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Abstract

This thesis reports research on the use of an adaptive learning system (ALS) alongside
classroom instruction to support development of reading skills in two Singapore classrooms,
focused on onboarding and integration of such systems and the extent to which teacher-
student interactions are influenced by their use. It builds upon previous research on ALS
which tended to focus on system design by pivoting to examine how such systems can be

situated within existing classroom practices.

Adopting a case study approach, the research seeks to surface benefits, challenges and
complexities surrounding ALS use with classroom learning through the lens of activity theory.
As such, lesson video data was selected as the main source of data. Interviews of teachers
and students were also analysed for their views on the selected ALS, their onboarding
experience, as well as teaching and learning during the ALS integration phase. Student usage

data from the ALS was also used for triangulating students’ ALS use and their views.

Based on students’ ALS use and articulations of their perception of ALS and their ALS
onboarding experience, it can be said that students’ low usage and vague articulations of the
tool were both indications that they were not quite onboarded. Further unpacking of students’
perceptions using activity theory also surfaced contradictions between what students recalled
and represented and those by their teachers of the ALS. Collectively, the findings suggest a

need to reconceptualise the EdTech onboarding process for both students and teachers.

ALS integration phase findings centred on the types of academic activities observed, as well
as frequently and rarely observed communicative acts. Interviews with teachers also surfaced
challenges faced when attempting to integrate ALS with classroom learning, such as the need
to balance between student agency and teacher control. Collectively, they revealed surface
integration of ALS with classroom learning and that ALS use had little effect on teacher-

student academic interactions.

Keywords: Adaptive Learning Systems, EdTech Onboarding, EdTech Integration, Classroom

Interactions, Teacher-Student Interactions
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Introduction

Chapter One starts by outlining the motivation for this research on an adaptive learning
system (ALS) and classroom interactions, which is informed by developments in Artificial
Intelligence (Al) for education, shifts in education such as the burgeoning interest in
personalised learning using ALS, and the urgency for a better understanding of ALS-
mediated personalised learning in classroom settings. This is followed by an overview of the
Singapore education system, which serves as the context for this research, highlighting key
moments in its EdTech and AIEd journey to date, as well as its unique language situation and
approach to English language learning. Finally, this chapter closes with the envisaged

contribution that this research makes as well as a brief description of each chapter.

1.1 Motivation

An announcement by the Singapore government in Nov 2019, to personalise learning
through adaptive learning and assessment as part of its National Al Strategy caught my
attention and made me curious about the basis of such an initiative. Given that Singapore
was among the first countries to make such a bold step and in the absence of conclusive
research evidence then, | had my reservations as to whether ALS can indeed bring about
transformative learning. As Lead Specialist at the Ministry of Education then, | wondered
about the wisdom of such nationwide deployment and was also curious what knowledge we
could start to build, as we anticipate the eventual deployment of such technologies in schools.

Rather than to wait for another to address these questions, | conceptualised this research,
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with a view to informing the implementation of ALS at scale in Singapore while creating

knowledge on ALS use and integration in school and classroom settings.

These personal motivations led me to scan existing knowledge bases, whether it be academic
literature or grey literature, and what | learnt further, particularly the real-world developments
then, strengthened my resolve to embark on this research. Firstly, the range of Al capabilities
that can potentially be applied to teaching and learning purposes is rapidly expanding,
arising from rapid developments in these technologies. Secondly, social developments
including increasing student diversity in classrooms and proliferation of EdTech tools, have
also contributed to a shift toward personalised learning, which brings new opportunities and
challenges for teaching and learning. Thirdly, growing deployment of ALS in schools and
classrooms has also given rise to an urgent need to understand how the tool interacts with
the various aspects of the classroom and the existing norms and practices within. These three

motivators will be further elaborated in the following sections.

1.1.1 Developments in Artificial Intelligence for Education (AlEd)

Advancements in Al coupled with ubiquitous use and ownership of mobile computing
devices have changed how humans live and work, as we transit from an industrial economy
and society to a digital economy and society (Rzevski, 2023). The launch of ChatGPT in
November 2022 not only brought global attention to Generative Al, but it also resulted in a
renewed awareness of the extent to which Al (including Generative Al) was already integrated
into many of the applications that we use in our daily lives. They included applications for
web searching, scheduling, note-taking, transcribing, coding, and web design (Moore, 2024;

Rebelo, 2024).

Education, likewise, is affected by these technological, economic and social developments,
where a growing interest in Al in education has been observed. According to techreport.com,
the Al in education (AIEd) market, which was worth $2.5 billion in 2022, is poised to reach
$88.2 billion by 2032, at a compound annual growth rate (CAGR) of 43.4% (Sukhanova, 2024).
In particular, the market for Al in personalised learning is forecasted to grow from $5.2 billion
in 2022 to $48.7 billion by 2030, at a CAGR of 44.3%. These figures signal a huge and

booming market for Al in education and more specifically in the use of Al in personalised
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learning, which makes it crucial that research in AlEd keep pace with the technological

developments arising from the financial investments to build such technologies.

Furthermore, big tech companies have been actively shaping public and policy discourse
around Al in education through a combination of product narratives, high-visibility
partnerships, and targeted research funding that together privilege specific visions of what
schooling should be and who should govern it. Corporate narratives often emphasise
efficiency, scalability and ‘personalisation” while framing technological solutions as neutral
and inevitable, a rhetoric amplified when firms secure procurement deals, curricular
integrations, or promotional pilots with school districts and ministries; these moves not only
normalise platform logics in classrooms but also foreground metrics and uses that align with

corporate interests (Selwyn et al., 2019; Williamson, 2018).

Industry funding of research, sponsorship of conferences, and close collaboration with
university labs can accelerate innovation but also risk shaping research questions, methods
and dissemination in ways that obscure conflicts of interest or de-emphasise equity, labour
and pedagogical critique (Reich, 2020). The rapid marketisation of pandemic-era
procurement further demonstrated how commercial priorities can outpace rigorous,
independent evaluation, producing widespread adoption without commensurate evidence

of long-term educational benefit (Selwyn et al., 2019).

Critical scholarship argues that this ecosystem cultivates an epistemic authority for corporate
actors—via data infrastructures, proprietary algorithms and standardised metrics—that
reconfigures professional judgement and public accountability in schooling (Holmes et al.,
2019a; Williamson, 2018). For these reasons, there is an urgent need for neutral,
independently funded research: studies free from commercial sponsorship that can ask
different questions (about harms, equity, curricular coherence and teacher professionalism),

apply rigorous evaluative designs, and make findings and data open for public scrutiny.

1.1.2 Shift in Education Toward Personalised Learning

Concurrent and related to the AIEd developments mentioned above is the shift toward

personalised learning. Two key reasons can be said to have contributed to this shift. Firstly,
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rapid advancements in Al capabilities and the expanding interest in deploying Al for teaching
and learning purposes have contributed to the mounting interest in personalised learning,
which stands as a possible expression of learner-centred approaches to teaching and learning.
Contemporary pedagogical frameworks such as Universal Design for Learning (UDL) and
digital capabilities such as ALS increasingly support the design of learning environments that
are responsive, engaging and capable of addressing learners’ diverse needs, trajectories and

learning contexts (Aleven et al., 2017; Fovet, 2021).

Secondly, the Covid-19 pandemic has also resulted in greater awareness that the world today
is BANI, which stands for Brittle, Anxious, Non-linear, and Incomprehensible, where systems
can collapse suddenly (i.e., brittle) and cause widespread anxiety, with information being
disjointed (i.e., non-linear) and hard to grasp (i.e., incomprehensible) (Kruse, 2025). Alongside
this is the growing diversity observed in classrooms around the world, where students are
coming to schools from a wider range of backgrounds and experiences, with very diverse
needs, interests, competencies and readiness to learn. This meant that the one-size-fits-all
approach to education is no longer adequate and there is a greater need for personalised

learning at scale.

While there is a clear rationale for personalised learning, enacting personalised learning with
existing education structures such as schools and classrooms remains challenging. Firstly,
personalised learning approaches often reshape formative assessment practices and
classroom discourse, making careful investigation of how feedback, pacing and data
dashboards influence student motivation, metacognition and long-term transfer vital (Black
& Wiliam, 2009; Pardo et al., 2019). Secondly, technical limitations in learner modelling and
algorithmic transparency further complicate claims about efficacy, where overly simplified
representations of cognition may omit affective or cultural dimensions of learning, producing
uneven benefits and potential blind spots for marginalised students (Pelanek, 2025; Selwyn

et al., 2019).

The two reasons cited above thus both point toward a pressing need to observe personalised

learning with ALS in situ and to clarify if and how use of adaptive learning systems (ALS) as
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part of formal learning may affect students’ interactions with their teachers and classroom

learning experiences.

1.1.3 Need to Contextualise ALS Deployment in Classrooms

Classrooms are dynamic environments that offer students opportunities to learn and are often
guided by norms and values that could be implicit or explicit. They are part of the larger
learning ecosystem, which has elements such as people (e.g., educators and researchers),
places (e.g., classrooms, libraries and museums), activities (e.g., camps and internships), and
artefacts (e.g., learning management systems, apps and books), that are dynamically
interacting with each other (National Research Council, 2015) and influencing learning. These
different layers of interactions create an intricate network of relations that serve to highlight

the complexities involved in learning (Hecht & Crowley, 2020).

Viewed in this light, it becomes evident that the introduction of ALS does more than add a
new technological tool to the classroom; it is likely to create a ripple effect, resulting in
changes to existing interactions among the different elements in the classroom and
potentially bring some form of disruption to existing norms and practices in the classroom.
As such, to understand how the introduction of ALS can affect classroom learning, it is thus
vital to consider such systems and their use vis-a-vis the other elements in the classroom
environment and how these different elements (including the ALS) interact with each other

during the learning process.

A key premise for the above-described view is that teaching and learning are "highly social
activities” (Kim & Baylor, 2006, p. 574), where learning is taken to involve “a continuous
reciprocal interaction between behavior and its controlling conditions” (Bandura, 1971, p.
39). Lave and Wenger (1991, p.93), in their theorisation of legitimate peripheral participation,
also argued that "engaging in practice... may well be a condition for the effectiveness of
learning." Collectively, these theories of learning allude to the “complex interrelations
between the individual subject, i.e., the learner, and his or her community” (Engestrom, 2001,
p. 134), which suggests an imperative to explore and understand use of ALS in complex
classroom environments, seeking to understand how effective use of ALS could look like in

these settings.
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1.2 Context

This research was conducted in Singapore, which was selected as the research site for various
reasons. Firstly, since Singapore embarked on its EdTech journey in 1997, the jurisdiction has
made advancements on many fronts including EdTech innovation and EdTech integration,
making it a prime site for studying ALS in classroom enactment. Secondly, Singapore’s
language environment and its ensuing implications on English language education also
makes it an interesting context for this research, particularly with reference to the latest 2020
English language syllabus by the Ministry of Education. These contextual considerations are

further elaborated below.

1.2.1 Singapore Primed for Studying Use of ALS

Singapore is a high-performing education system (Deng & Gopinathan, 2016) that
outperformed every other participating nation at the 2022 Programme for International
Student Assessment (PISA) in all three subjects, Reading, Mathematics and Science (OECD,
2023). A forerunner in educational technology implementation, it is one of the first few
education systems to introduce a national Artificial Intelligence in Education initiative, as part
of the country’s national Al strategy (Tang, 2019, p. 304). Since then, the Ministry of Education
in Singapore has launched a short-answer feedback assistant that suggests grades and auto-
generates feedback for open-ended, short-answer questions and essays to support English
language learning, and an ALS for three primary Mathematics topics (Ministry of Education,

2023).

In 2020, the country announced a National Digital Literacy Programme (NDLP), which has
helped every secondary student in Singapore to own a personal learning device (PLD) by the
end of 2021 (Ministry of Education, 2020). Its EdTech Masterplan 2030, which seeks to
enhance digital literacy and technological skills, leverages new technologies for learning and
strengthens the culture of collaboration, was launched in 2023 and implemented from 2024
onwards (Ministry of Education, 2023). These announcements and initiatives place
educational technology firmly as a key enabler for learning in Singapore, a view that appeared

to have gained some traction with educators on the ground. It has been reported that close
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to half (45) of the 126 ICT-related innovation projects completed between 2010 and 2019
were led by teachers (Seow et al., 2020), pointing to the presence of ground-up innovations

among teachers to leverage technological affordances for improving student learning.

The Singapore education system stands at the threshold of change as the country ushers in
a new era of learning that leverages PLDs and Al-enabled learning tools such ALS. These
policy shifts with ensuing implications for classroom learning have brought both new
challenges as well as new possibilities, making Singapore an interesting site for this research.
Furthermore, the 1:1 classroom learning environment, established culture of ground-up
innovation in schools, and the national focus on Al in education suggest some propensity
toward the use of ALS in Singapore schools. This would in turn enable an authentic

investigation into the use of such systems in 'naturalistic’ classroom settings.

1.2.2 Singapore’s Intriguing Linguistic Environment and Its Ensuing

Implications for Language Learning

According to the 2020 Population Census, English is the most-frequently-spoken home
language for 48.3% of Singaporeans aged 5 and above, suggesting that English is not the
native language for at least half the population. This corroborates with the view in many parts
of the world that Singapore is a non-native English-speaking country, despite its population
obtaining a high proficiency in the language. However, English became the medium for
instruction in all Singapore schools in 1987, where children enrolled in Singapore schools are
expected to learn English as their first language and their official mother tongue e.g.,
Mandarin, Malay, or Tamil will be learnt as a second language. This thus creates an intriguing
language situation where Singapore language learners are considered as L1 learners locally

but globally, classified as L2 learners.

A local evidence synthesis of English language (EL) education between 2010 and 2020 found
that Singapore teachers tend to emphasise task completion and linguistic accuracy over
development of higher order thinking (Jones, 2021). This alludes to the tension faced by EL
teachers in Singapore, between helping students obtain a passing grade for the subject, a

requirement for progressing to the next academic level, and developing critical literacies,
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what teachers believe to be the “real work of English teaching” (Loh & Liew, 2016, p. 276).
However, it is encouraging to note that a recent case study on the inclusion of student voice
in teaching and learning reported both teachers and students recognising the importance of
student voice for pedagogical, normative, and relational reasons (Fernandez et al., 2022).
That said, the same study also surfaced challenges impeding such inclusion, citing reasons

such as students’ fear of rejection and teacher perceptions of student immaturity.

1.2.3 A Pivotal Moment in EL Education in Singapore

Mindful of the existing tensions in EL education in Singapore and the need to respond to the
evolving language landscape, the 2020 EL Syllabus (Secondary) (Figure 1-1) made two locally
unprecedented changes. Firstly, the syllabus articulated explicitly the desired learner
outcomes, namely empathetic communicators, discerning readers, and creative inquirers,
which embody an expanded view of literacy that incorporates multiliteracies. This sends a
clear signal that linguistic accuracy is not the primary goal of EL education. However, it is
unclear how teachers will respond to such articulation, e.g., whether how teachers design

and enact EL lessons will change, particularly if formal assessment remains unchanged.

Figure 1-1 Summary Features of EL Syllabus 2020 (Curriculum Planning and
Development Division, 2020)
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Secondly, this revised syllabus also establishes EL classrooms as sites for developing 21*
century competencies (Figure 1-2), a list of competencies that are deemed essential for
future-ready school leavers (Ministry of Education, 2021). This means that EL teachers are to
create opportunities for students to develop the core values identified in the Framework for
21st Century Competencies (Figure 1-2). Coupled with the pedagogical emphasis on
multiliteracies, metacognition and inquiry through dialogue, this syllabus appears to place
new demands on teachers in terms of lesson design and enactment. It should also be
mentioned that the launch of this revised syllabus coincided with the implementation of a
PLD for every Secondary student in Singapore schools, which suggests that English language
education in Singapore is on the cusp of a new phase, embracing e-pedagogies and

multiliteracies.

Figure 1-2 Framework for 21st Century Competencies and Student
Outcomes (Ministry of Education, 2021)
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In summary, the Singapore education system stands at the threshold of change as the country
ushers in a new era of learning that leverages PLDs and Al-enabled learning tools such as the
ALS. Its curriculum outcomes for the English language have also evolved over the years to
embrace a broader set of competencies beyond reading and writing skills. These policy shifts

with ensuing implications for classroom learning has brought both new challenges as well as
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new possibilities, making Singapore an ideal case study for examining how ALS-mediated

learning changes teacher-student interactions in EL classrooms.

1.3 Contribution

This research aspires to make two contributions to the sub-field of ALS and classroom
learning through qualitative inquiry into the use of such systems in Singapore schools. Firstly,
it seeks to introduce a new dimension, namely technology onboarding (see Section 2.4 for a
working definition), to be considered when planning integration of new technological tools.
While this concept is not new, commonly used in human resource sectors and by tech
developers, it rarely features in EdTech discourse. As such, by examining teachers’ efforts at
ALS onboarding and students’ response to the ALS and ALS onboarding experience, this
thesis makes an argument for designing onboarding experiences that will help students

incorporate the new technological tool into their learning routines and habits.

Secondly, this research seeks to characterise specific instances of ALS use in classroom
settings by describing teachers’ efforts at integrating the use of such a system with the
delivery of an instructional unit and documenting students’ use of the system and the ensuing
teacher-student interactions during classroom learning. The thesis seeks to argue that an
understanding of ALS use to augment classroom learning is necessary before one can
measure the impact of ALS on student learning outcomes. Leveraging the activity theory, this
research considers elements, and relations that were already present prior to the introduction
of ALS, and explores how ALS use could influence and be influenced by these existing
elements and relations in the classroom, enabling a balanced consideration of individual
agency and influence of social cultural factors (see Section 3.5 for an explication of how

activity theory is applied in this research).

