
From Time-Based Schooling to Mastery-Based Progression: Reimagining 
Secondary Education through Pedagogy-Informed Digital Learning 

 
 

Paul Dunne 
Phlow Academy / Independent Educational Designer & Engineer, Ireland 

 
 

Abstract 
 

Secondary education systems have traditionally 
structured progression around age, year group, and 
time spent in classrooms, often independent of a 
learner’s actual readiness or understanding. While 
this model offers administrative simplicity, it has 
long been criticised for failing to accommodate 
learner variability, contributing to disengagement, 
inequity, and superficial learning. This paper 
examines Phlow Academy, a pedagogically driven 
digital learning platform designed to reimagine 
progression in secondary education through 
mastery-based advancement supported by 
educational technology. 

Grounded in Flow Theory, the zone of proximal 
development, mastery learning, and formative 
assessment, Phlow aligns instructional challenge 
with learner readiness through structured 
scaffolding, incremental difficulty, and continuous 
feedback. Subjects are organised into gamified levels 
aligned with national curricula such as Ireland’s 
Junior and Leaving Certificate. Within each level, 
learning is delivered through multi-step problem 
sequences that emphasise line-by-line reasoning, 
reflection, and learning through error. This design 
reduces cognitive overload while promoting deeper 
conceptual understanding and retention. 

Assessment within Phlow is embedded directly 
into the learning process rather than reserved for 
terminal evaluation. Learner interactions generate 
formative evidence that informs adaptive 
progression, targeted feedback, and instructional 
decisions. By shifting emphasis from final answers to 
learning processes, the platform supports 
self-regulated learning, motivation, and equitable 
opportunity for progression. 

This paper outlines the pedagogical foundations, 
system design, and educational implications of 
Phlow Academy. It argues that when digital 
technology is grounded in learning science rather 
than content delivery, it can support a structural shift 
in how students progress through education—moving 
from time-based schooling toward mastery-based, 
learner-centred systems better suited to 
contemporary and future learning needs. 
 

1. Introduction 
 

Secondary education systems across much of the 
world remain organised around a time-based model 
of progression, where students advance according to 
age and year group rather than demonstrated 
understanding. While this structure has historically 
provided consistency and manageability, it 
increasingly struggles to accommodate the diversity 
of learners within modern classrooms. Students 
arrive with varying prior knowledge, learning speeds, 
confidence levels, and support structures, yet are 
typically expected to progress through curricula at a 
uniform pace. The result is a persistent misalignment 
between instruction and learner readiness: some 
students disengage because material is too easy, 
while others fall behind when concepts are 
introduced before foundational understanding is 
secure. 

This misalignment has consequences not only for 
academic outcomes, but also for learner motivation, 
confidence, and equity. Research has shown that 
early learning gaps tend to compound over time, 
particularly in rigid systems where opportunities for 
recovery and personalised support are limited [4]. 
Students who struggle early may internalise failure, 
disengage from learning, and carry these effects 
forward into later stages of education. Conversely, 
students who are insufficiently challenged may 
develop shallow learning strategies that prioritise 
completion over understanding. 

Phlow Academy was developed as a response to 
these structural limitations. It is a pedagogically 
grounded digital learning platform that 
reconceptualises progression in secondary education 
as a function of mastery rather than time. Instead of 
advancing learners because a school year has ended, 
Phlow advances learners when they demonstrate 
readiness. This approach aligns progression with 
understanding, effort, and persistence, offering a 
more personalised and equitable model of learning. 

The theoretical foundations of Phlow draw from 
established work in educational psychology. 
Csikszentmihalyi’s theory of flow emphasises that 
optimal learning occurs when challenge is carefully 
balanced with skill, producing deep engagement and 
intrinsic motivation [1]. Vygotsky’s concept of the 



zone of proximal development highlights the 
importance of instructional support that targets what 
learners can achieve with appropriate scaffolding, 
rather than what they can already do independently 
[2]. Bloom’s mastery learning framework further 
reinforces the principle that all learners can achieve 
high levels of understanding when given sufficient 
time, feedback, and corrective instruction [3]. 
Together, these frameworks converge on a shared 
insight: learning is most effective when instruction 
adapts to the learner, not the other way around. 

Traditional schooling structures often struggle to 
operationalise these principles at scale. Fixed pacing, 
summative assessment schedules, and limited 
instructional bandwidth make it difficult to provide 
continuous feedback or individualised challenge. 
Digital platforms, however, offer the potential to 
embed these pedagogical principles directly into 
learning environments. When designed appropriately, 
technology can support adaptive progression, 
immediate feedback, and fine-grained insight into 
learner thinking—capabilities that are difficult to 
sustain consistently in conventional classroom 
settings. 

Phlow Academy seeks to leverage this potential 
by integrating pedagogy, assessment, and 
progression into a unified digital system. Learning 
content is organised into structured levels aligned 
with national curriculum expectations, but 
progression through these levels is governed by 
mastery rather than completion. Within each level, 
challenges are broken into multi-step sequences that 
emphasise reasoning, reflection, and learning 
through error. Assessment is not treated as a separate 
event, but as an ongoing source of information that 
shapes feedback and future learning opportunities. 

By embedding formative assessment into 
everyday learning interactions, Phlow shifts the role 
of assessment from judgement to guidance. Learners 
receive immediate, targeted feedback that helps them 
identify misconceptions, adjust strategies, and build 
confidence through incremental success. This 
approach supports the development of metacognitive 
skills and self-regulated learning, which are essential 
for long-term academic growth and lifelong learning 
[6]. 

