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Foreword

It is with great pleasure that we present the proceedings from the Tenth Conference on
Research in Mathematics Education in Ireland (MEI 10), which took place in Dublin City
University during Maths Week in October 2025. Established in 2005, the MEI cocdere
serves to promote and facilitate discussion on mathematics teaching and learning across the
continuum from early childhood education through third level education and beyond. At this
milestone of the 10th MEI conference, we acknowledge the signitcatibution of the
original founding members of MEI, for establishing, maintaining and growing this conference
- an important contribution to the growth and quality of mathematics education research in
Ireland. We are delighted that MEI has become reseginas a significant biennial event in
the CASTeL calendar.

The conference themblathematics for a Connected World: Integration, Challenges,
and Possibilitieswas selected as there is scope for mathematics education to play an
important role in responding to contemporary ecological and societal issues. MEI 10 offered
opportunities to respond to evolving educational and policy landscapes and to reflect on
progess, on O6sticky problemsd and possible way
The conference provided a space to consider both disciplinary ardisotglinary teaching
and learning, in addition to the role of mathematics across subjects amrigatontexts.

The conference involved three keynote presentations, three symposia, one workshop,
and 40 paper and poster presentations. The keynote presentations were delivered by Dr
Thérése Dooley, Professor Geoff Wake and Dr Mairéad Hourigan. While Professor Wake
calls for attention to architecture of learning for rehumanising mathematics, Dr Hourigan
argues for a repositioning of mathematics in integrated STEM learning. In addition, a
presentation by EmeritusssociateProfessor Dr Thérése Dooley and MEI founding memb
reflected on the growing mathematics education community in Ireland and recurring and
evolving themes evident in MEI papers across the last two decades.

In total, these proceedings contalhdapers from over 100 national and international
authors. Papers underwent a pesfiew process and were edited and refined by authors,
before being accepted for publication in this electronic conference proceedings. The papers
document research at allvids of education early childhood education, primary and
secondary schooling, thiidvel education, in addition to teacher education. These papers are
testament to a vibrant, committed research community.

We acknowledge the significant work completed by all of the Organising Committee
and Scientific Committee, and others within DCU, who assisted with the preparation for and
facilitation of MEI 10. We are grateful to the invited speakers who contributeensvausly
to the conference and to all of the authors who responded to the call, submitted and reviewed
papers, and participated in the conference.

We look forward to meeting with you all again for MEI 11 in 2027!

Sian Nic Mhuiri, Lorraine Harbison and Miriam Ryan
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Designing architectures for | earnin
Geoff Wake
University of Nottingham, United Kingdom

This article explores important issues in the design of architectures for learning
(Wenger, 1998). | draw on our research team's evolutionary design of a comprehensive
approach to learning for teachers and studiatiswas found to improve learning for all
students and with increased gains for those from economically disadvantaged backgrounds
Our work is informed by sociocultural theories of learning that put human engagement in
mathematicsit thecente and consider mathematical thinking at the boundaries between
different social practices.

My concern here is how we might reconsider mathematics as having meaning and
utility for learners and problematise what it means to teach in such a curriculum (re)design. In
doing so | exemplify an approach that has emerged from our work over the lastrs3hat
has paid attention to making mathematical activity visible in ways that allows students and
teachers to engage in dialogic discussion of
understanding of mathematics.

Keywords:Sociocultural theories of learning, desigesearch, dialogic learning
Introduction

This article draws on a substantial body of work, primarily deb@ged research,
over the last teto fifteenyears, that has focused on a significant prolganticular to high
stakes education in England. In essence this problem is that of students who, at the end of
compulsory schooling at age sixteen, have failed to reach a threshold of competence in
mathematics in the lorgstablished GCSE examinations.e&kfeleven years of schooling
their mathematical competence, confidence, and relationshipheitsubjecareextremely
poor (Boli, 2020; Boli & Golding, 2024; Crisp et al., 2023)these students remain in state
education beyond the age of sixteen, they are obliged to follow courses that lead to a resit of
the examination that to them, has just demonstrated their failure. Students on these courses, in
general, are highly demotted and often go through what seem endless cycles of study,
(resit)examination, and failure. | will use our research in this argad@de an answer tile
bigger, andnore general, question: how do we design for learning in a way thatmanises
mathematics for our students?

Learning and architectures for learning
Initially, let meexplainthe two phrases | have used in the title of this article,

6architectures for |l earningé and o6rehumani si
informing our work, particularly as they prompt us to question what we mean by the often

unquestioned tens O | e a rinddedingptheratit® or at | east .Bhe pract
mat hemati cs educati on r es epalicyditbraturdarbuad at ur e, a

mathematics in school, curriculum, pedagogy and learning pe@sethough these are fixed,
stable and uncontested. This, lack of critical questioning, in our view is problematic, and
indeedi asl hope to illustraté lies at the heart of the problems that our work seeks to
address.

First, I turn to the second clause of my
use of this term has been informed by the work of the designer Thomas Heatherwick and his
treatiseHumani se. A maker 6 s g(deatdeewick, 2023). inithisdarkn g o wur
he puts forward thproposakhat we should adopt a more hurr@ntred approach to design,

Geoff Wakel
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in particular in the case of the built world, to ensure that architecture combats the soulless,
depressing, and unsustainable nature of much modern architecture (as he characterises it).

Here | put forward, a parallel view that in our design for learniathematics we need to

(re-) connect mathematics with learners to allow them to truly engage with mathematics in

ways that are meaningful to them. Heatherwick, in attempts to reach out to theapdblic

make his argument (sedtps://heatherwick.com/studio/news/humariaenpaigrlaunched
to-stopthe-spreadof-boring-soullessbuildings/),t al ks of O6boringdé buil di
that good design needs to ensure that Ada bui
time it takes to pass by it.dé In order to ac
interesting from three distaas: (1) City distance of over 40 metres, (2) Street distance of

around 20 metres, and (3) Door distance of about two metres. To parallel this, | suggest that
mathematics as a subject domain in our schools needs to ensure that it captures thed interest o
students (and teachers as well as others) at three levels of separation. These are:

(1) as a school subjectviathematics needs to be seen to have csawraludeyond
theexchange valuef the subject (Williams2011). It needs to be visible as a potentially
empowering subject that makes connections with our lives, (both present and imagined
futures) and as a domain of study with use, inherent interest, and indeed beauty. Current
curriculum statements often make claiim such directionsyith carefully crafted wordshat
do not often reflect the reality of classroom implementation. Such words need to lead to a
reality suchthat, from a distancgfor students, teachers and the public more widely,
mathematicas a domia of studyshould signal its dynamic potentialthe many different
aspects of our lives that it can permeate

(2) as a coherent course of studylathematics, for too many students, is seen as a
collection of disconnected rules and procedg&smp, 1976)hat need to be mastefedls
our research determined, the students, whose (lack of) mathematics learning we were
addressing, saw no underlying structure in the mathematicthéyavere being asked to
revisit. (A simple example of this | often refer to, is that the majority of them had little idea of
the different structures of odd and even numbers). In our design of mathematics, we need to
signalthat theras some overarching structure that is more tharsitmgleclusteringof topics
with implicit structureghat we, as teachers, understaot remain mysterious to our students
Rather we need to ensure that students understand how their current learning connects to
where thg have come from mathematically, where they are gmngnd how it is structured
(much in the way that in the gaming world, adventure games ensure that players have a sense
at all times of what they are doing and why, as well as understanding how that will lead them
to ultimate success).

(3) in classroom activity.The argument | develop here is to rethink mathematical
classroom activity as explorativeo that mathematics classrooms are more like workshops in
which we engage in doing mathematics and being mathematicataortiraiss with what
turns out to be a common experience for many students around the Mielddr( et al. 2003;
Mullis et al. 201¢. Typically, mathematics lessons involve a period of teacher direct
instruction that includes demonstration of how to apply newly intratlowhematical
principles followed by a period during which students often work individually, practising
application of the new rules and procedures. In this article | argue for a social theory of
learning, more of which below, so that mathematics leaisiognsidered a collective
enterprise in which learners engage collaboratively in mathematical activity.

' use the word O6masteredd here deliberately as ¢t}

Geoff Wake2
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Here | note the parallels that may be dr a
categorisation of design at three levels:

Strategic designthat at a system level designs structures that can facilitate
implementation ofearning programmes.

Tactical designthat designs approaches and the mechanisms that will support direct
interaction with learners

Technical designthat focuses orthe materialghat help teachers work directly with
students and their learning.

In other words, the architectures, the structuagd,the close to practice detatlsat not only
facilitate learning, but provide interest and give meaning to what it means to engage with
mathematics.

This brings me to the phrase fAarchitectur
work of Etienne Wenger, in particular from his seminal t€ximmunities of Practice.
Learning, Meaning, and Identi{t998). Important in this regard is his theory of learning that
addresses questions of what it means to learn considasge does, th#iis as at the heart
of anycommunity of practice

Etienne Wenger's conceptualisation of "architectures for learning" extends his social
theory of learning into the realm of intentional design, particularly for organizations and
education. He argues that learning cannot be directly designed, but it desidpeedor,
meaning that it can be facilitated or frustrated by the social infrastructures that we design and
put in place. This perspective shifts the focus from merely designing curricula to designing
environments that foster inherent human learninguiph social participation. Wenger
positions a conceptual architecture for learning as a tool for designers that outlines general
questions, choices, traadfs, and the basic components or facilities that need to be in place to
support learning. He idefigs four fundamental dualities that constitute the basic dimensions
of designing for learning, each representing an inherent tension that designers must address

Participation and Reification: These are two complementary avenues for influencing
the future of a practice and consequently the trajectories of participants. Our designs must
balance the creation of artefacts (reification) e.g., curriculum structures, tools such as lesson
plans, taskend so on)with opportunities for active involvement and meaning making
(participation). Excessive focus on reification without participation can lead to
"meaninglessness” or "brittle" understanding.

The Designed and the EmergentDesign creates planned structures and intentions,
but learning in practice is inherently emergent and cannot be fully controlled. The challenge is
to include and leverage this emergent quality, balancing prescription with the inventiveness of
practice?

The Local and the Global:No practice is entirely global; engagement is always
local. Design for learning must connect these localities and their diverse "knowledgeabilities"
to broader contexts without assuming one practice subsumes another. This leads to the
paradox that "No comunity can fully design the learning of another,” yet "No community
can fully design its own learningWenger, 1998, p.234)

2 These two dualities, the designed and the emergent, and the local and the global, provided significant
tension in our research that sought to measure the effectiveness of our planned intervention. We somehow, had
to ensure some compliance with common wafyeaching and learning, whilst also allowing for variation at a
local level so that learners local participatory needs were catered for.

Geoff Wake3
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Identification and Negotiability: Design inherently addresses issues of power in
ways that shape communities and gives rise to meaning making of both individuals and
collectives. It provides a vision of identity, influencing what people identify,\&itld their
ability to shape shared meanings (negotiability). As designers we must, therefore, consider
how to promote and distribute ownership of meaning, as this profoundly impacts learning.
Teachers as enasers of our designed products need to be partigidarisitive to the
emerging collective meaning making and developing identities of learners.

Wengerfurthersuggests that good learning environments should be built around three
key waysin which collectives as a community of practemnect: engagement, imagination,
and alignment. Engagemeaeqjuires that as designers we provog@ortunities and tools that
help people take part, work together, and build on past experiences. Imagieqtimes that
we help learners think beyond their immediate $as& that they casee the bigger picture,
reflect on what they do, and exptorew ideas or podsiities. Alignment meantat we
provide an environment that ensucggansation inwaysthad¢ ver yoneabes ef fort s
coordinated andothattheycanwork toward shared goals, with clear roles and
responsibilities. Together, these three elements help create strong, ongoing learning
communities.

Wenger emphases that designing for learning is about facilitating an organic, social
process with "learning as a living experience of negotiating mearibml,' p. 229)not
merely on reified forms. The emergent communities of practice are based on shared activity
experienceand negotiation. Our designs must balance the duaditigscated hereavoiding
excessive focus on one pole (e.g., too much reification without participation, or too much
local engagement without broader alignment). Fundamentaiygersuggests we need to
move beyond a narrow view of "knowledge acquisition" and consider the lifelong, identity
transforming nature of learning across diverse contexts. In essence, Weot@n ©f
architectursfor learningimplicitly advocates for a shift from a mechanistic, transmission
focused approach to a more organic, socially embedded, and meaningd oneAs
designers of programmes for learning this implies that we shouldsesdate environments
where the inherent human drive torleamake meaning, and form identity can flourish
through active participation, reflective imagination, and purposeful alignment within and
across communitie$Vengers uggest s, in a way that ,that recoghn
designing for learning needs to cultivate a vibrant, adaptable ecosystem in WhICh new
relationships (identities) with knowledge are forged in ways that are both predictable and
emergent. In other words, we need to design for learning in a way lilbataaises
mathematics.

