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					Abstract  

					Artificial Intelligence (AI) tools are rapidly reshaping language education, yet their potential to  

					advance—or undermine—equity for English Language Learners (ELLs) remains under-theorized  

					and empirically under-explored. This case study investigates the integration of selected AI tools  

					into a Sheltered Instruction Observation Protocol (SIOP)–based unit in a Grade 7 science class  

					serving multilingual learners in a public school in coastal Latin America. Building on scholarship  

					that positions the SIOP model as an equity-oriented framework for making academic content  

					comprehensible while simultaneously developing language proficiency (Echevarría, Vogt &  

					Short, 2008). The study examines how AI-mediated scaffolds can enhance or constrain linguistic  

					and cognitive equity in an English-medium content classroom. Employing a mixed-methods  
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					embedded case study design, the study involved one teacher and 24 ELLs (ages 12–13) over ten  

					weeks. AI tools included a large language model (LLM)-based conversational assistant, an AI-  

					driven writing support tool, and a text-simplification and multimodal glossing tool. Data sources  

					comprised pre/post content and language assessments, SIOP-aligned classroom observations, AI  

					interaction logs, student surveys, and semi-structured interviews with both students and the  

					teacher. Quantitative analyses indicated meaningful gains in academic vocabulary, reading  

					comprehension, and subject-matter achievement for focal students, particularly those at  

					intermediate proficiency levels. Qualitative analyses revealed four salient themes: (1) AI-  

					augmented scaffolding expanded access to cognitively demanding tasks; (2) AI supported  

					translanguaging and metalinguistic awareness; (3) students developed emerging forms of critical  

					AI literacy; and (4) persistent inequities in digital access, teacher workload, and institutional  

					guidance limited sustainable implementation. The study proposes an “AI–SIOP Equity  

					Integration Framework” that maps specific AI functions onto SIOP components from a justice-  

					oriented perspective and articulates design principles for teacher-led, equity-driven uses of AI  

					with multilingual learners. Implications are discussed for policy, teacher education, and school-  

					level technology planning, emphasizing the need to position AI not as a neutral accelerator of  

					learning but as a contested socio-technical resource whose design and classroom enactment must  

					be intentionally aligned with linguistic and cognitive equity goals.  

					Resumen  

					Las herramientas de inteligencia artificial (IA) están transformando rápidamente la enseñanza de  

					idiomas, pero su potencial para promover —o socavar— la equidad para los estudiantes de inglés  

					como segunda lengua (ELL) sigue sin estar suficientemente teorizado y explorado  

					empíricamente. Este estudio de caso investiga la integración de determinadas herramientas de IA  

					en una unidad basada en el Protocolo de Observación de la Enseñanza Protegida (SIOP) en una  

					clase de ciencias de 7.º grado para alumnos multilingües en una escuela pública de la costa de  

					América Latina. Se basa en estudios que posicionan el modelo SIOP como un marco orientado a  

					la equidad para hacer comprensible el contenido académico y, al mismo tiempo, desarrollar la  

					competencia lingüística (Echevarría, Vogt y Short, 2008). El estudio examina cómo los andamios  
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					mediados por la IA pueden mejorar o limitar la equidad lingüística y cognitiva en un aula con  

					contenidos en inglés. Empleando un diseño de estudio de caso integrado con métodos mixtos, el  

					estudio contó con la participación de un profesor y 24 estudiantes de inglés como segunda lengua  

					(ELL) (de entre 12 y 13 años) durante diez semanas. Las herramientas de IA incluían un asistente  

					conversacional basado en un modelo de lenguaje grande (LLM), una herramienta de apoyo a la  

					escritura impulsada por IA y una herramienta de simplificación de textos y glosado multimodal.  

