& —{ education sciences

Article

From Online Video-Based Professional Development to
Differentiated Teaching: A Case Study of Mathematics Teacher

Mia Filipov 1*

W) Check for updates

Academic Editor: Diego Vergara

Received: 6 February 2026

Revised: 11 March 2026

Accepted: 30 March 2026

Published: 1 April 2026

Copyright: © 2026 by the authors.
Licensee MDPI, Basel, Switzerland.
This article is an open access article
distributed under the terms and
conditions of the Creative Commons
Attribution (CC BY) license.

and Ljerka Jukié¢ Matié¢ 2

Department of Pedagogy, Faculty of Humanities and Social Sciences, Josip Juraj Strossmayer University
of Osijek, 31000 Osijek, Croatia

School of Applied Mathematics and Informatics, Josip Juraj Strossmayer University of Osijek,

31000 Osijek, Croatia; ljukic@mathos.hr

*  Correspondence: mfilipov@ffos.hr

Abstract

Video-based teacher professional development (TPD) offers teachers structured opportunities
to examine their classroom practice, yet its role in supporting differentiated instruction (DI) in
fully online formats remains underexplored. This longitudinal case study investigates how
participation in a facilitated, fully online video-based TPD was associated with changes in
the cognition and classroom practice of one lower-secondary mathematics teacher, with a
specific focus on DI. Drawing on Major and Watson'’s four-dimensional model of teacher
cognitive change, we analyse developments in the teacher’s self-efficacy, self-evaluation,
knowledge of teaching, and instructional beliefs, and link these to observable changes in
differentiated classroom practice. Data were collected through six classroom observations, as
well as a semi-structured interview focused on DI. The findings show that sustained engage-
ment in structured video reflection and online professional learning community discussions
supported a shift from predominantly teacher-centred instruction to more adaptive, student-
centred teaching characterised by tiered tasks, embedded scaffolding for struggling students,
enrichment for advanced learners, and increased collaborative problem solving.

Keywords: differentiated instruction; mathematics teacher; video-based teacher profes-
sional development; teaching practice

1. Introduction

Teacher professional development (TPD) plays a central role for increasing teachers’
instructional competencies and improving student learning outcomes (Borko, 2004; Avalos,
2011). Despite extensive research, no single framework for effective TPD has achieved
universal consensus. Desimone (2009) emphasises subject specificity and active learning,
Kennedy (2016) categorises TPD approaches according to their underlying assumptions
about knowledge and practice, and Sims et al. (2023) highlight the importance of integrating
motivation, techniques, and sustained practice. Although these frameworks offer valuable
insights, they tend to pay less attention to the role of structured reflection in supporting
teachers as they navigate complex instructional challenges.

Differentiated instruction (DI) is one such challenge, as it addresses students’ differ-
ent levels of readiness, interests, and learning profiles (Tomlinson, 2017). While DI has
been linked to increased engagement and achievement, math teachers frequently report
difficulties in implementing it effectively. These challenges are caused by insufficient pre-
service and in-service preparation, resource constraints, and the complexity of teaching
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in mixed-ability classrooms (Meutstege et al., 2023). To support DI, teachers need profes-
sional development that not only teaches them new ways to teach but also encourages
them to think about and change how they teach. This allows teachers to change how they
give assignments, interact with students, and grade them in ways that are responsive.
Video-based TPD has emerged as a promising strategy in this regard. Teachers can analyse
interactions, examine student responses, and reflect on their own pedagogical decisions
by using video-recordings in structured and collaborative settings (Gaudin & Chalies,
2015). Those processes are especially important for DI, which relies on teachers’ ability to
recognise differences in student understanding and respond flexibly.

While the benefits of video-based TPD for teacher learning are well documented,
there is still limited understanding of how fully online video-based TPD supports the
cognitive processes that enable teachers to implement DI in practice. In particular, there
is insufficient research examining how participation in such professional development is
associated with changes in teacher cognition and teaching practice over time. The present
study partly addresses this gap by investigating how a teacher’s cognition and classroom
practice develop over time during participation in an online video-based TPD.

2. Literature Review
2.1. Effective Use of Video in TPD

Using classroom video in TPD promotes teacher learning because a mere narrative
exchange of teaching experiences cannot mediate complex classroom interactions (de Jong
& Lazonder, 2014). Videos present these interactions in a tangible, visual form, facilitating
an in-depth analysis of different classroom situations (Borko et al., 2011). Classroom video
has numerous positive outcomes in TPD. To begin with, the ability to rewatch videos allows
teachers to concentrate on distinct aspects of the classroom environment, as well as on their
own and students” moves. This possibility is important for gaining a deeper understanding of
teaching and learning in the classroom and for improving one’s observational skills. Sharing
and accessing these videos via different online platforms also makes both asynchronous and
synchronous learning possible. Established classroom observation protocols can be used to ex-
amine the video, providing a systematic and comprehensive framework for evaluation (Kang
& van Es, 2019). However, the availability of classroom videos in TPD does not inherently
imply that teachers have improved their observation or teaching skills. Engaging with the
video content in a deliberate and thoughtful way is key to getting the most out of these class-
room resources (Koellner et al., 2018; Marsh & Mitchell, 2014). Teachers benefit from reflection
because it enables them to consider and internalise what they have observed. Collaborative
analysis enriches this experience by integrating diverse perspectives and insights, thereby
fostering a culture of collective learning. By engaging in these types of activities, teachers can
discover their students’ strengths and realise what they need to improve on in future lessons
(Borko, 2004; Sherin & Han, 2004; Koellner et al., 2018; Marsh & Mitchell, 2014).

The use of classroom video in TPD can be analysed not only through the lens of
teaching practice but also through the perspective of teacher cognition, which includes
teachers’ thoughts, knowledge, and beliefs. Previous learning experiences, teacher edu-
cation programmes, classroom teaching experience, and educational policy all influence
teacher cognition, which is resistant to change (Lunn Brownlee et al., 2017). However,
research indicates that teacher education has the potential to strengthen, broaden, and
transform teacher cognition: self-efficacy, self-evaluation, knowledge of teaching, and chal-
lenging beliefs (Major & Watson, 2018). Classroom video allows learning through examples
of both effective and ineffective practices, offering valuable insights in the instructional
moves employed by oneself or other teachers. Teachers” engagement in video-based TPD
has the potential to bring about modifications in teaching practices, as well as in teachers’
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dispositions towards their profession. This engagement can result in an enhanced level of
teachers’ content, general pedagogical knowledge, and pedagogical content knowledge,
leading to improved learning outcomes for students and their heightened enthusiasm for
the subject matter (van der Linden et al., 2021; Kiemer et al., 2014).

A key factor of effective video-based TPD is the iterative learning cycle, where teachers
continuously engage in lesson observation, reflection, adaptation, and refinement (Koellner
et al., 2018). This cyclical nature ensures that cognitive developments are successfully
translated into sustained effective mathematics teaching practices.