Having offered some brief insights into the thinking and ideological positions of
Heat her wick and Wenger, Il now turn to how He
(and of architectthemselves) in my analysisight parallel the current state of mathematics
education in our schools. This comparison is especially relevant when considering the
ongoing challengeve face with students who leave school having struggled or failed in
mathematis: a group | refer to as thmathematically disadvantagednfortunately, these
students are alsdjsproportionallyamong theeconomically disadvantageth our own
research (to be discussed latagproximatelyhalf of the students retaking their final
mathematics examination came from families identified as economically disadvantaged
(Wake et al, 2023) argue that for these students, we nmeBumanise mathemasigdo
approach it in ways that align with Wengeros

% In general approximately 30% of teenagers come from economically disadvantaged families, whereas
of resit GCSE maths students this rises to almost 50%.

Geoff Wake4
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process of meaningaking. Through engagement and contribution tocommunities of
practice, learners not only acquire knowledge but also shape their identities and develop
trajectories obecomingwithin the sociocultural practices that sustain those communities.

The design

In this section | aim to illustrate how mathematics learning was designed line
with principles of the social theory of learning outlined above.

The latest iteration of our designed programme became knoMiasisring Maths
and in addition to focusing on learning of mathematics as a-sattiral practice was further
informed by ideas of dialogic learniri§lexander, 2008; Mercer and Littleton, 2007)
Theoretical ideas and research into dialogic learning views education as a collaborative
process in which knowledge is-constructed through sustained, reflective dialogue among
learners and teachers, fostering critical thinking and mutual understahdingphasises
egalitarian meaning makirtgroughtalk in ways that democratise the classroom and prioritise
and deepen conceptual understanding. Design of lessons and tasks in the Mastering Maths
programme wee informed by approaches that tried to make real such learning communities
and ways of learning in classrooms.

It is important to highlight that although here | will focus on the design of classroom
materials, that is at the closest to practic
categorisation), the Masteg Maths programme, is notable for its complete and
comprehensive approach providing structures for teacher learning in communities of practice
basedon a modified form olesson studyWake and Joubert, 2023a, 2023b)

As well as adhering tthe principle ofdeveloping classrooms as socially inclusive
communities of practice engaging with mathemattos whole programme was based on a
clearly explicated set of five Key Principl@sP) that informed every aspect of the work
providing a golden thread running through all parts of the programme. These princi@es we
developedogether withthe (General Further Education (GFE)) colleggetor for the sector,
addressing the priorities of those who workaRE colleges and tich the GCSE Maths resit
studentsThese principles inform issues relating to how we focus on the underlying structures
of the mathematics at issue as well as how we wish to see social behaviours in classrooms
(with implications for appropriate pedagogies).

KP 1: Develop an understanding of mathematical structure

KP 2: Value and build on studentsdé prior
KP 3: Prioritise curriculum coherence and connections

KP 4: Develop both understanding and fluency in mathematics

KP 5: Develop a collaborative culture in which everyone believes everyone can
succeed

Amongthe designed (reified) artefacts that support the classroom colléntigehose
that support teacher lesson study communitidsaw attention to:

Twelve carefully designed lessoftesson plansandlesson study suppgstoviding
12 detailed lessons plans that include some commentary on design intentions.

Lesson videasedited video clipgor each lessoto providea vision of classroom
practiceandinsight to key ideas and intentions of implementation of teaching.

Brief overview of lesson design featurastwepage summary of the lesson plan,
which can be used by teachers in the classroom

Geoff Wake5
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Key principles and research guestidmiseachlesson (to guide lesson studies)

Lesson materialdesson plans, powerpoint slidkecks, student materials and so on)

Selt-study materialshatcan be used tmtroduce the design of each lesson to teachers

These designed resources are what all ow f
architecture for learning to be implemented and emerge in the reality of the classroom. Of
course, teacher behaviours in the classroom, are essential in mediating the designed for
community of practice, but given the restrictions of space here | will only refer to the design
of the teacher development programme if, and when, necessary

To illustrate how all of the design principles referred to throughout this paper thus far
might manifest in classroom activity considered as a community of practice | take just one
lesson that focuses on the learning of fractions and ratios. This tdukleoblem that
students often get confused with the different ways in whicfigenrtand partwhole
relationships can be represented. Studewsking in pairs or threesye asked to start the
acivity by matching the fractions to the ratio statememts printed worksheet (Figure 1).

These describe how a baguette may be shared in different ways between two people, Amy and
Bikram. As you might imagine a significant proportion of students match the ratio 1:2 to the
fraction 1/2, the ratio 2:3 to 2/3 asd on. After students have worked for a while and many
expose this type of misconception the diagram cards (Figure 2) are introduced by the teacher
who points out that there needs to be consistency in each row of the template. This results in
students, byecessity, having to engage in rethinking their initial response.

A\ "4

SEOR L aied 2 Mes —
R e pagu® -
’ﬁ DU gparind P -
s \

Fractions

F1 F2 F3 Fa
Amy gets £ of | Amy gets ; of | Amygets :‘ov Amy gets < of
the baguette the baguette the baguette the baguette

F5 76 F7 8
Amy gets 2of | Bikram gets ! of | Bikram gets ; of | Bikram gots 2
the baguette the baguette the baguette | of the baguette

F9 F10
Bikram gets ~ of
the baguette

Figure 1. Initial stages of an activity addressing the structure of ratio and fractions

The diagramgFigure 2)provide insight into mathematical structure (Key Principle 1)
and their use encourages students to see links between mathematical concepts, rather than
viewing ideas of fractions and ratasentirelyseparate content. This is important in
supporting a coherent and connected curriculum (Key Principle 3) and is essential in the FE
sector, where there is limited curriculum tiniée lesson structure follows a brief input by
the teacher who introduces the context and sets the studmhkiagvfor the next 45 minutes
or so, working with the fraction cards, the diagrams and finally the word descriptions (Figure
2). Note, that we explicitly point out to teachers our designed intention that they make far less
direct contribution to the lessdhan they usually do. There follows a wholass teacheed
discussiorof the mathematics which in turn is followed by a period of students working on a
practice examination question(s). Significantly the lesson, as do all Mastering Maths lessons,
hassubstantial periods where students collaboratively explore the mathematics. Rules are
introduced aboutturh a ki ng and encouraging students to
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These designed architectures for | earning
well as taking a particular stance on classroom learning communities that prioritise student
engagement above all: we seek to engage students with mathematatales that a range

of carefully selected models/representations can provide.
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Descriptions

w1 w2 W3 w4

Bikram gets twice | Bikram gets four | Amy and Bikram | Amy gets half as

as much as Amy | times as much share the much as Bikram
as Amy baguette equally

W5 weé W7 w8

Bikram gets three| Bikram gets one | Amy gets twice

times as much | and a half times as much as
as Amy as much as Amy Bikram

Figure 2. The extended task that introduces connecting representations and word
descriptions

Testing the Mastering Maths design for learning

Over the period 20182023, the UK Government funded tGentres for Excellence
in Maths programm¢gCfEM). As part of the Delivery Group, the University of Nottingham
mathematics education research team provided research expertise across the pritgiamme
initially explored four different pedagogic approaches to teaching GCSE resit Maths: a
Mastery approach, contextualisation of maths, use of technology and, motivating and
engaging students. Within what was seen as a pilot trial, the team replicated the approach
used intheir earlier workMaths for Life Wedeveloped a set of five lessons for the first three
themes and another of the CfEM partners developed a set of short activities designed to
motivate and engage students.

The pilot trials ended abruptly as the first Covid lockdown in the UK was put in place
and the research was put on hold for some months. The learning from the three pilot trials
informed the design of the CfEMrge scale randomised controlledficacy trial, for which
design work began in January 2021, beginning withtBaehing for Masterjessonghat
ultimately formed the basis for Mastering Maths.

The CfEM efficacy trial began in October 202vith 147 teachers of GCSE
mathematics in Further Education colleges taking part. It was adhresd trial involving
control, partial intervention and full intervention greuphe teachers in the partial
intervention attended two hadfays of professional development and were given seven
mastery lessons and required to teach five of them to their GCSE classes. The teachers in the
full intervention group in addition to thosetime partial intervention also gecipated in five
lesson study cluster group meetings, led by a Lead Teddiestudents taught by teachers
in both intervention arms and control arm had their GCSE scores collected in Summer 2022
and analysed.

The threearmed randomised controlled trial detected improved outcomes equivalent
to one month of additional learning for students taught by teachers who had taken part in the
most intensive intervention programme (the intervention programme that invedssoh
study). This increased to two months of additional learning for the most deprived students (as
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measured by the most commonly used measure of deprivation in the UK). These results
contrast withthosefor the partial intervention arm of the trial. For students taught by the

partial intervention teachers there was no discernible gain in learning. This leads to the
conclusion that it is the collaborative nature of teacher learning that is supporteddiy le

study that makes the difference to both teachers, and ultimately, their students. This appears
to validate the theoretical underpinnings of thererdesign of the programme, that is that of

a sociecultural and collaborative approach to learning for both teachers and students. A full
account of the research and a report of the study, along with all outcomes ibaye@iiake

et. al, 2024)

A remaining question is Awhy does the Mas
difference for students from the most disadvantaged backgrounds? The design team
hypothesises that this liesamoverall design that prioritises giving students time to talk with
others (both students and teachers) about their emerging understanding of mathematics. The
team suggests that previously these students have potentially had little opportunity to talk
with each other about any of their mathematics and have been disgéngagg/s that have
been detrimental to their learning. This outcome is one that validates the careful design
approach that ensured close attention was paid to supporting dialogic learning with teachers
facilitating much peeto-peer discussion of mathenzat ideas and concepts.

Reflecting on designing architectures for learning

In an article of this scale and scope it is only possible to signal meaningful issues at a
general and necessarily high level (that is, remote from the technical aspects of design). The
technical aspects of design are necessarily detailed and are inalignith the contextual
rules, both explicit and implicit, that allow the design to become operational in our
classrooms. This is much like architects as designers: they are required to comply with many
explicit rules,building regulations in relation toellth and safety, accessibiligs well as
implicit rules,client (and public) expectations and so on. The genius of expert design is that it
meets all such requirements whilst stild]l ens
in our case that it ensures as far as is possible that mathematics lbacunges a socially
collaborative experience that facilitates the voice of learners and their deep engagement with,
and struggle to understand mathematical concepts.

First, as a designer for learning it is important to have a clear vision of what you
expect learning to look like in the classroom: this necessitates having a theory of learning that
can guide your design. Not only do you need to be able articulate whatgan by learning,
it is important that this can be achieved by students in classrooms. Equally, as in the work of
any designer / architect, we need to be as fully cognisant as we can be of the context for
which we are designing. In my experience, cogttarwhat might be thought, design
constraintsare essential as we strive for good design. It is careful exploration and
understanding of the context for which we are designing that allows this. This takes time and
opportunities to try things out in (relatively rapid) cycles of research trials adblafele that
allow us to ensure our designs will work in the -daylay realities of courses of study and
classrooms. Perhafise overriding constraint in educational design is the exbemwhich
innovative degins cardeviate from current and expected practideere are inherently strong
conservative forces that mitigate against radical design, particularly at a classroom level.
Mastering Maths tapped into a climate of dissatisfaction with regards to the outcomes of
GCSE resit students, and a consequent willgsg of teachers to take some risks (results
could hardly get much worse), and our research trial legitimised teachers to try the new
proposed approaches. In this way we were, perhaps more able to s peadna radical than
would otherwise have been the case.
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In pursuit of a sociocultural approach to learning this depends, as Wenger pointed out,
on consideration of engagement, imagination and alignment. This requires us to consider how
our classroom communities will engage with mathematics (by community weereeed to
consider carefully roles and behaviours of teachatdearners). As we pointed out briefly,
studentsdé behaviours when working on mat hema
conversation in terms of expectations of who should contribute and aheémdeed that all
contributions were to be valued and built upon. In addition to designing for mathematical
development in ways that provide insight into mathematical structures and concepts, we also
need to consider how our reified artefacts can niediat only engagement with
mathematical ideas to support learning trajectories, but also how we design for collaborative
engagement and experiences.

Further to this, it is important, to consider what we control in our design and what and
how we design for variation. Fundamentally, we seek both uniformity and diversity.
Uniformity is to some degree, essential in seeking to develop a learning collEsppezially
when working towards external assessment, we are guided by tight curriculum specification:
we need to design in ways that will carry us to the final goal; however, we need to be
sensitive to the diversity of our learners. In Mastering Mathsteacher learning process of
cycles of I esson study all owed teachers oppo
work within a 6designed envelope of permissi
understanding how to gltob&le anda¢ mearcge bted wea
our study by the cycles of lesson study that were part of the programme and it was potentially
these that led to the most effective implementation and the resulting greatest impact.

Finally, | would like to comment that our research has heartened me in that it was
found to make a positive difference to | earn
disadvantaged backgrounds. It has been fortunate that we have been algrt@ stieam
of funding over many years to work towards such careful and comprehensive design that has
enabled us to do this. Our Mastering Maths study suggests tlainre-)humanise
mathematics for students, | would encourage others to take upatfenge.
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From last place to first: Repositioning the M in integrated STEM.