The ambition of this research thus is to enrich current discourse on ALS by focusing on how
these tools are experienced by teachers and students. Findings and recommendations arising
from this research will not only add to current understanding on the relationship between
ALS onboarding and integration and classroom learning experience but also invite real-world

application in the design of ALS onboarding and integration as well as teacher professional
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learning to equip teachers with the needed technological and pedagogical knowledge to use

ALS as part of their instructional practice.

1.4 Thesis Organisation

The final thesis is organised into seven chapters and the brief contents of each chapter are

described below.

Chapter One opened with the motivation for this research on ALS and classroom interactions,
namely real-world developments in EdTech and AIEd, a shift in education toward
personalised learning and the urgent need to contextualise ALS deployment in classrooms.
The chapter then situated the proposed research within the local context of schools and
classrooms with a brief overview of the Singapore education system, by tracing key
developments in EdTech and AIEd in the country, alongside a discussion of the jurisdiction’s
distinctive language environment and its approach to English language learning. Finally, the
chapter concluded by articulating the envisaged contributions of this research and providing

a brief outline of the structure and focus of each subsequent chapter.

Chapter Two reviews relevant literature on Al capabilities for teaching and learning before
honing in on research evidence pertinent to ALS, highlighting key affordances of such tools
as well as their risks and benefits for teaching and learning. In particular, a distinction will be
made between individualised learning and personalised learning. This chapter also includes
a discussion of current research on ALS onboarding and ALS integration, explicating factors
influencing their effectiveness, how these two constructs relate to each other and their
implications for student learning, particularly for teacher-student interactions. The chapter
then examines pertinent literature on teacher-student interactions and their significance to
academic learning, focused on the role of the teacher in orchestrating productive teacher-
student interactions as well as the potential for technology in general and specifically ALS to
influence teacher-student interactions and their implications for classroom learning. Finally, |
will wrap up this chapter with a brief discussion of the various approaches to examining

teacher-student interactions.
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Chapter Three outlines the research design and the methodological approach employed for
this research, together with the rationale behind key design decisions and how challenges
were mitigated. It opens with an explanation of the case study methodology and the research
questions guiding the inquiry, before detailing the two cases that constitute the focus of this
study. A description of pre-research engagement was also provided to illuminate the local
environment that constitute the research site for the two cases. The chapter then describes
the procedures for data generation and data analysis in depth, including how activity theory
will be applied in this research and the types of data that was collected and analysed. Finally,
it concludes with reflections on ethical considerations, including efforts to ensure quality and
trustworthiness of this research and its findings, and researcher positionality to further

contextualise the research process and findings.

Chapter Four presents findings pertaining to ALS onboarding, starting with a description of
the teachers’ efforts to onboard students to the selected ALS, primarily through the
onboarding lesson, followed by further analysis of these efforts through the lens of activity
theory. Next, the chapter reports findings on students’ response to these onboarding efforts,
focusing on their perceptions of the onboarding experience. In addition to explicating how
students recalled and represented this experience, a general reluctance among the
interviewees to comment in detail was noted, accompanied by possible explanations for this
reticence. Further analysis using activity theory revealed contradictions between students’
recollections and their teachers’ accounts of the onboarding process. The chapter then
examined students’ duration and frequency of ALS use during the onboarding phase,
alongside their initial perceptions of the tool as expressed during their first interview. Overall,
students’ limited use of the tool and their generally vague articulations indicate that
onboarding was only partially successful, which suggested that a poor foundation for ALS

integration.

Chapter Five presents findings pertaining to ALS integration, focused on the classroom
learning experience and the teachers’ efforts to integrate ALS use with the selected lesson
unit for this research. The chapter starts with an explication of the types of academic activities
observed, as a means of sense-making the activities present in the classroom during this
phase of the research, and as the context for interpreting the observed classroom interactions.
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This is followed by findings on teacher-student academic interactions observed during
lessons, highlighting some frequently and rarely observed interactions between the teacher
and the students. This in turn offers a snapshot of the classroom learning experience, upon
which interpretations can be made as to the extent that the ALS might have impacted
classroom interactions. Where evidence permits, connections between student’s use of ALS
use and the observed interactions were made to distil implications for ALS integration,

particularly aspects that could be further strengthened.

Chapter Six discusses key findings on ALS onboarding and ALS integration, starting with how
teachers integrated ALS with classroom learning, with reference to key factors influencing
EdTech integration. This is followed by an evaluation of the extent to which the selected ALS
was effectively integrated and the implications on classroom interactions. Next, the chapter
examines the observed classroom interactions vis-a-vis ALS integration, seeking to explain
possible relationship between teacher-student academic interactions and ALS use, which
alluded to the need for onboarding. The chapter then turned to focus on how the teachers
from the two cases onboarded their students, which was contrasted with how their students
responded to both the onboarding experience and the ALS. To wrap up the discussion, two
proposals were put forth, namely a reconceptualization of ALS onboarding and ALS
integration as a mutually reinforcing loop, and the unification the teaching and learning
activity systems in the classroom to strengthen common ground between teachers and their

students.

Chapter Seven concludes the thesis with a discussion of the implications for both the design
of ALS and design of classroom learning experiences where ALS is used. It posits possible
roles teachers can play in the process of learning with ALS and the help students may need
to optimise their use of ALS. It will also briefly explore how ALS can be designed to encourage
teacher-student interactions and expand these interactions from the physical classroom
space to the digital space in ALS. Finally, limitations of this research will be acknowledged

and areas for future research will also be suggested.
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Literature Review

Chapter Two begins with a brief overview of Al capabilities that have been used for teaching
and learning purposes, highlighting risks and benefits of such applications to both teachers
and students, to provide the broad context before zooming into current discussions on ALS
and its use for teaching and learning. This is followed by a discussion of current research on
ALS integration and ALS onboarding, unpacking what they entail and highlighting factors
influencing the effectiveness of these processes as well their relationship with classroom
interactions. Finally, | will present an overview of pertinent literature on such interactions and
their implications for student learning and student achievement as well as how ALS can
disrupt teacher-student interaction patterns before wrapping up with a brief discussion on

the various approaches to examining teacher-student interactions.

2.1 Al Capabilities Applied to Teaching and Learning

The widespread interest in Al has resulted in various taxonomies outlining Al capabilities and
their applications across various sectors (e.g., AlAfnan, 2024; European Commission, 2020;
Theofanos et al., 2024). In the field of education, Al capabilities applied to teaching and
learning purposes typically take the form of adaptive learning systems, Al assessment tools
and Al conversational tools (see Yue et al. (2022) for a comprehensive review of Al use in K-
12 education). Adaptive learning systems (ALS) are systems that make customised learning
recommendations for each learner user based on backend models such as the learner model

and curriculum model. Al assessment tools are automated grading tools that assess students’
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submissions based on preset learning outcomes and provide immediate, targeted feedback.
Al conversational tools are automated systems that simulate human conversation to answer

user queries and/or respond to user instructions.

While ALS, Al assessment tools and Al conversational tools are listed as three distinct Al
capabilities, it is possible for them to co-exist in the same tool. For example, ALS often
incorporate some form of an Al assessment tool, e.g., for diagnosing students’ learning
progress, and/or Al conversational tool e.g., chatbots for self-help. Application of these Al
capabilities to teaching and learning has been found to be associated with various categories
of learning processes, such as motivation, attention and metacognition, bringing about both

beneficial and detrimental consequences (Alhaif et al., 2025).

On the one hand, customised learning pathways in ALS, well-designed automated feedback
by Al assessment tools, and immediate clarification and targeted assistance from Al
conversational tools have been found to keep students in learning flow and encourage self-
directed learning (Huang et al., 2023; Kasneci et al., 2023; Owan, Etta, et al., 2023). On the
other hand, personalised recommendations that promote repeated practice, overly frequent
notifications and excessive feedback, and continuous dependence on Al conversational tools
for immediate responses can result in over-reliance on Al, leading to cognitive offloading and
superficial learning, with longer term learner implications (Crompton et al., 2022; Oakley et

al., 2025; Zhai et al., 2024).

Key among known detrimental consequences arising from Al use for teaching and learning is
cognitive offloading, which has traditionally been defined as “the use of a physical action to
alter the information processing requirements of a task so as to reduce cognitive demand”
(Risko & Gilbert, 2016). In the context of Al use for teaching and learning, this occurs when
students delegate cognitive tasks such as information processing and decision-making to
external aids such as ALS and Al chatbots, and this is a concern as it can mean missing
opportunities to develop key cognitive skills such as critical thinking and reflective thinking
(Gerlich, 2025). When integrating Al capabilities such as ALS (the focus of this research) with

teaching and learning, this is a risk that teachers would need to mitigate.
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Cognitive offloading can also affect teachers, potentially leading to professional deskilling as
they delegate cognitive tasks such as assessing students’ work to Al assessment tools,
resulting in missed opportunities to develop their professional competencies (Hughes, 2021;
Luke, 2025). Other known detrimental consequences of Al use for teaching and learning
include algorithmic bias privileging ‘standard’ responses, data privacy concerns and
datafication of children as well as assessment validity and measurement issues (Baker & Hawn,
2022; Dieterle et al., 2024; Smith & de Villiers-Botha, 2023). These are issues that can be
addressed at various levels; while these risks can also be addressed during instructional
design and enactment, they are more likely to be dealt with during tool design and via

legislation and/or policy regulation.

The flip side, i.e., the pros of Al use, would be Al-enabled automation of certain key teaching
and learning tasks, resulting in greater efficiency and improved teaching and learning
outcomes. For example, automated feedback has been found to have a medium effect on
students’ writing performance though this impact varies across students (Fleckenstein et al.,
2023). This meta-analysis also reported that for language learning, automated feedback was
found to have a large effect for L2 but medium for L1, similar to findings reported by Zhai
and Ma (2023). These findings corroborate with earlier research reporting that specific and
detailed feedback related to the learning task can reduce cognitive load and result in a

positive effect on learner performance (Hattie & Timperley, 2007; Wisniewski et al., 2020).

This automation brought by Al can also support teachers in routine tasks such as drafting
lesson plans that adhere to educational standards and benchmarks, generating lesson
content and media resources, and first-cut grading of students’ work, enabling teachers to
focus on activities that cannot be carried out by Al, such as cultivating positive teacher-
student relationships (Belloula, 2025; Tan et al., 2025). Other known benefits of Al use for
teaching and learning include enhancing data analytics to leverage data-driven insights for
early-warning and targeted intervention and enabling greater accessibility and inclusion
through Al assistive tools such as speech-to-text, text-to-speech and image description

interfaces (Holstein & Aleven, 2022; Voultsiou & Moussiades, 2025; Wu & Weiland, 2024).
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Given that Al use for teaching and learning can result in both positive or negative outcomes,
it is thus important to explore factors such as teacher support and students’ self-regulated
learning and digital literacy attainment that could influence the extent to which the use of
various Al tools for teaching and learning is beneficial (Chiu et al., 2024). As such, following
this broad level overview of the Al capabilities applied to teaching and learning for
contextualisation, | will now turn to ALS, the topic of this research, and present our current
state of understanding and knowledge gap in the use of such systems for teaching and

learning.

2.2 Adaptive Learning Systems

Adaptive learning systems, as defined in Section 2.1, are systems that make customised
learning recommendations for each learner user based on backend models such as the
learner model and curriculum model. These systems promise to meet the distinct learning
needs of every learner, “with the right experience at the right time” (Pearson & EdSurge,
2016, p. 8), delivering personalised learning at scale (Moskal et al., 2017). They also claim to
put students at the centre of both learning design and the learning process (Brusilovsky, 2001);
and are able to ‘understand’ where students are and ‘do’ what it takes for these students to
progress to where they need to be, with assessment being a vital part of the learning process

(Dziuban et al., 2017, p. 26).

Commonly cited advantages of ALS include system affordances to dynamically adjust the
path and pace of learning in real-time based on students’ needs and preferences (Premlatha
etal., 2016; Weber, 2012), provide students who fall behind with multiple options to get back
on track (Huang & Shiu, 2012; Kelly, 2008; Van Seters et al., 2012), and offer timely feedback
as students make progress at their own pace to achieve competency (Dziuban et al., 2016;
Matthews et al., 2019). Features of such systems identified as likely to bring about learning
gains included error-sensitive feedback, mastery learning, adaptive spacing and repetition
for drill-and-practice items, fading of worked examples for problem solving situations, or
fading of demonstrations for behavioural tasks, and metacognitive prompting, both domain

relevant and domain independent (Durlach & Ray, 2011).
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While the jury is still out on the effectiveness of ALS, some research studies have shown that
adaptive learning systems do live up to expectations, reporting significant learning gains for
students who used such systems (e.g., Essa, 2016; Sari et al., 2024). These benefits, alongside
potential detriments of ALS use for teaching and learning will now be discussed in the

following section.

2.2.1 Benefits and Detriments of ALS for Teaching and Learning

A key benefit of ALS would be fine-grained individualisation at scale, which refers to the
tailoring of instructional content, pacing and feedback to individual learners while meeting
the learning needs of large and diverse student populations. Research has shown that
adjusting to learner needs and competencies acknowledges students’ diverse knowledge
backgrounds and varied learning experiences (Donevska-Todorova et al., 2022; Finkelstein
et al., 2013), and can potentially improve student engagement (Yaseen et al., 2025). Ahmed
and Abdullah (2025, p. 1057) also found that ALS use “had a significant effect on the
prediction of academic persistence” and attributed this to “learning assistance provide on a
personalized level.” Such individualisation is typically realised through ALS features such as
dynamic task recommendations, immediate diagnostic feedback and individualised learning

pace.

First, individualised learning pace in ALS is typically achieved through learner modelling,
where students’ knowledge states and misconceptions are inferred from their interactions
with the recommended tasks. Based on these inferences, the ALS then taps the domain
model’ to provide learning tasks, hints and feedback that would be aligned with the learner’s
current level of understanding (Koedinger et al., 2005). Meta-analytic evidence suggests that
such systems can approximate the effectiveness of human tutoring, underscoring the
potential of ALS to scale individualized support beyond what teachers alone can feasibly

provide during classroom learning. However, these positive effects are dependent on factors

' Domain modelling entails mapping of leamning tasks to preset knowledge components and identify pre-
requisites for each of these knowledge components (Pelanek, 2025).
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such as alignment with curriculum and implementation fidelity and quality, all of which are

related to ALS integration (Kulik & Fletcher, 2016; Leite et al., 2025).

Second, dynamic task recommendations by ALS, which refer to continual adjustment of task
difficulty and feedback based on learner performance, enable sustained engagement with
learning tasks and scaffolds that are within the learner’'s zone of proximal development,
offering these learners optimally challenging learning experiences (Aleven et al., 2017; H. Liu
et al., 2024). Unlike differentiated instructional strategies commonly applied to classroom
learning, ALS can update instructional decisions in response to moment-to-moment evidence,
thereby supporting fine-grained individualisation that would be difficult to maintain at scale

solely through human effort.

Third, immediate diagnostic feedback, which is aligned with evidence that formative
assessment and feedback are powerful drivers of learning (Hattie & Timperley, 2007), not
only is beneficial in addressing specific errors or misconceptions, but also contributes to
keeping students in learning flow, encouraging self-regulation and potentially persistence in
learning (Aleven et al., 2016; VanlLehn, 2011). VanlLehn (2011) emphasises that the
effectiveness of ALS is closely linked to their capacity to provide timely, context-sensitive
feedback that addresses specific errors or misconceptions. Such feedback supports mastery
learning approaches, allowing students to progress at their own pace while maintaining

common learning goals.

In summary, current research evidence supports the claim that ALS can deliver fine-grained
individualisation at scale through individualised learning pace, dynamic task
recommendations, and immediate diagnostic feedback. While these systems do not fully
replicate the breadth and effect of human tutoring, evidence from AIEd and learning sciences
research suggests that they can meaningfully extend individualised instruction in K-12

contexts when thoughtfully designed and pedagogically integrated.

However, the use and integration of ALS is not without risks. One risk arising from the fine-
grained individualisation described above is algorithmic bias, defined as systematic and
unfair differences in model behaviour, predictions, or instructional recommendations across

learner groups, often reflecting historical, social, or institutional inequities embedded in data
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and design decisions (Baker & Hawn, 2022). This in turn can give rise to unequal and unfair
recommendations, to the detriment of student learning and learner development.
Algorithmic bias in ALS primarily stemmed from three inter-related sources, namely data bias,
modelling assumptions and contextual misalignment. Known algorithmic bias impacting
educational algorithms include student ethnicity, nationality, gender, native language,
urbanicity, parent educational background and socioeconomic status (Mehrabi et al., 2022;

Santelices & Wilson, 2010).

First, data bias occurs because the data used to train adaptive learning systems are often
incomplete and not representative. These datasets often encode prior inequities in access to
high-quality instruction, assessment practices and learning opportunities. When adaptive
models are trained on such data, they may learn the extant correlations between
demographic proxies and performance, leading to differential accuracy or misclassification
for marginalized learners (Gardner et al., 2019). Furthermore, Baker and Hawn (2022) have
also shown that predictive models used in educational software can systematically
underpredict future performance for certain student populations, which in turn may constrain

the difficulty level, pacing, or feedback provided by adaptive systems.