					Las fuentes de datos comprendían evaluaciones previas y posteriores del contenido y el lenguaje,  

					observaciones en el aula alineadas con el SIOP, registros de interacción con la IA, encuestas a los  

					alumnos y entrevistas semiestructuradas tanto con los alumnos como con el profesor. Los análisis  

					cuantitativos indicaron avances significativos en el vocabulario académico, la comprensión  

					lectora y el rendimiento en las materias para los alumnos focales, en particular los que tenían un  

					nivel de competencia intermedio. Los análisis cualitativos revelaron cuatro temas destacados: (1)  

					el andamiaje aumentado por la IA amplió el acceso a tareas cognitivamente exigentes; (2) la IA  

					apoyó el translanguaging y la conciencia metalingüística; (3) los estudiantes desarrollaron formas  

					emergentes de alfabetización crítica en IA; y (4) las desigualdades persistentes en el acceso  

					digital, la carga de trabajo de los profesores y la orientación institucional limitaron la  

					implementación sostenible. El estudio propone un «Marco de integración de la equidad de la IA-  

					SIOP» que asigna funciones específicas de la IA a los componentes del SIOP desde una  

					perspectiva orientada a la justicia y articula los principios de diseño para el uso de la IA por parte  

					de los profesores, impulsado por la equidad, con estudiantes multilingües. Se analizan las  

					implicaciones para las políticas, la formación del profesorado y la planificación tecnológica a  

					nivel escolar, haciendo hincapié en la necesidad de posicionar la IA no como un acelerador  

					neutral del aprendizaje, sino como un recurso sociotécnico controvertido cuyo diseño y  

					aplicación en el aula deben alinearse intencionadamente con los objetivos de equidad lingüística  

					y cognitiva.  

					Keywords: artificial intelligence; SIOP model; English language learners; linguistic equity;  

					cognitive equity; critical AI literacy; case study  
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					Introduction  

					AI, multilingualism and equity in contemporary schooling  

					Artificial Intelligence (AI) tools—particularly large language models, adaptive platforms, and  

					AI-driven language learning applications—have moved from the periphery to the mainstream of  

					educational practice within a remarkably short period. Recent systematic reviews and meta-  

					analyses show that AI-supported environments can positively influence language learning  

					performance, motivation, and aspects of higher-order thinking for learners of English as a second  

					or foreign language (Lo, 2024; Kristiawan, Bashar & Pradana, 2024) and others. Indeed, He,  

					Abbasi & He (2025) found that AI technologies in higher-education EFL contexts enhanced self-  

					reflection, creativity and emotional resilience. Similarly, Wei (2023) reported significant gains in  

					English learning achievement, L2 motivation and self-regulated learning among EFL secondary  

					students using AI-mediated instruction.  

					Parallel to these developments, international policy debates stress that AI’s impact on education  

					is not automatically beneficial and can exacerbate existing inequities if questions of access, bias,  

					and teacher agency are not foregrounded (OECD, 2024). For English Language Learners—who  

					often face layered inequities related to language status, socio-economic conditions, and  

					racialization—the stakes of AI integration are especially high.  

					The SIOP model as an equity-oriented framework for ELLs  

					The Sheltered Instruction Observation Protocol (SIOP) model is one of the most widely  

					researched and implemented approaches to making academic content comprehensible for ELLs  

					while promoting simultaneous development of academic language. Developed through a seven-  

					year research program funded by the U.S. Department of Education (Echevarría, Short & Powers,  

					2006) and successive iterations (Echevarría, Vogt & Short, 2008). SIOP organizes effective  
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					instruction for emergent bilinguals into eight interrelated components: (1) Lesson Preparation, (2)  

					Building Background, (3) Comprehensible Input, (4) Strategies, (5) Interaction, (6)  

					Practice/Application, (7) Lesson Delivery, and (8) Review & Assessment (Echevarría et al.,  

					2008).  

					Recent scholarship frames SIOP not merely as a collection of strategies but as an equity-oriented  

					instructional model: it is designed to provide multilingual learners equitable access to grade-level  

					curriculum and to systematically integrate language and content objectives in ways that affirm  

					students’ linguistic resources and backgrounds (Boughoulid, 2020; Edutopia, 2024). Studies in  

					diverse contexts—e.g., higher-education EFL programs—have documented positive effects of  

					SIOP-aligned instruction on students’ content achievement, language proficiency, and affective  

					outcomes such as confidence and academic self-concept.  

					However, research has only begun to explore what happens when SIOP-based pedagogy meets  

					AI-enabled learning environments. Given that SIOP emphasizes scaffolded, teacher-led  

					instruction and that many AI tools are designed for individualized, algorithmically-mediated  

					interaction, there is a need to understand how these logics intersect in multilingual classrooms.  