This paper explores the design and pedagogical 
rationale of Phlow Academy, situating it within 
existing research on learning theory, assessment, and 
educational change. It argues that mastery-based 
progression supported by pedagogy-informed digital 
design offers a viable alternative to time-based 
schooling models, with implications for equity, 
motivation, and educational structure. In doing so, 
the paper contributes to ongoing discussions about 
how technology can be used not merely to digitise 
education, but to fundamentally reimagine how 
learning progression is organised. 
 

2. Theoretical Foundations of 
Mastery-Based Progression 
 

The design of Phlow Academy is grounded in a 
convergence of established theories from educational 
psychology that collectively challenge time-based 
models of progression and support mastery-oriented 
learning. These theories share a common premise: 
learning is most effective when instruction is aligned 
with a learner’s current readiness, supported by 
appropriate scaffolding, and reinforced through 
feedback that promotes reflection and growth. In 
contrast, systems that advance learners according to 
age or calendar time risk misalignment between 
instructional challenge and learner capability, often 
with lasting consequences for motivation, 
confidence, and equity. 

One of the central theoretical influences on Phlow 
is Flow Theory, as articulated by Csikszentmihalyi 
[1]. Flow describes a psychological state of deep 
engagement in which individuals are fully immersed 
in an activity, experiencing focused attention, 
intrinsic motivation, and a sense of control. 
Crucially, flow arises when the perceived challenge 
of a task is closely matched to an individual’s skill 
level. When challenges exceed ability, learners 
experience anxiety and disengagement; when 
challenges fall below ability, boredom and 
complacency emerge. Sustained learning, therefore, 
depends on maintaining this delicate balance over 
time. 

In conventional classroom settings, achieving 
such alignment is difficult at scale. Teachers must 
often deliver instruction to groups of learners with 
widely varying levels of prior knowledge and 
confidence, making it challenging to calibrate 
difficulty appropriately for all students 
simultaneously. As a result, many learners spend 
significant portions of their schooling either 
under-challenged or overwhelmed. Phlow addresses 
this limitation by structuring progression around 
mastery rather than exposure, allowing instructional 
challenge to be continuously adjusted in response to 
learner performance. By doing so, it seeks to create 
conditions under which flow can be experienced 
more consistently, supporting engagement and 
persistence across diverse learner profiles. 

Closely related to Flow Theory is Vygotsky’s 
concept of the Zone of Proximal Development (ZPD) 
[2]. The ZPD represents the range of tasks that a 
learner cannot yet complete independently but can 
successfully accomplish with appropriate guidance 
or support. Learning is maximised when instruction 
targets this zone—slightly beyond current 
independent capability but within reach through 
scaffolding. This concept reinforces the idea that 
effective instruction is not static, but responsive to a 
learner’s evolving competence. 

 



Traditional progression models often fail to 
operationalise the ZPD effectively, as pacing 
decisions are typically fixed in advance and applied 
uniformly. Learners who are not ready for new 
material may be forced to move on regardless, while 
those who are ready to advance may be held back. 
Phlow’s design explicitly seeks to operationalise the 
ZPD by embedding scaffolding into multi-step 
learning sequences and by adjusting progression 
based on demonstrated understanding. Tasks are 
structured to guide learners through intermediate 
reasoning steps, reducing the distance between what 
they can currently do and what they are expected to 
master next. In this way, progression is not arbitrary, 
but contingent on evidence that learners are 
operating successfully within their proximal 
development zone. 

A third foundational influence is Bloom’s Mastery 
Learning framework [3], which challenges the 
assumption that variation in learning outcomes is 
inevitable. Bloom argued that most learners can 
achieve high levels of understanding if given 
sufficient time, appropriate instruction, and targeted 
feedback. In mastery-based systems, progression is 
conditional on demonstrating understanding rather 
than on completing a curriculum within a 
predetermined timeframe. Assessment is used 
diagnostically to identify learning gaps, which are 
then addressed through corrective instruction before 
advancement occurs. 

Empirical work on mastery learning has shown 
that such approaches can reduce achievement gaps 
and improve retention, particularly when feedback is 
immediate and instructional responses are adaptive. 
However, mastery learning has historically been 
difficult to implement at scale in traditional 
classroom settings due to constraints on time, 
resources, and teacher workload. Phlow leverages 
digital technology to address these constraints, 
embedding mastery principles into its progression 
logic so that learners can advance asynchronously 
while receiving continuous feedback. By decoupling 
progression from calendar time, the platform allows 
learners to spend longer consolidating foundational 
concepts when needed, without stigma or penalty. 

These theoretical frameworks—flow, the ZPD, 
and mastery learning—converge on a shared critique 
of time-based schooling. Advancing learners because 
a term has ended or a year has elapsed assumes 
uniform rates of learning that do not reflect cognitive 
reality. Such assumptions disproportionately 
disadvantage learners who require more time or 
different forms of support, often leading to 
cumulative learning deficits that persist throughout 
secondary education. Research on educational equity 
has shown that early gaps in understanding tend to 
widen over time when systems lack mechanisms for 
recovery and personalised progression [4]. 

 

From an equity perspective, mastery-based 
progression offers a fundamentally different 
approach. Rather than sorting learners according to 
relative performance at fixed points, mastery systems 
aim to ensure that all learners achieve a defined level 
of understanding before advancing. This shift 
reframes differences in learning pace as normal 
variation rather than deficit, reducing the likelihood 
that learners will internalise failure or disengage 
from learning. By allowing learners to progress when 
ready, rather than when required, mastery-based 
systems create space for confidence, persistence, and 
self-efficacy to develop. 

Phlow Academy integrates these theoretical 
insights into a cohesive progression model that 
prioritises readiness, feedback, and challenge-skill 
alignment. Learning is structured into levels that 
represent meaningful increases in conceptual 
complexity, but progression through these levels is 
governed by evidence of understanding rather than 
completion alone. Multi-step challenges and 
scaffolded sequences support learners as they move 
through increasingly demanding material, while 
continuous feedback helps stabilise understanding 
and correct misconceptions before they become 
entrenched. 