Using contemporary research as a guide to navigate curriculum change

Mairéad Hourigan
Department of STEM Education, Faculty of Education, Mary Immaculate College, Limerick.

Agreement exists that all learners need access to quality STEM education in-ahaagng

world. There is a call for more integrated approaches to STEM learning that reflect the nature
of societyds o6wicked problemsdédol Ackadaswlaendhg it
vision for integrated STEM education for over a decade, its capacity to affect change was
limited in the absence of compatible curriculum guidance. However, as we move closer to the
embedding of a formal STEM curriculum at primary levelttchampions attention to STEM
disciplines alongside integrated STEM, it is timely to pause and consider the role of
mathematics within integrated STEM. This paper discusses the body of research focused on the
challenges and possibilities in relation teaningful mathematics integration. The literature
supports a retrospective review of various cases, units of STEM inquiry, developed alongside
pre-service and practicing Irish primary teachers, examining the role assumed by mathematics,
the integrity of mthematics included, alongside potential for enhancement. To conclude, key
learnings from contemporary research inform discussions regarding critical features of quality
STEM teacher education at this crucial juncture.

Keywords:Mathematics education, curriculum change, integrated STEM education,
pre-service primary teachers, practicing primary teachers

Introduction: The evolution of integrated STEM education

STEM [Science, Technology, Engineering and Mathematics] education has been in the
international limelight for decades. While the initial rationale was solely economic, firmly
focused on increasing STEM careers to service the STEM pipeline, over timesetthdon

develop a STEM literate society, where all citizens can critically engage with ever increasing
amounts of information and data has become the impetus for quality STEM education for all
(Falloon et al., 2020; Honey et al., 2014; Maass et al, 2019phyuet al., 2024).This is
reinforced by the reality of fia rapidly <chan
future jobs not yet in existencer even i maginedo (Hilton & Hi
traditionally experiences of STEM in schoolur r i cul a were of di scr e
disciplines, there have been increasing calls for a more integrated approach to STEM education

for some time given that an interdisciplinary approach closely aligns with the use of STEM
disciplines to solve reaborld issues (Breiner et al., 2012; English, 2016; Murphy et al., 2024,

STEM Task Force, 2014; Tytler et al., 2019). There is agreement that integrated STEM
education should engage learners in authentic and motivating contexts, providing opportunities

to develop an understanding of the nature of the STEM disciplines, the relationship between
them, and the interdisciplinarity of reabrld problems (Just & Siller 2022; Hilton & Hilton,

2024). Equally, the acknowledged potential to develop much sadigitwenty-first century

skills required for the future workforce has resulted in its wide promotion (Bybee, 2013;
English, 2016; Honey et al, 2014; Maass et al., 2019; Ross et al., 2025).

Mairéad Houriganl 1l



S. Nic Mhuiri, L. Harbison & MRyan(Eds.). Proceedings of the Tenth Conference on Research in Mathematics Education
in Ireland (MEI 10)

However, alongside international trends of integrated STEM within school curricula, is
the assertion that complete integration of
704). There is some agreement that rather than have an entirely int&jr&tedcurriculum,
there is merit in learners connecting their knowledge and understandings learned in individual
STEM disciplines to their integrated STEM experiences (Hourigan et al., 2022; Bybee, 2013;
English, 2016; McComas & Burgin, 2020; Murphy ef 2024; Tytler, 2020).

As integrated STEM education is a relatively new field, there are varying definitions
and conceptions of what constitutes integrated STEM education (Breiner et al., 2012;
Fitzpatrick et al., ifpress; Hourigan et al., 2022; Sanders, 2009). However, tadreexpect
that all disciplines would be included, there is general agreement that an integrated STEM task
should integrate at least two of the STEM disciplines (Sanders, 2009; Hilton & Hilton, 2024;
Murphy et al., 2024; Roehrig et al, 2021). The degfe®8TEM integration can also vary, as

A

il lustrated by Vasquez et al.o6s (2013) I evel

involves STEM disciplines working separately to address a common theme (e.g., Theme:
Sound. Science: Exploring vibrat®rand how sounds are made; Mathematics: statistics

i nvestigation O6What musi cal instruments do

compartmentalisation of subjects does not support learners to experience the connections. An
interdisciplinary approacimvolves more tightly linked integration of the knowledge and skills
from STEM disciplines allowing content from one STEM discipline to support learning in

anot her , thus providing a more integrated
acrosshe day?6 Finally, a transdisciplinary ap
worl d problem relevant to the | earnerso |

skills from across the STEM disciplines, thus providing a highly integlaéeding experience
e.g., exploration of spaces within the school to identify potential for an enhanced learning
environment (see Morrin & Liston, 2024).

Figure 1.

A continuum of STEM approaches to curriculum integration (adapted from Vasquez et al.,
2013)

Transdisciplinary

By undertaking real-
Interdisciplinary world problems or
projects students apply
Smdents learn knowledge and skills
sy e pa concepts and skills from two or more
Multidisciplinary from i\'o or more disciplines and help to
disciplines that are shape the learning
- Students learn tightly linked so as to experience
Disciplinary concepts and skills deepen knowledge and
separately in each skills
Students learm discipline, but in
concepts and skills reference to a
separately in each common theme
discipline.
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While several frameworks exist with many common elements between them (an emphasis on
reatwor | d probl ems, devel opment of key compet
framework for STEM integration is particularly useful when examining the rolerdlugmnce

of specific disciplines within alRE-Mqguartetgr at e
compares the STEM disciplines to the instruments in a string quartet. Using this analogy,
teachers can consider how the STEM disciplines work togethechwdikes the lead in terms

of deep disciplinary learning as well as the strength of the relationships between these during
integrated STEM problem solving. The visual for the framework uses the thickness of markings

to communicate the depth of learning it disciplines (circle around each discipline) and

strength of intedisciplinary connections promoted (line between disciplines). This reflects the
dynamic nature of integrated STEM education, with emphases varying depending on the nature

of the problenpresented.

Figure 2.
The ST-E-M Quartet Instructional Framework (Tan et al. 2019)

Legend:
Mm — - T ) Levels of connection
N g ; —— S{rONE

Moderate

Primary STEM education in Ireland

Reflecting international trends, for the last decade, Irish STEM education policy has advocated

for an integrated approach to STEM education, with the STEM Education Policy Statement
(200722 026) (DES, 2017, p. 12) s enllbdimeatiamallya mbi t |
recogni sed as providing the highest gual it
However, the significant lag in curricular changes to enact this vision has meant a mismatch

has existed between policy and classroom enactnfi@mtegrated STEM education at primary

level. For example, the Irish primary curriculum (DES, 1999a) made no explicit mention of
integrated STEM education. In this curriculum, while mathematics was a discrete subject,
science was positioned within the doatar area Social, Environmental and Scientific
Education (SESE) along with History and Geography; and technology and engineering were

not official curricular areas. However, this primary curriculum did promote integration and the
respective STEM disciples incorporated skills compatible with integrated STEM education

e.g., science: inquirpased approach, design and make (DES, 1999b); mathematics: applying

and problem solving;ommunicating and expressirand integrating,
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connectingandreasoning (DES, 1999c). While acknowledging increased access to professional
development and pockets of integrated STEM practice, the absence of formal guidance from a
designated curriculum meant that a traditional, disciplinary approacdTEM teaching

prevailed at primary level (Fitzpatrick et al., 2023b.; Flanagan et al., 2024b; Hamilton et al.,
2021, Houri gan et al ., 2022, O6 DwySéEM et al
Implementation Plan to 2026 (DE, 2023) reporting that durieg2@22 consultation process,
teachers communicated a desire for access to examples of what STEM education can look like.
However, in recent times, there has been a significant closing of the void between policy and
curriculum within the Irish context. Fitg, STEM education has been introduced as one of five

broad curriculum areas within the new Irish Primary Curriculum Framework (NCCA, 2023b).
Another landmark was the publication of the draft Science, Technology and Engineering
Education Specification (NCA, 2024), which is to sit alongside the new Primary Mathematics
Curriculum (NCCA, 2023b). This curriculum marks the first formal curriculum inclusion of
Technology and Engineering as strands within Irish primary education, with support for these
disciplines reflected in the espoused pedagogical practicesaritific inquiry design thinking
andcomputational thinking The framework identifies mathematics as fundamental, providing
6éthe foundation for science, ybfehetelationshipg,y, an
connections and patterns around wusé (NCCA,
specification (NCCA, 2024) reflect valuing both disciplinary and interdisciplinary STEM
understandings, with dedicated learning outcomes for eatheadlisciplines alongside the

i ntroduction of a new interdisciplinary area
time and space for the application of disciplinary knowledge and connection of learning across

the STEM disciplines within integred STEM. This draft STE specification emulates a social
justice perspective, seeking to build on <c¢h
agency to engage with problems of interest to them, promoting active-cehiiced
investigation of theirlocal environments and the wider world and consideration and
communication of viable and creative solutions, thus empowering them to become informed

and active citizens (NCCA, 2024). Irish primary children have clearly communicated a strong
desire for thee kinds of experiences during curriculum consultation (Leavy et al., 2023; NCCA,
2023c).

Acknowledging the complexity of integrated STEM practice

However, despite the welcome advancement of STEM policy and curriculum in Ireland,
challenges remain. Studies concur that both practicing andepvice teachers struggle to

design quality integrated STEM problems, particularly problems that retain dodlvi
disciplinary integrity and promote deep learning (English, 2016; Fitzpatrick et al., 2024a;
Fitzallen, 2015; Honey et al, 2014; Roehrig et al., 2021). Reinholz et al. (2018) acknowledge
thatevencrosdi sci pl i nary teams fadS8dEMdasks chgllengingg 06 g o

|l ssues include teachersd | ack of exposure t (
teachers (Fitzpatrick et al ., 2024b; Hour i ge
lack of understanding of what integratedfr EM e ducati on 6l ooks | i ke

371). Other barriers include incompatible teacher beliefs, limited knowledge and efficacy for
teaching integrated STEM and inadequate integrated STEM curriculum guidance and support

Mairéad Houriganl4



S. Nic Mhuiri, L. Harbison & MRyan(Eds.). Proceedings of the Tenth Conference on Research in Mathematics Education
in Ireland (MEI 10)

(Anderson & Makar, 2024; Fitzpatrick et al., 2024b; Flanagan et al., 2024b; Ni Riordain et al.,
2016; O6Dwyer et al., 2023).

There is growing concern around STEM discipline balance within integrated STEM
tasks. While initially, there was a suggestion that engineering was being overlooked within
integrated STEM practice, over time, there is increasing evidence to suggestetipattéaat
STEM tasks tend to focus on science and/or engineering (Anderson & Makar, 2024). Alongside
this, is concern that mathematics remains th
ironic given ongoing referealcetadaoalmat B mMt is
(Anderson, 2024, p. 23). Amid increased attention on STEM disciplinary balance and integrity
within the literature, studies consistently lament the limited role that mathematics tends to
assume in integrated STEM education.

A spotlight on the role of mathematics in integrated STEM education
The realities of STEm

While the concept of mathematics integration with other disciplines is not new (Dooley et al.,
2014), teachers report that mathematics is the most difficult STEM discipline to integrate in
STEM tasks (Goos et al., 2023; Goos, 2024). Careful examinatithre diterature identifies

various trends. Firstly, mathematics has been urefgesented in integrated STEM tasks, with

many lacking any focus on mathematics. On occasions where mathematics was integrated in
STEM experiences, i t owaubsergentrraerimaskericg of dhe ethee g a t ¢
STEM subjectsd (Anderson & Makar, 2024, p. 3
6tool &6 (Engl i sh, 2016 ; Fitzall en, 2015; Go o s
used mathematics they edrdy knew to support learning or problem solving in the other STEM

di sciplinesdé (Goos, 2024, p. 338). Stohl manbé
10-year period revealed that mathematics integration generally involved the applicatiom of prio
mathematics (mostly statistics and measurement) knowledge rather than develop new
mat hemati cal knowl edge. Goos (2024) <confirms
role, it is important that it is does not become its only role. Kristensen(0a¥) propose a
framework to support an analysis of the role assumed by mathematics within integrated STEM
experiences. It contrasts the role of mathem
is used to support |her&TEMaiscplineswithdnathesnatiesrasld n g s
Oprimary ai mbéb or o6égoal 6 where the integrated
competencies, where one or more of the other STEM disciplines provide the context.

I't i s possible that mathematics may assur
goal 6 and a oO6tool & within an integrated STENM
a third category, identifying the potential of mathematics to be an integaidge between
STEM disciplines, where mathematical modelling serves as a bridge between the STEM
disciplines as well as between the mathematics and the real world.