					AI tools in language education and the question of linguistic and cognitive equity  

					Large language models and other AI tools can support ELLs in multiple ways: generating  

					levelled texts, providing immediate feedback on writing and pronunciation, offering multilingual  

					glosses, or modeling conversational patterns in English (Goh, 2025). Recent empirical studies  

					indicate that educators use AI tools both as teacher-facing supports (for lesson planning,  

					materials generation, and assessment design) and as learner-facing resources (for practice and  

					feedback) (Kristiawan et al., 2024; Wei, 2023).  

					Yet this potential is accompanied by significant risks. AI detectors have been shown to  

					misclassify texts written by non-native speakers as AI-generated, raising concerns about  

					linguistic discrimination (Xu, 2025). Similarly, AI systems trained predominantly on English-  

					dominant, Global North data can encode biases that devalue multilingual repertoires or legitimate  
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					only certain varieties of English. Calls for “critical AI literacy” in language education emphasize  

					the need for learners and teachers to interrogate how AI outputs are produced, whose language  

					practices are normalized, and how AI can be used in ways that align with social justice and equity  

					agendas (Xie, 2025).  

					In this article, we conceptualize linguistic equity as multilingual learners’ fair and meaningful  

					access to instructional practices, materials, and tools that recognize, leverage, and develop their  

					full linguistic repertoires, and cognitive equity as their opportunity to engage with intellectually  

					demanding content and disciplinary practices, not merely simplified or remedial tasks, with  

					adequate support. We argue that integrating AI tools into SIOP-aligned teaching requires explicit  

					attention to both forms of equity.  

					Purpose and research questions  

					Situated within this broader landscape, the present study examines how AI tools can be integrated  

					into a SIOP-based unit in ways that promote linguistic and cognitive equity for ELLs in a lower  

					secondary science classroom in coastal Latin America. The study addresses the following  

					research questions:  

					1.  

					ELLs’ language and content learning outcomes in a Grade 7 science class?  

					2. In what ways do AI-supported SIOP lessons shape opportunities for linguistic and  

					cognitive equity as experienced by ELLs and their teacher?  

					3. What forms of critical AI literacy emerge among students and the teacher during  

					How does the integration of selected AI tools into SIOP-aligned instruction affect  

					the implementation, and how do these relate to equity-oriented goals?  

					By focusing on a single case and employing an embedded mixed-methods design, the study aims  

					to develop nuanced, practice-near insights and propose a framework for equity-oriented AI–SIOP  

					integration.  
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					Methods  

					Research design  

					This study employed a single-case study design with an embedded mixed-methods approach. The  

					case was defined as one Grade 7 science class in a public lower secondary school where the  

					teacher systematically integrated AI tools into a SIOP-based unit on ecosystems over ten weeks.  

					The design is interpretive and exploratory, with quantitative data used to characterize learning  

					outcomes and qualitative data used to illuminate processes, experiences, and equity-related  

					dynamics.  

					Context and participants  

					The study took place in a coastal urban region in Latin America characterized by linguistic  

					diversity and socio-economic stratification. The focal school served predominantly low- and  

					lower-middle-income families. English was the medium of instruction for science from Grade 6  

					onward, although most students used Spanish and other regional languages at home.  

					The focal class consisted of 24 students (12 girls, 12 boys; ages 12–13). Based on school records  

					and an internal placement test aligned with the CEFR, students’ English proficiency was  

					distributed as follows: 6 at A1, 12 at A2, and 6 at low B1 levels. All were designated as English  

					Language Learners within the school’s internal tracking system. Two students had documented  

					learning differences (one with ADHD, one with mild dyslexia), and three had a history of  

					interrupted formal schooling.  

					The teacher, Ms. Reyes (pseudonym), had nine years of experience teaching science through  

					English and five years of SIOP professional development, including coaching and peer  

					observation cycles. She described herself as a “cautious but curious” user of digital tools and had  

					experimented informally with an AI writing assistant for her own planning but had not previously  

					integrated AI tools systematically into classroom activities.  
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					Intervention: AI–SIOP integration  

					The intervention was co-designed by the teacher and the first author over four planning sessions.  

					It involved aligning three AI tools with specific SIOP components across a ten-week unit on  

					ecosystems (four 50-minute lessons per week):  

					1.  