Importantly, this theoretical foundation also 
supports the development of learner autonomy. As 
learners experience progression based on their own 
effort and understanding, they are encouraged to take 
ownership of their learning trajectory. This aligns 
with broader educational goals related to 
self-regulation and lifelong learning, particularly in 
contexts where adaptability and independent 
problem-solving are increasingly valued. By making 
the relationship between effort, feedback, and 
progression explicit, mastery-based systems help 
learners develop more accurate mental models of 
how learning occurs. 

In summary, the theoretical foundations of Phlow 
Academy challenge the dominant logic of time-based 
progression by drawing on well-established 
principles from educational psychology. Flow 
Theory emphasises the importance of sustained 
challenge-skill alignment, the zone of proximal 
development highlights the role of targeted 
scaffolding, and mastery learning reframes 
progression as a function of understanding rather 
than time. Together, these frameworks provide a 
robust rationale for mastery-based progression 
models and inform the design of digital systems 
capable of supporting them at scale. 

 
 

3. Rethinking Progression in Secondary 
Education 
 

Progression is one of the most fundamental 
structural features of secondary education. In most 



systems, students advance through curriculum 
content according to age, year group, or time spent in 
formal instruction, with progression decisions made 
at fixed intervals. This time-based model has become 
so embedded in schooling that it is often treated as a 
neutral or inevitable organisational choice rather than 
a pedagogical assumption. However, when examined 
through the lens of learning theory, time-based 
progression reveals significant limitations that affect 
learner engagement, equity, and long-term 
understanding. 

At its core, time-based progression assumes that 
learners within a given cohort can progress through 
content at roughly the same pace and that variation in 
outcomes is an acceptable by-product of 
standardisation. This assumption stands in tension 
with established psychological theories of learning, 
which consistently emphasise individual variability 
in prior knowledge, cognitive development, 
motivation, and readiness [1][2]. When instruction 
advances according to schedule rather than 
understanding, learners who have not yet stabilised 
foundational concepts are often required to move on 
regardless, while those who are ready to advance 
may be constrained by the pace of the group. 

The consequences of this misalignment are 
cumulative. Learners who progress without sufficient 
understanding often carry misconceptions forward, 
making subsequent material more difficult and 
increasing cognitive load. Over time, these learners 
may experience repeated failure, disengagement, or 
anxiety, particularly in subjects such as mathematics 
where concepts are hierarchically structured. 
Conversely, learners who are consistently 
under-challenged may disengage due to boredom or 
develop surface-level learning strategies that 
prioritise completion over comprehension. In both 
cases, the learning environment fails to maintain the 
balance between challenge and skill necessary for 
sustained engagement, as described by Flow Theory 
[1]. 

Secondary education systems typically attempt to 
address learner variability through differentiation, 
streaming, or additional support structures. While 
these interventions can be effective in specific 
contexts, they often operate within the constraints of 
a time-based framework. Differentiation may adjust 
task difficulty or presentation, but progression 
remains tied to the same curriculum timeline. 
Streaming may separate learners by perceived ability, 
but often reinforces early performance differences 
and limits mobility between groups. Additional 
supports, such as remedial classes or tutoring, are 
frequently reactive rather than preventative and may 
carry social stigma. 

From a pedagogical perspective, these approaches 
treat symptoms rather than causes. The underlying 
issue is not merely that learners differ, but that 
progression mechanisms are insufficiently responsive 

to those differences. Learning theories emphasise 
that instruction should target the learner’s current 
zone of proximal development [2], yet fixed pacing 
makes this difficult to achieve consistently. When 
progression decisions are decoupled from evidence 
of understanding, instructional alignment becomes 
episodic rather than continuous. 

Mastery-based progression offers an alternative 
structural logic. Rather than advancing learners 
because a unit has ended or a term has concluded, 
mastery-oriented systems require learners to 
demonstrate understanding before progressing. This 
approach reframes variability in learning pace as 
expected and acceptable, shifting the focus from 
relative performance to individual growth. Bloom’s 
mastery learning framework challenged the 
assumption that only a subset of learners can achieve 
high levels of understanding, arguing instead that 
most learners can succeed when provided with 
sufficient time, feedback, and corrective instruction 
[3]. 

Despite its theoretical appeal, mastery-based 
progression has historically been difficult to 
implement in secondary education. Traditional 
classroom environments face practical constraints 
related to class size, timetabling, assessment 
workload, and curriculum coverage. Teachers are 
often required to move entire classes forward 
together, even when evidence suggests that some 
learners are not yet ready. As a result, mastery 
learning principles are frequently applied in limited 
or informal ways rather than as the organising logic 
of progression. 

Digital learning environments offer new 
opportunities to revisit these structural assumptions. 
Unlike traditional classrooms, digital systems can 
support asynchronous progression, continuous 
monitoring of learner interactions, and adaptive 
sequencing of content. When grounded in sound 
pedagogy, technology can make it feasible to align 
progression decisions with evidence of 
understanding rather than calendar time. Importantly, 
this does not require abandoning curriculum 
standards; rather, it requires rethinking how learners 
move through those standards. 

Equity considerations further strengthen the case 
for rethinking progression. Research on educational 
inequality has shown that early learning gaps tend to 
widen over time when systems lack mechanisms for 
recovery and personalised support [4]. In time-based 
models, learners who fall behind early are often 
carried forward with unresolved gaps, increasing the 
likelihood of continued difficulty and 
disengagement. Mastery-based progression interrupts 
this pattern by requiring consolidation before 
advancement, thereby reducing the accumulation of 
hidden deficits. 