2.2. Characteristics of Effective Mathematics Teaching

One of the goals of TPD is to assist teachers in improving their teaching skills and im-
plementing changes in their lessons (Krille, 2020). This investigation focuses on whether a
mathematics teacher participating in an online video-based TPD programme contributed to
effective mathematics teaching. Therefore, it is important to understand the key components
underpinning the effectiveness and quality of mathematics instruction. There are three dimen-
sions that encompass effective mathematics teaching: (1) the level of cognitive demand required
by tasks, (2) the provision of learning support through diligent monitoring of student progress,
personalised feedback, and adaptive instruction, and (3) the implementation of efficient time
management and effective teaching strategies (Praetorius et al., 2018). In effective mathematics
instruction, the teacher acknowledges students’ prior knowledge and uses it as a foundational
basis for both student learning and their own teaching approach (NCTM, 2014; M. Smith
et al., 2017). Effective teaching practices encourage the building of students’ conceptual and
procedural knowledge, as well as the development of collaborative learning skills and a sense of
responsibility for both their academic achievement (Hattie, 2012; NCTM, 2014; M. Smith et al.,
2017). In such teaching practice, students should also engage in self-reflection, drawing insights
from their errors and autonomously arriving at conclusions regarding the underlying causes
of these mistakes. To increase their chances of achieving success, students should not only be
provided with feedback from their teacher but also from their peers (Hattie, 2009; M. Smith
et al.,, 2017). However, one of the important aspects of effective mathematics teaching is creating
equitable learning opportunities for all students, regardless of their readiness or learning profile
(Le Fevre et al., 2016; Tomlinson et al., 2003; M. Smith et al., 2017). Such opportunities include
adapting to students’ needs through DI, which will be discussed in the following subsection.

2.3. DI in Mathematics Education

Dl is a pedagogical strategy used to design instruction in mixed-ability classrooms in
accordance with students’ readiness, interests, needs, and learning profiles (e.g., Hunter
et al., 2019; Tomlinson, 2017). While the precise definition and unambiguous operationali-
sation of DI are still lacking in the literature, there has been a growing understanding of its
attributes. Deliberateness and adaptability are identified as shared characteristics among
teachers who address the differences among students in a heterogeneous classroom (Jager
et al., 2022). Teachers must identify the learning needs of their students and modify cur-
riculum content, learning tasks, instructional strategies, learning objectives, and continuing
assessments of students’” progress (Prast et al., 2015; Van Geel et al., 2019). Effective DI
leverages the varied backgrounds and skills students bring to the classroom, optimising
learning opportunities for each individual (Parsons et al., 2018).

Mathematics teachers report being aware of the need for DI in mixed-ability classrooms
and state their confidence in their ability to provide such instruction (Shayshon et al., 2014).
However, Mellroth (2018) found that a substantial number of teachers are unfamiliar with
DI strategies. Moreover, teachers frequently face challenges in effectively addressing the di-
verse range of mathematical aptitudes present in the classroom (e.g., Leikin & Stanger, 2011;
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Mhlolo, 2017). Those include a lack of time and resources for teacher preparation, the need for
collaboration within and across schools (Smit & Humpert, 2012), and an imbalance between
teachers” understanding and implementation of DI (Whipple, 2012). Continuous PD is essential
for in-service teachers to effectively address the learning requirements of their students (Van
Geel et al., 2019). According to a recent systematic review by Langelaan et al. (2024), effective
TPD programmes for DI include design and classroom practice, collaboration, reflection, men-
toring, and the utilisation of feedback. This review found that in such TPDs, the real-world
examples of differentiated lesson plans and differentiated teaching practice helped teachers
identify patterns and make more informed instructional decisions regarding DI. Moreover,
the review detected that collaboration among teachers was beneficial and influential, and it
enhanced the participants” comprehension of their own pedagogy, as well as student learning.
Collaborative approaches, such as Lesson Study or professional learning communities (PLCs),
afforded teachers the chance to share insights and participate in collective knowledge acquisition.
Even though DI has shown promising outcomes not only in enhancing students” academic
achievement but also in nurturing their social and emotional growth, international research
highlights a concerning gap: many teachers feel ill-equipped to effectively employ DI in their
classrooms. This underscores the need for comprehensive TPD programmes (Meutstege et al.,
2023). Through such initiatives, teachers can cultivate a more inclusive and effective learning
environment, contributing to enhanced student learning outcomes and holistic development.
Implementing DI requires changes in teacher’s beliefs, self-efficacy, self-evaluation and knowl-
edge for teaching. Therefore, it is useful to investigate whether video-based TPD, known for its
impact on teacher cognition, can support the development of DL

3. Model for Integrating Video-Based TPD and DI

The present study draws on the four-dimensional model of teacher cognitive change
proposed by Major and Watson (2018), which conceptualises how video-based TPD can
influence teachers’ cognition and classroom practice. The model emphasises four interre-
lated dimensions of cognitive change: self-efficacy, self-evaluation, knowledge of teaching,
and challenging beliefs. Together, these dimensions describe how teachers develop confi-
dence, reflect on their practice, expand their instructional knowledge, and reconsider their
pedagogical assumptions through engagement with video-based professional learning.
While the original model provides a comprehensive explanation of how video-based TPD
influences teacher cognition, it does not explicitly address how these cognitive changes
relate to specific pedagogical approaches. In this study, we extend the model by linking
each dimension to DI in mathematics, providing a framework for analysing how cognitive
change may support more adaptive and responsive classroom practice.

Self-Efficacy: Self-efficacy refers to a teacher’s belief in their ability to implement
effective instruction. Video-based TPD enhances self-efficacy by allowing teachers to
observe successful differentiation strategies, analyse their own instructional choices, and
build confidence in making pedagogical decisions (Sherin & Han, 2004).

e Instructional impact: Mathematics teachers with higher self-efficacy are more likely
to experiment with DI, trust their instructional decisions, and persist in refining DI
practices even when faced with challenges (Coles & Brown, 2021; Mellroth et al., 2021).
Increased confidence in instructional decision-making is also consistent with research
showing that reflective, design-oriented professional learning can support shifts in
teachers’ professional identity (Lambert et al., 2021).

Self-Evaluation: Video-based TPD promotes self-evaluation by enabling teachers to
critically analyse their own lessons, recognise strengths and weaknesses in their teaching,
and identify areas for improvement through structured reflection and collaborative analysis
(Lambert et al., 2021; van der Linden et al., 2021).
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e Instructional impact: Mathematics teachers with strong self-evaluation skills are better
able to articulate and implement differentiation strategies, leading to more intentional
modifications in lesson design, scaffolding approaches, and formative assessment
practices. Through reflective processes and collaborative inquiry, teachers refine their
instructional decisions to better support diverse learners (Herner-Patnode & Lee, 2021;
Mellroth et al., 2021).

Knowledge of Teaching: Video-based TPD supports the development of teachers’ knowl-
edge of teaching by expanding their instructional repertoire, including strategies related to
task design, scaffolding, and targeted differentiation.

e Instructional impact: As mathematics teachers deepen their knowledge of teaching
mathematics, they are more likely to implement structured and purposeful differentia-
tion, ensuring that instructional materials and learning activities align with students’
diverse needs and levels of understanding (Coles & Brown, 2021; Langelaan et al.,
2024). Design-oriented professional learning may further support this process by posi-
tioning teachers as active designers of instruction rather than passive implementers
(Lambert et al., 2021).