Another source for concern is that the mathematics requirement in integrated STEM
tasks tends to be below grade level expectations, in some cases only requiring basic counting
or measuring skills (Falloon et al., 2020; Fitzpatrick et al., 2024a; Ross 202%). Just and
Siller (2022, p . 16) captured the role assur
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matter and a means to an end?d, generally use
future citizens in an increasingly complex world, would need opportunities to develop their
ability to think mathematically. These issues may be associated wghsRo e t al . 6s (
observation that mathematics is often the final STEM discipline to be considered when
designing integrated STEM experiences. I 11 us
study demonstrated thatpsee r vi c e p r i wvefocys ort thee aewts €EMidciplne,
engineering, resul ted i n mat hemati cs being

challenges of applying disciplinary mathematics knowledge and skills within integrated STEM
settings were exemplified in their subgeqt inability to recognise the lack of appropriate
gradelevel mathematics learning alongside considerable difficulties in identifying methods of
promoting more meaningful mathematics integration despite having completed all compulsory
mathematics educatn courses.

While in theory, any STEM subject could be a starting point for integrated STEM,
instances where mathematics was foregrounded in integrated STEM experiences were rare
(Anderson, 2024; Falloon et al., 2020; Goos, 2024). Hence, mathematics was seldom the
opmary goal 6 of the integrated STEM experien
rai ses concern that mat hematics tends to b
i ntegrated STEM tasks, given t haforawaldthbaat i on
is inherently interdisciplinary and in which mathematics plays a central role in helping us to
solve complex social, ethical and scientific

llluminating the M in steM

Given these concerns, there is a growing focus on exploring how best to increase the visibility
and level of engagement with mathematics in integrated STEM curriculum. Consensus exists

t hat |l earners must experience atgéneralige@vder of
predictd (Anderson, 2024, p . 23). There are
use authentic integrated STEM tasks or problems, grounded in real world contexts (Treacy,
2021). For example, the International Commission foe Futures of Education (2020)
recommend increased integration of curricul
(Hilton & Hilton, 2024, p. 264) as part of the solution to tackle misinformation and combat
tendencies to ignore science. Hence, iesidble that learners receive opportunities to acquire

mat hemati cal understandi ngs whi iwerld pragblerass pi n g
and shaping societyd (Larsen et al ., 2024, p
learners gie n t hat 6ln todaydés digital wor |l d, t he

increasing and much of it involves claims based on mathematics. This has implications for
mat hemati cs education and STEM educat).on mor
This is particularly relevant to the 1lrish c
many secondary students believe that mathematics was neither necessary nor useful for their
education or careers. Gravemeijer et al. (2017) highlightntfadhematics education, rather

than prioritise mathematics competencies that can be completed by digital technologies, should
prioritise the development of twenty first century skills to support learners to problem solve,
engage in critical thinking, anéason mathematically.
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To this end, research has sought to reveal various means of foregrounding mathematics
within integrated STEM education, providing opportunities for meaningful mathematics
learning through engagement with integrated experiences. One possible approamigls thr
the promotion of responsible citizenship (Choy and Cooper, 2024; Larsen et al, 2024; Li, 2025;
Maass et al., 2019). To achieve this, Anderson (2024b) recommends that learners should be
given opportunities to investigate local issues relevant toltheiv e s . Lar sen et al
provides examples including the reduction of plastic waste in the local environment, where
learners investigated if the issue constituted a problem and formulated solutions and, in some
cases, acted on these. It is sigjgd that over time, students could engage with more complex
global issues e.g., understanding refugees and migration patterns (Steffenson, 2024).
Mathematics can play a key role in addressing these-epéed problems. For example,
mathematical modelling a valuable tool that can be used to support learners to actively engage
in meaning making for a range of possible purposes including describing a situation, making
predictions, designing a solution, planning an event or making an informed decision. Such
experiences provide insights into the key role of mathematics, facilitating learners to engage
with information and data, critically assess claims to inform conclusions and actions, thus
supporting oO6effectivmalkiongadal|d aBmEVE)et ous dec

There is also some focus in the literature on the potential to problem pose or to modify
existing mathematics tasks to promote the meaningful integration of mathematics and uphold
its integrity within integrated STEM tasks. These proposals recommend #thematics
should be the starting point of planning. For example, Choy and Cooper (2024) encourage
teachers to Onoticed the <conceivable STEM
highlighting that the possibilitipevergdaydstr el
mat hematics <c¢classroomso6é (p. 58) . Fitzpatric
STEMify mathematics tasks, where teachers interrogate previously developed mathematics
tasks further to reveal their capacity for meaningful integrated STEM learning. Stohlmann
(2018) proposes Ointegrated steMO6 wlheethee mat h
STEM disciplines, where the focus remains on mathematics while being supported and
enhanced by the other STEM disciplines. Additiondllgrsen et al. (2024, p. 91) identifies the
potenti al of Kristensends (2024) frameworKk
mathematical goals for integrated STEM tasks are explicitly defined from the outset and the
framework serves to promaodéa intentional focus on and even the prioritisation of mathematics
6as the primary objectived when designing i
recommend intentional selection of the mathematics disciplinary learning outcomes to promote
the ntegration of grad@ppropriate mathematics.

In situations where mathematics has been ignored or its coverage is tokenistic in
i ntegrated STEM experiences, Just and Siller
rich mathematics | earning if t a szpasick eteak € 0 s |
(2024a) demonstrate how scaffolded retrospective reflection and discussion supported pre
service teachers tdlathify STEM tasks, to include meaningful gra@eel appropriate
mat hematics integration. Buwidlydirrey ean etdhips ,i mR
capacity to exploit incidental mathematics learning opportunities or teachable moments, thus
deepening mathematics learning during integrated STEM experience beyond what was
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originally planned for. There is much potential for these strategies to be applied to strengthen
the integrity of the mathematical focus within integrated STEM experiences.

While integrating mathematics with other disciplines is not a novel approach, the
research corpus suggests that there remains
interdisciplinary tasks, particularly those featuring mathematics (Goos et al). Z0&&p
engagement with the literature not only provides guidance in future design of interdisciplinary
mathematics but also provides criteria to reconsider and critique the role of mathematics in
previously designed integrated tasks. | now offer some pbegnfirom my own experiences in
collaboration with STEM colleagues.

Using the O6M in STEMO6 | iterature as a | ens t

Given that integrated STEM education is a nascent area within the Irish context, the lack of
curriculum guidance meant that early efforts to engage in integrated STEM were done in a
vacuum. However, the development of a new Department of STEM educatMiCinn
autumn 2017, with all members having a primary background in one of the const{lidfit S

M education disciplines, marked the start of a STEM journey, where STEM teacher educators,
alongside preservice and practicing primary teachers, explored whagrated STEM could

look in Irish primary classrooms. The following case studies of integrated STEM education
showcase some of our integrated STEM work. Each case illustrates a different unit of STEM
inquiry.

Case 1l 6m a Celebrity, Get me  dSpting, 8018, her e :
University-based Collaborative Lesson Study, mathematics teacher educatesgrvyice
primary teachers,"class pupils] (Hourigan & Leavy, 2020a, 2020b; 2021a, 2021b)

The popular reality TV show called 061 6m a C
that connected five consecutive lessons within this unit of inquiry. Each lesson was launched
using a different Obusht uck etfeatdres bfdhe @alitp r ¢ h a
TV show e.g. jungle camp and targeting various mathematical understandings. The context

and driving questions sought to promote interest and motivation to engage in inquiry.
Challenges focused on: (1) An investigation exploringctviiood box had a better chance

of being catapulted across the flooding river into camp (Hourigan & Leavy, 2020b); (2) the
design of a water tank for a challenge considering its perimeter, area and volume (Hourigan

& Leavy, 2020a); (3) determining the aref various [irregular shaped] zones (trial areas

and camps), rescaling and redesigning in re
2021a); (4) exploration of the relationship (statistical association) between jump height and
jump length (Hourign & Leavy, 2021c).

Case 2How Slow is your parachutgAutumn 2019, SchoeUniversity Partnership,
STEM teacher educators (science, technology and mathematics teacher educators, primary
teachers, prservice primary teachers!2lass pupils] (Hamilton et al., 2021; Leavy et al.,
2021).

This integrated O6Designing a Parachuted ST
within scientific inquiry and engineering practices. Initial exploration of the first parachutes
promoted a scientific investi g paracluteframe det e
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affect the speed of descent?6 Subsequently,
an engineering design process exploring O0HCc
the speed of descent?6 (Leavy et al ., 2021)

Case 3Busy Helping Bed#Jniversity-based Collaborative Lesson Study, mathematics
teacher educators, primary teachers;g@evice primary teachers, Spring, 2020, Senior Infant
pupils] (Hourigan & Leavy, 2021c; 2023a).

This unit of STEM inquiry, on designing a series of five STB&ed lessons focused on

the theme of bees. The everyday context of the bee population in a park being impacted by
a storm sought to motivate engagement with various tasks that included:ighjraeand

building a strong hive for the bees (Hourigan & Leavy, 2021c); (2) using knowledge of
shadows to determine appropriate locations for planting flowers in the park (Hourigan &
Leavy, 2023a); (3) using spatial awareness and coding to guide thbebeegn flowers;

(4) measuring the shortest distance to be travelled by bees when collecting nectar and pollen
from flowers.

Case 4Learn About Bees from the Bgesiversity-based Collaborative Lesson Study,
mathematics teacher educators,-geevice primary teachers, Spring, 202%, ddass pupils]
(Leavy et al., 2024; Fitzpatrick et al., under review).

Thereawor | d context of the honeybee based in
as a stimulus for a-8ay integrated STEM unit of inquiry. Following two preparatory lessons
(Lesson 1: All about Bees (Science lesson), Lesson 2: Statistical tsanbgan and
Median), the remaining 3 lessons were integrated STEM lessons, using locally generated
data of the conditions in local bee hives (data collected using conveyance technology from
hive sensors) as a context. The math action technology (Commnlore @ata Analysis
Platform (CODAP)) supported engagement with the large data sets to explore various

driving questions e.g., 0The beekeeper thin
which hive (i f any) s hohipl[statisschl assosigtienhb@tdeerd | s t
the |living conditions in the hive? [temper e

Leavy et al., 2024).

Each of these cases could be considered integrated STEM units of inquiry. However,
each differs in its level of integration (with evidence of both multidisciplinary and
interdisciplinary integration (Vasquez et al., 2013)) and the disciplinary emphasis (witth
mathematics and science assuming lead and supportive roles throughout (Tan et al., 2019)).
There is much potential for the relevant literature to inform a retrospective review of the
position of mathematics within each of these units of STEMiipgevealing the role assumed
by mathematics, the mathematical knowledge and skills needed/developed, and further
opportunities for mathematics integration. Engaging in a reséafiaimed exploration of the
selected cases activates an awareness ofrtimige for rich mathematics tasks to promote
STEM literacy through their focus on mathematical modelling alongside opportunities to
develop twentfirst century skills (e.g., Hourigan & Leavy, 2020a). However, it reveals further
openings toSTEMify various mathematics investigations (e.g., Hourigan & Leavy, 2021a;
2021c) alongside potential Mathify integrated STEM lessons and tasks within the respective
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units of inquiry (e.g., Hourigan & Leavy, 2021b; Leavy et al., 2021). This review reinforces
that when mathematics is presumed as an underlying discipline, and not explicitly planned for
(e.g., Hourigan & Leavy, 2023a), opportunities for meaningful matheaha&xperiences are
missed. It also facilitates an examination of the task features of matheo®atiosd integrated
STEM tasks (e.g., Hourigan & Leavy, 2020b; Leavy et al., 2024). In particular, Case 4
demonstrates the capacity of a sustainability exintn driving meaningful statistical
investigations using reaborld data. It also highlights the role that technology can play in
supporting statistical reasoning, shifting the focus from calculation to analysis and statistical
meaning making, prioritisig conceptual understanding, critical thinking and communication.
This unit of inquiry showcases the usefulness, relevance and worth of statistics in everyday life
in informing decision making, providing reciprocal opportunities for learners to develop
stdistical literacy alongside science understandings. This societally relevant unit of inquiry
showcases the capacity of a local sustainability context to drive meaningful integrated STEM
learning and to promote responsible citizenship (Fitzpatrick etralerueview; Leavy et al,
2024).

Engagement in a retrospective review process showcases further potential to enhance
integrated STEM tasks by engaging in iterative cycles of implementation, reflection and
problem posing. It also informs more mindful engagement with the balance and qfiality
disciplinary integration when working with both gservice and practicing primary teachers
going forward, ensuring that STEM integration is not tokenistic and promotes an awareness of
the uses of mathematics (and the other STEM disciplines) to salvevorld problems while
developing desirable disciplinary competencies.

Working towards quality integrated STEM education, with an eye firmly on mathematics

While no universal definition of integrated STEM exists, there is broad agreement that quality
integrated STEM education should use real world contexts to promote problem solving, while
considering the balance of STEM disciplines integrated and protebgnigtegrity of these.

As we move closer to the alignment of Irish education policy and primary STEM curriculum,
it is apt to consider how best Irish ggervice and practicing primary teachers can be supported
during the upcoming embedding of the progb&TE specification and integrated STEM
education.