Moreover, mastery-based systems can reduce the 
social and psychological costs associated with 



traditional progression structures. When 
advancement is tied to age or cohort, learners who 
struggle may internalise failure as a personal 
deficiency rather than a signal that additional time or 
support is needed. By contrast, mastery-oriented 
progression normalises variation in learning pace and 
frames additional practice as a legitimate part of 
learning rather than a sign of inadequacy. This 
reframing can support confidence, persistence, and 
willingness to engage with challenge. 

Rethinking progression also has implications for 
learner agency. In time-based systems, learners often 
have limited control over pacing or sequencing, 
which can reduce ownership of learning. 
Mastery-based models make the relationship 
between effort, feedback, and advancement more 
transparent. Learners can see that progression is 
contingent on understanding, not compliance, 
encouraging more active engagement with feedback 
and reflection. This aligns with broader educational 
goals related to self-regulated learning and lifelong 
adaptability. 

It is important to recognise that rethinking 
progression does not imply the elimination of 
structure or standards. On the contrary, 
mastery-based progression requires clearly defined 
learning goals, robust criteria for understanding, and 
reliable mechanisms for gathering evidence. The 
difference lies in how those goals are approached and 
how advancement decisions are made. Rather than 
treating time as the primary organising variable, 
mastery-based systems treat understanding as the 
currency of progression. 

In summary, traditional time-based progression 
models in secondary education are increasingly 
misaligned with what is known about how learners 
develop understanding. Learning theory highlights 
the importance of challenge-skill alignment [1], 
targeted scaffolding [2], and progression based on 
mastery rather than exposure [3]. Equity research 
further underscores the risks of carrying learners 
forward without consolidation [4]. Together, these 
insights point toward the need for progression 
models that are responsive, evidence-informed, and 
learner-centred. Rethinking progression is therefore 
not a matter of technological innovation alone, but of 
aligning educational structures with the realities of 
learning itself. 

 
4. Pedagogy-Informed Digital Design: 
The Phlow Academy Model 
 

The Phlow Academy model is designed to 
operationalise mastery-based progression through a 
digital learning environment explicitly informed by 
learning theory. Rather than treating pedagogy as an 
abstract influence applied after development, Phlow 
embeds pedagogical principles directly into its 
system architecture, content sequencing, and 

interaction design. In doing so, it seeks to 
demonstrate how digital platforms can support forms 
of progression and assessment that are difficult to 
sustain within traditional classroom structures. 

At a structural level, Phlow is organised as a 
level-based learning system aligned with national 
curriculum frameworks. Each level represents a 
meaningful increase in conceptual and cognitive 
complexity rather than an arbitrary stage of 
advancement. Progression through these levels is not 
governed by time spent or content exposure, but by 
demonstrated understanding. This design choice 
reflects the theoretical foundations discussed earlier, 
particularly the need to maintain challenge-skill 
alignment to support engagement and learning [1], 
and the importance of targeting instruction within the 
learner’s zone of proximal development [2]. 

 
4.1 Level Structure and Curriculum 

Alignment 
 
Each level within Phlow corresponds to a defined 

domain of knowledge mapped to curriculum 
expectations. However, unlike traditional units that 
bundle multiple concepts together, Phlow 
decomposes subject content into tightly scoped 
subtopics. This decomposition allows the system to 
isolate individual ideas, procedures, or 
representations and to assess mastery at a granular 
level. By doing so, Phlow avoids the common 
problem of learners advancing through topics with 
partially stabilised understanding. 

The level structure also supports vertical 
coherence. Foundational concepts are revisited and 
extended across levels, allowing learners to 
encounter ideas in progressively more demanding 
contexts. This spiral-like progression aligns with 
mastery learning principles, ensuring that earlier 
learning is reinforced rather than abandoned as new 
material is introduced [3]. Learners are therefore less 
likely to experience the sharp increases in difficulty 
that often characterise transitions between 
curriculum stages. 

 
4.2 Micro-Challenges and Multi-Step 

Reasoning 
 
Within each level, learning is delivered through 

sequences of micro-challenges rather than isolated 
questions. These challenges are intentionally 
designed to foreground reasoning processes rather 
than final answers. Complex problems are broken 
into smaller, logically connected steps that guide 
learners through the underlying structure of a task. 

This design serves multiple pedagogical purposes. 
First, it reduces extraneous cognitive load by limiting 
the amount of information learners must process at 
any one time [7]. By presenting one cognitive 
decision per step, the system allows learners to focus 



attention on the relevant concept or operation 
without being overwhelmed. Second, it makes 
learner thinking visible. When a learner struggles, 
the system can identify precisely where the 
breakdown occurs, enabling more targeted feedback. 

Importantly, micro-challenges also support 
learning through error. Rather than penalising 
mistakes, Phlow treats incorrect responses as 
informative signals. Learners are encouraged to 
revise, retry, and reflect, reinforcing the idea that 
error is a natural and productive part of learning. 
This approach aligns with mastery learning 
principles, where corrective instruction is an 
expected component of progression rather than an 
exception [3]. 

 
4.3 Embedded Formative Assessment as 

System Logic 
 
Assessment within Phlow is not implemented as a 

separate feature or endpoint, but as a continuous 
process embedded within learning interactions. 
Every learner response contributes formative 
evidence that informs feedback, scaffolding, and 
subsequent task selection. This design reflects the 
principles of formative assessment articulated by 
Black and Wiliam [5], in which assessment is used to 
guide learning rather than merely to evaluate 
outcomes. 

Crucially, Phlow does not rely solely on binary 
indicators of correctness. Instead, it captures patterns 
of reasoning across steps, including partial 
understanding, repeated misconceptions, and 
self-correction. These patterns are used to update an 
evolving profile of learner understanding, allowing 
the system to distinguish between transient errors 
and more persistent gaps. 