Challenging Beliefs: Teachers often hold firmly established beliefs about instruction
that can hinder the adoption of innovative practices such as DI. Video-based TPD can chal-
lenge these beliefs by exposing teachers to alternative perspectives, highlighting effective
differentiation practices, and promoting a shift from teacher-centred to student-centred
instruction (Lunn Brownlee et al., 2017).

e Instructional impact: Mathematics teachers are more likely to incorporate student-led
learning, collaborative problem-solving, and individualised support structures into
their lesson plans as instructional beliefs change. Studies on reflective and empathy-
driven professional learning show how such processes can disrupt deficit-oriented
beliefs and support more inclusive instructional practices (Fitzgerald et al., 2021;
Lambert et al., 2021).

Research Focus

There is limited understanding of how fully online, video-based TPD contributes to
changes in teachers’ cognition and classroom practices over time, especially concerning
differentiated mathematics instruction (Koellner et al., 2018; Lambert et al., 2021). Studies
have usually examined either the benefits of video for teacher learning or DI as a classroom
strategy in its own right. Using the model presented above, this study investigates how
changes in teacher cognition are connected to observable shifts in teaching practice. Rather
than measuring the effectiveness of DI using student achievement data, the study focuses
on how participation in a facilitated, fully online video-based TPD may support cognitive
and pedagogical change over time. The study is guided by the following research questions:
(@) How does participation in an online video-based TPD influence a mathematics

teacher’s cognition regarding DI?

(b) How does participation in an online video-based TPD influence changes in the

teacher’s practice, particularly with respect to DI?

4. Methods
4.1. Study Design

To answer the research questions, case study methodology was applied. The strength
of case study research lies in its ability to ask important questions about educational
practice, such as why and how (Yin, 2014). If a case study is conducted over an extended
period of time (at least one year for social studies and nine months for educational projects),
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it represents a longitudinal case study (Saldafia, 2003). Longitudinal case study designs
permit researchers to investigate a phenomenon in greater depth over time using a variety
of methods, such as repeated interviews and observations, document analysis, and small-
scale questionnaires (Mills et al., 2010). The aim of the case study is not to generalise
findings to a wider population, but to examine the phenomenon in depth within its specific
context (Stake, 2008). In our study, the focus is on tracing developmental processes within
a single case rather than on evaluating the general effectiveness of the whole TPD.

4.2. Study Context

This study was conducted within the SURFPRIMA research project, in which an online
video-based TPD for mathematics teachers was designed and implemented (Filipov, 2023). The
project aimed to explore how video-based reflection within an online PLC may support changes
in mathematics teachers” instructional practice. The present paper focuses on a single-case study
of one teacher participating in this TPD in order to examine in detail how engagement in the
professional development process was reflected in classroom practice over time.

4.3. Description of the TPD

The TPD brought together seven mathematics teachers and six members of the research
team (mathematics teacher educators and researchers) to form an online PLC. The group
met biweekly via Zoom over the course of one school year. All participating teachers
worked in lower secondary schools. Among them, two worked in rural schools and
the others worked in urban schools across different geographical districts. None of the
participants were novice teachers; their teaching experience ranged from 8 to 25 years. The
first five sessions focused on theoretical principles of effective mathematics teaching. In
the subsequent sessions, teachers analysed video recordings of their own lessons in which
these principles were implemented. Each meeting centred on the analysis of a 20 min
classroom episode and followed a structured performance feedback protocol that included
introductory reflection, positive and corrective feedback, suggestions for future lessons, and
concluding reflections (Hemmeter et al., 2011). Discussions were facilitated by members of
the research team. In this study, facilitation refers to structuring the conversation rather
than providing directive coaching. Facilitators organised the flow of discussion, selected
video episodes, and posed open questions encouraging teachers to articulate and examine
their instructional reasoning. Responsibility for interpreting classroom events and making
pedagogical conclusions remained with the teachers.

During each session, teachers first discussed selected video segments in small groups
together with the experts and then shared their insights in a plenary discussion. Additional
reflection took place asynchronously through written analyses posted on Moodle forums,
allowing teachers to engage with one another’s observations outside scheduled meetings.
This combination of synchronous discussion and asynchronous reflection created a con-
tinuous online professional learning environment centred on the analysis of classroom
practice. Over time, responsibility for initiating lesson analysis gradually shifted from the
experts to the teachers whose lessons were being discussed. Teachers began each session by
presenting their own reflections and identifying key instructional moments for discussion,
while peers and experts contributed additional perspectives. Because all discussions were
grounded in classroom video recordings, the focus remained on teachers’ interpretations of
their own and their colleagues’ practice.

The TPD itself did not focus on the use of specific digital tools. Instead, it centred
on analysing classroom practice through video recordings and collaborative reflection.
During the project, the participating teacher independently introduced several digital tools
while experimenting with instructional ideas that emerged from these discussions. The
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tools functioned as enactment resources rather than as components of the professional
development intervention.

All participants provided informed and voluntary consent after being briefed on the
study’s objectives and procedures. Approval was obtained from the Ministry of Science
and Education of Croatia, the Education and Teacher Training Agency, school principal,
and students’ parents or guardians (URBROJ: 533-05-19-0004). Students without parental
consent were excluded from recordings, ensuring their rights were protected. Participants
retained the right to withdraw from the research at any time.

4.4. Participant

The case study participant was one female mathematics teacher in lower secondary
school (grades 5-8). For the purpose of anonymity, the teacher is referred to as Ms. Maddie.
She was one of seven mathematics teachers who participated in the same online video-
based TPD. Her mathematics advisor recommended her for participation in TPD based
on her strong motivation to improve her teaching practice and her openness to innovative
approaches, like DI. However, she was not selected for the case study in advance. Instead,
the case emerged during the project. Although several teachers participated in the TPD,
Ms. Maddie was the only participant who consistently attempted to implement DI in her
classroom. For this reason, her case provided the most suitable opportunity to examine the
development of DI practices within the TPD context.

Ms. Maddie worked in a rural school where opportunities for subject-specific profes-
sional development were relatively limited and had fewer colleagues teaching the same
subject. Thus, the online TPD provided an important space for her professional exchange
and reflection that would otherwise have been difficult to sustain. At the time of the
study, Ms. Maddie had eight years of teaching experience. She held a Bachelor’s degree
in Mathematics and a Master’s degree in Mathematics Education. At the beginning of
the project, she expressed concerns about low student motivation and disengagement in
mathematics, which motivated her to implement DI.

4.5. Data Collection

The data collection process encompassed both classroom observations and interviews
with the teacher. Since the teacher chose to incorporate differentiation into her lessons as
a key aspect of effective mathematics teaching, an online semi-structured interview was
conducted related to this topic (Table 1).

Table 1. Interview protocol.