					LLM-based conversational assistant (accessed through a browser in supervised  

					mode)  

					o

					Used for:  

					▪

					Generating levelled explanations of key science concepts (e.g.,  

					“photosynthesis,” “food webs”) aligned with content and language  

					objectives.  

					▪

					Supporting prewriting through idea generation and outlining, under  

					teacher guidance.  

					▪

					Role-playing scientific dialogues (e.g., “Explain to a younger  

					student why mangroves are important.”)  

					2.  

					AI-driven writing support tool  

					Used for:  

					o

					▪

					Providing targeted feedback on grammar, vocabulary range, and  

					cohesion in short expository paragraphs and lab report sections.  

					▪

					Offering language suggestions at different difficulty levels, with  

					students required to choose among options and justify their choices.  

					Text-simplification and multimodal glossing tool  

					Used for:  

					3.  

					o

					▪

					Producing parallel versions of short science texts at A1, A2, and B1  

					levels.  

					▪

					Adding glosses (definitions, images) for key academic vocabulary  

					in English and, when appropriate, Spanish.  

					Enabling text-to-speech with adjustable speed and voice.  

					▪
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					These tools were strategically mapped onto SIOP components. For example, the text-  

					simplification tool supported Lesson Preparation and Comprehensible Input by enabling the  

					teacher to provide appropriately scaffolded readings without diluting cognitive demand; the LLM  

					assistant supported Interaction and Practice/Application by mediating peer discussion and role-  

					play; and the writing support tool aligned with Strategies and Review & Assessment by  

					prompting self-regulation and reflection on language choices.  

					Importantly, the teacher-maintained control over AI prompts, and students accessed AI only  

					through a shared classroom account on school devices, aiming to mitigate issues of individual  

					device access and unsupervised use.  

					Data collection  

					Data were collected over twelve weeks (two weeks of baseline and ten weeks of intervention)  

					through the following sources:  

					•

					Pre–post language assessment  

					A researcher-developed test aligned with the unit’s language objectives assessed  

					academic vocabulary, reading comprehension, and short written production. The test  

					included multiple-choice, short answer, and a short paragraph task, rated via an analytic  

					rubric (vocabulary, grammar, coherence).  

					•

					Pre–post content assessment  

					A 20-item test on ecosystems (multiple choice and short constructed response) was  

					developed collaboratively with the teacher and validated by a second science teacher at  

					the school.  

					•

					SIOP-aligned classroom observations  

					Eight lessons (two per unit phase) were observed by the first author using a SIOP  

					observation protocol adapted from established rubrics (Echevarría et al., 2008). Field  

					notes focused particularly on interactions where AI tools were used.  
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					AI interaction logs  

					Prompts and outputs from the LLM assistant and writing support tool were exported,  

					cleaned of personal identifiers, and coded for function (e.g., vocabulary support, idea  

					generation, metalinguistic explanation).  

					•

					Student surveys  

					Two anonymous Likert-type surveys (baseline and post) captured students’ perceptions of  

					access, fairness, cognitive challenge, and comfort with AI tools, alongside open-ended  

					questions.  

					•

					Semi-structured interviews  

					Post-intervention interviews were conducted with the teacher (two 60-minute sessions)  

					and with a stratified sample of eight students (A1–B1 levels, gender-balanced). Interviews  

					were conducted in Spanish and translated for analysis.  

					Data analysis  

					Quantitative data (pre–post language and content tests; Likert-scale survey items) were analyzed  

					descriptively and with paired-sample t-tests to examine changes over time, recognizing the  

					limitations of inferential analysis with a small sample in case-study research. Effect sizes  

					(Cohen’s d) were calculated to provide magnitude estimates.  

					Qualitative data (observation notes, AI logs, open-ended survey responses, and interviews) were  

					analyzed using thematic analysis. An initial coding scheme was developed deductively from the  

					research questions and literature on equity, SIOP, and AI in language education, focusing on:  

					•

					Linguistic equity (access to language support, recognition of multilingual  

					resources)  

					•

					Cognitive equity (access to cognitively demanding tasks and disciplinary  

					practices)  

					•

					•

					Critical AI literacy (awareness of AI limitations, ethical concerns, and power)  

					Teacher mediation and institutional conditions  
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					Codes were refined inductively through iterative reading and constant comparison. A second  

					coder analyzed 25% of the data; inter-coder agreement reached 0.82 (Cohen’s kappa), and  

					discrepancies were resolved through discussion.  