By embedding assessment into the flow of 
learning, Phlow reduces the artificial separation 
between “learning time” and “assessment time” that 
characterises many educational systems. Learners 
receive feedback when it is most 
actionable—immediately after an attempt—rather 
than days or weeks later. This immediacy supports 
metacognitive awareness and helps learners adjust 
strategies in real time. 

 
4.4 Adaptive Progression and Challenge 

Calibration 
 
A defining feature of the Phlow model is its use of 

adaptive progression to maintain challenge-skill 
alignment. Drawing on Flow Theory [1], the system 
aims to present tasks that are neither trivially easy 
nor prohibitively difficult. When learners 
demonstrate stability and fluency within a subtopic, 
they are introduced to more demanding challenges or 
advanced representations. Conversely, when learners 
struggle, the system provides additional scaffolding, 

alternative examples, or opportunities for 
consolidation. 

This adaptive calibration is central to sustaining 
engagement. Learners who are consistently 
under-challenged may disengage due to boredom, 
while those who face excessive difficulty may 
experience anxiety or avoidance. By adjusting 
challenge in response to learner performance, Phlow 
seeks to create conditions under which learners can 
remain productively engaged over extended periods. 

Importantly, adaptation is not framed as 
remediation or acceleration in a traditional sense. 
Learners are not labelled or segregated; rather, 
progression is individualised within a shared 
curriculum structure. This supports equity by 
allowing learners to move at different paces without 
stigma, while still working toward common learning 
goals [4]. 

 
4.5 Cognitive Load Management and 

Instructional Clarity 
 
The design of Phlow is informed by Cognitive 

Load Theory, which distinguishes between intrinsic, 
extraneous, and germane cognitive load [7]. Intrinsic 
load is determined by the complexity of the content 
itself, while extraneous load arises from poor 
instructional design. Germane load, by contrast, 
refers to the mental effort devoted to constructing 
and refining knowledge structures. 

Phlow aims to minimise extraneous load through 
clear task design, consistent visual language, and 
focused prompts. Instructions are concise, 
representations are aligned with the learning 
objective, and unnecessary interface elements are 
avoided. At the same time, the system preserves 
germane load by requiring learners to actively 
engage with concepts, make decisions, and reflect on 
feedback. The goal is not to make learning effortless, 
but to ensure that effort is directed toward 
understanding rather than navigation or 
interpretation. 

This balance is particularly important in 
mastery-based systems, where learners may spend 
extended periods working within a single conceptual 
domain. Poor design at this stage risks fatigue or 
disengagement, whereas well-calibrated cognitive 
demand supports sustained focus and deeper 
learning. 

 
4.6 Supporting Learner Agency and 

Ownership 
 
Beyond its cognitive and instructional design, 

Phlow is intended to support learner agency. 
Progression decisions are transparent: learners can 
see how their understanding develops and why 
certain tasks are presented. Advancement is clearly 



linked to demonstrated mastery rather than arbitrary 
thresholds or time spent. 

This transparency helps learners develop more 
accurate mental models of learning. Rather than 
perceiving success as a function of speed or 
compliance, learners come to associate progress with 
effort, reflection, and understanding. Over time, this 
can support the development of self-regulated 
learning behaviours, as learners learn to interpret 
feedback, identify gaps, and take responsibility for 
their own progression [6]. 

By embedding agency into system logic rather 
than optional features, Phlow aligns its technical 
design with its pedagogical goals. The platform does 
not merely deliver content; it structures learning in 
ways that reinforce autonomy, persistence, and 
confidence. 

 
4.7 From Pedagogical Principles to Digital 

Infrastructure 
 
Taken together, the design elements of Phlow 

Academy illustrate how pedagogical theory can be 
translated into digital infrastructure. Flow Theory 
informs challenge calibration [1], the zone of 
proximal development guides scaffolding decisions 
[2], mastery learning shapes progression logic [3], 
formative assessment underpins feedback design [5], 
and cognitive load theory influences task structure 
and interface clarity [7]. 

Rather than treating technology as a neutral 
delivery mechanism, Phlow demonstrates how 
system design choices embody educational values. 
Progression based on understanding, assessment as 
learning, and adaptation without labelling are not 
incidental features, but outcomes of deliberate 
pedagogical alignment. In this sense, Phlow serves 
not only as a learning platform, but as a concrete 
example of how digital systems can be designed to 
support mastery-based progression at scale. 

 
 

5. Embedded Formative Assessment and 
Learner Self-Regulation 
 

Formative assessment is a central mechanism 
through which mastery-based progression becomes 
educationally viable. In traditional secondary 
education systems, assessment is often treated as an 
endpoint—used to evaluate learning after instruction 
has concluded. Such approaches limit the 
instructional value of assessment and reduce 
feedback to retrospective judgement. By contrast, 
formative assessment positions evidence of learning 
as an active driver of instructional decision-making, 
enabling learners and educators to respond to 
emerging understanding in real time. 

 

Phlow Academy embeds formative assessment 
directly into the learning process, making it 
inseparable from instruction. Rather than reserving 
assessment for discrete tests or checkpoints, the 
platform treats every learner interaction as 
informative. This approach aligns with the 
foundational work of Black and Wiliam, who argued 
that assessment is most powerful when it is used to 
inform learning rather than to certify achievement 
[5]. Within Phlow, assessment functions 
continuously, shaping feedback, scaffolding, and 
progression decisions as learning unfolds. 

A defining characteristic of embedded formative 
assessment in Phlow is its focus on process rather 
than outcome alone. Learner responses are analysed 
not merely for correctness, but for patterns of 
reasoning, partial understanding, and revision 
behaviour. When learners make errors, these are 
interpreted as diagnostic signals rather than failures. 
Feedback is designed to prompt reflection, guide 
attention to relevant concepts, and support corrective 
learning before misconceptions become entrenched. 
This approach reframes error as an expected and 
productive component of learning, consistent with 
mastery-oriented pedagogy. 

