
Towards Socio-technical Design for Responsible Voice-enabled AI: Long-term 
Embedding in Primary School Classrooms 
 
BILAL AHMAD1* 
Learnovate Centre, Trinity College Dublin, Ireland. 
bilal.ahmad@learnovatecentre.org 
HELENA LEDERMANN 
Learnovate Centre, Trinity College Dublin, Ireland. 
helena.ledermann@learnovatecentre.org 
 

CCS CONCEPTS • voice-enabled AI • socio-technical design • primary education 

Additional Keywords and Phrases: anthropomorphism, empathy gap, triadic interaction 

ABSTRACT 

This paper examines voice-enabled AI in primary school classrooms, arguing that current evidence from short-term, small-scale pilots is 
insufficient to guide responsible long-term integration for educational use. Existing studies highlight promising gains in areas such as 
engagement, vocabulary, pronunciation, and reading, but focus primarily on functional utility and technical accuracy rather than broader 
educational value. We contend that voice-enabled AI must be developed and evaluated using a socio-technical system design approach 
that supports triadic interaction between students, teachers or parents, and AI, and aligns with pedagogical frameworks such as Biesta’s 
three functions of education and Vygotsky’s socio-cultural theory. Drawing on existing research on participatory, classroom-rooted 
design, we show how pedagogically appropriate voice-enabled AI can foster skill development, community belonging, and student 
agency. We also identify key risks in the literature, including the empathy gap and children’s tendency to anthropomorphise AI, and 
argue that these require explicit design, governance, and classroom-level responses, alongside compliance with regulations such as the 
General Data Protection Regulation (GDPR) and the Children's Online Privacy Protection Act (COPPA). The paper concludes that, to be 
integrated responsibly, voice-enabled AI in primary education should be treated not as a standalone solution that adheres to a checklist 
of guidelines, but as an evolving socio-technical environment that requires the continuous management of ethical trade-offs to support 
children’s rights, wellbeing, and long-term learning. 

1​ INTRODUCTION 
Voice-enabled AI in primary schools is a rapidly evolving field [Arinah et al., 2025] and has the potential to positively 
impact student outcomes [Wen et al., 2024] [Elmaadaway et al., 2025]. Growing evidence from international research 
suggests that these tools can support outcomes such as student engagement and vocabulary development [Quan et al., 
2026], pronunciation [Reddy et al., 2025], academic gains [Butler & Starkey, 2024] and language learning and cognitive 
engagement [Wen et al., 2024], reading comprehension and oral reading fluency [Elmaadaway et al., 2025]. However, we 
argue that these gains are typically measured under tightly constrained conditions with relatively small sample sizes and 
usually over short periods of time. The focus of these studies is also on functional utility like technical accuracy of tools 
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and perceived usefulness, with limited attention paid to the educational value [Butler & Starkey, 2024]. This is 
significant because technologies that appear effective in short pilot conditions may operate very differently once 
introduced into the everyday realities of primary classrooms. Short pilots cannot capture how children gradually develop 
trust in voice-enabled AI or build learning habits around using it; we contend that these patterns only become visible 
over time in real classroom settings.  

2​ POSITION STATEMENT 
Recent research and policy developments are a good start, but we argue that responsibly integrating voice-enabled AI 
into primary school classrooms will require socio-technical design approaches [Bauer et al., 2009] that support triadic 
interaction [Quan et al., 2026]. This is because voice-enabled AI systems and classroom social dynamics are so 
intertwined that it is inevitable to optimise both technological and social aspects. These systems must prioritise alignment 
with pedagogical frameworks, and explicitly address risks such as the empathy gap and anthropomorphism [Kurian, 
2025a; 2025b]. Although there are emerging examples of participatory, classroom‑rooted voice-enabled AI design in 
schools [Metatla et al., 2019], most current uses of voice‑enabled AI in education repurpose existing commercial voice 
assistants and applications in predominantly product‑led ways, with limited systematic attention to socio‑technical design 
or local classroom dynamics (Terzopoulos & Satratzemi, 2020). We also maintain that adherence to standard regulations 
such as GDPR, COPPA, and the management of ethical dilemmas are essential to ensure long-term integration within 
classrooms. 