Prior experience with DI

1.  How did you approach differentiation in your teaching before participating in this
TPD program?

2. How has your approach to DI changed during your participation in the TPD
program compared with your previous teaching practice?

3. Which aspects of implementing DI in your teaching have been most successful?

4. What challenges or difficulties have you encountered when implementing DI?

5. How did students respond to the introduction of DI in your lessons?

TPD focused on DI

1.  What prior professional development experiences have you had related to DI
outside this program?

2. In what ways, if any, has this TPD program supported your implementation of DI?

Were there any aspects of the program that you found less helpful or missing?

4. What recommendations would you offer for designing professional development
programs that support mathematics teachers in implementing DI?

w
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There were six classroom observations spread out over one school year. The lessons
were recorded with two cameras: one at the back of the classroom and the other carried by
a researcher who moved around the room to film what the students were doing and saying.
This placement enabled the researchers to observe Ms. Maddie’s teaching strategies, her
engagement with the students, and the interactions that occurred among the students. The
first lesson was recorded at the start of the TPD, and all other lessons were recorded after
the theoretical part of the TPD was over.

Student achievement was not measured through tests. Student-related observations
(e.g., collaboration, participation, metacognitive talk) are interpreted as indicators of class-
room participation rather than direct evidence of learning outcomes.

4.6. Data Analysis

Data analysis combined qualitative and quantitative methods to comprehensively
explore changes in teacher cognition and practice within above described video-based TPD.
The analysis focused on two primary sources: classroom observation data and interview
data, both analysed using systematic protocols and frameworks.

4.6.1. Classroom Observations

Teaching Observation Form (TOF) (Bezinovic et al., 2012) was used to evaluate teaching
practices across three dimensions: lesson structure, individualisation and differentiation,
teaching metacognitive skills and learning strategies and feedback. To ensure consistency
in data interpretation, TOF scoring followed a three-tier scale:

e  Not Implemented (NI): The teaching practice was absent or inconsistently applied.

e  Emerging Implementation (EI): The teaching practice was present but inconsistently
or partially integrated.

e  Fully Implemented (FI): The teaching practice was consistently and effectively inte-
grated into instruction.

Each observation was accompanied by qualitative descriptions, providing deeper
insights into specific instructional behaviours.

The COPUS protocol (M. K. Smith et al., 2013) was used to code and analyse class-
room activities in two-minute intervals. The protocol captures observable behaviours of
both teachers and students, allowing researchers to characterise how classroom time is
distributed across different instructional and learning activities. These included teacher
activities (e.g., lecturing, providing feedback, and moving around the classroom) and
student activities (e.g., group work, answering questions, and whole-class discussions;
see Figure 1). To examine how lesson dynamics changes during the intervention, the
frequencies and percentages of time allocated to each activity were calculated. Multiple
behaviours could be coded within the same two-minute interval, as COPUS is designed to
capture all actions occurring during that interval. The protocol is descriptive rather than
evaluative and does not assess instructional quality; instead, it records the occurrence of
specific observable actions. For analytical purposes, each code was treated as a frequency of
occurrence across all intervals in a single lesson. The number of intervals in which a specific
behaviour appeared was divided by the total number of coded intervals, yielding the
percentage of time that behaviour occurred. Because the codes are not mutually exclusive,
percentages do not sum to 100%; rather, they reflect overlapping instructional and learning
activities. Although COPUS was originally developed and validated for undergraduate
STEM classrooms, its focus on observable, content-neutral behaviours makes it applicable
across educational levels. The protocol’s coding categories, such as lecturing, group work,
and whole-class discussion, reflect instructional and learning activities that are not specific
to higher education and are equally relevant to lower-secondary school contexts.
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Two independent coders analysed the TOF and COPUS data to ensure coding reliabil-
ity. Cohen’s Kappa was calculated, yielding scores of 0.82 for TOF and 0.87 for COPUS,
indicating strong inter-rater agreement. Any discrepancies in coding were resolved through

collaborative discussion, ensuring consistency and rigour in the analysis.

Occurrence of Activity by Time
Minutes
50(52|54|56|58|60|{62|64|66|68|70|72|74|76(78|80|82|84|86(88(90|92|94|96| 98| 100| 102|104 106| 10|
Listening (L)
Answer Question (AnQ).
w0 Asking (5Q)
;g ‘Whole Class (wc)
= Presentation (SP)
B Thinking (Ind)
i) Clicker (CG)
=
= Worksheet (WG) 1 O | | #
% Other Group (0G)
a Prediction (Prd)
v Test/Quiz (T/Q)
Waiting (W)
Other (0).
Lecturing (Lec)
w Writing (RtW)
2 Demo/Video (D/V]
= Follow Up (FUp).
E Pose Question (PQ).
@ Clicker Question (CQ).
S Answer Question (AnQ)
ﬂ Moving/Guiding (MG) H H
g One on One (101)
o Administration (Adm)
= Waiting (W)
Other (0)

Figure 1. Example of coding a recorded lesson using COPUS protocol. The colors follow the standard

COPUS convention: instructor activities are shown in blue, while student activities are shown in red,

enabling clear visual differentiation of classroom dynamics over time.

4.6.2. Thematic Analysis of Interview Data

Interview data were analysed using thematic coding, guided by Major and Watson’s

(2018) model, which focuses on changes in teacher self-efficacy, self-evaluation, knowledge

of teaching, and beliefs about teaching (for example, see Table 2):

e teacher self-efficacy: gaining confidence in ability to help students learn; affirming

choices made in own practice; gaining in interpretive self-confidence over time;

e teacher self-evaluation: aid on reflection/critique on own practice; critiquing own

performance; recognising when something learnt previously was not applied, but

should have been; identifying directions for improvement;

e knowledge of teaching: learning new techniques; observing others’ practice (both

exemplary and warranting improvement); noticing events not apparent during teach-

ing; sharing and developing pedagogical content knowledge; collaborative reflection

(highlighting one is not alone in their struggles);

e challenging beliefs: positively disrupting beliefs of practice; contrasting espoused

philosophy and beliefs with reality.

Table 2. Example of coding.

Excerpt from Interview Code Theme
This program helpec% me build Confidence, ’ .
myself up, regaining lost empowerin Teacher’s self-efficacy
self-confidence. P &
I started noticing some things that Reflection on Teacher’s
I'hadn’t even noticed before. own practice self-evaluation
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4.6.3. Integration of Quantitative and Qualitative Data

The qualitative and quantitative data were integrated to interpret changes in teacher
cognition and classroom practice. Observation protocols (TOF and COPUS) provided indi-
cators of observable instructional behaviour, while interview data captured the teacher’s
interpretations of these changes. Rather than serving as independent forms of evidence,
the two data sources were analytically compared. For example:

e  TOF ratings related to differentiation and feedback were interpreted together with the
teacher’s descriptions of designing project-based differentiated tasks.

e COPUS frequencies (e.g., increased group work and questioning) were exam-
ined alongside qualitative themes of student-centred instruction and reflective
decision-making.

Claims about change were made only when reported experiences were consistent

with observed classroom practices. This triangulation allowed the findings to describe a

coherent developmental process within the video-based professional learning context.

