathematical concepts and
problems, incorporating games and activities focused on problem solving,
adapted to contexts of cultural and linguistic diversity (Ministry of Education,
2004, 2015, 2021, 2024). Among mobile and web applications, the Warma project
stands out, presenting numbers, ordinal numbers, geometric shapes, colors, and
mathematical signs (Gutiérrez Gémez et al., 2019), implemented under the
evaluation framework of the SCE by Saldivar et al. (2021).

However, digital literature is scarce for mathematics in the Quechua language and

few technological solutions allow interactivity for students such as mobile or web
applications.
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5. Methodology

5.1 Research Design

The research employed an applied design with a quasi-experimental approach
and evaluated the impact of an intervention or treatment without controlling all
elements affecting the experiment. In addition, participants were not randomly
assigned to experimental and control groups (Fernandez et al., 2014).

5.2 Research Locale and Participants

The study was conducted in the district of Lambrama, located in the department
of Apurimac, which has a population of over 200 inhabitants. The research took
place at the Virgen de Fatima Educational Institution, which has a total of 30
second-grade primary students.

This educational institution is classified as a strengthening IBE school, resulting
in a limited number of students and preventing the randomization of the sample.
The small population is very similar in many rural Quechua-speaking population
centers and annexes due to migration to the cities (International Organization for
Migration, 2015). Students were divided into two groups of 15 participants,
following an existing division used by the teacher for classroom activities.

5.3 Research Instruments

5.3.1 Observation Checklist

An observation checklist was developed to comprehensively evaluate student
performance in mathematics learning, considering their interaction with
mathematical content and their use of language, active participation, familiarity
with technology, and the impact of evaluative activities. This instrument was
reviewed and validated by two teachers from the educational institution.

1. Linguistic dimension: The tool must be fully developed in the Quechua
language, ensuring that all content, instructions, and examples are
accessible to Quechua speakers. This includes the correct use of
mathematical vocabulary in Quechua and the cultural adaptation of terms.

2. Pedagogical dimension: The tool should promote active learning where
students construct their knowledge through exploration and problem
solving. This can include practical activities, games, and interactive
exercises that foster critical thinking.

3. Technological dimension: The tool includes interactive elements that
allow students to practice mathematics playfully and engagingly, through
practical exercises that maintain student interest.

4. Evaluative dimension: The tool includes mechanisms to evaluate student
progress and performance in real time.

5.3.2 Digital Educational Tool

The educational material was developed using Ardora version 8.4, which allows
the creation of web content from 35 different activity types (Bouzan, 2024). This
software is freely accessible, has minimal technical requirements, and allows users
to create web content straightforwardly, without requiring technical knowledge
of design or web programming. Consequently, it can be applied to various
projects tailored to the specific context of each region of the country.
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The objectives of constructing this educational resource were: i) developing an
educational tool for the SCE in the Quechua language, and ii) conducting a
quantitative evaluation of student performance using educational software.

The software allows user account creation and login access, as well as a help
section to guide users through the questions presented in the evaluation. This help
section is built on an additional platform directly linked to each question. In
addition, there is a results section accessible to each teacher, allowing them to
view student performance. This section displays the student's name, the number
of times they accessed the application, access dates, the number of correct
responses achieved out of the total, and the average score obtained.

One of the primary obstacles observed was the difficulty students faced in reading
the prompts within the application. This challenge arose because the children
spoke the language but did not write it, having had limited exposure to their
language through written forms. Consequently, an audio reading option for the
prompts was implemented as shown in Figure 1, allowing students to either read
the question themselves or activate the audio reading feature to listen to.

—_—

= apayta Yachasunchik .|

Rigsichisunchik: Tapuy 7 /]

Kaypi tupsiy tapukuykuna uyarinaykipaq »» <_Audio reading

Susis ruwasqa maki arwitachakunata warmi ri warmaq, hatun
punchawninman  rigkunapaq. Paysi ruwasga uray tawa kuchuspi
ruyruchakunawan.

¢Imaynataq Susipa ruyrukunari kasga?