Second, modelling assumptions which are embedded in ALS can exacerbate algorithmic bias
when short-term performance metrics such as student response speed or accuracy are
prioritised instead of the instead of long-term growth or deep learning, the latter being
outcomes that are difficult to measure, both in classroom learning and via ALS (Pelanek, 2025).
This is a concern as learning sciences research cautions against prioritising short-term student
engagement which may lead to a devaluation of productive struggle, exploratory learning,
or culturally diverse problem-solving strategies, all of which support deep learning and long-
term growth, and potentially misclassify them as learning distractions or failures (Aleven et

al., 2017; Kapur, 2025).

Third, contextual misalignment, a mismatch between design assumptions and real-world
instructional environments, occurs as ALS are typically developed and validated in controlled
research settings (e.g., Pelanek, 2025) yet they are increasingly deployed across

heterogeneous K-12 contexts with varying curriculum, pedagogy, cultural norms and material
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resources. From a child development perspective, contextual misalignment is especially
problematic because learning processes are influenced by social interaction, language, and
developmental variability, which are difficult to capture in decontextualized data traces
(Rogoff, 2003). Without teacher mediation, ALS that neglect these contextual dimensions risk
over-attributing learning difficulties to individual deficits rather than to instructional or

environmental factors (Holstein & Aleven, 2022; Moltudal et al., 2022).

In summary, while research evidence suggests that ALS holds promise, algorithmic bias if
unaddressed risks reproducing or amplifying educational inequities, giving rise to detrimental
student learning and development consequences. That said, this can be mitigated through
further research into design and features of adaptive learning systems for next generation
learning (e.g., Ennouamani & Mahani, 2017; Essa, 2016; Mavroudi et al., 2017; Zliobaite et
al., 2012). However, to derive more fully the envisaged benefits of deploying such systems,
it is also critical that attention is paid to how ALS would be used and integrated in schools.
This is of pertinence as ALS, like most EdTech tools, will be situated within learning contexts
with existing values, norms, and practices. It is therefore necessary to clarify known factors
influencing ALS use and integration, as well as address some misconceptions regarding this

learning approach.

2.2.2 Implications of ALS Use and Integration with Teaching and

Learning

Following the previous discussion on the benefits and detriments of ALS, which was focused
on system affordances for teaching and learning, | will now turn to review literature on the
use and integration of ALS, focused on the implications of such use and integration on
teachers and students, and factors known to influence the effectiveness of ALS to improve
student learning experiences and outcomes. This is in acknowledgement of the reality that
ALS are increasingly deployed in school settings and are part of the school learning activity

system (see Section 1.1.3 for a discussion of ALS in classroom settings).

According to research commissioned or supported by ALS developers comparing human

teachers to these ‘machine teachers’, the latter have been found to be comparable or even
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better than the former. For example, a study sponsored by Yixue Squirrel Al Learning Inc
reported findings where students who used the Yixue ALS outperformed students taught by
expert teachers (Cui et al., 2019). An evaluation of an interactive personalised virtual lab
associated with Adaptemy reported similar findings, where students who learned with the

virtual lab outperformed students who attended a teacher-led class (Ghergulescu et al., 2019).

While the above-mentioned findings may create the impression that ALS can potentially
replace teachers in the classroom, such research has yet to demonstrate that the observed
learning gains were not due to the novelty effect and could indeed be attributed to specific
features of these systems. Until then, it remains to be seen if teachers should be replaced
with such systems. That said, there is another body of research evidence suggesting that ALS
functions most effectively when designed to complement teacher expertise rather than
replace it, where teachers play a crucial role in interpreting system output, contextualising
recommendations, and integrating adaptive pathways with broader curricular and socio-

emotional goals (e.g., Holstein & Aleven, 2022).

Keuning and van Geel (2021) in their study of how ALS can support differentiated classroom
instruction reported that the effective use of such systems hinged on teachers possessing the
requisite knowledge and skills, such as the ability to interpret and prioritise data, and to
incorporate learning data generated by these systems into their instruction. These findings
echoed those of a meta-analysis of research from 2007 to 2020, which found that educator-
driven, technology-supported personalised learning had a statistically significant though
moderate positive effect size of 0.18 (p = 0.001) on learning (Major et al., 2021). This suggests
that ALS can bring about learning gains if they are well used by teachers, who would likely

play an instrumental role in personalising learning and ensuring the effective use of ALS.

Similar findings have been reported in a separate quasi-experiment examining the effects of
online learning supported by an ALS. The study found the treatment group outperforming
the control group in learning performance, attaining a statistically significant advantage of
6.83% (p < 0.01) and an effect size of 0.381 (Jia & Miao, 2021). However, the research also
noted that the teacher’s instructional design of a flipped classroom and attempts to

individualise homework, i.e., assign homework based on students’ learning progress,
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contributed to the reported learning gains. Collectively, the evidence presented above shows
that the effectiveness of ALS hinges on how teachers use such systems and integrate them
with classroom learning, which in turn is dependent on teachers’ technological, pedagogical,

and content knowledge, i.e., TPCK.

While teacher professional expertise seems to be a factor influencing the effective use of ALS,
unchecked deployment can displace teacher decision-making (e.g., curriculum pacing,
diagnosis of students’ performance) and result in role ambiguity (Fresig & Romero, 2024).
Emerging evidence suggests that when pedagogical decisions such as task sequencing,
remediation thresholds and feedback rules shift from being made by the teacher to the ALS,
teachers shift from instructional design and diagnosing students’ learning progress to
monitoring and procedural supervision, with consequent narrowing of formative assessment
expertise and instructional decision-making (Divanji et al., 2025; Frgsig & Romero, 2024),
which thus suggests that the use and integration of ALS needs to be considered, among
other things, from the lens of teachers’ professional practice of instructional design and

facilitation of learning (Celik, 2023).

Moving to explore ALS use and integration with reference to student learning experiences
and outcomes, this sub-section will review literature relating ALS with students’ engagement
as well as their metacognitive and self-regulation competencies, which are dimensions that

have been often studied as part of examining the effectiveness of ALS.

Starting with student engagement, based on the evidence available, ALS can be said to have
a nuanced influence on student engagement and motivation where the potential for ALS to
have a positive effect on student learning likely hinges on their design features. A systematic
review by Létourneau et al. (2025) reported that ALS integrating gamification, interactive
elements and real-world applications can increase motivation, and in turn enhances student
interest and sustained learning. This builds on previous research evidence which suggests
that gamification strategies can have a positive influence on student motivation. However,
research also surfaced that in the long run, such motivation can decline, particularly when
gamification strategies focus on extrinsic rewards (Ratinho & Martins, 2023). This is because

extrinsic reward structures can undermine intrinsic motivation and executive control, yielding
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engagement without commensurate gains in long-term skills retention (Deci & Ryan, 1985;

Reiss, 2012).

Next, ALS can potentially shape the development of metacognition and self-regulation
through features such as timely and personalised prompts, and multimodal signals (e.g.,
dashboards) that make learning processes and progress visible and actionable. Recent
empirical research has shown that self-regulated learning (SRL) prompts embedded within
ALS can increase frequencies of metacognitive actions such as planning, monitoring, strategy
use and, under experimentally controlled conditions, produce greater learning gains when
SRL prompts are coupled with feedback and fading schedules (Azevedo et al., 2022; Dever
etal., 2023; Sharma et al., 2024). However, many systems insufficiently model SRL processes,
producing superficial gains in task performance without durable improvements in
autonomous metacognitive control and self-regulation (Horvers et al., 2024, Molenaar et al.,
2019). As a result, these systems may instead potentially undermine the development of
these desired skills, e.g., adaptive learning pathways and/or comprehensive dashboards and
notifications removing the need for students to monitor their own learning, thus offloading

self-regulation from students.

Analytics research further shows that fine-grained log, eye-tracking, and affect data can reveal
self-regulated learning trajectories and allow adaptive scaffolds to target moments of
cognitive impasse or disengagement, encouraging metacognitive engagement and learning
persistence, thus improving self-regulation (e.g., Li et al., 2023). However, there are field
studies cautioning that system-driven scaffolds produce surface performance gains unless
their design explicitly supports learning transfer, strategic calibration, and gradual fading of
adaptive scaffolds (Ahmed & Abdullah, 2025; Azevedo et al., 2022; Essa, 2016). Sustained
professional development and teacher mediation are frequently necessary to translate ALS-
prompted SRL into durable autonomous metacognitive competence (Holstein & Aleven,
2022; Pelének, 2025). Together, these findings indicate that ALS can foster metacognition
and SRL but only within learning environments that align adaptive prompting, transparency,

and instructional supports with progressive scaffold fading.
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In summary, ALS, like all other Al and EdTech tools that came before, can lead to both
positive and negative implications for teachers and students. Current evidence shows that
effective ALS implementation hinges on systems design that embed sound pedagogical
considerations and teacher mediation through instructional design and learning facilitation.
These implications of ALS for teaching and learing, alongside known benefits and
detriments of ALS (presented in Section 2.2.1), have been taken into consideration when

shortlisting and selecting the ALS for this research.

2.2.3 Distinguishing between Individualised Learning and Personalised

Learning

ALS affordance of individualised learning pace, often used by teachers to personalise
learning for students has somewhat contributed to the interchangeable use of the two terms,
i.e., individualised learning and personalised learning. This can create the misconception that
the two terms are synonymous, which is not true. Individualised learning and personalised
learning are related but distinct constructs, with different theoretical origins, operational
implications, and design consequences for practice and technology. | will briefly unpack the
two terms in this section and explicate the relationship between them, before presenting

working definitions of these terms for the purposes of this research.

Starting with individualised learning, it refers to tailoring instruction to the learner’s current
performance level and learning trajectory, typically operationalised as adjusting pace,
content sequencing, or task selection based on demonstrated mastery (Bloom, 1984). This
learning approach has been in existence since the earliest days of apprenticeship and
tutoring, in forms that are not necessarily mediated by technology. However, as educational
technologies begin to mature, and as ALS gain popularity, individualised learning has
increasingly come to be associated with such systems and take on a technology-mediated

form (Shemshack & Spector, 2020).

According to learning sciences and AIEd literature, individualisation is realised through
modelling, e.g., learner model and domain or knowledge models, where ALS can infer a

student’s knowledge state and adapt task recommendations and feedback to maximise
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learning gains (Aleven et al., 2017; Koedinger et al., 2005). Individualised learning is therefore
primarily cognitive diagnostic; it presumes an instructional objective (e.g., conceptual
understanding or skill development) and modifies the pathway to that objective in response
to observable performance (Luckin et al., 2016; VanlLehn, 2011). (See Section 2.2.1 for a brief

description of how ALS delivers individualised learning.)

Moving onto personalised learning, it typically refers to tailoring learning experiences to
student interests, needs and contexts, where students are placed at the centre of learning
design and enactment. Unlike individualisation, personalisation goes beyond considering
students’ cognitive readiness to encompass affective, social and cultural considerations. It
seeks to make learning experiences more relevant and engaging to the individual as a whole
person, not solely as a knower of particular skills (Akintola et al., 2025). Technologically,
personalisation may draw on recommendation engines, learner profiles, or affective sensing
to select contexts, examples, or modes of presentation that resonate with a student. Thus,
while individualisation optimises what and when a learner practices relative to curricular
objectives, personalisation additionally attends to why and how learning is made meaningful

to the learner.

From the above explication, it should become evident that both terms share the same focus
on student-centred learning and have some form of adaptation, to address learner variability.
However, they differ in terms of focus (cognitive mastery vs. motivational relevance), agency
(algorithms and system models vs. teacher decision-making), and scope (micro-adaptive
sequencing vs. broader learner identity features). Furthermore, in terms of actual enactment,
individualised learning tends to be realised through the automated delivery of tailored
learning experiences, e.g., through technologies such as ALS, while personalised learning
emphasises the delivery of learning experiences (both tech-mediated and teacher-mediated)
that consider individual learner characteristics beyond cognitive readiness (Graf & Kinshuk,

2012).

France and Tomlinson (2019) argue that the success of personalised learning hinges on the
teacher and students, instead of on technologies like ALS. This is because personalised

learning requires a learning environment that supports authentic learning experiences,
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student empowerment and reflection, which presupposes the teacher as an architect and

facilitator of learning and students as active agents and owners of their learning.

For the purposes of this research, personalising learning using ALS is defined as a learning
approach where the teacher intentionally incorporates known student interests, teacher-
observed student needs and ALS learning data into classroom instruction, to encourage
student empowerment and reflection and ensure authentic learning experiences. In the
process, the teacher needs to balance individualised learning with ALS and classroom
learning, either through teacher-led instruction or through various permutations of individual,
pair and group work. In such a learning context, students are expected to not only participate
actively in learning activities but also take a keen interest in their learning progress, reflecting

on their strengths and areas for improvement.

This definition places teachers, not technology, at the heart of personalising learning with
ALS, emphasising the pivotal role they play in the design and enactment of such experiences.
It also presupposes students as active agents co-constructing knowledge with the teacher
and with each other. More importantly, it situates individualised learning with ALS within the
context of classroom learning, recognising that classrooms and schools are institutions that
will likely remain in the foreseeable future as main sites of student learning. There is thus a
need for us to understand personalising learning using ALS within the context of classroom
learning. This is particularly important as education research findings are suggesting human-
Al complementarity as a viable approach for effective personalised learning using

technologies (Deckker et al., 2025; Holstein & Aleven, 2022).

Research has demonstrated that adaptive systems that implement individualisation are most
educationally potent when integrated within differentiated classroom practice and when
personalisation is used judiciously to support engagement without undermining equitable
learning goals (Aleven et al., 2017; Koedinger et al., 2005). However, designing for such
complementarity requires explicit alignment of system objectives with curricular goals,
mechanisms for teacher interpretation and action, and attention to learner preferences as

legitimate pedagogical input rather than purely optimization targets (Farhood et al., 2025).

42



For these reasons, it is necessary to next explore how technologies like ALS are integrated

with classroom learning and school environments.

2.3 ALS Integration

ALS are a type of educational technology, and as such, integrating them into classroom
learning needs to be understood through the broader lens of EdTech integration, which
refers to the purposeful alignment of digital technologies with curriculum, pedagogy, and
assessment to improve educational processes and outcomes. Related research emphasises
curriculum coherence, pedagogical alignment, assessment integration, teacher readiness,
and school leadership and culture as key success factors for effective EdTech integration,
which shows that technology adds value only when embedded in instructional design and

organizational improvement strategies.

2.3.1 Distinguishing between Integration and Use

Before proceeding further, it is important to distinguish between EdTech use and EdTech
integration. EdTech use refers to the adoption or deployment of digital tools such as ALS to
support existing instructional practices, often substituting or augmenting traditional activities
(e.g., drill and practice) without altering underlying pedagogical assumptions (Clark, 1994;
Cuban, 2001). Studies of classroom technology adoption show that EdTech use frequently
emphasises efficiency, access, or engagement rather than learning transformation, resulting
in limited or inconsistent effects on student outcomes (Cuban et al., 2001). In contrast,
EdTech integration (as defined in the earlier paragraph) denotes the deliberate embedding
of technology within curriculum, pedagogy, assessment, and classroom routines to advance

pre-identified learning goals (Mishra & Koehler, 2006; Tondeur et al., 2017).

Integration requires teachers to redesign instruction so that technology mediates learning
processes such as feedback, scaffolding, collaboration, and formative assessment, rather than
functioning as an add-on (Dede, 2014; McKnight, 2016). Empirical research shows that
integrated approaches are associated with deeper learning, particularly when technologies

support inquiry, personalisation, and metacognition and when teachers possess the
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pedagogical and organizational capacity to orchestrate their use (Ertmer & Ottenbreit-

Leftwich, 2010; Tondeur et al., 2017).

From an educational improvement perspective, integration is a systemic process involving
professional learning, curriculum (re)design, and iterative refinement, whereas use reflects
individual or episodic adoption decisions (Ertmer, 1999). This distinction is particularly salient
in AlIEd research, where studies increasingly caution that Al-enabled tools including ALS,
generate learning gains only when integrated into classroom practices and teacher decision-
making, rather than used autonomously or in isolation (Holmes et al., 2019b). Overall, the
literature converges on the conclusion that EdTech use is a necessary but insufficient
condition for impact, while EdTech integration represents a qualitatively different construct

centred on pedagogical transformation and sustained instructional change.

2.3.2 Factors Influencing Effective Integration

Research consistently shows that EdTech integration is a complex, systemic process rather
than a function of EdTech use, i.e., tool adoption alone. Learning sciences, classroom
research, and educational improvement literature emphasise that technology influences
learning only when it is deliberately aligned with pedagogy, curriculum, and assessment and
enacted through teachers’ instructional practices. Accordingly, scholars have identified
multiple interacting factors that shape whether and how EdTech becomes meaningfully
integrated in classrooms. These factors include pedagogical alignment, curriculum
coherence, assessment integration, teacher readiness, and school leadership and culture

(Seow et al., 2020; Shin et al., 2022; Sosa-Diaz et al., 2022).

The above-mentioned factors operate across multiple levels of the education system and
jointly influence the depth, sustainability, and effectiveness of integration (Harrell & Bynum,
2018; Martin et al., 2025; Mekheimer, 2025). Framing EdTech integration through this multi-
level lens enables a more precise understanding of why similar technologies produce
divergent outcomes across contexts and provides a structured foundation for examining how
emerging digital and Al-enabled tools can be embedded into classroom practice in ways that
support educational improvement. Pertinent literature for each of these identified factors will

be presented in turn below.
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First, pedagogical alignment, a foundational condition for EdTech integration, refers to the
coherent alignment of instructional strategies and technology use to support learning
processes, e.g., attention, collaboration and retention, grounded in learning sciences. It
operates as a mediating mechanism through which technology influences educational
outcomes, shaping not only what tools are used but how they structure learning tasks,
interactions, and assessment practices. Such alignment can be observed through teacher
effort and tool design. Empirical classroom studies demonstrate that teachers who
intentionally design lessons around these intersections are more likely to implement
technology in ways that promote conceptual understanding, formative assessment, and
learner engagement (Harris et al., 2009). Conversely, when technologies are introduced
without consideration of instructional coherence, they tend to reinforce transmissive teaching
or serve administrative functions with limited impact on learning (Ertmer & Ottenbreit-

Leftwich, 2010; Tondeur et al., 2017).