5. Results

In the following sections, we present findings on the change in mathematics teach-
ers’ cognition and teaching practices, highlighting key changes and their implications
for teaching.

5.1. Changes in Teacher Cognition

In the following sections, we present findings on changes in Ms. Maddie’s cognition
and teaching practices, highlighting key developments and their implications for instruction
within the context of TPD.

5.1.1. Self-Efficacy: Strengthening Confidence in Teaching and Differentiation

At the beginning of the study, Ms. Maddie struggled with self-doubt about her ability
to implement DI effectively. Although she was committed to improve her teaching practice,
she found differentiation overwhelming and difficult to manage, particularly when she
engaged students with varying levels of readiness. One of her greatest frustrations was
that, despite spending hours preparing differentiated materials, her lessons often did not
unfold as she had envisioned. Some students remained actively engaged, while others
were disengaged, leading her to question whether her efforts were making a meaningful
impact. She described her frustration, explaining:

“I would prepare materials for hours, trying to engage students at different levels,
but in the end, only some students were working while others were disengaged.
It felt like my effort was wasted.”

Taking part in the video-based TPD seems to have changed Ms. Maddie’s self-efficacy.
At first, watching recordings of her lessons made her feel uncomfortable because it showed
her gaps in her teaching that she had not noticed before. But after a while, with the help of
cycles of analysis and feedback, she started to see patterns in how students were engaged
and figure out what worked for them. As she described:

“I started to notice some things that I had not noticed before, and I started to
analyse them on the fly. (...) This started happening after seeing the videos and
engaging in the discussions.”

Her self-efficacy was greatly enhanced by peer discussions. She discovered that
many of her difficulties were typical of teachers using differentiation after discussing
her experiences with colleagues. Her self-doubt was reduced by this insight, which also
helped her feel more a part of the learning community as a professional. By the final phase
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of the study, Ms. Maddie expressed a renewed sense of confidence and enthusiasm for
teaching, stating:

“This program helped me build myself up, regaining lost self-confidence,
restoring my enthusiasm, and transforming me into a person who encourages
other colleagues.”

This increase in self-efficacy was also reflected in changes in how lessons were planned
and carried out. Ms. Maddie became more confident in implementing adaptive tasks and
scaffolded learning, which was reflected in higher TOF scores for differentiated task design,
student engagement strategies, and clarity of instructional delivery (Table 3).

Table 3. TOF Results on differentiation, instructions and student engagement.

TOF Dimension Lessons 1-2 Lessons 3-4 Lessons 5-6
(Beginning) (Midway) (Final Phase)
. . . NI EI FI
Clear instructional delivery . . . (well-structured,
(unclear instructions) (partially structured) i
clear transitions)
NI El FI
Differentiated task design (uniform tasks) (limited iadapta’clon, for (adaptive tasks, tiered tasks)
struggling students)
Student engagement strategies NI El FI
838 & (mostly passive) (some structured engagement) (active student-led learning)

5.1.2. Self-Evaluation: Developing Reflective Teaching Practices

Before participating in this TPD, Ms. Maddie’s instructional decisions were mainly
intuitive, with minimal intentional consideration of lesson pacing, student engagement,
or the efficacy of differentiation. She knew that some lessons were better than others, but
she did not know what needed to be better or what she could do to make her teaching
better. Through video-based TPD, she was able to change this: she was able to observe
teacher-student dynamics, lesson clarity, and engagement levels while watching recordings
of her teaching. Peer discussions and comparative analyses with colleagues enhanced this
process, facilitating opportunities for constructive feedback. When she reflected on this
process, she noted:

“I started noticing things I hadn’t even realised before. Watching and discussing
videos made me rethink my teaching approach and refine my lessons.”

By the end of the study, Ms. Maddie had fully accepted reflective teaching as an
important component of her work. This new approach to reflective teaching led to a more
responsive teaching style. Data in Table 4 supports this change, showing a clear progression
in differentiation strategies from minimal to more consistent implementation. Improved
formative assessment strategies (Table 4, Figure 2) also enabled real-time instructional
adjustments based on diverse student needs.

Table 4. TOF Results on differentiation strategies and feedback.

TOF Dimension Lessons 1-2 Lessons 3-4 Lessons 5-6
(Beginning) (Midway) (Final Phase)
. . . NI EI FI
Differentiation strategies (no strategies) (limited adoption) (various strategies)
NI EI I
Use of formative feedback (minimal feedback, (inconsistent feedback,

general comments) some input) (targeted formative feedback)
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Teacher formative feedback (%)

Student-led problem-solving (%)

Teacher lecturing time (%)

Collaborative problem-solving (%)

Student-generated questions (%)

0% 10% 20% 30% 40% 50% 60%

Lessons 1-2 (Beginning) Lessons 3-4 (Midway) M Lessons 5-6 (Final Phase)

Figure 2. Prevalence of observed behaviours across the lesson. Percentages indicate how often each
behaviour occurred across 2 min intervals. Multiple behaviours could occur within the same interval;
categories were not mutually exclusive, and therefore percentages do not sum to 100%.

5.1.3. Knowledge of Teaching: Expanding Pedagogical Content Knowledge

Ms. Maddie’s participation in video-based TPD allowed her to broaden her instruc-
tional strategies, particularly in DI and formative assessment. Initially, she struggled to
scaffold content for struggling learners while keeping advanced students engaged, which
resulted in uneven participation and inconsistent outcomes. Her teaching style was pri-
marily lecture-based, with few opportunities for student-led inquiry and collaboration.
Over the course of TPD, she started using adaptive and tiered tasks with multiple entry
points, formative assessments to adjust lesson pacing, and scaffolded problem-solving to
encourage students to try out solutions without immediate teacher intervention.

When she reflected on this shift, she noted: “Now, I plan tasks ensuring that every
student [struggling students and high achievers] is meaningfully engaged in the lesson.”

COPUS data show a change in teaching where teacher lecturing decreased from 60%
(beginning) to 25% (final phase) while student-initiated activity increased (Figure 2). This
shift reflects a movement from teacher-centred practice toward guided student activity,
with the teacher increasingly supporting rather than directing task progression. These
patterns reflect a reorganisation of classroom participation, in which students increasingly
initiated and sustained mathematical activity while the teacher shifted toward monitoring
and feedback. Such changes are consistent with DI, where responsibility for progressing
tasks is distributed among students (Tomlinson, 2017).

5.1.4. Challenging Beliefs: Transitioning to a Student-Centred Learning Approach

At first, Ms. Maddie perceived DI as an impractical and time-consuming strategy,
primarily due to concerns about classroom time constraints and the diverse readiness levels
of her students. She questioned:

“How to present a mathematical concept to a student so they understand it? In
what way? To simplify it to their level? How to approach a low-achieving student,
how to approach someone who has already solved a certain task, to motivate
them to think ahead?”
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She believed that tailoring lessons to individual students” needs would disrupt lesson
pacing and make too much work in her planning. Furthermore, she believed that direct
instruction was the best way to teach because it made sure that all students received the
same information in a clear way. However, as she engaged in video-based reflection, peer
discussions, and lesson analyses through TPD, her perspective on effective teaching and
learning began to change. Because of this change, she had to change the way she taught,
placing greater emphasis on active student engagement, inquiry-based learning, and peer
collaboration. She explained:

“Iused to start lessons in a way that (...) I would present some kind of a problem
from everyday life. [...] Now they [students] literally have to discover new
knowledge in order to solve the problem they encountered.”