It is essential that longitudinal professional learning opportunities provide-fezeds
support for practicing primary teachers on their individual STEM journeys (Murphy et al.,
2024; Smith & Browne, 2024). Firstly, teachers require opportunities to getledad STEM
disciplinary knowledge for teaching alongside compatible beliefs, prior to delving into
integrated STEM practice (O6Dwyer et al ., 20
learning is presently underway to support primary teachers tecethb Primary Mathematics
Curriculum (NCCA, 2023b), similar provision is needed for all STEM disciplines, given that
strong disciplinary knowledge is essential to support teachers to identify and exploit STEM
integration opportunities (Fitzpatrick et &(Q24b; Flanagan et al., 2024a, b; Honey et al., 2014;
O6Dwyer et al ., 2023). Professional l earning
tasks that model disciplinary balance and maintain disciplinary integrity and provide teachers
with opportuities to critique these. It is particularly important that teachers receive ample
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exposure to authentic reabrld integrated STEM problems where mathematics is
foregrounded, given that research has confirmed that it cannot be assumed that mathematics
will be meaningfully integrated (Goos et al., 2024). Various approaches to configleng

teaching of disciplinary concepts around an integrated STEM project also requires attention
(Murphy et al., 2024). While providing access to quality supports and resources is important, it

iI's essenti al t o recogni s dexperiemaes andundergtandimngs ma r y
(Hourigan et al., 2022). Hence, these professional learning experiences must empower and
support primary teachers to work collaboratively in their school contexts (Dooley et al., 2014,
Flanagan et al., 2024b; Larsen et 2D24; Smith & Browne, 2024), to notice the potential

within their current classroom practices for STEM inquiry and to use these as a springboard to
problem pose meaningful integrated STEM tasks of interest to the children in their classes. The
practices b STEMifying mathematicsand Mathifying STEM hold much promise to
acknowledge current valuable practice and to further enhance these during task design.
Alongside promoting these practices among primary teachers, there are rich opportunities for
primary teachers to use their work in other curricaleas outside STEM, e.g., geography,

global education, as a starting point for authentic integrated STEM experiences, to consider
how to furthemMMathify these to promote authentic problem solving in pursuibf@irmed and

active citizenship (Fitzpatrick et al., 2024a). Equally, facilitating the implementation of
designed integrated STEM activities is crucial given evidence that it is often only after the
chance to 1 mpl ement r e f or mvirgnmemtcthai teaehgrs aren o n e
persuaded of their merits (Flanagan et al., 2024b; Hourigan & Leavy, 2023b; Hourigan et al.,
202 2; O6Dwyer et al ., 2023; Smith & Browne,
experienced primary teachers will have the capatit identify and exploit additional
opportunities for mathematics | earning, beya
or 6thinking on their feetd (Rowland, 2014;
implementation and reflectiyaactice will promote ongoing development of integrated STEM

practice. Throughout, practicing primary tea
and their agency exploited, thus facilitating them to truly take ownership of their integrated
STEMpr actice (Hamilton et al ., 2021, O6Dwyer

of curriculum creators rather than mere curriculum implementers.

Equally, all future primary teachers require access to high quality STEM education
during initial teacher education to prepare them to engage in proposed integrated STEM
practices (Fitzpatrick, 2024; Fitzpatrick & Leavy, 2025; Kurup et al., 2019; Murgily 2024,
NCCA, 2023a; 2024). Relative to established primary teachersepvece primary teachers
will require substantially more support in developing their integrated STEM practices
(Fitzpatrick & Leavy, 2025). Following the development of appraer@owledge and beliefs
for teaching the respective STEM disciplines, given the siloed nature of théarigaey STEM
education, initial teacher education must providegemeice primary teachers with ongoing
opportunities to experience quality intaggd STEM education as learners (DE, 2023,
Fitzpatrick et al., 2024a; Fitzpatrick & Leavy, 2025). These experiences will model integrated
STEM tasks, providing valuable insights regarding what integrated STEM could look like and
facilitating preservice tachers to move into the role of teacher over time, through discussions
that draw on their disciplinary understandings, attend to disciplinary balance and the
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maintenance of disciplinary integrity. In particular, {segvice teachers require many
experiences of authentic reabrld integrated STEM problems where mathematics is
foregrounded, to facilitate them to see the potential for mathematics to assumeg relad

(e.g., Fitzpatrick et al., under review; Leavy et al., 2024). Subsequently, given research that
demonstrates the power of trialling and witnessing the impact of recommended reform
approaches in real classrooms (DE, 2023; Hourigan & Leavy, 201£pakick, 2024,
Fitzpatrick & Leavy, 2025), prservice primary teachers require scaffolding across the
collaborative design and implementation of integrated STEM tasks:irRglsimentation
guided discussion, and critical reflection must be prioritisedyiging preservice teachers

with opportunities to analyse the task in terms of the currictdlppropriate mathematics
learning leveraged thus informing further capacity for problem posing within the context of
integrated STEM (e.gMathifying STEM (Fitzpatrick et al., 2024a; Fitzpatrick & Leavy, 2025;
Hourigan & Leavy, 2020a; 2021). Substantial collaboration will be required across STEM
education faculty to ensure a cohesive experience.

In all of this, while acknowledging that not all integrated STEM experiences need to
integrate mathematics, given the lessons learned from the literature, intentional actions must be
taken to ensure mathemati cs do exeriences, giveh al | S
the necessity to prepare future citizens for a world where mathematical literacy is fundamental
(Fitzpatrick & Leavy, 2025; Goos et al., 2024). Fitzpatrick et al. (2024a) provide practical
guidance to support both pservice and irsevice primary teachers in capitalising on
opportunities to promote mathematical understandings from integrated STEM education
alongside maximising the capacity of mathematics to support STEM understandings. If
implemented as intended, where mathematicelisnt i fi ed as the o6found
STEM disciplines (NCCA, 2023a), there is much promise for a strong reciprocal relationship
between mathematics education and integrated STEM education. In this scenario, engagement
with integrated STEM tasks witimbuilt opportunities to use and/or develop appropriate
mathematical understandings will naturally incorporate many of the pedagogical practices
advocated within the Primary Mathematics Curriculum (e.g., productive disposition,
cognitively challenging task maths talk) where children can develop a range of the
mathematical proficiencies (e.g., productive disposition, conceptual understanding, adaptive
reasoning, strategic competence) (NCCA, 2023b). Equally, genuine implementation of the
Primary MathematicsCurriculum centred around chitbntred pedagogies and the
development of higher order thinking skills will simultaneously promote STEM literacy.
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Mathematics for interculturality: Collaborative online international
learning in linear algebra for finance, security and defence strategies

Alice Barand, Giulia Boettt, Marina Marchisio Confe Adamaria PerrottaMatteo Sacchét
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2School of Mathematics and Statistics, University College Dublin, Ireland

Activities involving virtual and blended international collaboration, encompassing
Collaborative Online International Learning (COIL) and Blended Intensive Programmes (BIP),
furnish higher education institutions with more inclusive and environmentallgisalste
alternatives to conventional physical mobility schemes. This paper presents the design and
implementation of a COIL project in linear algebra for economics, finance, security, and
defence, cecreated and cdelivered by University College Dublin driuniversity of Turin in
November 2024. The Hour online extracurricular activity involved 32 figgtar students

from both partner universities collaborating in mixed virtual teams on case studies and problem
solving tasks in realvorld scenarios. Aftepresenting the theoretical framework on which the
COIL activity has been built, this paper outlines its development and implementation and
concludes with potential future pathways to enhance internationalization within higher
education and Mathematics E@ion research on this topic.

Keywords:Collaborative online international learning, higher education, intercultural
education, INVITE learning design framework, mathematics education

Introduction

The internationalization of higher education institutions (HEISs), as defined by Knight
(2008), is a widespread, deliberate effort by universities to incorporate international,
intercultural, and global perspectives into the core aims, operations, anti@thlaelivery
of universities. This trend focuses on providing students with opportunities to interact with a
variety of cultures and viewpoints (Vahed & Rodriguez, 2021). The goal is to improve the
quality of education and research for everyone andsdipely impact society (de Wit &

Hunter, 2015). The internationalization of HEIs may benefit students and faculty by fostering
the development of sefikill competencies like team collaboration, communication and
presentation skills, problem solving,taral thinking, and responsibility. Moreover, it
contributes to the flourishing of a more interconnected, multicultural, and prosperous
community of people ready to address global challenges and to contribute to social, cultural,
political, and economic pgress. To this aim, many HEIs prioritize and leverage on student
mobility programs, such as study abroad or international internships. However, only a small
percentage of studeritdbetween 10% and 13% of undergraduate students in Europe and the
UST paticipate in these opportunities due to financial constraints, language barriers, or
personal reasons (European Commission, 2020; Institute for International Education, 2023).
Thus, while studying abroad can effectively develop intercultural competenciifynob
programs are not inclusive approaches, as most students do not have access to them. The
limited participation in traditional physical mobility has pushed HEIs to seek more inclusive
internationalization strategies, which have been growing acrossdJEwope in the last few
years. These new mobility programs represent academic modalities where teachers and
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students from at least two HEIs participate in shared learning activities in Blended or Virtual
Learning Environments. Among those, Blended Intensive Programme (BIP) combines online
interactions with facéo-face components and is promoted by the EU ErasmRuogramme

(European Commission, 2023), while Collaborative Online International Learning (COIL)

(Hackett et al., 2024) relies entirely on online environments for collaborative projects

undertaken by students at their home institutions. Research statitege the strong

international emphasis of BIP and COIL projects and highlight their role in creating valuable
experimental spaces to develop intercultural competences (Hackett et al., 2023; Barana et al.,
2025a). Increasing concerns about the envireniahémpact of student and staff mobility

have led HEIs to explore sustainable internationalization methods like COIL (Shields, 2019).
Furthermore, proposing extaarricular activities through COIL can add value to learning

challenging subjects such as tdamatics (Hilario Perez & Verdejo Gimeno, 2022), as one

can discover different approaches resulting from alternative teaching styles. There are some
examples of COIL projects in Mathematics and
mathematical moal | i %ringadving University of Denver and Universidad del Desarrollo,
ilntercul tur al ?iavwlving Bnivdrsity i Potsdam and Pdntifigao

Uni versidade Cat - -lica do Rio Grande do Sul,
construction of sustainable facadeso, involywv
Universidad Cardenal Herrera CEU (HitaRerez & Verdejo Gimeno, 2022).

In this paper, we contribute to fostering these new forms of mobility and present the
design and the implementation of a COIL project in linear algebra for economics, finance,
security and defence strategies,dasigned and edelivered in November 2024/b
University College Dublin (UCD) and the University of Turin (UNITO). This initiative has
involved a 16hour online extracurricular project where 32 figstar students from UNITO
and UCD worked in mixed teams in a digital learning environment on tasksifign on the
application of linear algebra to case studies and prebtawing activities in the domains of
economy, finance, and strategic science. The paper is organized as follows: in the second
section, we present the adopted definition of COIL aedhkoretical framework on which
the activity is built. In the Results section we detail the COIL project design, development and
implementation. The final section concludes with potential future directions to foster
internationalization in HEIs and Mathatics Education research on this topic.

Theoretical Framework and Methodology

COIL originated at the State University of New York (SUNY) in 2006, leading to the
establishment of the SUNY COIL Center to promote its use within the SUNY system (Rubin,
2017; Rubin & Guth, 2022). I nitiall Jly more pr
expanded in Europe, partly due to the growth
Network. Rubin and Guth (2022) have provided a list of characteristics of COIL based on best
practices. In a nutshell, COIL involves online collaboration betweermtwaore educators
from different HEIs in different countries to-ci@sign and caleliver a course or a set of

4 https:/ftinyurl.com/4mbs9fzs
® https://tinyurl.com/bdfOm667
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online collaborative tasks with shared learning outcomes, typically over a period ranging from
four weeks to a full semester. Multicultural teams of students, formed from both institutions,
work together online on these assignments, fostering both skbpegtedge and intercultural
competence within various disciplines. Hackett et al. (2024) proposed the following formal
definition of COIL, which we adopted in this research study:

An inclusive, environmentally friendly teaching and learning method used to

internationalise the curriculum, in which educators from different educational

institutions in different countries connect tocaesign and cdacilitate collaborative

online learing assignments that are embedded within the curriculum, with the goal of
facilitating the devel opment of studentso
and curriculum content learning through collaboration.

Within the INVITE Erasmus+ project, the consortium developed a Learning Design
Framework (LDF) for the creation and implementation of virtual or blended international
collaboration activities and implemented a training module for HE teachers and staitt® c
effective BIP and COIL activities in line with this framework (Barana et al., 2025b). It is
grounded in the principles of the Analysis, Design, Development, Implementation, and
Evaluation (ADDIE) instructional model, and includes aspects to be evadith designing
international collaboration activities. The framework consists of six phases, which mirror the
ADDIE structure, with the addition of the preparation phase:

1. Preparation: initial conceptualization of the project and identification of partners.
2. Analysis: assessment of the learning needs of international participants, definition of
the learning outcomes, and articulation of the intercultural added value.
Design: selection of active learning methodologies and choice of digital environments.
4. Development: creation or selection of culturally sensitive and relevant learning
materials, and integration of digital technologies to support active learning processes.
5. Implementation: provision of mentorship, facilitation of intercultural collaboration,
and ongoing monitoring of studentsd progr
6. Evaluation: designing formative and summative assessment strategies, collecting data

on learning achievements and participant feedback, and adjusting accordingly.

w

Results: ALinear Al gebra for Economics, Fina
Phase 1i Preparation

The UCD and UNITO teachers involved in thedssign and calelivery of the COIL
activity attended the INVITE training module in Summer 2024. While attending it and
working on the assessment components collaboratively, they found a common ground in their
respective institutions for developing an international module and started preparing an initial
conceptualization of the COIL accordingly to the INVITE LDF.