					Ethical considerations  

					The study followed ethical guidelines for educational research with minors. Parental consent and  

					student assent were obtained, and pseudonyms are used for all participants and the school. AI  

					outputs were treated as instructional materials, and any personally identifiable information was  

					removed from logs. The teacher explicitly addressed responsible AI use, academic honesty, and  

					privacy with students, drawing on emerging guidelines and critical AI literacy frameworks (Xie,  

					2025).  

					Results  

					Language and content learning outcomes  

					Language assessment  

					Figure 5A. Individual gains in language performance (Post-test minus Pre-test) for 24 English  

					Language Learners. Each bar represents a single student. The majority of students show  
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					substantial positive gains, with improvements ranging from small increments to increases greater  

					than 15 points. This distribution evidences the overall effectiveness of the AI–SIOP intervention  

					on language development.  

					On the composite language assessment (maximum 40 points), the class mean increased from 21.4  

					(SD = 5.2) at pre-test to 28.9 (SD = 4.6) at post-test. A paired-sample t-test indicated a  

					statistically significant improvement, t(23) ≈ 6.12, p < .001, with a large effect size (Cohen’s d ≈  

					1.25).  

					Breaking down by subscale:  

					•

					Academic vocabulary (max 15): Mean scores increased from 7.1 to 10.8. Gains  

					were particularly pronounced for mid-frequency disciplinary terms (e.g., “decomposer,”  

					“estuary,” “biodiversity”).  

					•

					Reading comprehension (max 15): Mean scores increased from 8.0 to 10.9, with  

					students demonstrating improved ability to infer meaning from context and interpret  

					multimodal representations.  

					•

					Written production (max 10): Analytic rubric scores improved in vocabulary  

					range and accuracy, while gains in cohesion and organization were more modest.  
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					Figure 2. Mean pre-test and post-test scores across three language subscales—Academic  

					Vocabulary, Reading Comprehension, and Writing—aligned with the objectives of the  

					SIOP-based intervention. Improvements are observed across all domains, with the  

					greatest gains in vocabulary knowledge, followed by reading comprehension and writing  

					accuracy.  

					When disaggregated by proficiency level, A2 and low B1 students showed the largest gains, with  

					effect sizes in the large range, whereas A1 students showed smaller but still positive  

					improvements. This pattern aligns with findings that AI-supported environments may particularly  

					benefit learners who have enough language to engage productively with AI outputs but still  

					require substantial scaffolding (Wei, 2023; Xu, 2025).  

					Figure X. Mean language scores at pre-test and post-test by CEFR level (A1, A2, B1).  

					Content assessment  

					On the ecosystems content test (max 20), class mean scores increased from 11.2 (SD = 3.1) to  

					15.6 (SD = 2.7), t(23) ≈ 7.03, p < .001, with an effect size of d ≈ 1.44. Students demonstrated  

					stronger understanding of trophic levels, energy flow, and human impact on coastal ecosystems.  

					Short constructed responses suggested that students were able not only to recall definitions but  
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					also to explain cause–effect relationships and propose evidence-based solutions (e.g., for  

					mangrove conservation), indicating that cognitive demand was maintained or increased rather  

					than diluted.  

					AI-supported SIOP practices and classroom interactions  

					Observation data revealed that AI tools were most heavily used in the Lesson Preparation,  

					Comprehensible Input, Interaction, and Practice/Application components of SIOP.  

					•

					During Lesson Preparation, the teacher used the text-simplification tool to create  

					three versions of a core reading on “Mangrove ecosystems and coastal protection.” All  

					students worked with a common set of content objectives (e.g., “Explain how mangroves  

					reduce coastal erosion”), while language objectives were differentiated by proficiency  

					level, such as “Use cause–effect connectors” (A2/B1) or “Use present simple verbs  

					accurately” (A1).  

					•

					For Comprehensible Input, AI-generated glossed texts allowed students to click  

					on highlighted words for definitions, images, and examples in English and occasionally  

					Spanish. A1 students frequently used text-to-speech to rehearse decoding and prosody.  

					•

					Within Interaction, pairs used the LLM assistant to rehearse explanations before  

					presenting to peers. Students crafted prompts like “Explain in simple English how plastic  

					pollution harms sea turtles” and then edited the AI output collaboratively for accuracy and  

					appropriateness, often inserting region-specific examples.  