Beyond teacher effort, EdTech tools that incorporate pedagogical considerations into their
design, translating sound pedagogy into tool features is another avenue to ensuring
pedagogical alignment. For example, Barte and Lillejord (2024) demonstrated using design-
based research that pedagogy-led tool design can encourage teacher adoption of inquiry-
based lesson planning. Mohseni et al. (2023) also reported that involving teachers in the
design of a learning analytics dashboard produced visualisations that teachers could easily
interpret, and this can potentially increase the likelihood of classroom uptake. From an
integration perspective, these findings suggest that successful EdTech initiatives must
prioritise instructional design processes that explicitly connect technological features to
learning objectives and evidence-based pedagogical strategies, ensuring that technology

use is purposeful, coherent, and responsive to the cognitive demands of learners.

Second, curriculum coherence, which refers to the alignment of learning goals, instructional
sequences, and materials across lessons and year levels to ensure that technology use
supports sustained learning progressions rather than isolated activities, is widely recognised
as a critical condition for effective EdTech integration in K-12 contexts. It determines whether

digital tools become embedded in everyday classroom practice or remain peripheral
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additions, and differs from pedagogical alignment, which is focused on the how, by focusing

what of teaching and learning.

Research has shown that when EdTech tools are introduced without curricular alignment,
teachers often struggle to reconcile them with mandated syllabi and assessment demands,
resulting in fragmented or short-lived implementation (Penuel et al., 2011; Webb et al., 2013).
In contrast, coherent curricula provide a stable structure within which teachers can integrate
digital tools to support disciplinary practices, language development, and formative
assessment. This issue is particularly salient in English language learning (ELL) classrooms,
where studies demonstrate that technology enhances interaction, feedback, and language
use only when integrated into coherent instructional sequences that link language objectives,
tasks, and assessment criteria (Pennington, 2004; Warschauer & Kern, 2000; Warschauer &

Meskill, 2000).

From an educational improvement perspective, curriculum coherence also legitimises
EdTech use by aligning it with accountability systems and learning standards, reducing
tensions between innovation and assessment pressures (Dede, 2014). Without such
alignment, even well-designed technologies risk being marginalised or used instrumentally
to rehearse low-level skills. Empirical studies across subject areas confirm that curriculum-
embedded technologies are more likely to be sustained, scaled, and adapted over time
because they fit teachers’ planning routines and instructional goals (Penuel et al., 2011).
Consequently, curriculum coherence functions as a structural mediator of EdTech integration,
shaping not only how technologies are used but whether they meaningfully contribute to
classroom interaction, language development, and long-term learning outcomes in K-12

settings.

Third, alignment between assessment practices and technology use is another central
condition for meaningful EdTech integration in K-12 contexts, as assessment strongly shapes
classroom activity, teacher decision-making, and student engagement. Research has shown
that when assessment remains focused on decontextualised or summative outcomes,
technology use is often constrained to low-level practice or test preparation, limiting its

pedagogical potential (Black & Wiliam, 1998; Webb et al., 2013). In contrast, assessment
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approaches that emphasise formative feedback, process-oriented evidence, and learner

reflection create opportunities for technology to support deeper learning and interaction.

Classroom research further indicated that misalignment between digital activities and
assessment expectations discourages teachers from sustaining technology-rich practices,
especially in high-stakes accountability environments (Bennett, 2011; Penuel et al., 2011).
From an integration perspective, aligning assessment with technology use legitimises
instructional innovation by signalling what counts as learning and by embedding digital
practices into routine evaluative processes (Dede, 2014). This alignment also supports
teacher orchestration, enabling educators to use assessment data generated through

technology to adapt instruction and support learner progress.

Overall, the literature converges on the conclusion that EdTech integration depends not only
on the presence of digital tools but on curriculum coherence, pedagogical alignment and
assessment systems that recognise and reward the forms of learning those tools are designed
to support, particularly in language-rich, interaction-focused classroom contexts. Apart from
these teaching and learning considerations, two sociocultural factors — teacher readiness and
school leadership and culture — are also known to influence EdTech integration. Both factors

will be discussed in turn below.

Teacher related factors have been repeatedly found to be among the key mediators of
EdTech integration, shaping how digital tools are interpreted, enacted, and sustained within
classroom practice (Scherer et al., 2019). Research consistently shows that teachers’ beliefs
about teaching, learning, and technology strongly influence whether EdTech is used to
support interactive, learner-centred pedagogy or to reinforce existing transmissive practices
(Ertmer, 1999; Ertmer & Ottenbreit-Leftwich, 2010). In general, teachers who view technology
as compatible with constructivist and communicative approaches are more likely to integrate
digital tools in ways that promote dialogue, feedback, and learner autonomy than teachers

who do not see how technology can enable such instructional approaches.

Professional capacity further moderates these beliefs, as effective integration requires not
only technical skills but also pedagogical knowledge for orchestrating technology-mediated

tasks, managing classroom interaction, and digital competencies such as interpreting digital
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assessment data (Ng et al., 2023). Frameworks such as technological pedagogical content
knowledge highlight the interdependence of teachers’ subject knowledge, pedagogical
expertise, and technological understanding in enabling meaningful integration (Celik, 2023;
Mishra & Koehler, 2006). Empirical studies demonstrate that sustained professional learning
opportunities, collaborative communities of practice, and instructional coaching are
associated with deeper forms of integration, whereas one-off training typically leads to

superficial or episodic use (Reich, 2020; Tondeur et al., 2017).

Classroom research has also found that teachers’ confidence and sense of agency can affect
their willingness to experiment with technology and adapt it responsively to learners’ needs,
particularly in linguistically diverse classrooms (Henderson & Corry, 2021; Inan & Lowther,
2010). However, it should be noted that Petko et al. (2018) reported teacher readiness,
defined by the authors as perceived skills and confidence, to be influenced by school
readiness, which encompasses educational technology resources in classrooms, perceived
importance of technology integration, goal clarity, head teacher support, as well as formal

and informal exchange among teachers.

Among the various facets of school readiness, school leadership and culture, the final factor
to be presented in this section, has been found to be a key mediating factor for EdTech
integration (Beets et al., 2008; Keane et al., 2020). They influence whether digital tools are
adopted superficially or embedded in sustained pedagogical change. Research emphasises
that EdTech integration is not solely an individual teacher endeavour, but a collective process
shaped by school-level norms, expectations, and structures (Beets et al., 2008; Dexter &
Richardson, 2020). Instructional leadership that articulates a coherent vision for teaching and
learning with technology has been shown to support alignment between digital initiatives,
curriculum goals, and classroom practice (Dexter, 2011). In contrast, fragmented leadership
or technology-driven mandates often result in inconsistent implementation and limited

instructional impact.

Empirical studies indicate that school cultures characterised by collaboration, trust, and
reflective practice enable teachers to experiment with technology, share pedagogical

strategies, and refine technology-mediated instruction over time (Dexter & Barton, 2021;
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Rojas Brifiez et al., 2023). Such cultures are particularly important in English language learning
contexts, where integrating technology to support interaction, dialogue, and multimodal
meaning making requires coordinated approaches across classrooms and year levels.
Leadership also shapes the material and temporal conditions for integration, including access
to professional learning, planning time, and instructional support, which are consistently
identified as prerequisites for meaningful classroom enactment (Ertmer & Ottenbreit-Leftwich,

2010).

School leaders influence integration by embedding technology use within routines for
instructional inquiry, data use, and continuous improvement rather than treating it as a
discrete innovation (Rogers, 2003; Schmitz et al., 2023). Building professional capacity
through human resource management and professional learning among staff (including the
leaders themselves) such as by providing individualised consideration are some additional
critical dimensions of how school leadership and culture can mediate EdTech integration
(Dexter & Richardson, 2020). Classroom research further shows that when leaders value
pedagogical experimentation and align evaluation practices with instructional goals, teachers
are more likely to sustain technology-rich practices that enhance student interaction and

learning (Sosa-Diaz et al., 2022).

In summary, EdTech integration requires not only access to devices and software, i.e., EdTech
use, but also a re-examination of existing curriculum, pedagogical and assessment practices,
as well as a review of teacher readiness and school culture by the leadership. These
anticipated changes to curriculum, pedagogy and assessment arising from EdTech
integration also allude to the potential for EdTech tools such as ALS to impact teacher-
student interactions (see Section 2.3.3. for a discussion of pertinent literature). From the
above-mentioned discussion of current literature, it becomes evident that EdTech integration
is not a one-dimensional or one-off training problem. Instead, it needs to be a research-
informed, pedagogy-led (rather than technology-led), localised and systemic process. It also
thus suggests a need for an onboarding process to prepare for such integration, to better
realise the potential of EdTech tools, such as ALS, in and beyond classroom learning (see

Section 2.4 for a literature review on ALS onboarding).
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2.3.3 Impact of ALS Integration on Classroom Interactions

With ALS increasingly being deployed to schools, the potential of such systems to transform
classroom interactions is beginning to emerge from related research. ALS features such as
dynamic task recommendations, immediate diagnostic feedback and individualised learning
pace can bring about both positive and negative effects on classroom interactions. | will
elaborate on how each of these features impact classroom interactions, drawing from

literature.

Individualised learning pace and dynamic task recommendations enable ALS to not only
deliver learning experiences based on individual students’ current mastery and pitched to
meet their learning needs, it also enable students to learn independently, even when the
teacher is not available to provide guidance on the next steps to undertake (Wang et al.,
2020). In simple terms, ALS can attend to the learning needs of every student concurrently
and in ways that even highly skilled teachers in classroom settings cannot. This can potentially
alter classroom dynamics by flattening hierarchies, where teachers play a supportive,

facilitative role when students drive their own learning with ALS.

One possible benefit arising from this flattened hierarchy would be the freeing of teachers’
time and attention to focus on personalising support for struggling students, enabling them
to provide one-to-one guidance and scaffolding to these students, while the rest of the class
learn with ALS. During these one-to-one or one-to-few interactions, teachers can also
leverage other ALS affordances (e.g., dashboard visualisations of learning progress) to
engage students in practicing and strengthening their metacognitive competencies (Conati
& Kardan, 2013). Furthermore, research has also found that in settings where ALS was used,
teacher-student interactions tended to be characterised by closed questions followed by
short responses, which encouraged student participation albeit in a limited form and served
as an efficient means for teachers to check on their students’ learning progress (Huang et al.,

2025).

However, prevalent use of closed questions followed by short responses can potentially be
disempowering, conditioning students to engage superficially rather than metacognitively

with their own learning progress, as they rely on dynamic task recommendations to tell them
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what to do (Azevedo & Aleven, 2013). From the teachers’ perspective, this automation
afforded by ALS can be disempowering given that they typically have little to no means of
influencing the recommendations made by an ALS. Teachers may feel they have less control
over instructional decisions, and this not only creates friction in how they can guide their
students’ learning but also make it challenging for them to guide students’ learning beyond

the ALS (Simon & Zeng, 2024).

Next, arising from immediate diagnostic feedback is a potential alteration of classroom
communication patterns and immediacy, changing who speaks, when and about what. Where
teachers provided in-the-moment cues, hints, and error remediation when ALS is not used,
ALS routinely supplies immediate, item-level diagnostics and stepwise feedback, enabling
students to receive corrective information while learning and freeing teachers to attend to
higher-order pedagogical tasks such as conceptual diagnosis, classroom discussion
facilitation, and socio-emotional support (Aleven et al., 2016). This also means that when ALS
is used, students are likely to be ‘conversing’ more with these digital interfaces for immediate
feedback, while teacher-student interactions shift to debriefing, interpreting and verifying the

analytics, and higher-order questioning (Bach et al., 2025; Owan, Abang, et al., 2023).

Crucially, because ALS feedback is typically constrained by the granularity of its student
models and by domain-specific task representations, teachers must engage in epistemic work
to validate algorithmic judgments, contextualize recommendations within curricular goals,
and address unmeasured reasoning or affective states that the system may miss. Several
qualitative studies further show that teachers experience increased cognitive load when
interpreting dashboards and negotiating disagreements between their professional
judgment and the system’s suggestions, underscoring the need for professional
development that builds diagnostic literacy and data-interpretation skills (Kim & Song, 2023;
Simon & Zeng, 2024).

Furthermore, while rapid diagnostics can support more timely formative decision-making,
researchers caution that overreliance on automated feedback risks deskilling aspects of
teachers’ formative-assessment practice unless systems are implemented within teaching and

learning environments that preserve teacher agency and promote collaborative
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interpretation of diagnostic output (Dever et al., 2023). Thus, immediate diagnostic feedback
transforms teacher—student interactions into a triadic, socio-technical exchange in which
pedagogical authority is continuously negotiated among student, teacher, and algorithmic

feedback.

In summary, ALS integration entails not only changing what is taught, but how teachers and
students connect, offering affordances that can personalise learning but requiring thoughtful
implementation to ensure technology enhances, rather than diminishes, vital human
interaction and teacher agency. It thus suggests then that prior to integrating ALS, it may be
vital to have a separate process that prepares both teachers and students how to use this
tool and use it optimally, both to ensure effective ALS integration and quality of classroom
interactions, particularly teacher-student interactions (the importance of the latter will be
presented in Section 2.5). This process, termed onboarding, will be discussed in the next

section.

2.4 ALS Onboarding

Onboarding is a term frequently used by Human Resource practitioners and researchers to
refer to a process of organisational socialisation “designed to ease the movement of
employees through the organizational threshold to become productive contributors and
team members in the least possible time” (Chillakuri, 2020; Davila & Pina-Ramirez, 2023).
However, Klein et al. (2012, p. 268) distinguishes between socialisation and onboarding,
where the former is a process that focuses on changing a person to fit into their new
environment, while the latter focuses on “structuring newcomers’ early experiences” to
facilitate socialisation. The authors have also defined onboarding as “all formal and informal
practices, programs, and policies enacted or engaged in by an organization or its agents to

facilitate newcomer adjustment”(Klein et al., 2012, p. 268).

Technology onboarding (also known as software onboarding and software training), is an
aspect of employee onboarding that focuses on ensuring new hires are equipped with the
knowledge needed to use the organisation’s technology to effectively perform their role and

become productive members of the team. It is a multifaceted process that could involve
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access to technology and related documentation, provision of training resources, availability
of coaching and mentorship, and opportunity for feedback. Such onboarding is increasingly
appropriated and used by tech developers to mean something similar but intended for new
customers instead of new employees. For example, Scoro, a software company defined
technology onboarding as a journey that “a customer go through in between making the
decision that you want to use new software, and being a fully set up user of this software,

knowing exactly how to extract the most value from the new tools” (Scoro, n.d.).

In education settings, onboarding literature tended to focus on students’ transiting from
secondary to higher education. Onboarding interventions studied ranged from use of digital
onboarding platforms to programmes related to developing social belonging or targeting
psychological stress. For example an onboarding intervention for first-year students in higher
education focused on providing them with information, fostering interactions among
newcomers, facilitating connection with older students and helping these students resolve
problems encountered during this initial phase of their higher education was found to
increase students’ informedness, improve study-related self-efficacy and reduce dropout rate
(Schilling et al., 2025). Separately, onboarding programmes related to mental health and well-
being have also been found to have a positive effect on the students' self- and social

competencies (Limarutti et al., 2021).

EdTech onboarding, which ALS onboarding falls under, typically focuses on onboarding
teachers and is often conceptualised as a coordinated set of activities, including initial training,
sustained professional development, coaching, and enactment supports, designed to enable
teachers to adopt, adapt, and integrate educational technologies into instruction in ways that
produce measurable learning gains (McBride, 2021). Within this paradigm, effective
onboarding is thus conceived as sustained professional development with clear learning
goals, active learning, coherence, and follow-up (Desimone, 2009). Such onboarding would
need to simultaneously address first-order barriers such as resources, infrastructure, policy
and second-order barriers such as teacher beliefs, pedagogical practices because EdTech
deployment without attention to teacher cognition and context frequently yields low-fidelity

or superficial use of tools (Ertmer, 1999).
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Specific to ALS onboarding, research has indicated that algorithmic tutors and analytics-
driven supports can produce substantive learning gains only when implementation fidelity,
teacher facilitation, and contextual adaptation are attended to during onboarding and
ongoing integration (Holstein & Aleven, 2022; VanLehn, 2011). As such, ALS onboarding
should also entail cultivating teachers’ capacity to interpret and act on algorithmic outputs
(e.g., mastery estimates, next-problem recommendations, learning-analytics dashboards).
This corroborates with earlier research that empirical work on professional development
indicates that structural design (e.g., follow-up, coaching) and substantive focus (e.g.,
discipline-specific pedagogy) predict whether teachers change instructional practice after

training (Garet et al., 2001).

From the evidence presented above, EdTech onboarding, including ALS onboarding, often
focuses on teachers, emphasising professional development, technical fluency, and shifts in
pedagogical beliefs, guided by the underlying assumption that teachers are gatekeepers who
translate technological affordances into classroom practice. Professional development
frameworks thus dominate onboarding design, stressing content focus, active learning,
coherence, duration, and collective participation aimed at changing teacher practice rather
than directly reconfiguring student experiences (e.g., Desimone, 2009; Garet et al., 2001).
However, given that ALS use and integration involves both teachers and students, ALS
onboarding need to also focus on students, e.g., ensuring ALS access, and digital literacy,

where the primary intervention is directly with learners.