3​ DISCUSSION 
Triadic interaction design is an approach in which teachers and/or parents are given the agency to act as moderators when 
students are using such tools for learning. We argue that this calls for a socio-technical design of such tools, not simply 
because classrooms contain both people and technologies, but because educational outcomes emerge from their social 
interaction and use of voice-enabled AI over time. These considerations can also lead to the development of 
voice-enabled AI that is pedagogically appropriate and aligns with established frameworks such as Biesta’s three 
functions of education [Biesta 2015] or Vygotsky’s socio-cultural theory [Vygotsky, 1978]. Metatla et al.'s (2019) voice 
user interfaces co-design project offers an example of pedagogically appropriate voice-enabled AI, where visually 
impaired and sighted pupils worked alongside teachers to design a shared voice tool for peer revision, fostering the 
dialogic, collaborative learning that underpins Vygotsky's (1978) socio-cultural theory. Rather than being designed 
externally and handed to teachers to implement, the tool emerged directly from the lived experiences of the classroom 
community, with students' own insights shaping its features and purpose. This suggests that voice AI is pedagogically 
appropriate not simply because it functions technically, but because it can support community belonging, skill 
development, and student agency, which are the three core purposes of education identified by Biesta (2015). For this 
reason, responsible design must ask not only whether a tool works, but what kinds of participation, language use, and 
relationships it normalises in the classroom. 
 
It is also important to address the empathy gap [Kurian  2025b], a paradox where AI mimics human-like care without 
having genuine emotional comprehension, leading students to unsafe responses. For primary school students in 
particular, this simulation of care can be remarkably convincing. A child who is struggling academically, feeling isolated, 
or simply seeking validation may interpret an AI's encouraging responses as authentic concern. This misreading can lead 
students to place disproportionate trust in AI-generated guidance, follow responses that are emotionally reassuring but 
factually or ethically unsafe, and fail to seek the human support they actually need. The empathy gap is not a flaw, but 
rather a structural characteristic of conversational AI, that educators and platform designers must actively account for 
through systemic and design-level changes. 
  
Another related characteristic of primary school students that needs to be proactively managed is anthropomorphism 
[Kim et al., 2025], in which a student may perceive the technology as a human confidante, leading to over-trust and the 
disclosure of excessive personal information. Young children like those in primary schools are naturally inclined to see 
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human qualities in the things around them [Goldman & Poulin-Dubois, 2024], and conversational AI, which speaks in 
plain language and responds in a warm, personable way, makes this especially easy to do [Kim et al., 2025]. If this is not 
actively addressed, anthropomorphism can gradually chip away at both a student's wellbeing and their ability to think 
critically about the technology they use [Stadler et al., 2024; iRaise, 2026]. This is why schools need clear, 
age-appropriate guidance on how students understand and relate to AI, not as an afterthought, but as a core part of how 
these tools are introduced from the start. 
  
For designers of such systems, it is important to navigate ethical dilemmas such as balancing safety versus engagement, 
personalisation versus privacy and autonomy versus protection [Kurian 2025b]. There is a need to explicitly manage 
these trade-offs as, by-default, such systems optimisation logics may undermine students’ safety through nudging 
techniques that encourage over-disclosure. Responsible design, therefore, depends on making such trade-offs explicit at 
the level of interface, governance and classroom use, rather than treating them as once-off issues to be addressed solely at 
the development stage. 

4​ CONCLUSION 
Finally, the long-term responsible embedding of voice-enabled AI tools must be supported by the aforementioned 
considerations along with regulations such as GDPR, COPPA and any other local guidelines. As evaluation shifts from 
short-term assessments to longitudinal approaches, the focus must also move beyond mere functional utility and 
technical accuracy towards primary school students’ development rights, socio-emotional wellbeing and broader 
educational experiences. Rather than asking only whether a tool improves immediate attainment, studies should examine 
how voice-enabled AI shapes classroom discourse, teacher decision-making, trust, participation, inclusion, and wellbeing 
over time. This would better capture whether such tools become responsibly embedded as educational infrastructures 
rather than remaining short-term novelties with isolated functional benefits. We conclude that responsible voice-enabled 
AI in primary education should therefore be understood not as a standalone tool that adheres to a checklist of guidelines, 
but as a socio-technical system that continually manages ethical tradeoffs to achieve positive educational impact over 
time. 
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