					•

					In Practice/Application, the writing support tool was used to provide feedback on  

					short explanatory paragraphs. Students were required to (a) read AI suggestions, (b)  

					choose which to accept or reject, and (c) add a short comment explaining their choice.  

					Overall, these practices aligned with SIOP’s emphasis on clear objectives, rich interaction, and  

					meaningful practice while adding an AI-mediated layer of scaffolding (Echevarría et al., 2008).  
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					Figure 4. Mean pre-test and post-test content scores for Grade 7 students (n = 24). Students  

					showed substantial improvement in disciplinary science knowledge following the AI–SIOP  

					intervention, increasing from a mean of 11.2 to 15.6 points (maximum score = 20).  

					Themes related to linguistic and cognitive equity  

					Four cross-cutting themes emerged from the qualitative analysis.  

					Theme 1: AI-augmented scaffolding expanded access to cognitively demanding content  

					Students and the teacher consistently reported that AI tools made it easier to engage with  

					challenging science texts and tasks without “watering down” the content. A B1-level student  

					noted that “the AI explains in other words, but we still have to think,” while an A1 student  

					emphasized that listening to the text and seeing pictures “helped me understand the story of the  

					mangroves and the animals.” Observation data showed that students at all proficiency levels  

					participated more frequently in whole-class discussions during AI-supported lessons compared to  

					baseline. The teacher commented that the AI tools “allowed me to keep the same hard questions  

					for everyone but give different supports,” echoing SIOP’s commitment to grade-level content  

					access with differentiated scaffolds (Edutopia, 2024).  
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					At the same time, she cautioned that the cognitive work could be displaced to the AI if prompts  

					were not carefully designed: “If I just ask the AI to ‘write a paragraph,’ then the student might  

					just copy. I needed to design tasks where they had to change, compare, or evaluate.”  

					Theme 2: AI supported translanguaging and metalinguistic awareness, but tensions  

					emerged  

					Although the AI tools used were primarily English-focused, the teacher and students leveraged  

					them to support translanguaging practices. For example, students frequently asked the LLM  

					assistant to “explain in Spanish and English” or to “give examples from Ecuadorian animals,”  

					then discussed which terms were more precise in each language. Students also reported that AI  

					explanations sometimes challenged their intuitive sense of “correct” language, prompting  

					metalinguistic discussions. In one observed lesson, a group debated whether the AI’s suggested  

					phrase “humans impact negatively the ecosystem” sounded natural, leading to a mini-lesson on  

					adverb placement.  

					However, tensions surfaced when AI outputs implicitly devalued local varieties of English or  

					translanguaging practices by marking them as “incorrect” without nuance. The teacher  

					highlighted that “the AI sometimes ‘corrects’ to a very formal English that is not necessary for  

					Grade 7, or it does not recognise regional words.” This resonates with concerns that AI tools can  

					re-inscribe monolingual norms and linguistic hierarchies unless actively countered by teachers  

					(Xie, 2025).  

					Theme 3: Emerging critical AI literacy as an equity practice  

					Over the course of the unit, students’ talk about AI shifted from a focus on speed and  

					convenience (“It gives the answer fast”) to more nuanced reflections (“Sometimes it invents  

					things,” “We have to check with the book or the teacher”). In post-intervention surveys, 79 % of  

					students agreed that “AI can make mistakes and we need to double-check the information,” and  

					71 % agreed that “It is not fair if someone uses AI to write everything and says it is their own  

					work.”  
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					Figure 5. Percentage of students (n = 24) who agreed or strongly agreed with key statements  

					regarding AI use during the AI–SIOP intervention. Most students reported improved  

					comprehension, greater confidence in using English, recognition of AI errors, and awareness of  

					fairness concerns.  

					The teacher explicitly framed AI as a “helper, not a teacher,” and guided students to compare AI  

					outputs with textbook explanations or empirical data from their lab activities. These practices  

					align with emerging conceptions of critical AI literacy that foreground questioning, verification,  

					and ethical use rather than passive acceptance of AI outputs (Goh, 2025; Xie, 2025). From an  

					equity perspective, developing critical AI literacy was particularly important for ELLs, who may  

					be more vulnerable to over-relying on AI for “correct English” and thus risk erasing their own  

					voices. Several students reported feeling more empowered to “argue with the AI” by the end of  

					the unit — an indicator of agency and epistemic equity.  