[ /-
' | @
B , SO, N
a) Llapallanchu 3 b) Llapallanchu 3 c) Wakillansi hatun
! hatun wakinfataq ; i uchuychakuna i H llapaniataqgsi
: yuraq § { wakinfiataq yuraq ; yuraq

Figure 1: Structure of the SCE questions page, with the option of reading the
statements by audio included

5.4 Data Collection

Data collection was done using a checklist and educational software in Quechua
to assess second-grade students' mathematics learning. The checklist evaluated
pedagogical, technological, and linguistic dimensions, focusing on teaching
methods, engagement, technology usability, and language integration. The
classroom teacher recorded observations during classroom sessions. The software
provided interactive exercises, capturing student responses to assess the
evaluative dimension.
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5.5 Data Analysis

To statistically verify each hypothesis derived from the research questions,
statistical tests were performed to check essential assumptions in data analysis.
These tests included the Shapiro-Wilk normality test to verify if each dataset had
a normal distribution and the Levene test to check for equality of variances
between two or more groups. The results indicated that Mann-Whitney U tests
and student t-tests would be applied according to each evaluated dataset. This
research was conducted using SPSS software.

5.6 Ethical Considerations

Technical assistance and equity in access and use of the tool were ensured for all
students, regardless of their technological capabilities or socioeconomic context.
The translation of academic material was performed by professionals from the
area to ensure that the software used precise Quechua, respecting local dialects
and avoiding inappropriate translations or decontextualized terms.

Regarding consent for the application of tests, the teaching staff evaluated the tool
beforehand as a means of support in their didactic sessions. Although participants
were minors, the tool was explained to them so they could voluntarily express
their desire to participate.

6. Results

The second version of the educational tool was implemented with students from
the Educational Institution 54028 - Virgen de Fatima, at the end of October and
during the first half of November 2023. Throughout the process, the classroom
teacher, with the technical and development team of the application, provided
support by introducing the tool to the students and addressing their queries.
Subsequently, each student was able to access the application independently. The
data evaluated were generated until the first half of November 2023. In Figure 2,
one of the students uses the application to perform mathematical operations.

Figure 2: Student performing calculations with their hands
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6.1 RQ1. What are the pre-test mathematics performances of the control and
experimental groups of students in a primary school in Apurimac regarding the
linguistic, pedagogical, technological, and evaluative dimensions before
implementing a digital educational tool in the Quechua language?

Table 1 displays the average scores obtained in the pre-test for both the CG and
EG across each dimension of mathematics learning for Quechua-speaking
children. The results indicated that both groups had a similar initial performance
level before the intervention with the digital educational tool. This suggested that
both groups possessed comparable learning levels before the digital tool's
implementation.

Table 1: Averages of the scores achieved in the pre-test CG and pre-test EG

evaluations

Dimensions Group Mean SD SE
Linguistic Pre-test CG 4.20 1.32 0.341
dimension Pre-test EG 4.00 1.195 0.309
Pedagogical Pre-test CG 3.73 1.44 0.371
dimension Pre-test EG 3.73 1.033 0.267
Technological Pre-test CG 3.60 1.24 0.321
dimension Pre-test EG 3.47 0.990 0.256
Evaluative Pre-test CG 4.07 1.16 0.300
dimension Pre-test EG 3.80 1.265 0.327
Learning Pre-test CG 15.60 3.11 0.804
variable Pre-test EG 15.00 2.646 0.683

After having carried out a study of normality (Shapiro-Wilk) and homogeneity of
variances (Levene) on the scores obtained in the post-test CG and post-test EG
evaluations for each dimension, it was determined whether parametric or non-
parametric statistics would be used to contrast the hypotheses that were derived
from the research questions - it was determined that the linguistic, pedagogical
and technological dimension should work with the Mann-Whitney U test and the
remaining dimensions with the student T-test. This same procedure was applied
to contrast all the hypotheses.

Table 2 presents the results of the T-test to compare the average scores in the pre-
test between the CG and the EG in each dimension of mathematics learning in
Quechua-speaking children. The results reveal the initial performance levels of
both groups before the intervention with the digital educational tool. In the
linguistic dimension, the CG had a pre-test average of 4.20, while the EG scored
4.00, indicating comparable levels. Both groups achieved a mean of 3.73 in the
pedagogical dimension, suggesting similar starting points. In the technological
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dimension, CG averaged 3.60, slightly higher than EG's 3.47, reflecting minimal
differences. For the evaluative dimension, CG had an average of 4.07 compared
to EG's 3.80, indicating comparable initial evaluative capacities. Overall, the pre-
test averages of 15.60 for CG and 15.00 for EG suggest similar learning levels
before implementing the digital tool.