The importance of student onboarding needs to be emphasised here. This is because the
use of ALS often entails out-of-classroom engagement with the tool, and sustained self-
directed use of ALS would necessarily hinge on students’ access to devices and the tool, their
ability to self-regulate and manage their time, as well as their motivation to learn with ALS.
Furthermore, given that the purpose of onboarding is to prepare students for ALS integration
with classroom learning, which has bearing on teacher-student interactions (to be reviewed
in the next section) and student achievement, this is a gap that needs urgent remediation,

not only from a research perspective but also for policy and practice purposes.
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2.5 Teacher-Student Interactions

Teacher-student interaction here refers to verbal exchanges between the teacher and
student(s) during learning activities such as whole class teaching, small group discussion and
seat work. These interactions can be instructional (i.e., provide learning support), social
emotional (i.e., create a positive learning climate), or organisational, (i.e., manage student
behaviour) (Hafen et al., 2015). Interest in teacher-student interaction dates back as early as
the late 1800s, which saw some initial theorising that related teacher-student interaction to
human consciousness (James, 1900) and early research that sought to investigate student
questioning skills development and student achievement (Konwar, 1900). The potential for
teacher-student interaction to influence student learning experience and outcomes has been
quite widely explored since these earliest efforts (e.g., Howe et al., 2019; Kumpulainen &

Wray, 2002; Mercer & Littleton, 2007).

2.5.1 Significance of Teacher-Student Interactions to Academic Learning

Recent research demonstrated positive associations between quality teacher-student
interactions and student achievement (e.g., Allen et al., 2011; Cadima et al., 2010; Lerang et
al., 2019; Valiente et al., 2020). A longitudinal study carried out in 6 elementary schools and
3 middle schools in the US found evidence that supported an indirect link between “student
experience of support and academic performance, through student engagement” (Klem &
Connell, 2004, p. 270). This positive association between teacher-student interaction and
student achievement is corroborated by Allen et al. (2011), a randomised control trial of a
secondary school coaching programme with 78 secondary school teachers from 12 schools,
which found that improved interactions between teachers and students predicted improved
student achievement, regardless of the content area of instruction. More recently, Lerang et
al. (2019), a study involving 1975 grade 8 to10 students from 11 schools in Norway, also
found teacher-student interaction to be positively related to mastery orientation, where
emotional support was significantly associated with mastery orientation at all three grade

levels.
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However, a meta-analysis synthesising 16 empirical studies (51 effect sizes) on teacher talk
and student achievement in K-12 classrooms reported that dialogic talk was positively
associated with achievement, but monologic talk, often a proxy for traditional teacher-
student interaction, did not predict learning outcomes (Tao & Chen, 2024). This suggests that
some forms of teacher-student interaction (e.g., monologic talk) may not independently
influence academic achievement without engagement or dialogic processes. This echoes an
earlier review on classroom talk and related research by Thi Diem Hang et al. (2019), which
examined more than 300 studies conducted from the 1990s onwards and noted that
productive teacher-student interaction can contribute to student learning and intellectual
development, such as in terms of improving reasoning, problem solving and conceptual
understanding. The review also highlighted the importance of teachers probing student
thinking, which often encouraged more elaborated student ideas and supported
internalisation, alluding to the critical role teachers play in orchestrating academically

productive classroom interactions, which will be discussed in the next section.

2.5.2 The Critical Role Teachers Play in Orchestrating Productive

Teacher-Student Interactions

The integral part played by teachers in creating an environment to support effective
classroom interaction has been aptly articulated by Barnes (2008, p. 2), who argued that the
“communication system that a teacher sets up in a lesson shapes the roles that the pupils can
play, and goes some distance in determining the kinds of learning that they engage in”. In a
study of a fifth-grade teacher's talk, McNeil (2012) found that a dialogic space is created when
the teacher responds contingently to student contributions, empowering students to use
language and "exercise their voice" (McNeil, 2012, p. 402). This complements the claim that
reflective discourse guided by the teacher is “essential for the full development of student

capacities and dispositions for reasoned civic participation” (Resnick et al., 2010, p. 180).

Present research evidence suggests that teachers can exert a positive influence on student
academic learning outcomes through their talk. A comparison of teacher talk in 20 high-
growth and low-growth middle school classrooms found an association between naturally

occurring metacognitive talk by the teacher and conceptual learning outcomes (Zepeda et
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al., 2019, p. 534). The study postulated that teachers' attempts to provide personal
knowledge support through open-ended prompts appeared to be positively associated with
students' engagement in metacognitive processing. Boden et al. (2020, p. 1234) also
reported preliminary findings relating teacher talk in the classroom to conceptual learing,
where “classrooms with more conceptual growth also had more mastery-focused

achievement goal talk for the task and student evaluation.”

More specifically, there seems also to be a growing body of evidence that suggests a
significant positive relationship between teacher responsiveness to student ideas during
teacher-student interactions and student learning (e.g., Bishop, 2021; Colley, 2018; Gray et
al., 2022). For example, higher levels of discursive rigour (Colley, 2018) and authentic
engagement and sense-making (Gray et al., 2022) were observed when teachers were
responsive to students’ ideas. Highly responsive teacher talk moves such as probing and
revoicing have also been shown to be positively associated with student achievement (Bishop,
2021). In addition, Gray et al. (2022) demonstrated that it is possible for teachers to be
responsive to student ideas while managing practical concerns such as limited lesson time,

curriculum coverage demands and students leaving the class with incorrect ideas.

While research has demonstrated how teacher talk and teacher responsiveness can positively
influence both students’ learning experience and outcomes, teacher talk and teacher
responsiveness is conversely influenced by latent factors such as teacher beliefs, and
curriculum demands. For example, teachers can at times unintentionally perpetuate existing
inequalities through their talk, inadvertently sustaining the “vicious cycle’ that they might have
sought to break. A case study examining student talk in a large-size classroom in China found
that, even though most students were given time to talk, "students with higher test scores
tended to engage in potentially higher-order thinking than students with lower test scores”
(Dong et al., 2019, p. 461). However, other research such as this case study on Korean
classrooms (Sum & Kwon, 2020) has also shown that it is possible to encourage and engage

students in academic discourse, leveraging the dominant societal ideology of Confucianism.

From this discussion, it is evident that there has been much research on teachers’ efforts to

orchestrate productive teacher-student interactions. However, the varied findings suggest a
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need to better understand the factors mediating teacher-student interactions, and one such
factor would be how students receive and respond to these teacher efforts, an area which
appears to be under-researched (Hunter, 2017). That said, based on what is already known,
students’ perception of teacher talk, including teacher responsiveness, appears to influence
their participation in class discussions. For example, if students perceived their teachers as
using more academically productive talk moves, they were more likely to listen to others'
ideas and discuss these ideas, and more likely to "experience higher levels of enjoyment and
lower levels of anxiety in the classroom” (Chen et al., 2020, p. 646). Similarly, it has been
found that when students felt heard, their participation in class discussion increased and was
more sustained (Boyd, 2015; Lim et al., 2020). All these thus point toward a need to better
understand teacher-student interactions not only in terms of teacher talk moves but also how
students contribute and participate in such interactions, and situating this understanding in
the post-pandemic world where blended learning is the new normal (Cheng, 2020) and smart

technologies like ALS are increasingly used for learning (OECD, 2021).

2.5.3 Importance of Student Talk for Academic Learning

The relationship between student talk and academic learning outcomes has been repeatedly
demonstrated through research on classroom discourse, supporting the social cultural view
of learning which asserts that social interaction is crucial to knowledge construction (Vygotsky,
1978). For example, an increase in the quantity of student talk has been found to be
associated with substantial improvements in text comprehension (Murphy et al., 2009;
Sedova et al., 2019), validating the call for greater engagement of students in classroom
discourse (Cazden, 2001). Sedova et al. (2019) also noted a strong relationship between the
quality of student talk and reading literacy, in sync with the positive association found
between student elaboration and curriculum mastery (Howe et al., 2019). These findings
demonstrate collectively that engaging students in meaningful and purposeful classroom
discourse has a significant bearing on helping students "getting ahead in school and life"

(Ardasheva et al., 2016, p. 684).

Beyond engaging students in classroom talk, there has also been research evidence

suggesting that students can benefit from leading classroom interaction, where the teacher
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takes on the role of a participant and facilitator. In the context of learning English as a foreign
language (EFL), Sybing (2021) found that allowing students to direct classroom interaction
can encourage these students to be more engaged in the learning experience. This supports
previous findings that student-led conversations better positioned students to engage in
collaborative knowledge building (Boardman et al., 2018). Earlier research has also found
collaborative talk to help students work through their understanding, and engage in an
authentic negotiation of meanings and ideas (Purdy, 2008). However, these benefits are
contingent upon the teacher’s skilful facilitation and a willingness to let the lesson unfold

based on student ideas and utterances.

2.5.4 Potential of Smart Technologies like ALS to disrupt Teacher-

Student Academic Interactions

The pervasive use of technology has rendered it almost invisible in the classroom, being
“consistently used, but rarely talked about” (Garcia et al., 2018, p. 413). Outside the
classroom, research has made evident the power of technology to mediate human activity
including teacher-student interactions (e.g., Bonk, 2009; Cazden et al., 1996; Pea, 1985). It
has been argued that technology does more than amplify human cognition; it changes human
activity by “reorganizing our mental functioning” (Pea, 1985, p. 168) In the context of
classroom learning, Garcia et al. (2018) illustrated with examples from three 9™ Grade English
Language Arts (ELA) classrooms how technology has made it possible for students to

disregard the teacher whilst creating new contexts for teacher-student interaction.

A review of studies published in peer-reviewed journals between 2005 and 2016 reported
substantial changes to teacher-student interaction when technology was deployed, whether
it was in the online space or in the physical classroom where technology was used (Harper,
2018). The review surfaced that, when technology was deployed, changes in the goal of face-
to-face teacher-student interactions and the role of the teacher were observed, alongside
greater student ownership of learning. These findings were also reiterated in a scoping review
of peer-reviewed publications on classroom dialogue and digital technologies (Major et al.,

2018) which surfaced that the use of technologies enhanced both dialogic activity and learner
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autonomy. These studies and reviews form a body of research that reflects the due attention

given to unpacking how technology mediates and changes teacher-student interactions.

While technology affords expanded dialogic possibilities, such as widening and deepening
the dialogic space (Collins & White, 2015; Wegerif, 2010), teachers remain an integral part of
effective technological implementation for transformative learning (Blundell et al., 2020). This
thus raises the question: how can teachers be better equipped to make optimal use of
technology for learning and teaching? Recent research has repeatedly noted across
education systems that teachers require professional development to make the necessary
shifts in their pedagogical practice to deliver effective digital learning experiences (e.g.,
Aishah, 2017; Galway et al., 2020; Major et al., 2018; Padayachee, 2017; Seow et al., 2020).
Beyond lesson design and enactment, teachers also need to rethink how they engage
students during classroom learning, as technology empowers students toward learner
autonomy; teachers need to balance between encouraging self-directed learning, leveraging

technological affordances and provision of timely learning support (Cheng & Tsai, 2019).

Turning our attention specifically to ALS and classroom interactions, current use of ALS to
personalise learning, leveraging features such as dynamic task recommendations and
immediate diagnostic feedback (Pugliese, 2016), it would appear that ALS can potentially
take over some instructional tasks performed by teacher, via these ‘teacher-like’ features that
would appear, at first glance, to diminish the role of a teacher in students’ learning and the
need for teacher-student interactions. This is because ALS is designed to be used primarily
for independent self-study through automatic delivery of tailored learning experiences. This
makes it possible for students to learn even in the absence of a human teacher. However, as
ALS are being increasingly deployed in support of classroom learning, where the teacher and
ALS share the stage, there thus arises a pressing need to understand how ALS, the teacher
and students interact within the classroom activity system, and its implications for classroom

learning, teacher pedagogical practice and teacher professional development.

Some questions arising from the teacher-ALS partnership for classroom learning include the
following: Firstly, if students have been assigned to independent self-study on the ALS, how

would a teacher acknowledge and incorporate students’ ALS learning experience during
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classroom learning? And how is that visible in the teacher’s talk moves? Secondly, relatively
little is known about how ALS learning experiences influence students’ classroom learning
behaviour. In the context of this research, one could ask if engagement with ALS learning
materials would prepare students be more forthcoming during classroom discourse and be
more comfortable sharing partially formed ideas, encouraging more frequent student talk; or,
if students’ learning experiences with the ALS would enable them to present more rigorous
arguments to support their points of view and exhibit greater readiness to listen, engage and
debate with each other in class, i.e., encouraging deeper sharing from students. These are
pertinent questions given their implications for learning design, classroom orchestration and
teacher-student interactions, all of which could affect students’ learning experiences and

outcomes.

In summary, classroom research has demonstrated that teacher-student interactions have a
significant influence on academic learning. There has been much exploration on the role
teachers play in orchestrating productive teacher-student interactions, where teacher
responsiveness to student ideas has been found to exert a significant influence on students’
learning experiences and outcomes. While there has been relatively less research on student
contributions during teacher-student interactions, student talk in general has been found to
be positively associated with academic learning. On the other hand, EdTech research has
surfaced preliminary findings as to how technology affords learner autonomy and greater
ownership of learning, changing both why and how teachers and students interact.
Specifically, ALS with its ‘teacher-like’ features, raises questions about the teacher’s role and
teacher-student interactions during classroom learning, suggesting a potential to disrupt

teacher-student interactions.

With ALS gaining ground in the education space as a tool for enabling mastery while creating
more personalised learning experiences (Kabudi et al., 2021), there is increasing urgency for
a closer examination of teacher-student interactions in ALS-mediated learning situations, and

one of the purpose of this research is to redress this.
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2.5.5 Approaches for Examining Teacher-Student Interactions

The study of teacher-student interactions has been undertaken in quite diverse ways, with
researchers drawing upon a range of approaches from disciplines such as linguistics,
sociology and anthropology, enabling the exploration of the complex relationship between
such interactions and students’ classroom learning experience (Kershner et al., 2020).
Examples of such approaches include conversation analysis, discourse analysis, video-based
micro analysis, and systematic analysis using standardised coding schemes. In this section, |
will briefly review the pros and cons of each approach for the purposes of this research,

drawing from pertinent literature.

First, conversation analysis (CA) offers useful tools for illuminating the micro-sequential
organisation of classroom talk, such as tracing how instructional moves produce and
transform student thinking in situ. By focusing on turn-taking, repair, adjacency pairs and
uptake, CA enables fine-grained descriptions of how students respond to teachers’ questions,
prompts and feedback and how meaning is co-constructed moment by moment (Mehan,
2014; Sinclair & Coulthard, 1978). For example, researchers have used CA to show how
student talk scaffolds conceptual development and collective reasoning (Mercer, 1995), and
multimodal extensions of CA emphasise how gesture, gaze and artefacts contribute to
learning interactions (Goodwin, 2000). These strengths mean that CA can generate rich,

theory-laden explanations of interactional mechanisms that broader survey methods miss.

However, CA also has well-documented limitations. Its intensive focus on micro sequences
often results in small-N studies that pose challenges for generalisability and for drawing direct
causal links to long-term learning outcomes; establishing such links typically requires
complementary methods or longitudinal designs (Mehan, 2014). Critics also caution that an
exclusive CA lens can under-emphasise contextual, institutional and macro-cultural factors
that shape classroom interaction (Walsh, 2006). Practically, researchers must therefore
balance CA's explanatory depth with broader sampling or mixed-methods strategies if claims

about prevalence or impact on learning outcomes are required.

Second, discourse analysis (DA) foregrounds how language functions as social action within

institutional contexts. A key strength of DA lies in its capacity to connect micro-level linguistic
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choices to macro-level structures such as power, ideology and pedagogic norms. In
classroom research, DA has been used to show how teacher authority and student identities
are discursively constructed through questioning patterns, evaluative feedback and curricular
framing (Christie, 2002; Fairclough, 2013). From a sociolinguistic perspective, DA highlights
how contextualisation cues, registers and participation frameworks shape who can speak,
how, and with what consequences for access to learning (Gumperz, 1982; Hymes, 1974).
These strengths make DA especially suitable for studies concerned with meaning-making,

equity and the cultural organisation of pedagogy.

However, DA also presents notable limitations. Its interpretive and theory-driven nature can
restrict generalisability and make it difficult to establish direct links between discourse
patterns and measurable learning outcomes (Bloome et al.,, 2005). Additionally, DA
encompasses diverse traditions—such as critical discourse analysis, interactional
sociolinguistics and systemic functional linguistics—that differ in epistemological
assumptions and analytic focus, potentially limiting comparability across studies. There is also
a risk that linguistic analysis may be privileged at the expense of material, embodied or
technological dimensions of classroom interaction unless deliberately integrated with
complementary approaches. Consequently, while DA offers deep explanatory insight into
how teaching and learning are discursively organised, it needs to be combined with
longitudinal, multimodal or mixed methods designs to address issues of scale, outcomes and

the full complexity of classroom practice.