Data obtained from observations further support this change. As Ms. Maddie em-
braced DI and inquiry-based learning, the way students interacted with each other in class
changed. The COPUS data (Figure 2) show a substantial increase in collaborative problem-
solving, from 10% in the initial phase to 55% in the final phase, along with an increase in
student-led problem solving from 10% to 50%. These patterns reflect a shift in classroom
participation, in which students increasingly initiated and sustained mathematical activity
while the teacher focused on monitoring and feedback. Such changes are consistent with
DI, in which students share responsibility for task progression (Tomlinson, 2017).

5.2. Changes in Teacher Practice

By the final observed lesson, Ms. Maddie had successfully integrated DI into her
teaching, transforming her approach to lesson design and student engagement. This
implementation of DI was evident in three key areas: tiered tasks, scaffolding for strug-
gling students and enrichment tasks for advanced learners, and grouping to encourage
peer collaboration.

5.2.1. Mathematical Tasks

Ms. Maddie developed tiered tasks that allowed students to engage with mathematical
concepts at different levels of complexity. Before she started using DI, she noted that her tasks
were often uniform, leading to disengagement among advanced students and frustration among
those who needed additional support. Through participation in the TPD, she restructured her
tasks from uniform to tasks adapted for struggling students, eventually incorporating open
tasks with multiple entry points and tiered tasks with progressive levels of difficulty.

One of the most successful implementations of tiered tasks occurred during the STEM
Centre Project, where students were divided into groups. The project required students to
design their own STEM centre and analyse its structure, integrating mathematical concepts
such as geometry, measurement, and cost analysis. Students were assigned one of the
following roles:

e  Assistants had to sketch geometric solids, identifying relevant dimensions, and calcu-
lating surface area and volume.

e  Architects were responsible for reviewing the calculations of their peers, checking for
errors, and making necessary corrections.

e Agency owner analysed construction feasibility and material costs, applying more
advanced mathematical reasoning.

There was also a special team called the team of tutors. They were responsible for
systematically monitoring and overseeing the progress of all students in their team, as well
as providing assistance. This role was reserved for students who excelled academically and
loved math. The structure of the task ensured all students engaged with the same core
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task, encouraging collaboration (see Figure 2 and Table 5), problem-solving, and real-world
application. Moreover, through this division of labour, students assumed task responsibilities,
recognising that their contributions directly impacted the success of their team.

The collaboration in this project also took place online, on the Microsoft Teams platform
under the supervision of the teacher, who created a separate class for each team and
monitored their discussions (Figure 3).

3
Tutori su razgovarali o vasim idejama i Zelimo vam nesto redi. Vasa ideja ravnog krova je vrio zanimljiva i posebna i bili bi jako sretni kada bi ju
nastavili razvijati. Nesto drugadije i posebno uvijek dobro prode. Jedino 5to nas mudi je to da gubitkom krova gubimo potkovije i time
dolazimo do nedostatka prostora. PredlaZemo vam da ostanete pri vasoj ideji drugadijeg krova, a da ovaj nedostatak nekako nadoknadite,
Motzete podigniti jos jedan kat i uklopiti njegovo visinu i visinu ravnog krova s visinom uobicajnog krova. @O Nadam se da razumijete to smo
htjeli reci

Edited 182
‘o Ovo mi se Cini kao dobra ideja! Svaka ¢ast! Htijela bi potaknuti uéenike koji su se toga dosjetili da razmisle o svojoj ideji jos jednom.
razmislite malo o ovome, a ako Vam nije jasno postavite im
slobodno pitanja. Proucite jo§ zadatak i promislite.

jel vam smeta podzemlje? @
[ 8

sigurno misli na podrum. zanimljivo moram priznati!

13.05.2021. 13:09

dada.ali razmislit cemo sve jos zajedno.db

-
e! Jaimam prijedlog. Kako je Manda napisala mozemo uklopiti jo$ jedan kat i nas ravni krov u ve¢ zadanu visinu krova. Visina uobicajnog
krova je 2.3 metara. Sto znadi da moZemo uzeti 2 metra za kat i 0.3 metara za ravni krov. Jeste li tako mislili?

‘a Ideje su mi jako dobre. Prije nego li se konaéno dogovorite, molim vas istraZite malo kolika je prosjena visina takvog jednog ravnog
krova, da ne bi bilo da je 0.3 premalo ili takvo nesto.

Translation:

Student 1: The tutors have discussed your ideas and we would like to share a few thoughts with you. Your flat roof
idea is very interesting and we would be very happy if you continued working on it. The only concern we have is
that losing the roof would also mean losing the attic, resulting in a shortage of space. We suggest that you stick with
vour idea of a different roof, and somehow compensate for this shortcoming. You can raise another floor and match
its height and the height of the flat roof to the height of the regular roof. I hope you understand what we wanted to
say.

Ms Maddie: This seems like a good idea. Well done! I would like to encourage the students who came up with it to
think about their idea once more, and if they are not sure what to do next, ask the tutors for help. Examine the task a
few more times.

Student 2: Would you mind having an underground instead?
Ms Maddie: Student 2 must mean the basement. Interesting, I must admit!
Student 2: Yes, yes, but we will think it all through together.

Student 3: T have a proposal. As Student 1 already wrote, we can fit another floor and find a flat roof with the
required roof height. The height of a regular roof is 2.3 meters, which allows a two-meter-high floor and a 0.3-
meter-high flat roof. Is this what you had in mind?

Ms Maddie: All these ideas are really good. Before reaching a final agreement, please research the average height of
such a flat roof, so that you are sure that 0.3 meters is not too low.

Figure 3. Example of students’ communication about an assigned task.
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Table 5. TOF Results on student collaboration, scaffolding and metacognitive skills.

TOF Dimension Lessons 1-2 Lessons 34 Lessons 5-6
(Beginning) (Midway) (Final Phase)
NI EI FI
Student collaboration (individual work, (more frequent . .
A . . . (core aspect of instruction)
limited interaction) peer discussions)
Scaffolding for NI El FI
struggling students (no scaffolding) (occasional support) (structured and embedded)
EI FI
. . NI (emerging thought-provoking  (students actively engaged
Metacognitive skills (not detected) questions and in self-reflection, explain
critical reflection) their reasoning)

The collaborative nature of the project also led to stronger interpersonal connections
among students, fostering a positive learning environment both inside and outside of the
classroom. The teacher explained:

“Before the [DI] project, it didn’t matter what grade they got in math or how
well they studied. Throughout the project, they realised that good results con-
tributed to the overall success of the entire team. Since they felt personal and
collective responsibility for their team’s success, the students constantly assisted
one another”.