					Theme 4: Structural constraints limited sustainable and equitable AI–SIOP  

					implementation  

					Despite these promising dynamics, structural constraints curtailed the extent to which AI–SIOP  

					integration could consistently promote equity:  

					•

					Device access and connectivity: The school had one computer lab and a mobile  

					cart with 15 tablets for 24 students, leading to frequent sharing and wait times. Internet  
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					connectivity was unstable during two observed lessons, forcing the teacher to revert to  

					printed materials.  

					•

					Teacher workload and professional support: Co-designing AI-integrated SIOP  

					lessons required significant planning time, especially to vet AI outputs for accuracy and  

					appropriateness. The teacher expressed concern about sustainability without institutional  

					recognition or protected planning time.  

					•

					Lack of clear institutional policies: The school had no explicit guidelines on  

					permissible student use of AI. The teacher worried about inconsistent expectations across  

					teachers and subjects, and about the potential for AI-related plagiarism to be handled in  

					punitive rather than educative ways.  

					Figure 6. Number of student interactions with each AI tool during the ten-week AI–SIOP  

					intervention. The text simplifier was the most frequently used tool (72 interactions),  

					followed by the LLM assistant (68) and the AI writing support tool (54), reflecting  

					students’ reliance on multimodal scaffolding for comprehensible input and metalinguistic  

					feedback.  

					These constraints echo broader concerns that AI innovations can deepen inequalities when  

					schools serving marginalized communities lack the infrastructure and policy frameworks  

					necessary to support equitable, teacher-led implementation (OECD, 2024; Kristiawan et al.,  

					2024).  
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					Discussion  

					AI–SIOP synergy and the pursuit of linguistic and cognitive equity  

					The case study suggests that, under carefully designed and teacher-mediated conditions, AI tools  

					can amplify SIOP’s equity-oriented aims by extending the range and granularity of scaffolds  

					available to multilingual learners without lowering cognitive demand. The integration allowed  

					the teacher to:  

					•

					Maintain shared, grade-level content objectives while differentiating language  

					demands.  

					•

					Provide multiple representation modes (text, audio, images) and levels of text  

					complexity.  

					•

					Orchestrate dialogic interactions in which AI served as a provisional interlocutor,  

					rehearsal partner, or feedback source.  

					These practices align with conceptualizations of SIOP as a framework for providing equitable  

					access to high-level academic content and language development opportunities (Echevarría et al.,  

					2008; Echevarría, Short & Powers, 2006). The AI tools did not supplant SIOP but were woven  

					into its components to extend their reach.  

					At the same time, the study highlights that AI–SIOP synergy is not automatic. Without explicit  

					attention to equity, AI could just as easily reinforce tracking (e.g., by assigning “weaker” students  

					permanently simplified texts) or shift cognitive work away from learners toward the machine.  

					The teacher’s deliberate use of AI to temporarily scaffold rather than permanently reduce  

					demands was central to avoiding these pitfalls.  

					An AI–SIOP Equity Integration Framework  

					Based on the findings, we propose an AI–SIOP Equity Integration Framework with three  

					interrelated dimensions:  
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					1.  

					Functional alignment: Mapping AI functions to SIOP components in ways that  

					prioritise equity. For example:  

					o

					Lesson Preparation & Comprehensible Input: AI for generating  

					levelled, multimodal materials that retain conceptual rigor.  

					o

					Interaction & Practice/Application: AI as a rehearsal partner and  

					feedback provider that supports peer discussion, not a substitute.  

					Strategies & Review & Assessment: AI to prompt metacognitive  

					language awareness and formative feedback.  

					Equity lenses: linguistic and cognitive: Each AI use is evaluated through two  

					o

					2.  

					equity lenses:  

					o

					Linguistic equity: Does this AI use recognise and build on students’  

					multilingual resources or impose a narrow monolingual norm?  

					Cognitive equity: Does it preserve access to complex disciplinary thinking,  

					o

					or does it reduce tasks to low-level recall?  

					3.  

					Critical AI literacy practices: AI use is embedded within classroom routines  

					that:  

					o

					o

					o

					o

					Encourage questioning of AI outputs.  