Phases 2 & 3: Analysis & Design

The COIL project Alinear algebra for econ
strategi es 0 -yearstudanisin@nithe 8%c infEconosny & Finance and from the
BSc in Financial and Actuarial studies attending the MATH10120 linear algebra module a
UCD and firstyear students from the BSc Strategic and Security Sciences at UNITO
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attending the CPS0977 Mathematics module, thus learners with different cultures and skills.
Students were expected to have foundational knowledge of linear algebra from their
respective modules, as well as basic English comprehension and communicdsomghki
analysis phase, we detected the main instructional challenges. The first one was to bridge
diverse backgrounds in Mathematics, due to the different national school education systems.
The second challenge was linguistic, arising from the mixngfigh (Irish) mother tongue
students, who generally have less experience with oral communication in their education, and
nonEnglish (Italian) mother tongue students, who are often exposed to oral presentations.
Starting from these challenges, we setifagning objectives (LO) of the activity, including
enhancing problemsolving and critical thinking, fostering intercultural communication,

applying mathematical methods to r@airld economics and finance, as well as security and
defence scenarios. Thesdle gn phase was carried out to cons
laying the groundwork for effective knowledge acquisition and intercultural collaboration.
Among the choices in this phase, teachers selected tailored collaborative activities to be
solved bystudents working in a mixed team of 3/4 students, at least one per institution, and
decided to use a digital learning environment for the delivery of the project. Considering the
LOs, the activities and the learning materials were immersed in a scetatents were

divided into teams of secret agents that could pass precious information between Ireland and
Italy to design cuttingedge policies and strategies. The teachers designed three tasks to be
solved in teams in a timeframe of one month. Task Oamasitial icebreaking activity,
requiring teams of fAsecret agentso to collab
logo, secret headquarters, member roles, vision, and mission. The aim was to facilitate initial
interaction and socialization be#&the introduction of mathematical tasks. Task 1 was about
the use of cryptography in the field of security and defence. Task 2 presented a
macroeconomics policy problem where teams must explore-aemt@ macroeconomic

model, analyse reavorld globalparameters, interpret the resulting values, and justify
government policy choices. Teams worked independentlypsgdinizing their meeting times

and methods to solve the tasks. Additionally, two scheduled live meetings and two tutoring
sessions were praled. The initial meeting introduced teachers, COIL aims, scope, and group
tasks, while the final meeting involved team presentations of their results. Twapskc

tutoring sessions were offered for student support.

Phases 4 & 5: Development & Implementation

The contents of the COIL project were based onweald tasks and open educational
resources (OER). The contextualization made students understand the direct application of
linear algebra in cryptography, for the security and defence side, and theg éaistiors of
national economies with a special focus on similarities and differences, for the economic and
finance side. Several OERs were used, such as tutorialsaopess papers and books,
adapted to make them suitable for the target students ang tesaurces from different
backgrounds. Live meetings were held online through acsekerence system. A learning
management system was adopted for sharing materials, grouping students, providing
guestionnaires, collecting submissions, gaining feedlzakjn general helping in promoting
the educational strategies designed. Students could freely choose their preferred tools for
collaborative work outside of scheduled meetings. Teachers suggested advanced computing
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environments (e.g., Maple, Mathematica), programming languages (e.g., Python), and
spreadsheets (e.g., Excel) to enhance productivity and computational task resolution. Students
were also encouraged to critically utilize Al tools (e.g., ChatGPT, Copiérti®) for
problemsolving and presentation. The activity was delivered on pilot basis in November

2024, once the students completed the linear algebra prerequisites in each institution. The
teachers decided to give access to the project to a maximunstufd#hts per institution,

selected on a voluntary basis in view of an inclusive teaching (first come, first served), and to
deliver the course in 10 extracurricular hours, during the Autumn term. 32 students subscribed
and the teachers created mixed gmuonsidering also gender balance. After the initial

meeting, the students had 1 week to complete task 0, 2 weeks to complete each task, and 1
week to assemble a presentation, to be discussed at the final meeting.

Evaluation

Students were assessed through individual (initial and final surveys, reflective diaries
after each task and a final diary) and group components (three task solution presentations and
a final presentation on their teamwork and solution development). dodivdssessments
addressed collaboration, linguistic, cultural, relational, mathematical, and digital competence.
The instructors evaluated each assessed component and provided individual and group
feedback. Since COIL activities are still not institutitiwed, this project was not credit
bearing. However, to acknowledge the work done and foster engagement, students received a
certificate of participation that they can add to their curriculum as an extracurricular activity.

Discussion and Conclusions

In this paper, we presented the development and the implementation of a COIL project
co-designed and edelivered according to the INVITE LDF in November 2024 by UCD and
UNITO. Students attending it generally expressed great appreciation for such experienc
particularly due to the international collaboration and the use of-avogld scenario for a
deeper understanding of theoretical linear algebra concepts. Teachers acknowledged intense
commi t ment from the student sadistisintetpersomal,d an i
intercultural and mathematical competencies. COIL and BIPs offer promising alternatives to
traditional student mobility for competency development and intercultural learning, yet their
effectiveness requires further research thraogiepth data analysis. To bridge this research
gap and foster internationalization in HEIs, we are analysing the reflective diaries and the
individual surveys that students filled out during the activities, and we will correlate our
results with availabléterature on COIL and BIPs.
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Steps towards a mastery learning approach in mathematics service teaching

Sinéad BreenBrien Nolan
School of Mathematical Sciences, Dublin City University

Mastery Learning is based on a belief that all students can achieve the same level of content
mastery when provided with sufficient time and appropriate resources. We report on an
initiative to adopt elements of a mastery learning approach in a firstuyekargraduate

Calculus module for students on Chemistry and Biology programmes, facilitated by digital
technology. These included administering a-tesching diagnostic assessment, offering
regular formative assessments and providing opportunities terstammative assessments.

We discuss studentsd responses to these addi
improved outcomes and the perceived usefulness of the approach.

Keywords:Mastery learning, calculus, service teaching
Introduction

Since the 1960s many educators have developed instructional programmes around the
notion of Omastery | earningé. Bl oom stated t

Most students, perhaps over 90 percent, can master what teachers have to teach them,
and it is the task of instruction to find the means which will enable students to master
the subject under consideration (Bloom, 1968, abstract).

He believed that the cornerstone to the achievement of mastery is the provision of
whatever time Iis needed by each student for
the form of different resources) should be made available to enable eactt &tudarn to a
high level. Two particular approaches to mastery have been adopted widely: Learning for
Mastery (LFM) (Bloom, 1968) and Personalised Systems of Instruction (PSI) (Keller, 1968).
While each includes the division of content into short wmitk formative assessments to be
completed on each unit, they also differ in important aspects. LFM lessons are presented by
teachers and thus students move through them at a uniform pace; whereas PSI lessons are
typically presented using written materitisough which students move at their own pace,
revising the content and retaking assessments until they demonstrate the desired level of
mastery. As Guskey (2010) explains, allowing students to retake assessments, which is
essentially offering them a sewbchance to succeed, serves as a powerful motivational tool.

In addition, the inclusion of regular formative assessments, a core element of mastery learning
model s, allows studentsd progress to be moni
given,realising assessmefatr learning. Another common element of mastery learning

programmes is the administration of a diagnostic-jpssessment pteaching to determine

whether students have the prerequisite knowledge and skills to succeed on thermpeogram

(Guskey, 2010). Students whose preassessment scores suggest deficiencies in their

foundational knowledge are then given the opportunity to remediate them before continuing

with the programme.

In a metaanalysis of findings from 108 studies, Kulik et al. (1990) reported that
mastery learning programmes have positive effects on the achievement of students (at all
levels) on examinations as well as on their attitudes to both course contenttiarutiams
Moreover, the weaker students in a class appear to benefit more from such an approach.
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Groen et al. (2015) also report the positive effect of mastery learning on retention of content.
However, the amount of time spent by students on instructional tasks may increase; and self
paced mastery programmes may reduce the completion rates of thosléege level

programmes (Kulik et al., 1990).

More recently, digital technologies have been used to design adaptive learning
pl atforms, which aim to adapt instruction an
educational experience and interests (Aleven et al., 2016). These have the capacity to
incorporate elements of the LFM and PSI approaches outlined above in an efficient manner.

Rationale and Aims

Much of mathematics is hierarchical in structure, with later concepts and skills
building on earlier ones. Consequently, learning in mathematics must often progress through a
structured sequence in which some items of knowledge or skill are necessagyipitexeto
subsequent ones. Furthermore, mathematics underpiitie aange oSTEM learning
activities. Despite this, the undpreparedness of incoming students for the mathematical
demands of their undergraduate programmes has been widely (acrosf breddJK, the US
and Australia) and long since reporied phenomenon regularly referred to as the
0 Mat hemat iiamsdinPactoappkeaesrtodbe worsening (Treacy & Faulkner, 2015).
Even though students may pass university mathematics modules with a grade of 40%, there is
anecdotal evidence of a belief among mathematics educators that such a level of competence
does not provide an adequate foundation for the future learning of relatedmatical
concepts nor ensure the ability to apply mathemakivalvledge across STEM disciplines.

We wished to increase the competencies offiestr undergraduate science students
on our mathematics modules and better prepare them for subsequent mathematics and STEM
modules by encouraging and enabling them to master the content rather than to merely
achieve a passing grade. However, our capacity for innovation was somewhat constrained by
the large number of students (circa 400) taking the modules in question.

Instructional Approach and Methodology

In 2021, we embarked on the redesign of service Calculus modules fgefrst
undergraduate students on DCUOGs science prog
LFM and PSI models. We adopted ablertled ar ni ng approach, utilisi
learning environment (VLE) Loop, which allowed us to be flexible and adaptive in terms of
variety of and access to materials, and facilitated the provision of individualised pathways
through the module to accommodate a diversity of learners. Content is orgatodedr
main units (Precalculus, Limits, Derivatives and Integrals) and delivered using (shott) pre
recorded videos interspersed with interactive questions. Each week clear instructions are
provided to students with regard to the activities and resswith which they should
engage, including weekly formative assessment quizzes (which provide instant feedback to
students) and recommended reading from a Calculus textbook. These are supplemented by
faceto-face Q&A sessions and fate-face small grouputorials. A diagnostic pre
assessment is administered before the module begins to ascertain whether students have the
necessary foundational knowledge (e.g. from algebra, trigonometry etc.) to enable them to
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complete the module successfully. If gaps are detected for a particular student, he/she is
directed to additional video and written resources addressing those gaps before retaking the
preassessment. This extra material (the Foundations Unit) is madabdeailer the first few
weeks of the module while the module itself proceeds at a reduced pace during this period to
allow students time to engage with this revision material. Course credit was awarded for
completion of the prassessment tests (Ni Shélet2023).

Summative assessment comprised various components including Loop quizzes on the
four units over the duration of the ydang module (accounting for 40% of the module
grade), with the option of taking each one a second time after a specified interalllftypi
one week). These quizzes were timed835minutes) and were available overi&®our
window. Students were provided with automated feedback on their attempts on the tests and
were supported to learn content or develop skills in a number of way® lbefing tested
again (by taking an alternative form of the test). Firstly, all resources provided online
remained available to students for the duration of the module to allow students to review and
revise the material as appropriate and to study atakegi pace. Queries could be raised by
students in the weekly Q&A session or tutorial about questions they had difficulty
compl eting. Students were also referred to D
additional support from a mathematics tutor. Thisraggh is in the spirit of the remediation
process reported in Howard et al. (2019) and has similar aims: to allow students to improve
based on feedback received.

The data on which we report here was collected for the academic year 2023/24 for 252
students taking the module MS150 Calculus & its Applications, following ethical approval.
This module was mandatory for all first year Biology, Chemistry and Environnteciezice
students (excluding students on the Genetics and Cell Biology programme) at DCU. In
2023/24, there were six Loop quizzes (l-@)1with two quizzes on each of the two final units
of content (LQ 3,4; LQ5, 6) as these covered more material. The narftsudents taking
tests on Units -4 at each opportunity and the score associated with each attempt were
recorded in Loop. This data was then collated, summarised and analysed using MS Excel. In
addition, students were asked to complete a short onlimweyson completion of the module.

This included a number of Likert scale items to collect information on their experience of the
module. The survey was administered using a Google form which also collated and
summarised the responses collected.

Our research questions were the following: Did students find the mastery learning approach
taken (visavis formative assessments, Foundations Unit material, retake opportunities for
summative assessments) useful? Did students availing of the retakainpigsrprovided for

the quizzes improve their performance?