Immediate feedback plays a critical role in this 
process. In conventional systems, feedback often 
arrives days or weeks after an assessment, limiting 
its instructional impact. Phlow delivers feedback at 
the moment when it is most actionable—directly 
following a learner’s attempt. This immediacy allows 
learners to connect feedback to their thinking, adjust 
strategies, and reattempt tasks with greater 
awareness. Over time, repeated cycles of attempt, 
feedback, and revision support deeper conceptual 
understanding and reduce reliance on guesswork. 

Embedded formative assessment also enables 
adaptive instructional responses. As learners interact 
with multi-step challenges, the system identifies 
recurring misconceptions, unstable concepts, or 
procedural breakdowns. Instruction can then be 
adjusted dynamically through additional scaffolding, 
alternative representations, or targeted practice. 
Conversely, when learners demonstrate stability and 
fluency, the system can increase challenge to 
maintain engagement. In this way, formative 
assessment functions not only as a feedback 
mechanism, but as the engine of adaptive 
progression. 

Beyond its instructional role, formative 
assessment within Phlow is explicitly designed to 
support learner self-regulation. Zimmerman defines 
self-regulated learners as those who actively monitor 
their understanding, set goals, and adjust strategies in 
response to feedback [6]. Developing these skills is 
essential for long-term academic success, yet they 
are often underdeveloped in systems where 
assessment is externalised and opaque. 



Phlow supports self-regulation by making 
learning processes visible. Learners receive clear 
signals about which aspects of a task they have 
mastered and where further work is needed. 
Feedback is specific and actionable, focusing 
attention on controllable aspects of performance 
rather than global judgements. Progression decisions 
are transparent, allowing learners to see how effort, 
revision, and persistence contribute to advancement. 
This transparency helps learners develop more 
accurate mental models of learning, reinforcing the 
idea that understanding is built through iteration 
rather than innate ability. 

The structure of Phlow’s learning sequences 
further supports self-regulated behaviour. Multi-step 
challenges require learners to engage in planning, 
monitoring, and evaluation—core components of 
self-regulation. Learners must consider each step in 
relation to the overall problem, reflect on feedback, 
and decide how to proceed. When difficulties arise, 
learners are encouraged to pause, reconsider, and 
revise rather than abandon the task. Over time, these 
repeated experiences foster habits of reflection and 
strategic adjustment. 

Importantly, Phlow’s formative assessment model 
avoids over-scaffolding or premature intervention. 
Feedback is designed to support learning without 
removing productive struggle. This balance is 
critical: excessive guidance can undermine 
self-regulation by encouraging dependence, while 
insufficient support can lead to frustration and 
disengagement. By calibrating feedback to learner 
readiness, the system aims to preserve learner agency 
while preventing prolonged impasses. 

The emphasis on formative assessment also 
intersects with motivational beliefs. Learners’ 
interpretations of success and failure significantly 
influence engagement and persistence. Systems that 
emphasise fixed outcomes or comparative ranking 
can reinforce performance-oriented goals, where 
learners focus on appearing competent rather than 
developing understanding. In contrast, formative 
environments that emphasise progress, effort, and 
strategy support a growth-oriented mindset. 

Phlow’s design aligns with Dweck’s work on 
mindset, which highlights the importance of framing 
ability as malleable rather than fixed [10]. By 
rewarding revision, persistence, and partial 
reasoning, the platform communicates that learning 
is a process of development. Learners are not 
penalised for initial difficulty, but supported in 
refining understanding. This messaging is embedded 
not only in feedback language, but in progression 
logic itself: advancement follows mastery, not speed. 

The integration of formative assessment and 
self-regulation also has implications for equity. 
Learners who require additional time or alternative 
explanations are not publicly identified or separated; 
instead, support is delivered privately and adaptively 

within the learning environment. This reduces the 
stigma often associated with remediation and allows 
learners to engage with support at their own pace. By 
normalising variation in learning trajectories, 
formative assessment contributes to more inclusive 
learning environments. 

From a system perspective, embedding formative 
assessment into digital infrastructure reduces reliance 
on high-stakes evaluation as the primary source of 
evidence. While summative assessments may still 
play a role in certification, their function shifts 
within a broader ecosystem of continuous evidence. 
This redistribution of assessment weight allows 
learners to demonstrate understanding across 
multiple interactions rather than on a single occasion, 
increasing validity and reducing the impact of 
situational factors such as anxiety or time pressure. 

In summary, embedded formative assessment is 
not an ancillary feature of Phlow Academy, but a 
foundational design principle that enables 
mastery-based progression and supports learner 
self-regulation. By treating assessment as an ongoing 
dialogue between learner and system, Phlow aligns 
instructional feedback with cognitive and 
motivational theory. Immediate, process-focused 
feedback supports understanding, while transparent 
progression and recognition of effort foster 
autonomy and resilience. Together, these elements 
illustrate how formative assessment, when embedded 
into digital learning design, can support both mastery 
and self-regulated learning at scale. 
 

 
6. Teacher Insight, Data, and 
Instructional Responsiveness 
 

While Phlow Academy is designed to support 
learner autonomy and mastery-based progression, it 
is not intended to displace the role of the teacher. On 
the contrary, the platform is explicitly designed to 
enhance teacher insight into student learning and to 
support more responsive, diagnostic forms of 
instruction. In traditional secondary education 
settings, teachers often rely on infrequent 
assessments, homework completion, or observable 
classroom behaviour to infer student understanding. 
Such indicators, while valuable, can obscure the 
cognitive processes underlying student performance 
and limit opportunities for timely intervention. 