Table 2: T-Test for the averages of the scores achieved in the pre-test CG and pre-test
EG evaluations

Dimension/variable Test statistical df p
Linguistic dimension Mann-Whitney U 103.0 0.700
Pedagogical dimension | Mann-Whitney U 108.5 0.877
Technological dimension | Mann-Whitney U 105.5 0.780
Evaluative dimension Student T 0.601 28.0 0.553
Learning variable Student T 0.569 28.0 0.574

Note. H, pPre-test CG # UPre-test EG

6.2 RQ2. What are the mathematics pre-test and post-test performances of the
control group of students in a primary school in Apurimac regarding the
linguistic, pedagogical, technological, and evaluative dimensions before and
after implementing a digital educational tool in the Quechua language?

Table 3 presents the average scores obtained in the pre-test and post-test of the
CG in each dimension of mathematics learning for Quechua-speaking children.
The results show changes in each dimension after the intervention. In all
dimensions, an increase in the results of the pre-test versus the post-test was
observed. Even though there was an increase, the difference did not seem to be
very marked, which suggests that the CG showed expected progress, typical of
natural learning over time in all dimensions without using the digital educational
tool.

Table 3: Averages of the scores achieved in the pre-test CG and post-test CG

evaluations

Dimensions Group Mean SD SE
Linguistic Post - test GC 5.00 131 0.338
dimension Pre - test GC 420 132 0.341
Pedagogical | Post-test GC 487 1.85 0.477
dimension Pre - test GC 3.73 1.44 0.371
Technological | Post - test GC 473 1.67 0.431
dimension Pre - test GC 3.60 1.24 0.321
Post - test GC 487 1.60 0.413
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Evaluative Pre - test GC 4.07 1.16 0.300
Airnancioan
Learning Post-test GC 19.47 3.34 0.861
variable Pre-test GC 15.60 3.11 0.804

Table 4 presents the results of the T-test that compared the average scores
obtained in the pre-test and post-test of the CG in each dimension of mathematics
learning in Quechua-speaking children. These results indicated whether there
were significant changes in the different dimensions without the intervention of
the digital educational tool.

In the linguistic, pedagogical and evaluative dimensions, there was no statistically
significant difference between the pre-test and the post-test. However, in the
technological dimension, the p-value was 0.044, which showed a statistical
difference and suggested an improvement in CG, even though the magnitude of
the change was probably modest. For the global learning variable, the statistical
value was 3.28 with 28 df and a p-value of 0.003. This result was statistically
significant (p < 0.05), suggesting an improvement in the CG's global learning
between the pre-test and post-test, even though it is important to note that these
changes occurred without the digital intervention.

In conclusion, the results show that, even though there was some progress in the
CG, especially in the technological dimension and in global learning, these
changes were limited and not as consistent as those observed in the experimental
group with the digital intervention.

Table 4: T-Test for the averages of the scores achieved in the pre-test CG and post-test
CG evaluation

Dimension/variable Test statistical df P
Linguistic dimension Student T 1.67 28.0 0.107
Pedagogical dimension | Student T 1.88 28.0 0.071
Technological dimension | Student T 211 28.0 0.044
Evaluative dimension Student T 1.57 28.0 0.128
Learning variable Student T 3.28 28.0 0.003

Note. H, pPre-test CG # pPost-test CG
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6.3 RQ3. What is the mathematics pre-test performance of the experimental
group and post-test of the experimental group of students in a primary school
in Apurimac regarding the linguistic, pedagogical, technological, and
evaluative dimensions before and after implementing a digital educational tool
in the Quechua language?

Table 5 shows a notable increase in the average scores achieved in each dimension
of mathematics learning in the EG after the implementation of the digital
educational tool in Quechua. When considering the general learning variable, the
results in all dimensions show a substantial improvement in the average, which
went from 15.00 in the pre-test to 32.13 in the post-test. This overall increase in
learning suggested that the educational tool in Quechua had a generalized
positive impact on the mathematical skills of Quechua-speaking children.