Third, video-based micro analysis affords a temporally precise, multimodal account of
classroom events that audio or notes alone cannot capture. High-resolution video permits
researchers to slow, freeze and replay episodes, revealing the fine-grained co-ordination of
speech, gesture, gaze, bodily orientation and use of artefacts that jointly constitute
pedagogic action (Goodwin, 2000). It enables analysis of how teachers’” momentary moves
scaffold student reasoning and collaborative sense-making (Sherin & van Es, 2005).
Methodologically, video fosters analytic transparency and inter-rater reliability because
segments can be revisited by multiple coders and by teachers themselves in stimulated recall
or professional learning settings, thereby linking microanalysis to teacher cognition and
professional development (Sherin & van Es, 2005).
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Nevertheless, this approach also comes with drawbacks. Video-based micro analysis is
resource-intensive: collecting, storing and ethically managing large volumes of footage
demands technical infrastructure, careful consent procedures and substantial transcription
labour, which can constrain sample size and the representativeness of findings (Peters et al.,
2021). The intense focus on short interactional sequences can generate richly detailed but
small-N studies that challenge claims about generalisability or causal impact on distal learning
outcomes unless complemented by larger-scale or longitudinal methods. There is also a risk
of over-interpreting visible conduct while under-attending to unrecorded contextual factors
(institutional policy, curriculum constraints) unless the video is embedded within broader

ethnographic or mixed methods designs (Jewitt et al., 2013; Knoblauch & Schnettler, 2012).

Finally, systematic analysis using standardised coding schemes such as the Classroom
Assessment Scoring System (CLASS) and the Scheme for Educational Dialogue Analysis
(SEDA) offers clear methodological strengths for researching teacher—student interactions.
By operationalising interactional dimensions such as emotional support, instructional quality,
or specific communicative acts, these instruments permit reliable quantification,
comparability across classrooms and the efficient processing of large video corpora, which in
turn supports programme evaluation and correlational work linking interaction patterns to
student outcomes (Allen et al., 2011; Hennessy et al., 2016). Schemes like SEDA additionally
foreground sociocultural context and dialogic function, allowing analysts to cluster
communicative acts into meaningful sequences that are sensitive to cultural and curricular

variation (Hennessy et al., 2016)

Nevertheless, this approach also has important limitations that must be acknowledged. First,
categorisation necessarily reduces rich, sequential interaction to discrete codes, risking loss
of nuance about timing, overlap, prosody and multimodal resources unless coding schemes
are carefully adapted or supplemented with microanalytic methods (Hymes, 1974). Second,
many standard instruments prioritise inter-rater reliability and comparability at the expense
of contextual specificity: what counts as productive instruction in one socio-cultural setting
may be interpreted differently in another, thereby complicating cross-contextual inference
(Hennessy et al., 2016). Third, reliance on coded indices alone can encourage correlational

interpretations that overstate causal links between observed interaction patterns and distal
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learning outcomes; robust claims usually require longitudinal designs or mixed methods that
combine coding with ethnographic description and outcome measures (Mashburn et al.,

2008).

Weighing the pros and cons of each approach (as presented in the above paragraphs), the
most persuasive research integrates systematic analysis with standardised coding scheme
and video-based micro analysis and contextualised qualitative inquiry: this pluralism
preserves the scalability and comparability of coding schemes while retaining the interpretive
richness necessary to understand how teacher-student interactions accomplish learning in
situ and the social cultural character of classroom life. As such, this research will adopt a
combination of analytic approaches to examine teacher-student interactions during ALS

integration (see Section 3.5 for a description of the adopted data analysis methods).

2.6 Chapter Summary

In this chapter, | synthesised literature on Al capabilities applied to teaching and learning
purposes, before moving on to review literature specific to ALS. The review first examined
the benefits and detriments of ALS for teaching and learning, with reference to ALS
affordances as enabled by features such as dynamic task recommendations, immediate
diagnostic feedback and individualised learning pace. Implications of these affordances for
teaching and learning, including the impact of teacher professionalism and teacher role, as
well as student learning experiences and student learning outcomes were also briefly
discussed. Here, an attempt was made to distinguish between individualised learning and
personalised learning, two constructs which are closely related to ALS; and while these terms

are sometimes used interchangeably, they are by no means the same.

As deployment of ALS in schools increases, | subsequently reviewed literature on ALS
onboarding and ALS integration with classroom learning, through the broader lens of EdTech
onboarding and EdTech integration. Here | highlighted the varying onboarding focus across
different education settings and noted a gap in EdTech (ALS) onboarding, which is the
neglect of student onboarding. | also presented key factors influencing the effectiveness of

EdTech (ALS) integration after distinguishing between use and integration, where use is a
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necessary but insufficient condition for effective integration. The potential impact of ALS use
and integration on classroom interactions was also briefly discussed, before | moved to

examine literature pertaining to teacher-student interactions.

With reference to specific studies, | illustrated the critical role teachers play in orchestrating
productive teacher-student interactions and the importance of student talk for academic
learning before presenting emerging evidence that smart technologies like ALS can
potentially disrupt teacher-student interactions, making a case for studying teacher-student
interactions in EdTech (ALS) integration research. | then wrap up this chapter with a brief
review of approaches for examining teacher-student interactions, as a lead-up to further

discussion on the methodology for this research.
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Methodology

Chapter Three presents the research design and methods adopted for this study as well as
the rationale behind the design decisions made. The chapter begins with a description of the
case study research design and the guiding research questions. This is followed by a rich
description of the characteristics of the two cases for this research as well as details about
specific research procedures including data generation and data analysis. Reflections on the
ethical issues encountered and researcher positionality are also discussed at the end of this

chapter for further contextualisation.

3.1 Research Design

The goal of this research was to obtain a nuanced understanding of how teachers and
students use adaptive learning systems (ALS) in school settings and how they draw
connections between these individualised online learning experiences and the more
communal classroom-based learning experiences. To this end, a case study approach was
adopted, leveraging the “epistemology of the particular” (Stake, 2005, p. 442). This was in
recognition of the complexities of classroom learning in schools and followed from Sancho-
Gil et al. (2020) which emphasised the importance of keeping in view the local context when
attempting to make sense of EdTech initiatives, which here would refer to the use of ALS and

its possible influence on teaching and learning experiences.
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In this study, the boundaries between the phenomenon and context are not clear, given that
ALS use by teachers and students cannot be separated from the classroom environment,
teaching practices and student interactions. As such, a case study research design is
appropriate for exploring ALS use and classroom learning within its authentic implementation
context and enabling an in-depth and holistic understanding of this complex educational
setting (Yin, 2018). Furthermore, the use of ALS in mainstream education was still in its early
days, and as an emergent practice that had yet to stabilise, our current understanding about
ALS use and classroom learning would be better served through building a critical mass of
case studies upon which practical insights could be gleaned to inform future design
experiments focused on “Engineering a working environment” (Brown, 1992, p. 142), and

further down the road, inform translation and scaling of ALS-mediated learning.

Case study research is especially suitable for examining complex educational innovations,
such as the integration of technology in classrooms. Such innovations involve interactions
between pedagogy, the technological tool, and learner behaviour, which are difficult to
capture using experimental or survey-based methods alone. Case studies allow researchers
to examine these interactions in detail and to understand how and why certain practices occur
(Flyvbjerg, 2006). This aligns with the aim of the present study, which is not only to describe
the ALS use but also to understand how such systems are integrated into everyday teaching

and learning processes.

Furthermore, case study research is widely used in education to study bounded systems, such
as a classroom, a group of students, or a specific instructional intervention (Baxter & Jack,
2008). For the purposes of this study, the “case” is defined as the implementation of an
adaptive learning system within a particular classroom context. This bounded system includes
the teacher, students, instructional practices, technological tool and community norms. By
focusing on a clearly defined case, the research can provide detailed insights into how

adaptive learning is enacted in practice.

The choice of case study is also supported by its flexibility in accommodating multiple sources
of data. Educational case studies typically draw on a range of qualitative and quantitative

data, such as observations, interviews, and documents, to develop a rich and comprehensive
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understanding of the phenomenon (Baxter & Jack, 2008). In this study, data are collected
through lesson observations, teacher interviews, student interviews, and ALS log data. The
use of multiple data sources allows for triangulation not only between what was said and
done, and also across learning contexts, e.g., learning with ALS and classroom learning, and
perspectives (see Section 3.4 and 3.5 for details on data generation and data analysis
respectively), which strengthens the credibility and trustworthiness of the findings (Tellis,
1997; Yin, 2018).

Different methodological perspectives on case study research offer further justification for its
use. First, Yin (2018) emphasises a structured and systematic approach, which is useful for
designing the study, defining research questions, and ensuring rigour. Second, Stake (2005)
highlights the importance of understanding participants’ experiences and the meanings they
construct, which is particularly relevant when examining how teachers and students engage
with adaptive learning systems. Third, Merriam (1998) provides a practical framework for
conducting case studies in educational settings, focusing on interpretation and the
development of understanding. Collectively, these perspectives support the use of case

study as both a rigorous and context-sensitive methodology (Yazan, 2015).

Another strength of case study research is its ability to generate context-rich findings that can
inform both practice and theory, following from the earlier emphasis on keeping in view the
local context when attempting to make sense of EdTech initiatives. Although case studies are
sometimes criticised for limited generalisability, they can provide valuable insights through
analytical generalisation, where findings contribute to broader theoretical understanding
(Gerring, 2006; Yin, 2018). In the context of this study, the findings may inform how adaptive

learning systems are implemented in similar educational settings.

Currently, the use of ALS is still in its nascent stage, which presents an opportune moment
for learning not only how teachers use such a technology but also how teachers introduce it
to their students. As such, this research examined both the ALS onboarding process as well
as the integration of ALS with classroom learning. For the purposes of this research, the
following definitions of ALS onboarding and ALS integration were adopted. Firstly, ALS

onboarding refers to the process of ensuring that students, who are new to the tool,
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understand what ALS is, why they are using an ALS and how they should be making use of
the tool. The desired outcome, i.e., product, of this process is for students to act upon this
understanding, during both the initial onboarding phase and the subsequent lesson
integration phase and make use of the ALS as part of their learning. Secondly, drawing upon
the definition of integration by (Sosa-Diaz et al., 2022), integration of ALS with classroom
learning in this research focuses on the micro level considerations such as individual
responsibility of teachers and students, which would include teachers’ pedagogical decisions

and teacher-student interactions during classroom learning.

The research questions guiding this research thus reflected the two phases of ALS
onboarding and integration by the participating teachers, as defined in the preceding

paragraph.

1a. How does a teacher design and enact the ALS onboarding experience for students?
1b. How do students respond to the ALS onboarding experience and the selected ALS?
2. What are the characteristics of the observed teacher-student academic interactions

during classroom lessons for the period of ALS integration?

(See Table 3-12 Summary of Research Procedures for a summary of the data generated and
analysed to address these research questions, which would be discussed in Sections 3.4 and

3.5 on data generation and data analysis respectively.)

This research was conducted in two secondary English language classrooms in two
comparable Singapore schools, using a multiple-case design (Table 3-1). This was to replicate
the typical conditions of technological implementation in Singapore schools, which were top-
down initiatives through central provision and local innovations initiated by the school
leader(s) or external researcher(s). In Case 1, the participating teacher could not choose which
ALS he would be using, simulating central provision where the tool is deployed by the
Ministry of Education. In Case 2, the participating teacher was given the option of choosing
which ALS she would use, mimicking the school- or researcher-initiated approach to

classroom innovation, where there would be more room for choice, compared to Case 1.
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Despite the differing research conditions of central provision and local innovation, in both
instances, the initiator of this intervention was not the teacher. Even though both participating
teachers were consulted on their willingness to participate in this research, it was not clear if
and to what extent the participating teachers’ choices and agency were constrained, and if
and to what extent they embraced learning with ALS or saw ALS as a solution to their existing
instructional challenge(s). Research has shown that when teachers have limited input into
design and implementation, they may adopt compliance-oriented practices, using tools
superficially rather than integrating them pedagogically (Cuban, 2013; Selwyn, 2021). This
also suggested a risk of misalignment between the intervention and the teachers’ contextual

knowledge, instructional goals, and classroom realities, reducing ownership and sustainability.

From the above, teacher agency can be said to be critical not only for meaningful integration
but also for adapting innovations to support authentic learning and responsive classroom
practice. As such, where possible, teacher choice and agency were preserved for this research.
In both instances, the participating teacher could choose which topic to teach with ALS,
mirroring the current situation of technological innovation and implementation in Singapore
schools. Apart from the introduction of an ALS, no further imposition was made on the school
in terms of when and how to use the ALS. This was intentional, stemming from the belief that
an orientation toward teachers and students’ daily practice in their natural habitats afforded
the surfacing of implementation benefits, challenges and complexities surrounding the use
of ALS in support of classroom learning, thus attaining the goal of this research. Furthermore,
to address any potential misalignment, pre-intervention engagement was carried out to
support teachers in understanding what ALS and learning with ALS entailed as well as sense-
making how to integrate ALS with their instructional practices (see Sections 3.2.2.1 and

3.2.3.1 for details on pre-intervention engagement for the two cases respectively.)
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Table 3-1 Multiple-Case Design

Condition Case 1 Case 2

Context Central provision of ALS-mediated | School/ Researcher-initiated ALS-
personalised learning mediated personalised learning

Choice of ALS | By researcher* or head of By participating teacher
department
*Simulating the role of a policymaker

Choice of By participating teacher By participating teacher

lesson topic

3.2 Case Characteristics

3.2.1 Participant Recruitment

An email was sent to 10 secondary schools inviting them to participate in this research. These
schools were purposefully shortlisted from 101 government secondary schools? offering
standardised fees and curriculum. The rationale for focusing on government schools was
twofold. Firstly, government schools form most of what was commonly known as ‘mainstream
schools’ and account for close to 70% of secondary schools in Singapore. Secondly, the
student population of these schools tended to be heterogeneous, whether it was in terms of
ethnicity, learning readiness or home situations. This diversity mirrored the socio-economic
circumstances of the country and offered an authentic and rich context for researching
teaching and learning in Singapore schools. As such, situating this research in government
secondary schools would suggest that the reported findings may potentially have some

applicability to other government schools with similar demographics.

The criteria for shortlisting these schools were informed by research on EdTech integration
(see Section 2.3.2), and included researcher access, school leadership endorsement,

supportive school culture and teacher availability. Researcher access here considered

2The other types of secondary schools in Singapore included government-aided, independent, specialised
independent and specialised schools. These schools were excluded primarily due to unsuitable student
demographics (e.g., relatively homogenous enrolment of very high performing students or students with special
educational needs) and/or they were not offering the standardised curriculum. As of Nov 2022, there were a total
of 148 secondary schools in Singapore.
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whether | would have an opportunity to pitch my project to the decision makers and the
likelihood of my invitation being accepted. This assessment was made primarily with
reference to my previous working relationship with the principal or the vice-principal of the
school and if that was a positive experience for both parties. Given that researcher access
was a necessary pre-condition for the research to proceed, it was one of the first
considerations to be applied. School leadership endorsement here considered the principal,
vice-principal and department head'’s stance on two counts, technology use for teaching and
learning and pedagogical innovations in the classroom. This was extrapolated from
information published on school websites and backend checks with colleagues and friends
who might have worked with or in the school or had children who studied in the school.
School leadership endorsement was critical as it could influence the extent to which school-
based resources could be mobilised for this research. These resources could be in the form
of offloading participating teachers from other duties or sharing of school-based instructional

materials and student learning data with the researcher.

A school culture supportive of technology-enabled learning and pedagogical innovations was
also desired to minimise any dissonance that participating teachers and students may
experience if the school culture was otherwise. This was gleaned from the schools’ track
record in classroom innovations through reviewing relevant press releases from the Ministry
of Education and news features in the local newspapers, and their involvement in related
professional learming communities, such as the SgLDC? on Facebook. Finally, teacher
availability was also considered, and this was in terms of the number of external and internal
projects® that the school and the department was currently managing. This was intended as

a safeguard against over-commitment by the school and to avoid the awkward situation of

3 SgLDC refers to the Singapore Leamning Designers’ Circle which was established in 2017 by the Educational
Technology Division, Ministry of Education, Singapore. A closed Facebook group, it functions as an online
networked learning community for educators in Singapore discuss and share information on use of technology for
teaching and learning.

* Examples of internal projects included school-based curriculum review, development of niche learning
programmes and organising large scale school events. Examples of external projects could be in the form of
research collaboration with local academics from the National Institute of Education (NIE) or pilot studies with the
Ministry of Education.
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participating teachers having to juggle multiple research projects. Apart from the rationale
given for each of these considerations, the latter three — school leadership, school culture
and teacher availability — have also been found to be critical success factors for school-based

innovations in Singapore (Seow et al., 2020).

Eventually, two of the 10 secondary schools that | contacted via email accepted my invitation
to participate in this research. The research participants, comprising one experienced teacher
and one class of lower secondary students from each school, were nominated by the school
leaders. The only criterion for teacher selection was that the teacher should have more than
two years of teaching experience®. A more experienced teacher was preferred on the
assumption that such teachers would have over the years honed their subject mastery and
pedagogical expertise and were also more likely to have overcome issues related to student
and classroom management. The absence of other criteria was intentional, to minimise the
halo effect and any undue pressure on the part of the nominated teachers to ‘live up to

expectations.’

In both schools, teacher participation was voluntary and supported by their respective
department heads and principals. By voluntary, this meant that prior to the school’s
acceptance of my invitation, nominated teachers were consulted on their interest to
participate, and they could decline to participate without stigma or penalty. This was because
my proposed research was not commissioned by the Ministry of Education, and neither the
school nor the teachers were under any obligation to participate. The support of the
respective department heads and principals came in the form of formal recognition, where
the teachers’ involvement in my research constituted part of their official workload for the
academic year. Adjustments were also made to their teaching duties, including being

assigned to teach at least one lower secondary class.