5.2.2. Scaffolding and Enrichment

Scaffolding was another critical component of Ms. Maddie’s approach to differen-
tiation. Instead of directly intervening to support struggling students, she encouraged
them to help one another, promoting collaborative learning and peer-assisted instruction.
She elaborated:

“I attempted to encourage them to seek my assistance less frequently so they could
learn to support each other’s learning. As a result, they became more independent
in their learning. Even though I provided them with pre-made materials, they
still needed to do their own research and come up with original answers.”

In addition to peer support, Ms. Maddie incorporated structured scaffolding mech-
anisms into her lessons. For example, she used Microsoft Forms with branching logic to
create interactive tasks that offered guided prompts and differentiated pathways based
on students’ responses (Figure 4). This design allowed struggling students to receive
immediate feedback, additional hints, or redirection to simpler tasks, while students who
completed initial tasks successfully, could proceed to more advanced problems.

As she explained, these Forms quizzes were used during lessons, in project-based tasks,
homework, and remedial sessions. This made it possible for her to meet each student’s
learning needs both synchronously and asynchronously (Figure 5). The teacher received
real-time analytics on student performance, such as which students struggled with specific
tasks, how many of them sought help, and what solution strategies they used, allowing her
to adjust instruction accordingly. Moreover, she explained:

“[TPD] was a huge help to me. But what really helped me was learning to work
with weaker students (...), to look for and create materials for students who
are struggling.”

To encourage students to interact with the material in a variety of ways, Ms. Maddie
offered DI resources such as visual aids, manipulatives, and interactive problem-solving
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in the digital tool Genially. Ms. Maddie used extension tasks that called for higher-order
reasoning, abstract problem-solving, and independent inquiry to make sure that high-
achieving students were adequately challenged.

Pregled: Primjena Pitagorinog poucka na jednakokracni trokut

Osobe

Pitanja

v > @

Vrijeme do dovrietka: 17:04 Bodovi: 0/21

1. zadatak:

Kako bismo kratko ponovili nauceno gradivo rijesiti éemo jedan vrlo jednostavan zadatak.
1zratunaj duljinu visine na osnovicu jednakokratnog trokuta ako je zadano a=16 cm i b= 10 cm

1. Trebas li pomo¢? Bodov / 1 bod

Potreban je pregled

da

ne

Figure 4. Use of Microsoft Forms.

.4u

0 ®

@ forms.office.com/Pages/Re

(DOUOVE: 172)

Pri mjerenju visine ljestvi kada su
naslonjene na zid

(3 *Toéno! MoZzemo primijeniti
Pitagorin pou¢ak na izratunavanje
duljine ljestava ili visine koju dosezu
ili koliko ih treba odmaknuti od
Zida,... Tvoj odgovor ne obuhvaca i
jedan od zadanih trokuta. Pokusaj
do iduceg sata razmisliti kako bi
mogla primijeniti jedan od trokuta i
Pitagorin poucak. Kao na primjer 3.
zadataka. Imali smo izgradnju
mosta, u kojem je bio koristen trokut
. Kako bismo odredili visinu morali
smo primijeniti Pitagorin pou¢ak.”

Translation

Overview: Application of the Pythagorean theorem to
an isosceles triangle

Task 1:

To briefly review the learned material, we will solve one
very simple problem. Calculate the length of the height to
the base of an isosceles triangle if it is given that
a=1l6cmandb=10cm.

1. Do you need help?

* yes Points/ 1 point
®* no Review required
Translation:

Correct! We can apply the
Pythagorean theorem to calculate
the length of the ladder or the
height it reaches, or how far it
needs to be moved away from
the wall... Your answer does not
include one of the given
triangles. Try to think until the
next class about how you could
apply one of the triangles and the
Pythagorean theorem. For
example, in task 3. We had a text
about building a bridge in which
a triangle was used. In order to
determine the height, we had to
apply the Pythagorean theorem.

Figure 5. Giving feedback using Microsoft Forms.

5.3. Impact on Student Engagement

By the final observed lessons, Ms. Maddie’s implementation of DI had changed how
students participated in lessons and interacted with each. Compared to her initial lesson,
where differentiation was minimal and students relied heavily on teacher guidance, later
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observations revealed a significant increase in student-initiated problem-solving activity
and self-regulation (Table 5, Figure 2). As reported by teacher:

“Students became more engaged and motivated, and since they worked in a
way that allowed everybody to contribute to the project, each one of them felt
responsible for the team’s success [. . .] they pushed themselves to learn something
in order to solve a specific problem.”

6. Discussion

This study examined how online video-based TPD influenced changes in teacher
cognition and teacher practice, specifically in implementing DI. Engaging in structured
video-based reflection within an online facilitator-led PLC was associated with the shifts in
self-efficacy, self-evaluation, beliefs, and knowledge for teaching, which in turn influenced
Ms. Maddie’s teaching practice. Our findings will be discussed in the text below.

6.1. How Did Video-Based TPD Influence Teacher Cognition?

Ms. Maddie used classroom videos to examine the nature of her teaching in a dynamic
and structured way (Koellner et al., 2024). By watching her own teaching and taking part
in discussions, she was able to use her own knowledge about her teaching choices and
how her students reacted to them, which made the reflection process more concrete and
useful (Borko et al., 2011). Initially, she struggled with self-doubt, particularly regarding
the feasibility of DI, as she found it difficult to balance the varying needs of her students.
However, video-based TPD improved Ms. Maddie’s confidence, which influenced her
teaching practice and ability to meet diverse student needs. This aligns with research
which indicates that self-efficacy in teaching mathematics is positively correlated with
the use of effective pedagogical practices (Berg et al., 2025). Ms. Maddie’s shift toward
student-centred teaching, as seen in her increased use of DI, mirrors these findings. Teach-
ers with higher self-efficacy, like Ms. Maddie has become, are more likely to engage in
student-centred instructional methods, provide worthwhile mathematical tasks, and create
connections between mathematical concepts and students” experiences.

Self-evaluation was another key area of change. Through video analysis and peer
discussions, Ms. Maddie began to assess her teaching more systematically, leading to more
deliberate instructional decisions. It became clear that she was getting better at evaluating
her own teaching and using what she learned in future lessons. This suggests that structured
self-evaluation helped her make long-term changes to her teaching (Koellner et al., 2024).
This change aligns with research on teacher professional growth, where reflective awareness
plays an important role for instructional effectiveness (Chapman, 2015). For Ms. Maddie,
self-evaluation was particularly significant when she implemented DI. By using a more
structured way of reflecting, she was able to connect what she wanted to achieve with
what was actually happening in the classroom, which made her differentiation strategies
work better.