Table 5: Averages of the scores achieved in the pre-test EG and post-test EG

evaluations

Dimensions Group Mean SD SE
Linguistic Post-test EG 7.93 0.961 0.248
dimension Pre-test EG 4.00 1.195 0.309
Pedagogical Post-test EG 8.20 1.320 0.341
dimension Pre-test EG 3.73 1.033 0.267
Technological | POst-testEG 7.80 1.373 0.355
dimension Pre-test EG 3.47 0.990 0.256
Evaluative Post-test EG 8.20 1.146 0.296
dimension Pre-test EG 3.80 1.265 0.327
Learning Post-test EG 32.13 2.100 0.542
variable Pre-test EG 15.00 2.646 0.683

Table 6 shows that the most notable finding is that all dimensions exhibited
significant improvements, with p-values < 0.05 for each. The learning variable
demonstrated the most substantial increase, while the technological dimension
showed the second-highest improvement. The pedagogical and evaluative
dimensions also revealed positive results, though not as pronounced as the
learning and technological variables. The linguistic dimension, while showing
improvement, did not reach the same level of statistical significance as the other
dimensions. All in all, these findings support that the tool had a positive impact
on the development of mathematical skills, strengthening each of the dimensions
evaluated and contributing to an overall improvement in the learning of
Quechua-speaking children.
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Table 6: T-test for the averages of the cores achieved in the pre-test EG and post-test
EG evaluation

Dimension/ variable Test statistical df )
Linguistic dimension Mann-Whitney U 1.00 0.000
Pedagogical dimension Student T 10.32 28.0 | 0.000
Technological dimension Student T 9.91 28.0 0.000
Evaluative dimension Student T 9.98 28.0 | 0.000
Learning variable Student T 19.65 28.0 0.000

Note. Ha pPre-test EG # UPost-test EG

6.4 RQ4. What are the mathematics post-test performances of the control and
experimental groups of students in a primary school in Apurimac regarding the
linguistic, pedagogical, technological, and evaluative dimensions after
implementing a digital educational tool in the Quechua language?

Table 7 presents the averages obtained in the post-test by the CG and the EG in
each dimension of mathematics learning in Quechua-speaking children. It was
observed that, in all dimensions, the EG achieved a higher average of 32.13,
compared to the average of 19.47 of the CG. In the linguistic dimension, it suggests
a significant improvement in the performance of children in aspects related to
language, possibly due to the use of the digital educational tool in the Quechua
language. In the pedagogical dimension, the result indicates that the use of the
digital tool may have facilitated better pedagogical development in the EG.
Regarding the technological dimension, the best performance could be related to
the interaction with the digital tool in their own language, while in the evaluative
dimension, an improvement in the evaluative capacities of the experimental
group was reflected.

Table 7: Averages of the scores obtained in the post-test GC and post-test GE

evaluations
SD SE

Dimensions Group Mean (Standard (Standard

deviation) error)
Linguistic Post-test CG 5.00 1.31 0.338
dimension Post-test EG 7.93 0.961 0.248
Pedagogical Post-test CG 4.87 1.85 0.477
dimension Post-test EG 8.20 1.320 0.341
Technological Post-test CG 473 1.67 0.431
dimension Post-test EG 7.80 1.373 0.355
Evaluative Post-test CG 4.87 1.60 0413
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SD SE

Dimensions Group Mean (Standard (Standard
deviation) error)
Linguistic Post-test CG 5.00 1.31 0.338
dimension Post-test EG 7.93 0.961 0.248
dimension Post-test EG 8.20 1.146 0.296
Learning Post-test CG 19.47 3.34 0.861
variable Post-test EG 32.13 2.100 0.542

Table 8 presents the results of the T-test for the average scores obtained in the
post-test of the CG and the EG in each dimension of mathematics learning in
Quechua-speaking children. The alternative hypothesis (H,) states that the
average scores in the post-test of the CG and the EG are different (pPost-test CG
# pPost-test EG), since in all dimensions a significance level of p < 0.05 was
obtained, which indicates that there is a statistically significant difference between
the CG and the EG. Finally, in the global learning variable, the Student T-test
showed a statistic of -12.45, 28 df and p < 0.05, which reflected a significant
difference in total learning between the CG and the EG. This result supports the
hypothesis that the digital educational tool in the Quechua language impacts
mathematical learning in Quechua-speaking children in the EG positively.

Table 8: T-Test for the averages of the scores achieved in the post-test CG and post-
test EG evaluations

Dimension /variable Test statistical df P
Linguistic dimension | Mann-Whitney U 11.5 0.000
Pedagogical dimension Student T -5.69 28.0 0.000
Technological dimension Student T -5.50 28.0 0.000
Evaluative dimension Student T -6.57 28.0 0.000
Learning variable Student T -12.45 28.0 0.000

Note. H, pPost-test CG # pPost-test EG

7. Discussion

The findings of this study align with prior research conducted by Bouhlila and
Hentati (2022), Ferrari (2003) and Prediger et al. (2018), which suggested that the
use of a native language facilitates a deeper understanding of mathematical
concepts. This approach not only enhances information retention but also
improves the ability to solve complex mathematical problems (Han & Ginsburg,
2001; Peng et al., 2020). The significant differences observed in post-test scores
between the EG and CG in the linguistic dimension support the notion that
students benefit from instruction in their native language. This practice reduces
the cognitive load associated with mental translation between languages

http:/ /ijlter.org/index.php/ijlter



367

(Saalbach et al., 2013), enhances comprehension of mathematical concepts, and
contributes to academic success (Cummins, 2008; Bouhlila & Hentati, 2022).