® In Singapore, teachers with less than two years of teaching experience are beginning teachers and are expected
to complete mandatory in-service training programmes within a given time frame. These teachers were not
desired participants due to these training commitments that would also take up their time. Furthermore, being
relatively inexperienced, they could still be grappling with issues of classroom management or lacking deep
pedagogical knowledge that would take time to develop. As such, these teachers might be less ready to engage
with the technology-enabled pedagogical innovation which would be the kerel of their involvement in this
project.
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The class of student participants was jointly selected by the department head and
participating teacher. The department head was involved in this selection as it had
implications on teacher workload and lesson schedules. Once the decision was made, the
participating teachers spent some of their time in class explaining to students the purpose of
this research, what it would entail and the role they would play. Parents’ consent was also
actively sought, i.e., opt-in, via Parents’ Gateway, a national portal used by all Singapore
schools to communicate with parents. Each teacher then selected six students from the class
who would be interviewed three times for this research. Both teachers were given the same
criteria for student selection, namely students’ readiness to learn and students’ participation
during whole class interaction. These considerations were highlighted as the student
interviews would focus primarily on students’ perceptions on whether Fast ForWord had any

effect on their classroom learning experiences and their mastery of the English language.

As far as possible, autonomy was given to the school principal, department head and
participating teacher throughout the entire recruitment process. This was a deliberate move,
firstly out of respect to these research sponsors (the school principal and department head)
and research participants (the teacher), very mindful that my research was possible because
they welcomed me into their local community. As such, | was very much guided by relational
ethics, which “recognizes and values mutual respect, dignity, and connectedness between
researcher and researched, and between researchers and the communities in which they live
and work” (Ellis, 2007, p. 4). Secondly, having partnered schools over the past three years on
various innovation projects, | have come to value school collaborators as equal partners and
co-creators in the research process, as they bring practical creativity and tacit contextual
knowledge to this research, pulling their weight as ‘indigenous people’ of the school

(Gonzalez, 2000).

3.2.2 Case Study 1: Ubin Secondary School

Ubin Secondary School is a government co-educational school located in the northern region
of Singapore. A school of choice for the local community, Ubin Secondary has been
implementing school-wide differentiated instruction since 2016. It is also one of the first

schools in Singapore to implement the Full Subject-Based Banding (Full-SBB), a national
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initiative that allows students flexibility to customise their secondary education based on their
strengths and interests. Ubin Secondary School also actively leveraged technology to
personalise student learning and deepen students’ ownership of learning. One example of
such efforts would be the use of Augmented Reality (AR) for learning Mathematics. Under the
leadership of the incumbent principal, the school has worked tirelessly to create a positive
learning environment for students and engage them with pedagogically sound technology-
enabled learning experiences. Given the alignment between the school’s goals and the
proposed research, after discussing my invitation with the English Head of Department (to
review staff workload and capacity to take on this project), the school decided to be part of

this research.

The participating teacher, Mr Tan, has been teaching English language and English literature
in Ubin Secondary School for more than 20 years. In the year that data was collected, Mr Tan
was teaching two English language classes in Secondary One and Secondary Four and four
English literature classes across Secondary One to Secondary Three. His total teaching hours
each week were almost 17 hours, close to the national average of 17.7 to 18 hours per week®
(Ministry of Education, 2025). In addition, he also had other related duties, such as leading a
professional learning community on adaptive learning and overseeing students’ co-curricular
activity. His weekends were often spent creating lesson materials for his students. Despite his
rather packed schedule, Mr Tan agreed to participate in this research project when
approached by his Head of Department, as he was curious about adaptive learning and was
keen to explore how technology could be better leveraged to improve student learning

experiences and learning outcomes.

The Secondary One class participating in this research was a banded class, where students
were drawn from two different form classes and grouped into this English language class

based on their aptitude and interest for the subject’. The class comprised 29 students, of

¢ Singapore teachers reported an average of 17.7 to 18 teaching hours per week, lower than the OECD average
of 22.7 to 23 teaching hours per week; however, the average working hours of Singapore teachers, which is 47.3,
is higher than OECD's average of 41 working hours per week (Ministry of Education, 2025).

7 This was in line with the Full Subject-Based Banding (SBB) policy that was progressively implemented in
Singapore secondary schools. More information on this can be found at the Ministry of Education Full SBB
microsite. https://www.moe.gov.sg/microsites/psle-fsbb/full-subject-based-banding/main.html.
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whom 16 were boys and 13 were girls, and their ages ranged from 12 to 13 years old. These
students were offering English language at G3, where G stood for General, the highest
subject level students could offer for any academic subject at Secondary One. During the
initial teacher interview, Mr Tan described the class as disciplined and responsive. All their
parents gave consent for their child to be part of this research and for their lessons to be
video recorded. From among these 29 students, Mr Tan selected six students (three boys
and three girls) who would be interviewed, based on the given criteria of student readiness
to learn and student participation during whole class interaction (see Table 3-2). On his own
initiative, Mr Tan intentionally selected a balanced mix of boys and girls and students

representing all three major ethnic groups, Chinese, Malay and Indian, in Singapore.

Table 3-2 Ubin Secondary Student Interviewees

Student Readiness to Learn Participation During
|dentifier Whole Class Interaction
FO8 High Vocal
M29 High Quiet
FO4 Moderate Moderate Vocal
FO1 Moderate Moderate Quiet
M10 Low Vocal
M15 Low Quiet

3.2.2.1. Pre-Intervention Engagement

This section describes three key points of pre-intervention school engagement between Jul
2022 and Jan 2023, illustrating the circuitous path taken for research planning, which
revolved around pedagogical and operational issues such as confirming the lesson
observation time frame and lesson unit for ALS integration. These touchpoints (Figure 3-1)
were highlighted to provide some background information on the work that the school had
to do prior to the research as well as illuminate aspects of the school norms and culture that

have implications for this research.
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Figure 3-1 Pre-Intervention Engagement Milestones with Ubin Secondary School

Jul 2022 | First Nov 2022 | Email Jan 202 lanning
Meeting with Exchange on ALS Choice Meeting with School

Research planning commenced in July 2022, during my first meeting with the school,
attended by the Department Head and Mr Tan, the participating teacher. The purpose of this
preliminary meeting was to clarify any outstanding questions or concerns the school might
have, surface possible lesson units that could potentially benefit from the integration of an
ALS, as well as discuss operational issues such as identifying a suitable time frame for data
collection. At this meeting, the school informed the researcher that they would be involving
a class of Secondary One students in this research. This was motivated by the department’s
interest to progressively introduce adaptive learning across grade levels (from Secondary
One upwards) if adaptive learning was found to be effective in supporting the development
of language skills. We also arrived at a consensus to start data collection from 2023 Term 1
Week 5 onwards, taking into consideration that these students would be attending
Orientation Camp in the first two weeks of term and potential disruptions to lessons in the
form of Chinese New Year celebrations and public holidays in Week 4. The school had full
autonomy in deciding the lesson unit for integration with the ALS and the data collection
time frame. This was to minimise potential disruption and for better alignment with the

school’s plans and the department’s programmes.

In November 2022, as | was finalising the ALS that would be used for this research over email
with the school, | was alerted that the Secondary One students would not be receiving their
Personal Learning Devices (PLDs) until the end of Term 1. While Mr Tan offered to explore
“alternatives of using iPads and/or computer labs for them to access the system during class
reading periods,” | had some reservations as this meant that students would not be able to
access the ALS in their own time and could curtail students’ use of the system. After further
email exchange, and in response to my question if there might be another suitable period
for this research after students received their PLDs, Mr Tan counter-proposed postponing the
data collection till Term 2. This decision was made after he consulted with the school’s ICT

Head and learnt that the 2022 cohort of Secondary One students received their PLDs in Term
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2 Week 2. As that was the first year of implementation, the school was optimistic that students
should be receiving the PLDs earlier in 2023, likely by the end of Term 1, and we should be

good to start the research in Term 2.

In Jan 2023, Mr Tan and | met again to confirm the lesson unit for integration with the selected
ALS, the subscription period for the ALS and the duration of the lesson observation. At that
point, Mr Tan has yet to receive his ALS login credentials and was thus unable to share further
on his plans for integration. However, we did work through his preliminary ideas for student
onboarding. At this meeting, he also warned that there might be further delay to students
receiving their PLDs, and we briefly discussed the adjustments that needed to be made to
our plans as the school was unable to further postpone this research, with a packed school
schedule for the rest of the year. We explored asking students to use their own devices but
were uncertain if all students had access to a mobile device that they could use and bring to
school when needed for learning with the ALS. To find out, Mr Tan polled the participating
class and ascertained that every student would have access to a mobile device at home,
though many of them were sharing that device with siblings or parents. In tandem with
making alternative plans, | also engaged the vice-principal to find out if there was any
possibility of issuing students with their PLDs earlier. While the vice-principal was very helpful
and attempted to engage other stakeholders in the process, including the ICT Head, and the
procurement team at the Ministry of Education in charge of ordering the PLDs, to expedite
the process, the students still did not receive their devices until two days before the end of

the classroom observation period.

While | acknowledge that such pre-intervention engagements were not a formal part of this
research, these touchpoints with the school offered me insights into the school culture and
its attitudes toward technology integration and classroom innovations. The consultative
approach to decision-making adopted by the principal, the department head and Mr Tan
throughout this engagement process suggested a school culture that was somewhat
egalitarian and empowering. During my meetings with the Department Head and Mr Tan,
there was active participation from both parties though | observed that the Department Head
would often step back and let Mr Tan lead the conversation. This created a safe space where
Mr Tan could explore his ideas and be generative. In fact, Mr Tan has emailed on a few
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occasions outside of our meetings with more ideas that he would like to try, such as
implementing adaptive learning beyond the ALS and instituting an in-house reading
programme prior to research in Term 2 to develop students’ language skills and nurture their
love for the language. These suggestions from Mr Tan not only reflected his creativity and
confidence but also alluded to a school environment that was supportive of technological
integration and classroom innovations. The efforts on the part of the vice-principal and ICT
Head to speed up the issue of PLDs to students, though unsuccessful, was further testimony

to the school’s overall supportive environment.

3.2.3 Case Study 2: Kusu Secondary School

Kusu Secondary School is an autonomous® government co-educational school located in the
northeast region of Singapore. Since its founding in the mid 1900s, the school has over the
years acquired a reputation for being an excellent educational institution and was among the
first schools to be awarded autonomous status by the Ministry of Education. The school
presently offers four signature programmes related to computational thinking, perspective
taking, community service and leadership development, aimed at holistic student
development. Its rigorous academic programmes were also designed using their in-house
teaching and learning framework. Since the second half of 2021, the school has been
implementing home-based learning day once a fortnight, in tandem with the implementation
of Personal Digital Learning Programme (PDLP), a nationwide initiative to equip every
secondary student with a personal learning device (PLD) when they start Secondary One. The
school participated in this research as it was aligned with the school’s ongoing efforts to make
better use of PLDs for classroom learning as well as an interest to explore how ALS can
support the development of critical reading and critical thinking skills among lower secondary

students.

8 Autonomous schools here refer to government or government-aided schools that autonomous status. In addition
to offering the standardised curriculum, these schools have the flexibility to offer their own signature programmes
aimed at providing students with a wider range of learning experiences and opportunities to develop their talents.
Students enrolled in these schools would need to pay an additional monthly autonomous school fee that ranges
between SGD$3.00 to SGD$18.00.
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The participating teacher, Ms Aliyah, worked in the private sector in various capacities before
becoming a teacher. She joined Kusu Secondary School after completing her Post-Graduate
Diploma in Education (PGDE) and has taught in the school for slightly more than 10 years. In
the year that data was collected, Ms Aliyah was assigned a teaching load of four English
language classes, namely two Secondary Four (graduating) classes, one Secondary Two class
and one Secondary One class. Her total teaching hours per week were approximately 12
hours. She was the Form Teacher to one of the Secondary Four classes and conducted
Character and Citizenship Education (CCE) lessons for the class once a week. Ms Aliyah also
had other related duties including overseeing students’ co-curricular activity and representing
the department at the school’s Information and Communication Technology (ICT) Committee.
The latter was the primary reason for her participation in this project, as the role motivated
her to learn more about different technological affordances and how the various tech tools

can be used to support language learning.

The Secondary Two class participating in this research was a banded class, where students
were drawn from two different form classes” and grouped into this English language class
based on FSBB guidelines. The class comprised 35 students, of whom 15 were boys and 20
were girls, and their ages ranged from 13 to 14 years old. All students in this class were on
the Express course, except for one girl who was on the Normal (Academic) course'®. During
the first interview with Ms Aliyah, she described the class as rather quiet and lacked
confidence in public speaking. Even though she only started teaching this class three months
ago, she noticed that they sometimes would need an extra nudge to do their work. Three
girls were excluded from this research as their parents did not give consent for their child to
be video recorded. As such, only 32 students from the class participated in this research.
From among these students, Ms Aliyah selected six students (four boys and two girls) to be

interviewed, based on the given criteria of student readiness to learn and student

? These were mixed form classes comprising students offering different courses — Express, Normal (Academic) and
Normal (Technical), which was part of the Full-SBB initiative that was being piloted in the school since 2020.

10 The Express Course is a four-year academic programme leading to Singapore-Cambridge General Certificate
of Education (GCE) O-Level certification. The Normal (Academic) course is a four-year academic programme that
culminates in the Singapore-Cambridge GCE N(A)-Level certification. Students who do well can progress to
Secondary Five to take the O-Level examination.
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participation during whole class interaction (see Table 3-3). In addition, Ms Aliyah also
considered students’ readiness to share candidly during interviews, and intentionally selected
students who were more likely to speak up during interviews, particularly for students who

were quieter in class.

Table 3-3 Kusu Secondary Student Interviewees

Student Readiness to Learn Participation During
|dentifier Whole Class Interaction
M17 High Vocal
M32 High Quiet
F27 Moderate Moderate Vocal
M34 Moderate Moderate Quiet
M18 Low Vocal
F26 Low Quiet

3.2.3.1. Pre-Intervention Engagement

This section describes three key points'' of pre-intervention school engagement between
Aug 2022 and Mar 2023, providing snapshots of the journey that was undertaken by both
the school and me as the researcher at this initial stage of the research. It also illustrates how
contextual and operational issues could bring to bear on research and pedagogy, such as the
final selection of the lesson unit for ALS integration. These touchpoints (Figure 3-2) were also
highlighted as they not only offered a view of how the school was managing this research but
also illuminated aspects of the school norms and culture that have implications for this

research.

Figure 3-2 Pre-Intervention Engagement Milestones with Kusu Secondary School

Aug 2022 | First Oct-Nov 2022 | Email Jan & Mar 2023 | Planning
Meeting with Exchange on ALS Choice’ Meetings with School

" The process of selecting the ALS (i.e., Email Exchange on ALS Choice) will be discussed in the next section on
ALS selection and thus will not be addressed in here.
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My first meeting with the school took place in August 2022, and was attended by the
Department Head and Ms Aliyah, the participating teacher. This meeting was conducted on
Zoom as it was scheduled on the school’s home-based learning day, and this was the only
available meeting slot for the school. The purpose of this meeting was to clarify any
outstanding questions or concerns the school might have, surface possible lesson units that
could potentially benefit from the integration of an ALS, as well as discuss operational issues
such as identifying a suitable time frame for data collection. However, we did not manage to
discuss all the agenda items at this meeting and spent most of our time together clarifying
the school’s interests and concerns. At this meeting, the Department Head expressed the
English department’s interest in exploring how adaptive learning could be leveraged to
improve student engagement during home-based learning days as well as be an avenue for
students to develop their critical literacies. She also highlighted that the selected ALS should
be safe and secure for student use, help teachers monitor students’ progress and give
feedback in a systematic and data-driven way. Ms Aliyah added that she would need to know
more about the selected ALS before deciding on the lesson unit for integration with the use
of this tool. By the end of this meeting, we agreed that adequate time and space should be
catered for tool familiarization and for identifying a suitable lesson unit, so that the use of

ALS would be purposeful and add value to students’ learning experience.

Research planning commenced proper in January 2023, when | had my first meeting with Ms
Aliyah. At this meeting, Ms Aliyah updated that a Secondary Two class would be participating
in this research. This was a departure from the school’s earlier communication in November
2022 via email that they would be involving a Secondary One class. Ms Aliyah explained that
this was due to her finalised teaching load for this year as she was not assigned to teach any
Secondary One class. Ms Aliyah also informed that she had selected the Narrative
Comprehension lesson unit for integration with ALS use.' This unit would be taught over five

weeks and culminate in a student-led project. During this meeting, | attempted to engage

12|t should be noted here that | was subsequently informed, at the start of the lesson observation in Apr 2023,
that there was a change in the lesson unit selected for integration. The lesson unit that | would be observing was
Discursive Writing instead of Narrative Comprehension. At the point of this update, Ms Aliyah did not offer any
reason for this change, and | did not probe further.
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Ms Aliyah in a discussion of her plans for integrating ALS use with classroom learning.
However, she reiterated her earlier response that plans could only be made after she had
been given access to Fast ForWord and after having a better understanding of what Fast
ForWord had to offer. However, teacher access to Fast ForWord would only be available one
week prior to the start of the student subscription. By the end of this meeting, we agreed on
the subscription period for the ALS, made preliminary plans for student onboarding and
identified outstanding matters for follow-up, such as the selection of student interviewees.
To address outstanding matters from this first meeting, Ms Aliyah and | met again in March
2023 to finalise plans for student onboarding as well as the students who would be

interviewed.