Changes in Ms. Maddie’s knowledge for teaching mathematics were also apparent,
particularly in her expanded repertoire of DI strategies. Initially, differentiation seemed
overwhelming, but through repeated video-based reflections and discussions in PLC, she
experimented with adaptive and tiered tasks, flexible grouping, and scaffolded tasks.
Finally, her beliefs about teaching mathematics changed significantly. Participating in TPD
challenged her assumptions about direct instruction, leading to a shift toward a more
adaptive and student-led approach. Professional development that focuses on reflective
practice has been shown to help math teachers change their beliefs about how to teach
(Calleja, 2022), and prior research suggests that these cognitive transformations often
precede meaningful and lasting changes in teaching practice (Lunn Brownlee et al., 2017).
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In this sense, Ms. Maddie’s changes in self-efficacy, self-evaluation, knowledge, and beliefs
are an important step toward making math learning environments more engaging.

While this study provides evidence of such cognitive shifts, it remains necessary to
consider whether they persisted beyond the intervention period. Research suggests that
without continued reinforcement, teachers may revert to prior practices, particularly when
facing time pressure or institutional resistance (Langelaan et al., 2024). Periodic video-based
reflection sessions embedded in ongoing PLC could serve as a mechanism to maintain and
deepen these cognitive changes over time.

6.2. How Did Video-Based TPD Influence Teaching Practice?

Classroom videos were a useful way in Ms. Maddie’s professional development,
just like how athletes watch videos of their performances to improve their skills. While
much of teaching is habitual, structured video analysis made these habits more visible
and open to critical examination, allowing her to consciously refine her instructional
strategies (Xiao & Tobin, 2018). However, recognising areas for improvement was only the
first step; sustained change required deliberate practice within a supportive professional
learning environment. For Ms. Maddie, this involved continuously implementing DI in
her mathematics classroom. The combination of deliberate classroom experimentation,
peer discussions, and ongoing guided reflection supported her ability to make meaningful
adjustments in her teaching over time (Graham et al., 2020; Hobbiss et al., 2021).

These cognitive changes were translated into concrete improvements in Ms. Mad-
die’s instructional approach. She incorporated strategies such as real-world applications,
open-ended investigations, and collaborative learning, methods that align with effective
practices in mathematics education. The most significant improvement was her struc-
tured and intentional use of differentiation strategies, particularly through tiered tasks
and scaffolding. Another notable change was the increase in student engagement. Instead
of merely modifying mathematical content, Ms. Maddie’s efforts focused on fostering
greater student independence in learning, a key aspect of effective DI in mathematics (Bobis
et al., 2021). Initially, she believed DI required creating separate materials for different
students. However, through video-based reflection and peer discussions, she learned that
the best way to differentiate instruction was to focus on the deep structure of tasks, such as
conceptual flexibility and cognitive activation, rather than just surface features like layout
or numerical complexity (Bardy et al., 2021). This transformation was particularly evident
in her increased use of open-ended questioning and student-led problem-solving activities.
These changes align with earlier research indicating that both instructional design and
pedagogical discourse are both important for effective DI (Leuders & Prediger, 2016).

Beyond the impact of video-based TPD, it is important to examine the role of contextual
factors in shaping instructional changes. Future research should investigate how factors
like school leadership and administrative support shape teachers’ instructional practices.

6.3. Digital Tools and Cognitive and Instructional Change

In addition to cognitive and instructional changes, the integration of digital tools
played an important mediating role in enacting DI. In this study, technology was not part of
the TPD but was adopted by the teacher as a practical way to implement ideas developed
through reflection within the TPD. The use of tools such as Microsoft Teams, Microsoft
Forms and Genially enabled the teacher to operationalise adaptive and personalised sup-
port for students, alongside real-time data collection and formative feedback. Moreover,
video recordings, the video-conferencing platform, and the Moodle environment supported
reflective teaching practices and informed pedagogical adjustments. These findings align
with research showing that even in the absence of sophisticated Al systems, accessible
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technologies can support personalised and inclusive pedagogy when guided by peda-
gogical intent (Kiictikuncular & Ertugan, 2025). They also reflect Selwyn’s (2024) concept
of convivial technologies, that is, tools whose educational value emerges from teachers
adapting simple resources to their professional purposes. Furthermore, recent work shows
that thoughtfully designed online TPD can enhance teachers’ self-efficacy and competences
in supporting students’ self-regulated learning (Linde et al., 2023). Situated within the
broader process of digital transformation in education, the present case illustrates how low-
tech digital environments can support pedagogical innovation when aligned with teacher
agency and instructional goals, consistent with frameworks emphasising that technologies
become educationally meaningful only when embedded in purposeful teaching practice
(OECD, 2023; UNESCO, 2024).

6.4. Limitations of the Study

This study did not include student achievement data or pre-test/post-test comparisons.
Instead, its primary focus was on improving teaching practice, particularly in response to
the teacher’s initial concerns about student demotivation and disengagement. Nevertheless,
the teacher reported noticeable improvements in student behaviour and engagement
throughout the intervention, suggesting a positive classroom shift. Additionally, a short
post-intervention interview was conducted to gather students’ perspectives on the new
instructional approach; however, these data were not included in the analysis as they were
not initially planned within the research design. Future studies should include systematic
pre- and post-intervention measures of student achievement and student perspectives in
order to better assess the broader educational impact of such video-based TPD.

It should also be noted that the very small sample size, involving only a single teacher,
further limits the generalisability of the findings. An additional limitation concerns the
teacher’s initial professional characteristics. The participant was recommended for the
TPD programme due to her high motivation and openness to adopting new teaching
approaches, traits that likely facilitated her willingness to engage in video-based TPD
and DI Such intrinsic motivation may have increased the cognitive and instructional
changes observed; consequently, the findings cannot be readily generalised to teachers
who enter TPD with lower levels of motivation or readiness for pedagogical innovation.
In line with case study methodology, the aim of this study was to examine how and
under what conditions online video-based TPD can support meaningful changes in teacher
cognition and practice. Accordingly, the results should be interpreted as demonstrating
what is possible under favourable conditions rather than as outcomes expected across all
mathematics teachers. Moreover, because the TPD design intentionally combined classroom
video, structured feedback and collaborative peer reflection, the study does not disentangle
the specific contribution of video from that of ongoing guidance and community support;
the documented changes should be understood as emerging from this integrated design
rather than from video use alone.

7. Conclusions

This case study examined how participation in online video-based TPD was associ-
ated with changes in mathematics teacher’s cognition and teaching practice, particularly
in relation to DI. The study showed how developments in self-efficacy, self-evaluation,
knowledge of teaching, and instructional beliefs accompanied the gradual introduction
of DI. The findings suggest that video-based TPD can help connect theoretical ideas with
classroom experimentation (Gaudin & Chalies, 2015), when teachers engage in sustained
collaborative reflection. Although the school culture did not provide a particularly sup-
portive environment for instructional change, Ms. Maddie found the encouragement and
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professional support she needed through participation in the online PLC with fellow teach-
ers and teacher educators. The teacher’s rural workplace did not change the intervention’s
principles, but shaped its feasibility and relevance: the online format reduced geographical
barriers and provided stable access to professional discussion that might otherwise be
limited. For teachers working in rural schools with limited opportunities for subject-specific
collaboration, online video-based TPD with PLC may provide an important mechanism
for sustained professional discussion and reflective practice. Future research involving
multiple contexts and direct measures of student learning is needed to examine the broader
applicability of this approach.
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