Results

Table 1 below shows studentsd engagement
complete each of the Loop quizzes and their levels of achievement. For students who
attempted the quiz at both opportunities, Table 2 indicates the percentage whose score
increased on taking a particular quiz for the second time and the average increase in score
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realised. Table 3 below shows the number of students responding to each of these items and
the distribution of responses received.

Table 1

Average % score on each test and number of student attempts

LQ1 LQ2 LQ3 LQ4 LQ5 LQ6
1stopportunity  44% 59% 61% 72% 77% 72%
(#244) (#237) (#226) (#192) (#205) (#216)
2" opportunity  55% 60% 59% 75% 70% 73%
(#117) (#103) (#84) (#98) (#66) (#90)
Best of & 2" 5504 65% 67% 78% 79% 79%

opportunities (#245) (#250) (#236) (#242) (#236) (#244)

Table 2

Percentage of students whose score increased on second attempt at quiz and average absolute
increase in score (out of 100)

LQ1 LQ2 LQ3 LQ4 LQ5 LQ6
Percentage of students 70 65 68 79 51 66
Average increase 32 30 41 39 38 42

At the end of the module, students were asked to complete an online survey on their
experiences of the module. As part of this, Likert scale items asked them to rate their
agreement with the following statements:

a) | found theFoundations Uniuseful for bringing my basic mathematical skills to the right
level.

b) | found the weekljormative assessment quizzasful.

c) | found theresit opportunitiegor many components of continuous assessment useful.

Table 3

Distribution of responses to Likert scale items on usefulness of formative assessment quizzes,
Foundations Unit and resit opportunities for summative assessment quizzes

Strongly Agree Neutral Disagree Strongly

Agree Disagree
Foundations Uni(152 responses) 28 60 44 11 9
Formative assessment quiz¢&s2) 38 66 43 2 3
Resit opportunitie$153) 94 38 18 3 6
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Discussion

132 of 159 (or 83%) of respondents strongly agreed or agreed that they found it useful
to be able to resit the summative Loop quizzes showing the degree to which they appreciated
this initiative and the 6second010)hThirise t o su
further supported by the evidence provided in Table 1 of the number of students availing of
these resit opportunities. However, their engagement with the second attempts can be seen to
decrease, though not uniformly, over time (1-8)1suggetng that a weariness or apathy with
the assessment structure may have set in. An increase in the numbers of students attempting
LQ6 was observed for both sittings, but this may be explained by the fact that it was the last
such quiz and thus provided ooiethe final opportunities for students to improve their overall
module grade. In addition, for each quiz, the majority of students who availed of the
opportunity to resit were able to improve on their grade (Table 2) and the average increase in
scoreaceved by these students was evident. Thes
were successful I n helping students remedy t
2010, p.54) for those students at least. Furthermore, there was no evidestelthas had a
sense of being taught how to pass a test rather than developing a greater understanding and
level of skill through the module, as was reported by Groen et al. (2015) as a negative
outcome of their implementation of mastery learning.

Boggs et al. (2004) reported that two major obstacles often inhibit the use of mastery
learning as an instruction methbeamely, grading multiple versions of tests at various
stages of a course and scheduling time for tetstkes. As suggested by Alevet al. (2016)
technology allowed us to address these barriers and support adaptivity in ways that had
previously been difficult for teachers to manage. Using the Loop VLE we were able to create
multiple versions of quizzes quite easily by means of itdomised question and wildcards
within questions features; Loop also facilitated automated grading and the provision of
feedback. Moreover, the online nature of the quizzes relieved the pressure on scheduling.

Students also found other elements of the mastery learning approach useful. 104 of
152 respondents (or 68%) found the formative assessments useful, while 88 (or 58%) found
the Foundations Unit useful. The inclusion of these elements in the module amaatéothe
conditions necessary for students to succeed by (i) ensuring students have the necessary
prerequisite skills and (ii) monitoring student progress and providing prescriptive feedback
throughout the module. Guskey (2010) asserts that researchrisastently linked these
elements of a mastery learning approach to highly effective instruction. The improvements
recorded in Table 2 above reflect findings of Howard et al. (2089) raise corresponding
guestions, which we will address elsewhere. dverall impact on attainment levels in the
module, and retention of knowledge is contentious.

Groen et al. (2015) report that mastery learning has been shown to be useful in
addressing and counteracting the OMat hematic
Australian university. The implementation of a mastery learning approach offers similar
bendits at Irish universities at a time when the mathematical upaggaredness of incoming
students continues to be problematic.
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Supporting teachers to teach mathematics spatially
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This study explored how a professional development (PD) program supported 18 primary
mathematics teachers in integrating spatial reasoning into their classroom practice. Grounded

in the weltestablished link between spatial ability and mathematical achi&wve the PD

aimed to strengthen teachersé conceptual und
confidence in using spatially rich tasks. The program integrated lesson study cycles with the
Pictorial ConcretéAbstract (PCA) model to guide instructiond&nning and

I mpl ementation. Findings revealed a shift 1in
toward a greater emphasis on conceptual understanding, classroom dialogue, and

mathematical reasoning. Participants also developed a deeper apprdoragjmatial

reasoning as a fundamental component of mathematics learning. These results highlight the
potential of combining spatial activities, PCA strategies, and collaborative lesson study within

PD to enhance mathematics instruction.

Keywords:Spatial reasoning, spatial ability, mathematics education, professional
development, primary teachers

Introduction

Spatial reasoning is a key predictor of mathematical success, influencing skills across
geometry, measurement, problawlving, and algebra (Mix & Cheng, 2012; Uttal et al.,
2013; Verdine et al., 2017; Wai et al., 2009). Recent curriculum reforms, suchasl and 6 s
Primary Mathematics Curriculum (NCCA, 2023), now emphasize spatial reasoning as a core
component of math education. Despite this, many teachers lack the training and support
needed to integrate spatial reasoning into everyday instruction (Brhieev&s, 2015; Bufasi
et al., 2024a). Although research highlights spatial ability as central to mathematical
understanding (Clements & Sarama, 2011; Hawes et al., 2017), professional development
(PD) opportunities focused on spatial reasoning remain binjBefasi et al., 2024b). Existing
PD programs show promise but often fall short in supporting sustained, practical application
in classrooms (Bruce & Hawes, 2015; Lowrie et al., 2017). To address this gap, the present
study investigated a PD program desid to support primary teachers in embedding spatial
reasoning into mathematics instruction. The program combined two complementary
frameworks: the PictoriaConcretéAbstract (PCA) model and Lesson Study (LS). The PCA
model scaffolds learning from visua abstract representations (Bruner, 1966; Moyer, 2001),
while LS fosters collaborative planning, observation, and reflection (Lewis, 2002).

While few studies have focused specifically on applying professional development
(PD) frameworks to spatial pedagogy, emerging research highlights their potential. Lowrie et
al. (2017) found that emphasizing spatial language and visualization in eadydyear
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classrooms led to increased student engagement and improved spatial task performance.
Similarly, Bruce and Hawes (2015) reported positive shifts in teacher beliefs and practices
after introducing spatial reasoning modules, with more frequent use of saskmbnd
representations. In contrast, Bufasi et al. (2024b) observed that although participants
deepened their conceptual understanding of spatial reasoning, many struggled to implement
these insights in practice. Collectively, these studies undersemreed for PD models that
go beyond raising awareness to support the sustained, practical integration of spatial strategies
in everyday teaching.

Responding to this need, the present stud
understanding, confidence, and use of spatial ability. Drawing on teacher reflections,
interviews, and classroom observations, it addresses two research questions:

RQllHow does a PD focus on spati al reasonir
mathematics teaching and their use of spatial tasks?

RQ2How does the integration of strategies
instructional practices and studentsd mat

By centering spatial reasoning within professional learning, this study offers a
practical model for enhancing mathematics instruction through a spatial lens.

Method

We implemented a LS model as the core structure for the PD program, working with
18 experienced female primary teachers from a Latvian public school (M = 22.06 years, SD =
7.84). Teachers were evenly distributed across Grades 1 to 3 (six per grads)x @enths,
participants engaged in a sev@ssion PD program that combined theoretical input with
practical, classroorfocused strategies. Each session introduced key spatial reasoning
conceptd such as mental rotation, perspectiaking, and symmetfy alongside the PCA
model. To support practical application, sessions included modeled lessons demonstrating
how these concepts could be embedded in instruction. For example, in Workshop 3
("Symmetry through Tangrams"), teachers manipulated shapes (Corsketeed mirror
images (Pictorial), and articulated symmetry rules (Abstract). Following each session,
teachers worked in triads to complete LS cycles, collaboratively planning, teaching, and
reflecting on three cdesigned lessons that integrated spatiatoning and PCA strategies.
Each lesson targeted a distinct spatial competency and followed a scaffolded progression from
handson experience to abstract reasoning. To e
and perceptions, we administered aitén pre/post questionnaire combining Likedale
and operended items, focusing on: (a) conceptual understanding of spatial reasoning, (b)
perceived relevance to mathematics teaching, and (c) confidence in using spatial tasks. Table
1 summarizes the lessoantent, spatial focus, and PCA integration across grades.
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Table 1

Summary of research lessons by grade, spatial focus, and PCA integration

Lesson Title Grade Spatial Focus PCA Integration
- Spatial Concrete: blockbuilding tasks; Pictorial:
Building 3D . o : .
Shapes Grade 1 visualization, drawing 3D shapes; Abstract: comparin
P composition shape properties

Concrete: physical movement; Pictorial:

Mapping the Perspectivaaking, . . «
ppIng Grade 2 p . .g sketching birdo6s
Classroom spatial orientation L .
directional language and map reading
Concrete: using pattern tiles; Pictorial:
Transforming Grade 3 Symmetry, drawing transformations; Abstract:
Patterns rotation, translation describing transformation rules
algebraically

Results

Data were collected from three sources: (a) written teacher reflections during and after
PD sessions, (b) transcripts from esfeprogram interviews, and (c) classroom observation
notes from two Lesson Study (LS))pmasecl es. Usi
thematic analysis, we identified themes corresponding to each research question.

FindingsforRQl:How does a PD focus on spati al reaso
perspectives on mathematics teaching and their use of spatial tasks?

Two themes emerged reflecting changes in
1. Shift from Procedural to Conceptual Instruction

Initially, most teachers emphasized procedures, repetition, and accuracy. Through the
PD and LS activities, they redefined their roles as facilitators of reasoning and exploration.
Lesson plans and observations showed increased use e¢oget questionstudent
di al ogue, and spati al | lynowseeany role mmekas facilit@imgg t eac
thinking rather than giving answerso

2. Broader Conceptions of Spatial Reasoning

Only 22% of teachers initially recognized spatial reasoning as part of their practice.
By the end, most described it using terms like mental rotation, transformation, and spatial
language. They incorporated strategies such as manipulatives, drawingaaldspmpts
( e . What,doea this look like from another arjjleé ) . However, barriers r
time constraints, limited resources, and entrenched views of mathematics as abstract and
symbolic.

Findings for RQ2: How does the incorporation of strategies such as the PCA approach
i mpact teachersd6 instructional practices and

Two additional themes reflected instructional and stutier shifts:

1. Scaffolded Learning and Student Engagement
Ergi Bufasi, Marianna Pagkratided3
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Teachers reported that the PCA model improved lesson structure and accessibility.
Beginning with handsn or visual activities helped students build mental models, boosting
confidence with abstract conceptss I n the
progressed from building with cubes to sketching perspectives and discussing shape
properties using formal language.

2. Improved Mathematical Communication and Metacognition

Students became more articulate in expressing and evaluating their thinking,
especially during LS reflections. Teachers observed greater use of reasoning language and

peer discussidbdMy.stAsdemes not @adt, ed asking 6Why

chall engi ng eota cHiRaged insteuctions combthedavih.collaborative lesson

design, supported these outcomes and deepene

Discussion

This study examined how a PD program supported 18 primary mathematics teachers
in embedding spatial reasoning into their instructional practice. Findings highlight the
potential of spatially focused PD to meaningfully shift teacher beliefs, classrooticgsac
and student engagement.

In response to RQ1, the analysis revealed a clear move from procedural to conceptual

teaching, with teachers increasingly positioning themselves as facilitators of reasoning and
exploration. This pedagogical shift reflects prior research showing thajemgat with

spatial tasks enhances teacherso appreciatio

thinking (Mix & Cheng, 2012; Lowrie et al., 2017). Teachers broadened their understanding
of spatial reasonir@) from viewing it as simple visual supgido recognizing it as a cognitive
process involving mental rotation, transformation, and perspetetkiegd aligning with a
broader movement toward inquibased and studenéntred instruction.

For RQ2, the PCA model played a central role in scaffolding complex concepts and
supporting student learning. Teachers reported that structured progression from concrete to
pictorial to abstract stages helped students build confidence, communicatdaddgsand
persist with challenging problems. These findings echo research linking spatial instruction
with enhanced mathematical reasoning and prolsielving skills (Casey et al., 2011;

Clements & Sarama, 2011). Moreover, the Lesson Study (LS) framangkfied these
effects by offering collaborative, iterative spaces for teachers to refine instruction, respond to
student needs in real time, and integrate new strategies into their teaching.