Phlow seeks to address this limitation by 
generating continuous, fine-grained learning data that 
can be translated into actionable insight for 
educators. Rather than focusing solely on outcomes, 
the platform captures indicators related to process, 
persistence, and stability of understanding. This data 
is not presented as a replacement for professional 
judgement, but as a complementary source of 
evidence to inform instructional decision-making. 



Central to this approach is the concept of 
embedded diagnostic assessment, as articulated by 
Wiliam [8]. Embedded assessment emphasises the 
integration of assessment into everyday learning 
activities, enabling teachers to gather evidence of 
understanding as instruction unfolds. In Phlow, every 
learner interaction contributes to a growing body of 
diagnostic information, including patterns of error, 
time-on-task, revision behaviour, and progression 
through scaffolded steps. These indicators allow 
teachers to identify not only which learners are 
struggling, but how and why difficulties are arising. 

The design of teacher-facing insight prioritises 
interpretability over raw data volume. Rather than 
overwhelming educators with granular metrics, 
Phlow is structured to surface patterns that are 
instructionally meaningful. For example, teachers 
may view summaries of common misconceptions 
within a class, identify subtopics where learners 
frequently stall, or observe variation in progression 
rates across concepts. Such insights support targeted 
instructional responses, such as revisiting a 
foundational idea, offering alternative explanations, 
or adjusting the pacing of whole-class instruction. 

This shift from retrospective evaluation to 
real-time diagnosis represents a significant departure 
from traditional assessment practices. In many 
classroom contexts, evidence of misunderstanding 
emerges only after summative assessments have been 
completed, at which point opportunities for 
correction are limited. By contrast, Phlow enables 
teachers to intervene while learning is still in 
progress, aligning instruction more closely with 
learner need. This responsiveness is particularly 
valuable in secondary education, where curriculum 
structures often leave little room for revisiting earlier 
content once a topic has been formally “covered.” 

Phlow’s data model also supports instructional 
differentiation without formal streaming or labelling. 
Because learners progress asynchronously through 
mastery-based pathways, teachers can work with 
learners at different stages of understanding 
simultaneously. Data-informed grouping can be used 
flexibly, allowing teachers to provide targeted 
support or extension without permanently assigning 
learners to fixed ability groups. This approach aligns 
with research suggesting that responsive 
differentiation is more effective and equitable than 
static grouping structures. 

Beyond immediate classroom practice, the 
availability of diagnostic data has implications for 
professional reflection and instructional design. 
Teachers can use aggregated insights to evaluate the 
effectiveness of explanations, identify concepts that 
consistently challenge learners, and refine 
instructional strategies over time. In this way, data 
becomes a tool for pedagogical learning as well as 
learner support. Rather than positioning data as an 

accountability mechanism, Phlow frames it as a 
resource for continuous improvement. 

The platform’s approach to teacher insight is 
informed by Fullan’s work on educational change, 
which emphasises that technology alone does not 
drive improvement unless it is integrated with 
pedagogy and professional capacity-building [9]. 
Phlow is designed to complement existing teaching 
practice, not to impose prescriptive instructional 
models. Teachers retain autonomy in how they 
interpret data, decide when to intervene, and 
determine appropriate instructional responses. The 
system provides visibility, not directives. 

Importantly, the platform avoids conflating data 
with judgement. Learner profiles are dynamic and 
developmental, reflecting the evolving nature of 
understanding rather than fixed ability. Teachers are 
encouraged to view data as indicative rather than 
definitive, supporting a stance of inquiry rather than 
evaluation. This orientation helps prevent data from 
reinforcing deficit narratives or fixed expectations, 
particularly for learners who require more time or 
support. 

The integration of data and instructional 
responsiveness also has implications for workload. 
Traditional assessment practices often require 
significant time investment in marking and 
record-keeping, limiting opportunities for 
instructional adaptation. By automating aspects of 
evidence collection and pattern recognition, Phlow 
aims to reduce administrative burden and allow 
teachers to focus on higher-value instructional 
interactions. This redistribution of effort supports 
more sustainable teaching practices, particularly in 
contexts of increasing curricular and administrative 
demands. 

From a systemic perspective, teacher insight 
enabled by platforms such as Phlow contributes to a 
shift in how instructional effectiveness is understood. 
Rather than relying solely on end-of-course results, 
educators can engage with continuous evidence of 
learning progression. This supports a more nuanced 
understanding of teaching impact, recognising the 
role of timely intervention, scaffolding, and feedback 
in shaping outcomes. 

In summary, Phlow Academy positions teacher 
insight and instructional responsiveness as central 
components of mastery-based progression. By 
embedding diagnostic assessment into everyday 
learning and presenting data in interpretable, 
pedagogically meaningful ways, the platform 
supports teachers in making informed, timely 
instructional decisions. Grounded in principles of 
embedded formative assessment [8] and aligned with 
research on effective educational change [9], this 
approach illustrates how digital systems can enhance, 
rather than diminish, the professional role of the 
teacher. 

 



7. Implications for Equity, Motivation, 
and Educational Change 
 

Rethinking progression through mastery-based, 
pedagogy-informed digital systems has implications 
that extend beyond instructional design to core 
questions of equity, motivation, and systemic 
educational change. Traditional time-based 
progression models, while administratively efficient, 
tend to amplify learner differences by advancing all 
students at the same pace regardless of readiness. 
Over time, this can produce disengagement among 
learners who are either insufficiently challenged or 
repeatedly overwhelmed, undermining both 
motivation and confidence. 

From a motivational perspective, mastery-based 
progression offers conditions more conducive to 
sustained engagement. Flow Theory emphasises that 
motivation is most likely to be maintained when 
learners experience a balance between challenge and 
skill [1]. In time-based systems, this balance is 
frequently disrupted, as instructional pacing is fixed 
rather than responsive. By contrast, mastery-oriented 
models adjust challenge in response to demonstrated 
understanding, increasing the likelihood that learners 
remain engaged and willing to persist through 
difficulty. This alignment supports intrinsic 
motivation by framing learning as a process of 
growth rather than performance comparison. 