					Require cross-checking with other sources.  

					Make visible issues of bias, perspective, and data sources.  

					Address ethical concerns such as authorship, plagiarism, and privacy.  

					We argue that this framework can help teachers and schools move beyond a generic “AI in  

					education” discourse toward concrete, equity-oriented design decisions in multilingual  

					classrooms.  

					Implications for policy and teacher education  

					The case has several implications for educational policy and teacher preparation:  

					262  

				

			

		

		
			
				
					
				
			

			
				
					Integrating Artificial Intelligence Tools into the SIOP Model to Promote Linguistic and Cognitive  

					Equity for English Language Learners: A Case Study in Lower Secondary Education  

					Miguel Andrés Avilés Moncayo  

					Karla Estefanía Crespo Guttler  

					Jonathan Aníbal Vaca Badaraco  

					Volume: 8  

					Issue: 9  

					Year: 2025  

					Reception: 2025-08-21 / Checking:2025-09-22 / Approval: 2025-10-24/ Publication: 2025-11-27  

					•

					Institutional AI policies should be equity- and pedagogy-led, not solely  

					compliance-driven. Rather than banning AI outright or focusing only on academic  

					integrity, schools need guidelines that support teacher-led, instructional uses aligned with  

					equity frameworks such as SIOP, and that provide clear expectations for responsible  

					student use (OECD, 2024).  

					•

					Teacher education must integrate SIOP, AI, and critical AI literacy.  

					Professional development for teachers of ELLs should go beyond tool training to include  

					design principles for AI–SIOP integration, case-based learning about equity risks, and  

					opportunities to collaboratively analyse AI outputs for bias and linguistic implications  

					(Xie, 2025).  

					•

					Infrastructure and time are equity issues. Ensuring adequate device access,  

					connectivity, and protected planning time is not a technical add-on but a precondition for  

					equitable AI integration. Without these, AI innovations risk remaining pilot projects in  

					resource-rich settings, widening gaps between schools.  

					•

					Research agendas should foreground multilingual and Global South contexts.  

					Much of the existing empirical work on AI in language education has been conducted in  

					well-resourced, higher-education or private language-school contexts (Kristiawan et al.,  

					2024). There is an urgent need for studies like this one that examine AI–SIOP dynamics  

					in public schools serving multilingual learners in Latin America, Africa, and Asia.  

					4.4. Limitations and directions for future research  

					As a single-case study, the findings are not statistically generalisable but are intended to provide  

					analytic generalisations and theoretical insight. The absence of a comparison group, the small  

					sample size, and the relatively short duration of the intervention limit the strength of causal  

					claims regarding AI’s impact on learning outcomes.  
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					Future research could:  

					•

					Conduct multi-site studies comparing different models of AI–SIOP integration,  

					including variations in tools, training, and policy environments.  

					Investigate long-term effects on students’ academic trajectories, identity as  

					multilingual learners, and critical AI literacy.  

					Explore how AI tools can support family and community engagement in ELLs’  

					learning, extending equity beyond the classroom.  

					•

					•

					Conclusion  

					This case study illustrates how integrating AI tools into SIOP-based instruction can create new  

					opportunities—and new challenges—for promoting linguistic and cognitive equity among  

					English Language Learners. When strategically aligned with SIOP components, mediated by a  

					critically informed teacher, and embedded in routines that foster critical AI literacy, AI tools can  

					extend the scaffolding available to multilingual learners without reducing cognitive demand.  

					Students in the focal class gained in language and content achievement and developed more  

					reflective, agentive stances toward AI.  

					At the same time, structural constraints, monolingual biases in AI systems, and the absence of  

					clear institutional policies threaten to limit the equity potential of AI–SIOP integration. Realising  

					this potential will require coordinated efforts across policy, infrastructure, teacher education, and  

					classroom practice to ensure that AI is harnessed as a tool for justice-oriented, linguistically  

					sustaining pedagogy rather than as a new mechanism of stratification.  

					For educators, researchers, and policymakers in Latin America and other multilingual contexts  

					represented in Latindex 2.0 journals, the challenge and opportunity lie in designing AI-enabled  

					environments where emergent bilinguals are not merely passive recipients of algorithmic  

					scaffolds but active co-constructors of knowledge, language, and more equitable futures.  
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