The three engagements presented here were brief, lasting approximately 45 minutes per
meeting. However, these touchpoints offered me a glimpse of the school norms and culture
and foreshadowed how | would be working with the school during data collection. Firstly, |
noted a good balance of school leadership and teacher autonomy through my interactions
with the Department Head and Ms Aliyah. The Department Head exercised directive
leadership during our first meeting in August 2022, as she drove the agenda with an
elaborate introduction to the school and a rather detailed articulation of the school’s agenda
for participating in this research. However, soon after that meeting, the Department Head
stepped back from this collaboration and Ms Aliyah took over as the school liaison. She was
also given a free rein to experiment with both the use of ALS with her students and integrating
it with classroom learning. Secondly, particularly during the two meetings with Ms Aliyah in
January and March 2023, | noticed that Ms Aliyah was very cautious not to overpromise,
reflecting a somewhat risk-adverse disposition. For example, she would rather delay
responding to my queries than to offer a tentative reply, such as the earlier mentioned
hesitation to share how she would integrate the use of ALS with the selected lesson unit.
These suggested that, despite the autonomy given to Ms Aliyah, her inclination to err on the
side of caution might propel her toward a more ‘conventional’ use of the ALS, as opposed to

trying to be innovative.
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3.3 ALS Selection

In accordance with the research design, Ms Aliyah, participating teacher from Kusu Secondary
School (Case 2), was involved in the process of selecting the ALS. To support her in making
the choice of which ALS to use, she was provided with a shortlist of three ALS (see Appendix
A) from which she selected one that she would like to use for this research. This was in
consideration of Ms Aliyah’s lack of familiarity with ALS in general, the absence of
consolidated information about ALS suitable for use with the Singapore curriculum, and a
desire to avoid adding too much to Ms Aliyah’s workload. Prior to the shortlist, Ms Aliyah was
consulted on her preliminary thoughts about how an ALS might be beneficial to the profile
of students that she was teaching and how she may wish to use and integrate the ALS with
her existing practice. She shared that her students did not read very much and could possibly
benefit from a reading programme. She also noticed that her students were not always ready
to learn and thus she also hoped that an ALS would be able to improve students’ learning
readiness and motivation to learn. These input, alongside other operational considerations

presented in the next paragraph, guided the shortlisting process.

The three ALS were shortlisted through a process of searching the Internet (e.g., searching
Google) using keywords such as “adaptive learning systems”, “adaptive learning apps” and
“personalised learning platforms” and reviewing online recommender websites such as “Best
Games, Apps, and Sites for Personalized Learning” by Common Sense Media. This search
and shortlist exercise was carried out in Oct 2022 and at that point in time, there were not
many adaptive learning systems targeted at language skills development. This attempt to
shortlist was further complicated by firstly, local regulations that the selected ALS needs to
be whitelisted by the Ministry of Education, Singapore before it can be used in school, and
secondly, the preference by schools for an ALS that was managed by a local vendor for a
smoother procurement process. Furthermore, given that Singapore is a non-anglophone
country where students study and use English language as a first language in school, it is

challenging to identify an ALS that allows students to develop reading mastery along the

English as first language and second language continuum using the same platform.
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The final shortlist comprised three ALS of which two had local distributers that were marketing
the respective ALS to local schools; they were namely iReady and Fast ForWord. The third
shortlisted ALS was Quindew, a free-to-use, browser-based adaptive learning programme
that did not require any procurement or installation. It also required minimal student
information, only an email address, for them to create an account on the platform.
Information pertaining to each ALS's target audience, key features, teacher onboarding
provisions and cost were presented on the shortlist. This information was curated taking into
consideration known predictive factors affecting educational technology adoption, which
included perceived enjoyment, technological complexity, computer anxiety and system
accessibility (Granic, 2022). While the curated information was not a perfect match to these
known predictive factors, it was intended as a proxy through which Ms Aliyah could assess

which ALS was a best fit for her context.

Close to three weeks after receiving the shortlist, Ms Aliyah confirmed her choice of Fast
ForWord. When communicating this choice, Ms Aliyah did not share her rationale for
selecting Fast ForWord. She did later mention during the third interview that her choice was
largely due to gamification features that Fast ForWord offered. When probed further, she did
not explain why Fast ForWord was preferred over Quindew, which was not only free to use
but also offered gamification features. It should also be noted here that while Mr Tan was not
involved in the selection of ALS selection, his concurrence was subsequently sought, to

ensure that he had no strong objection to the use of Fast ForWord.

As a result of Ms Aliyah’s choice and Mr Tan’s concurrence, Fast ForWord was the ALS used
for this research. Fast ForWord is an adaptive reading programme developed by Carnegie
Learning, whose founders were from Carnegie Mellon University, Pittsburgh, USA. The
developers claimed that Fast ForWord is “one of the most researched interventions,” where
there have been “more than 300 research studies verifying its effectiveness” (Carnegie
Learning, n.d.). The entire programme comprises Elements |, Elements Il, Reading Level 1,
Reading Level 2, Reading Level 3, Reading Comprehension, and Reading Assistant Plus,
supported by Reading Progress Indicator, an assessment tool that measured phonological

awareness, decoding, vocabulary and comprehension.
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For the purposes of this research, only Reading Progress Indicator, Elements | and Reading
Comprehension were made accessible to students. (See Appendix B for developer-provided
description and scope of the Fast ForWord components used in this research.) Reading
Comprehension was added partway during data collection in response to a concern raised
by Mr Tan, the participating teacher from Ubin Secondary School. He gave feedback that
Elements | was not aligned to the local curriculum and asked if reading comprehension
exercises could be introduced instead. The local distributor of Fast ForWord, BrainFit thus
gave students concurrent access to Reading Comprehension.™ Even though Ms Aliyah, the
participating teacher from Kusu Secondary School, did not raise this concern, for purposes

of parity, Reading Comprehension was made available to both schools at the same time.

3.3.1 Overview of the Selected ALS: Fast ForWord

Fast ForWord is an adaptive, computer-based literacy intervention designed to strengthen
both foundational reading skills and underlying cognitive processes such as memory,
attention, processing, and sequencing. It provides personalised, one-to-one instruction
through interactive, game-like exercises that continuously adapt to student performance,
offering real-time feedback and targeted practice (Carnegie Learning, n.d.). The programme
is structured as a sequence of modules progressing from foundational auditory and language
skills (e.g., Elements 1 and Elements 2) to higher-order reading and comprehension abilities

(e.g., Reading Comprehension and Reading Assistant Plus) (Learning, n.d.).

Students’ first encounter with Fast ForWord would be the Reading Progress Indicator (RPI),
(see Figure 3-3 for screen captures of sample RPI questions) which provided a standardised
estimate of a student’s likelihood of successfully comprehending grade-level texts. This
metric served as a diagnostic and progress-monitoring tool, allowing teachers to track growth
over time, identify students who required additional support, and make instructional
decisions regarding readiness for more complex texts (Carnegie Learning, n.d.). In other

words, the RPI translated in-programme performance into an interpretable measure aligned

'3 During the procurement process, BrainFit explained that there was a preferred sequence to accessing different
components of Fast ForWord. However, for the purposes of this research, BrainFit made an exception and enabled
concurrent access to Elements | and Reading Comprehension.
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with broader literacy expectations, thereby bridging adaptive practice with classroom
learning goals. However, as with many algorithmically generated indicators, its usefulness
depended on students’ utilisation and teachers’ ability to interpret the metric in conjunction
with other evidence of student learning, including classroom assessments and observations

(This will be discussed in greater depth in Chapter 4).

Figure 3-3 Sample Questions from the Reading Progress Indicator (RPI)

Read the question and choose the best answer.

26. What is the best definition of the word “askew"?

READING Evergroan Secondory, Damo Account 3 —— READWG o ey D e
PROGH . February 24, 2023, 1034 PM. . February 24, 2023, 1036 PM
o R = C e _J s e C exit J
Look at the word inside of the box. The vowel sound of the word is underlined. Pick one of the four 17
other words in each row that has the same vowel sound. "
O weights
n.
QO waste
@ down )
O waits
QO book .
@ waist
QO pole
Q sure
READING Evorgroen Socondory, Demo Account 3 —— READING TR TR TIO .
PROGH y. February 24, 2023, 10:20 PM y, February 24, 2023, 11:36 PM.
* et C e ) s LT C e

Read the passage and answer the following
question(s)

soft and sticky when it gets hot, and hard and

52. Which word means the same as the
word pliable in the passage?

Famous Inventions and Discoveries (O breakable
© crooked Charles Goodyear Q strong
In 1800, when Charles Goodyear was born, "
QO helpful people had been using natural rubber, then known QO flexible
as "India rubber,” for hundreds of years. There O hea
O normal was, however, a problem. India rubber becomes vy

brittle when it gets cold. Goodyear wasn't a
O stolen trained scientist, but for years he experimented
with rubber, trying to find a way to make it more
useful.

In his kitchen laboratory, he mixed rubber with
ordinary ingredients, such as salt, pepper, sugar,
and ink. Nothing worked. Then Goodyear met an
inventor named Nathaniel Hayward. Hayward had
discovered that mixing rubber with sulfur
aroduced o mare useful

<>

The above screen captures, show four types of questions featured in the 55-item diagnostic
assessment instrument.

Upon completion of the RPI, students would progress to Elements 1, which comprised types
of exercises, namely Al Assistant, Ocean Explorer and Sono Lab (see Figure 3-4 and Appendix
B for screen captures and a brief description of each exercise type respectively). These
exercises were designed primarily for adolescent learners, namely upper primary and lower
secondary learners, and focused on building the cognitive and linguistic foundations
necessary for reading comprehension. The targeted foundations included auditory
discrimination, phonological processing, working memory, and language structures. The
module also emphasised mastery-based learning through repeated, high-frequency practice

and continuous assessment, and contained gamified elements, rewards, and progress
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tracking, which were used to sustain learner attention and persistence. Overall, the Elements
module sought to strengthen the cognitive-linguistic foundations (e.g., sound processing,

working memory) that underpin fluent reading and comprehension.

Figure 3-4 Screen Captures of Elements 1 Exercises

Al Assistant Ocean Explorer

Al Assistant ~ Ocean Explorer
-

Exercise your ability to identify the order of different sounds.

Al Assistant Ocean Explorer 9 &7 &

A \

VT

0:54/16:00 14 e > (Gom)) procss 14 251
TIME POINTS CURRENT STREAK HIGHEST STREAK

Space Salvage

SonolLab

P .
10.05/15:00 344 e 1 @ omonees 11 11

TIME POINTS CURRENT STREAK  HIGHEST STREAK
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The other Fast ForWord module that students had access for this research was the Reading
Comprehension module, which was added part-way during data collection at the request of
Mr Tan. Five types of exercises, namely Art Walk, Cognobot, Data Stream, Print Shop and
Road Trip, were available to students (see Figure 3-5 and Appendix B for screen captures
and a brief description of each exercise type respectively). These reading comprehension
exercises built on earlier modules by focusing on “reading to learn” skills, helping students
construct meaning from increasingly complex texts. Tasks that students were asked to
complete included use of graphic organisers to analyse and synthesise information from texts
and structured comprehension tasks featuring literal and inferential questions and
metacognitive understanding. Text length, task complexity, and cognitive demands
increased progressively across levels, supporting gradual development of comprehension
strategies. These activities also emphasised connecting new information with existing

knowledge, a key process in comprehension development.

Figure 3-5 Screen Captures of Reading Comprehension Exercises

Art Walk Cognobot

0:26 /10:00

TIME

Cognobot

According to the passage, which sky color indicates approaching
_ “
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Data Stream Print Shop
Data Stream N Print Shop

I PRINTS b o

— =

Data Stream Print Shop

The bakery is open every day.

The bakery is closed after 3:00pm.

The bakery is open Monday. Tuesday.
Wednesday, Thursday. and Friday.

The bakery is open Friday through
fonday.

The bakery is open Monday through
Friday. L3

Road Trip

chalkboard ] [ billboards

billboard ] [ » chalkboards

On a summer road trip, you can see many

Overall, Fast ForWord modules aimed to transition learners from foundational decoding and
processing skills to higher-order comprehension, supporting both academic reading and
content learning across subjects. Through persistence usage, students were expected to
show improvement in their reading comprehension skills; where persistence usage, as
recommended by the developer entailed at least three logins of at least 30 minutes per week
over a sustained period such as a term or a year (see Figure 3-6 for a sample student learning

flow with Fast ForWord).
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Figure 3-6 Sample Student Learning Flow with Fast ForWord

1. Each Fast ForWord session comprised
three exercises that students were
expected to complete within 40 minutes

(maximum duration).

2. Students could complete the (See Figures 3-4 and 3-5 for screen

captures of the exercises available to
(Of their choice). students)

recommended exercises in any sequence

3. Upon completing all three exercises, Today's Report "~
. ints Participation

students received a progress report .
summarising their attainment for that

session.

3.4 Data Generation

This research combined classroom lesson observations and semi-structured interviews with
teachers and students to generate its data (please see Appendix C for the data generation
timeline). These data were augmented with student usage data extracted from Fast ForWord,
the ALS used for this research. The resulting data set thus comprised video recordings of
classroom lessons, audio recordings of interviews with teachers and students and usage data
on students’ usage of Fast ForWord. These three types of data were intentionally selected to
enable insights and triangulation of both the behavioural dimension (i.e., what people do)

and the attitudinal dimension (i.e., what people say).

3.4.1 Video-Recorded Classroom Lesson Observations

Video-recorded lesson observations were employed in this study to provide a detailed and

accurate account of how and to what extent ALS were integrated with classroom learning.
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Video methods are particularly suitable for research in complex learning environments, as
they allow researchers to capture naturally occurring interactions among teachers, students,
and technological tools in real time (Derry et al., 2010). In the present study, the use of video
recording enabled a close examination of if and how ALS complemented classroom

instruction and influenced teaching and learning processes.

One key rationale for using video recording was its ability to capture the complexity of
classroom interaction. Classroom learning often involved multiple simultaneous elements,
including verbal communication, non-verbal gestures, use of digital interfaces, and teacher
guidance. Video data allowed these multimodal interactions to be recorded and revisited for
detailed analysis, supporting a richer understanding than field notes alone (Goldman et al.,
2014). This is particularly important in EdTech research, where students’ engagement with
EdTech tools such as ALS could potentially occur alongside classroom discourse and teacher
facilitation. Where such tools were used outside of the classroom, video data allowed for
close analysis to establish any potential impact, or lack of, of EdTech use on classroom

learning.

In addition, video recording supports fine-grained and systematic analysis of teaching and
learning processes. Unlike ‘live” observation, video enabled repeated viewing, slow-motion
analysis, and the development of detailed transcripts. This allows the researcher to examine
specific moments of interaction, such as how students respond to ALS feedback together
with their teacher or how teachers integrate digital tasks into face-to-face learning
experiences. Such detailed analysis is essential for understanding how ALS function within

authentic classroom settings (Derry et al., 2010; Heath et al., 2010).

Another important strength of video-recorded observations was their contribution to
methodological rigour through transparency and reliability. Video provided a permanent and
reviewable record of classroom activity, which could be revisited during analysis and, where
appropriate, shared with other researchers for verification. This enhanced the credibility of
the findings and reduced reliance on selective recall or interpretation (Jewitt, 2012).

Furthermore, video data can be triangulated with other data sources in this study, including
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teacher interviews, student interviews, and ALS usage data, to develop a more

comprehensive understanding of the research problem.

In the context of this study, video methods were particularly valuable for analysing how ALS
are integrated into ongoing classroom activities or if it was used in isolation. The use of video
recording was also well aligned with the aims of this research, which sought to understand
not only what happened in the classroom but also how and why the ALS was used in particular
ways. Video enabled the researcher to capture both intended and emergent practices in
enactment, including how teachers adapt instruction and how students interact with the
technology. This supports a deeper and more contextualised understanding of ALS

integration with classroom learning, and with other EdTech tools in the classroom.

In summary, video-recorded lesson observations were an appropriate and robust method for
this study as they capture complex classroom interactions, support detailed and systematic
analysis, enhance research rigour, and provide rich contextual data. These features made
video a valuable methodological tool for investigating the integration of ALS and classroom

learning.

For the purposes of this research, classroom observations were intended for examining the
nature and characteristics of teacher-student academic interactions during lessons in which
the ALS was integrated. The focus was on how teachers and students engage with each other
in relation to learning tasks, particularly how the ALS mediated instructional practices and
student participation. Attention would be given to patterns of interaction such as teacher
explanations, questioning strategies, feedback, and scaffolding, as well as students’
responses, including their engagement, language use, and interaction with both the teacher
and the ALS (if any). The observations also aimed to capture how the ALS potentially shaped
the flow of classroom activities, for example by influencing pacing, task differentiation, or
opportunities for individualised support. By documenting these interactional processes in
detail, the observations provided empirical evidence to address RQ2 by identifying key
features of teacher-student academic interactions within the context of ALS-supported

classroom learning.
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Video-recorded classroom lessons included all lessons pertaining to the unit selected for
integration with Fast ForWord and the respective Fast ForWord onboarding lesson
conducted by both participating teachers. During planning discussions with both
participating teachers, the issue of how to introduce Fast ForWord and onboard students
arose. Both teachers decided to conduct an onboarding lesson for their class, and the goal
of this lesson was to ensure that students knew how to log into Fast ForWord and could
access the tool on their own. The teachers planned for this lesson to take place upon
receiving the login credentials for the students, which was dependent on the school’s choice

of the start date for their Fast ForWord subscription, and the lesson schedule for that week.

In Ubin Secondary School, the onboarding lesson was conducted three weeks before the
start of classroom lesson observations, and in Kusu Secondary Schools, a similar lesson was
conducted two weeks befor