Equity considerations further strengthen the case 
for mastery-based progression. Research on 
educational inequality has shown that early learning 
gaps tend to widen over time when systems lack 
mechanisms for recovery and personalised support 
[4]. In conventional models, learners who progress 
without consolidating foundational understanding 
often accumulate hidden deficits that compound 
across years of schooling. These deficits 
disproportionately affect learners from less 
advantaged backgrounds, who may have fewer 
opportunities for supplementary support outside the 
classroom. 

Mastery-based progression interrupts this pattern 
by requiring consolidation before advancement. 
Rather than carrying learners forward with 
unresolved gaps, the system creates space for 
additional practice, alternative explanations, and 
targeted feedback. Crucially, this support is 
embedded within the learning process rather than 
delivered as a separate remedial intervention, 
reducing the stigma often associated with “falling 
behind.” Variation in learning pace is normalised, 
reframing difference as a matter of timing rather than 
ability. 

The implications for learner identity are 
significant. In time-based systems, repeated difficulty 
can lead learners to internalise failure as a fixed 
characteristic, reducing effort and willingness to 
engage with challenge. Mastery-based environments, 

by contrast, communicate that understanding 
develops through effort, feedback, and iteration. This 
framing aligns with Dweck’s work on mindset, 
which highlights the importance of perceiving ability 
as malleable rather than fixed [10]. By rewarding 
revision, persistence, and improvement, 
mastery-oriented systems support more adaptive 
motivational beliefs. 

At a systemic level, adopting mastery-based 
progression supported by digital infrastructure 
challenges long-standing assumptions about how 
schooling is organised. Age-based cohorts, fixed 
pacing, and episodic assessment are not pedagogical 
necessities but historical conventions shaped by 
administrative constraints. Digital systems that 
embed assessment, feedback, and progression logic 
create opportunities to decouple learning from rigid 
timelines while maintaining alignment with 
curriculum standards. 

However, educational change of this nature 
requires more than technological adoption. It 
necessitates shifts in professional practice, 
assessment culture, and policy frameworks. Teachers 
must be supported in interpreting diagnostic data and 
adapting instruction, while systems must recognise 
formative evidence as a legitimate component of 
progression decisions. Importantly, mastery-based 
models should complement rather than replace the 
relational and professional dimensions of teaching. 

In summary, the implications of 
pedagogy-informed digital progression extend well 
beyond efficiency or engagement. By aligning 
challenge with readiness [1], interrupting the 
compounding of early disadvantage [4], and 
fostering growth-oriented beliefs about learning [10], 
mastery-based systems offer a pathway toward more 
equitable and motivating educational structures. 
When thoughtfully designed and implemented, such 
models have the potential to support not only 
individual learners, but broader systemic change in 
how success and progress are defined in secondary 
education. 

 
 

8. Conclusion 
 

This paper has examined how pedagogy-informed 
digital design can support a fundamental rethinking 
of progression in secondary education. Rather than 
treating advancement as a function of age or time 
spent in instruction, the work has argued for 
mastery-based progression grounded in 
well-established learning theory. Drawing on Flow 
Theory, the zone of proximal development, mastery 
learning, formative assessment, cognitive load 
theory, and research on motivation and educational 
change, the paper has outlined a coherent framework 
for aligning instructional challenge with learner 
readiness at scale. 



 
Phlow Academy was presented as a concrete case 

study of how these principles can be operationalised 
through digital infrastructure. Its design demonstrates 
how mastery-based progression, embedded formative 
assessment, adaptive challenge calibration, and 
process-focused learning can be integrated into a 
unified system rather than implemented as isolated 
pedagogical strategies. By embedding assessment 
into everyday learning interactions, Phlow reframes 
assessment from a mechanism of judgement to a 
driver of understanding, feedback, and progression. 
This shift supports learner self-regulation, sustained 
engagement, and deeper conceptual learning. 

A central contribution of the paper lies in its 
challenge to time-based schooling as a default 
organisational structure. The analysis highlights how 
fixed pacing models often misalign instruction with 
learner readiness, contributing to disengagement and 
the compounding of early learning gaps. 
Mastery-based progression offers an alternative logic 
in which variation in learning pace is expected rather 
than penalised, and where consolidation precedes 
advancement. When supported by digital systems 
capable of continuous evidence collection and 
adaptive response, such models become more 
feasible at scale than has historically been possible in 
traditional classroom contexts. 

The paper has also emphasised that meaningful 
educational change requires more than technological 
innovation alone. Phlow is not positioned as a 
replacement for teachers or for professional 
judgement, but as a tool that enhances teacher insight 
and instructional responsiveness. By surfacing 
interpretable diagnostic information, the platform 
supports teachers in making timely, informed 
decisions while preserving the relational and 
pedagogical dimensions of teaching. In this sense, 
digital technology functions as an enabler of 
pedagogy rather than its driver. 

Finally, the implications of mastery-based, 
pedagogy-informed progression extend beyond 
individual learning outcomes to broader questions of 
equity, motivation, and system design. By aligning 
progression with understanding rather than time, and 
by recognising effort, revision, and growth, such 
systems offer a pathway toward more inclusive and 
motivating educational structures. While further 
empirical research and policy alignment are 
necessary to explore scalability and long-term 
impact, this paper argues that reimagining 
progression is both a pedagogical imperative and a 
structural opportunity. When grounded in learning 
science and implemented thoughtfully, digital 
systems like Phlow Academy can contribute 
meaningfully to the evolution of secondary 
education. 
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