The digital educational tool employed in this study appears to have created a
conducive environment for active and contextualized learning. The results
indicate improvements across all evaluated dimensions, particularly in the
linguistic and pedagogical areas. This suggests that technology can serve as an
effective mediator in facilitating learning in contexts where linguistic barriers are
prominent (Huaman, 2021; Tranca, 2023).

Despite the positive outcomes, it is crucial to acknowledge the ongoing challenges
in effectively implementing bilingual education programs. Insufficient teacher
training and a lack of appropriate materials remain significant obstacles (Cama
Alanoca, 2023; Ministry of Culture, 2023). Therefore, future research should not
only focus on developing and implementing educational tools but also on
comprehensive strategies to train educators and enhance educational
infrastructures.

The results of this study have profound implications for educational policies in
Peru and other regions with native-speaking populations. It is imperative that
educational policies recognize and address existing linguistic and cultural
disparities. Promoting IBE programs will not only improve the academic
performance of Quechua-speaking students but also foster a sense of cultural
identity and belonging (Hynsjo & Damon, 2016), in alignment with state policies
(President of Peru, 2021).

8. Conclusion

Digital solutions designed in native languages are specifically crafted to promote
cultural preservation, enhance learning outcomes, and foster educational equity.
Teaching mathematics in a student’s native language respects their cultural
identity and strengthens their cognitive abilities by enabling them to grasp
complex concepts without encountering linguistic barriers. Conversely, teaching
in a second language at an early age can lead to frustration, academic delays, and
demotivation, as children have not yet fully developed the linguistic skills
required in the secondary language.

For these reasons, a digital educational tool developed in the Quechua language
demonstrated a significant and positive impact on mathematics learning among
second-grade primary school children in a Peruvian province. In the EG, post-test
scores were consistently higher than pre-test scores across all evaluated
dimensions (linguistic, pedagogical, technological, and evaluative, p < 0.05 for all
dimensions). This improvement highlights that using Quechua-language
educational software strengthened specific competencies related to mathematical
learning, such as understanding mathematical language, technological
interaction, and evaluative skills. This contrasts with the CG, which showed
limited and expected progress, underscoring the tool’s effectiveness in fostering
comprehensive mathematical competencies.
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Consequently, this study provides empirical evidence of the positive impact that
tailored bilingual education can have on mathematical learning. By integrating
digital tools in the Quechua language into the educational curriculum, a pathway
is opened toward more inclusive and equitable education for all students. This
approach enhances academic performance and supports linguistic and cultural
revitalization, aligning with the principles of IBE, a commitment recognized by
the Peruvian State.

Finally, it is worth noting that a solid foundation in mathematics contributes to
the development of key skills necessary to address future challenges,
strengthening human capital in vulnerable communities and fostering their
socioeconomic development.
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Table 9 shows the instrument used to evaluate students' performance in

mathematics. The linguistic, pedagogical, and technological dimensions were

assessed on a five-point scale through direct observation by the classroom

instructor. In contrast, the evaluative dimension was classified based on the scores

obtained by the students in the software.

Table 9: Observation checklist

Level of Satisfaction

Never

Rarely

Someti
mes

Often

Always

Linguistic dimension

The student utilizes Quechua to
communicate with the tool.

The student demonstrates comprehension of
mathematical concepts explained in
Quechua.

PEDAGOGICAL DIMENSION

The student actively participates in
interactive activities and games.

The student relates mathematical content to
their cultural context and prior experiences.

TECHNOLOGICAL DIMENSION

The student navigates the tool with ease and
understands its functionality.

The student enjoys and shows motivation
when using the digital tool.

EVALUATIVE DIMENSION

Never

Rarely

Someti
mes

Often

Always

0a39

4a79

8all9

12 a
15.9

16 a20

The student demonstrates progress in
learning mathematical concepts through the
tool.

The student accesses and solves statements
in the tool

http:/ /ijlter.org/index.php/ijlter