Taken together, the results suggest that PD models combining conceptual input,
handson experience, and peer collaboraficenchored in classroom practicare
particularly effective in promoting sustained instructional change. Teachers not only
developed atronger conceptual grasp of spatial reasoning but also enacted practical
strategies that improved student communication and metacognitive awareness.

Despite these promising outcomes, the study has limitations. Conducted in a single
school with a homogeneous group of experienced teachers, the findings may not generalize
across diverse educational contexts. Future research should explore how spatiaég D
performs across varied school settings, teacher profiles, and cultural contexts. Longitudinal
studies would also help assess the lasting impact on student learning outcomes.
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Nevertheless, this study demonstrates that integrating spatial reasoningdnto PD
through structured frameworks like PCA anddL&n meaningfully reshape mathematics
i nstruction and deepen studentsd engagement
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Mathematics, coding, teacher education: Lessons learned

Chantal ButeatEric Muller
Department of Mathematics and Statistics, Brock University, Canada

With the increasing integration of coding (and computational thinking) in curricula around the
world, there is a pressing need to better understand how to prejsa@m@ice and prservice

teachers to integrate it meaningfully in the classroom. In tigsrpave build on recent

research to reflect on the projdidsed approach taken at our institution since 2017 whereby
future mathematics teachers (-)hinkwa arhno tfoorus e
mathematical investigations, (b) reflect on tHearning experiences guided with selected

readings, and (c) conclude with a collaborative lesson implementation with leealioe

teachers.

Keywords:Coding, mathematics teacher education, mathematical investigations
Devel oping Teachersdo Abilities and Understan

Future secondary mathematics teacher Jonathan, reporting on his collaborative lesson
planning and classroom implementation with a peer and two Grade&chers, noted:

After compl et i n degihnngte beganances that codinglbeloags

in the mathematics curriculum € | am beginning to feel as
something that is actually effective, and not something that just sounds like a nice idea

in the literaturel am excited to do more things like this in the future to see what it

looks like to integrate coding with math in other subjecid if it is as seamless and
effective as we found our activity to be.

We ask: how can we prepare future teachers to perceive the relevance of coding for
mathematics and to feel confident and competent to integrate it into their future mathematics
classrooms? This question is pressing given the current context that weddabfiyate next.

Coding and Computational Thinking in Compulsory Curricula

Coding for (math) |l earning has a | ong | eg
it is only in the last two decades that several countries and jurisdictions have integrated
Acomputational thinkingo (CT) or umaoding as p

recognizing it as an essential competency of the 21st century (Broley et al., 2023) e.g. as
advocated by Wing (2006). The curricular integration of CT and coding has taken various
formsd as a separate curriculum (e.g. in England), as a transversalcs&sgs all subjects

(e.g. in Sweden), or as part of the mathematics curriculum (e.g. in Australia and in our
jurisdiction, Ontario, Canada: Ontario Ministry of Education [OME], 2020). This has created
the need in the latter jurisdictions for math teasherdevelop pedagogical competencies to
teach and integrate coding and CT.

Recent literature reviews highlight, however, that our understanding of math teacher
training in CT and coding is still emerging (Broley et al., 2023). For example, Vinnervik
(2022) found fAna sense of inadequatheeiprgepéar at
their knowledge [and] confidence in [coding] and a lack of teaching approaches that go

Chantal Buteau, Eric Mulle47



S. Nic Mhuiri, L. Harbison & MRyan(Eds.). Proceedings of the Tenth Conference on Research in Mathematics Education
in Ireland (MEI 10)

beyondfunon¢ i me eventso (p. 36), while Maugesten
teachers focused more on coding for motivat:i
provides context for our question. In practice, as these conversations acgauchanges

were emerging in the mid010s, our math department adapted some of its mathematics

content courses for future teachers, which we describe in the next two sections.

Using Coding for Pure and Applied Mathematical Investigation Br oc k 6 s -lIMI CA |

In the Mathematics Integrated with Computers and Applications (MIGR)II
courses offered at our institution (since 2001), mathematics majors and future secondary
mathematics teachers learn to use programming in order to investigate mathematics
conjectires, theorems, concepts, and-#afld applications (Buteau et al., 2015; Muller et
al., 2009). They complete four or five projects per MICA course, in a weekbuPlecture
and 2Zhour lab format, and currently use Python language. For example,rifirstgroject
assignment, MICA | students formulate or select a conjecture on prime numbers or hailstone
seqguences and create a program to explore it
floor high ceilingo ( P aegseoststudeat®(8nlljecentlp)gtarto a c h
MICA 1 with no or little programming background. Another example of a project assignment,
sometimes in MICA 11, is the creation of a program to explore and simulate igppeeator
population model (Lotka/olterrasystem of differential equations).

Each MICA course ends with a Apassion pro
pairs and on a topic of their own choosing. For example, MICA 1l students Kylie and
Matthew created a program to investigate whether it is better to walk or run in the i@h; M
Il student Adam created a program to investigate the inner symmetries of the generalized
Mandelbrot set; and in MICA |, future teacher Jessica created an interactive learning
environment (including games) for a fictive school student to learn abcativeegumbers.
Such project aligns with Papertdéds vision to
them (personally and/or to the community). In fact, in Broley et al. (2022b), we found that,
when asked about the MICA project from which theyred the most, more than half the
surveyed MICA students identified one of their passion projects, explaining their choice with
their rich learning experience (math knowledge, programming skills, andagmtive
skills).

Overall, the approach in MICA ctothinkses i s
witho (Papert, 1980), whereby | earners refin
dynamic modification of, and feedback from, their computer program. All MICAept®)j
integrate programming in a way that is essential to the mathematical work at hand (Buteau et
al., 2019). As advocated by Papert (1980), s
such as in MICA include not only problesolving skills and new maematics knowledge
but also resilience and other important fwagnitive skills (Buteau et al., 2025). MICA
coursesodo overall teaching approach also alig
facilitator role and mainly provide the context fasa@bvery to happen (Buteau et al., 2019).

In addition, in Broley et al. (2022a) we found that students considered the most effective
teaching aspects for supporting their learning in MICA courses to include individual help in
lab sessions; different orarone interventions to help them with (math) coding bugs or
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misconceptions; and a ngimdgmental class atmosphere. Since 2017, the third MICA course
was split into two sections, one of which (labelled MICA I1I*) was designed for future
secondary mathematics teachers, which we next focus on.

Brockds MICA I 1 * for Future Teacher s: Towar

To prepare future teachers to integrate coding in their math classrooms, different
activities and complementary foci were incorporated in this third MICA course. Coming from
MICA 1-11, future teachers start this course having developed some skills ofdodimath;
however, none have experienced coding in their own school math education and most have
had no teaching experience in a school classroom. As such, the approach taken in this course
includes three components that complement the four MICA madstigation projects: C1)
after each project, a guided reflection on their own experience to develop an understanding of
the relevance and their learning of math coding; C2) selected readings and activities about
mathematics coding in the school (math) staem to develop initial practical skills for
school implementation; and C3) a classroom implementation, in collaboration with local
teachers (final projecWe now highlight five aspects of the course that we see as crucial in
our approach, and in connection to these three components above.

Devel op an Awar ene®%hinkWi tPtlapeCodmwce fitObijmcTheir
Project Engagement [C1, needed in C3]

MICA I1I* students complete four mathematics investigation projects, such as using
Python to explore the empirical probability of the problem that a random chord in a circle is
longer than the side of an inscribed equilateral triangle, and to solverittibally. After
each project, students are asked to reflect on aspects of the mathematics coding activities and
of their learning experiences. For example, after having completed this probability project
while coming across the usually upsetting findingttthere seems to be multiple answers to
this problem (try it! 1/3? 1/4? 1/27?), future teachers are asked to reflect:

Comment on the ways in which programming was useful to your solving of this

mat hemati cal problem (indicate €& one or
learning, reading: Gadanidis et al., 2016] that contributed to it). Do you think you

could have slwed it without the use of programming? Explain.

This supports future teachersodé understand
in such mathematics context. Furthermore, future teachers are guided to reflect on the learning
environment that enabled them to complete their mathematics coding iatiesti@.g., they
are asked to Aidentify a 6keybd strategy used
[their] completion of the project and the wa

Program in a Friendlier Programming Environment for School: Scratch [C2, needed in C3]

The course starts with albur lab (school) mathematics coding activity in Scratch
that aims to introduce future teachers to this coding environment widely used in schools. This
i s done through a Aturtl e geomefmeoyaricappr oach

6 For MICA IlI* course material, including assignment guidelines and readings, see
https://ctuniversitymath.ca/teachetucatiorresources/
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constructions (and/or puzzles) of a square, triangle, circle, flower of circles, spirals, and stars.
As MICA [lI* future teachers easily transition to this programming environment, they are
prompted to reflect right away on the mathematics coding (e.gedxribing the different

coding concepts for math; reading: Brennan & Resnick, 2012), including considering it as
another representation of mathematical concepts. Importantly, this lab enables future teachers
to envision (for the first time) how codingrcae brought in the school classroom, starting in
early grades as found in our school mathematics curricula (ME, 2020).

Learn About Mathematics Coding Implementation Approaches, Including Wdedify-
Create Activity Format [C2, needed in C3]

With no experience of coding in their own school math education, future teachers only
have one reference for its integration, namely from MIGA Yet the MICA approach is
slow and gradual from the ground up, as MICA courses are designed and dedioaged to
codi ng astothinkwibbhpetodor ma tohaa approachahst, in oeiraviewy i n g
is not realistic in the school classroom. As such, different math coding implementation
approaches are presented during lectures, includingseé&lodify-Creae coding activity
format (reading: Waite & Grover, 2020) with a few illustrations, and which students also
experience through a probability coin problem simulation activity, in preparation of their
random chord project. This is emphasized because fututectsaare expected to integrate
this coding activity format in their final project to focus on the math (rather than the coding).
It further includesthd P Os f or CrUnadarsal Designife bearningnd
Culturally Relevant Pedagodygr coding classroom implementation with supportive readings.
While the latter are more general implementation approaches, it also includes specific and
concrete advice to teachers and principles about integrating and teaching mathematics coding
in theirschool classroom (reading: Gadanidis, 2022, pg).1

Explore Good School Math Coding Activities in Scratch and Python [C2,3]

It is particularly important to expose MICA IlI* future teachers to good school
mathematics coding activities since they have no reference from their school education; even
after MICA I-1l, future teacher Nadia (pseudonym) noted at the start of the cdutse:d o n ot
feel as of right now | am equipped to teach any [math] programming for Gralés 6 as | é
woul d not know how to make a |l esson out of i
mat hemati cs coding activi ttioed itfheatt hfrooawsh oo c
presented and discussed in lecture and/or experienced in the labs, particularly before future
teachers meet with their local teacher partners for the final project. Selected activities are
taken from different resources; for exple, the Gradesi@0 activity in Scratch to visually
and algebraically explore polygonal numbers (Gadanidis, 2022) and the Gir&desimheter
and area activity in Python (Gadanidis, 2021), both of which following -anaskfy-create
format (see Fig. 1)As a designer and instructor of MICA 1lI* and instructor of MICA | for
over 20 years, | (Buteau) find this aspect of selecting rich, concrete school mathematics
coding activities that connect well with the Ontario school mathematics curricula to be the
most challenging.

Experience Math Coding with a Teacher, and S

Chantal Buteau, Eric Muller50



S. Nic Mhuiri, L. Harbison & MRyan(Eds.). Proceedings of the Tenth Conference on Research in Mathematics Education
in Ireland (MEI 10)

Starting halkway through the course, pairs of MICA llI* students are teamed up with
local teachers to collaboratively prepare a mathematics coding lesson and implement it in
their classrooms (Broley et al., 2023). Two preparation meetings take place thefor
implementation. Specific mathematical topics are decided through conversations with the
teachers, and MICA IlI* students take the lead in selecting, adapting, or developing the
mathematics coding activity. For instance, Jonathan and his peer a&atade 8 probability
activity in Scratch focusing on the concept of empirical versus theoretical probability, while
Jessica and Abbey adapted a Grad@sactivity in Scratch about similar shapes (Sardella et

al ., 2023). Our ex p(d025) fndirgs in todt thigkind of practicdd FI| oy d
activity of implementing a mathematics coding lesson in a school classroom appears to be key
in the future teachersdé growth. Furthermore,

coding throughoutte Gradesi19 mathematics curricula, this collaborative approach has
turned out to be very rich not only to future teachers but also to current teachers; for example,

a teacher reflecting about | essons WwWttarned s
the kids, it was ... of a different dynamic for sure ... and [we were] learning from them as

much as they were |l earning from the kids and
2023, p. 33).

Figure 1

Excerpts From (Left) Polygonal Number Activity in Scratch (Gadanidis, 2022) and (Right)
Perimeter and Area Activity in Python (Gadanidis, 2021)

1.A. DRAWING POLYGONAL NUMBERS WITH SCRATCH H Perimeter & area with Python 612020 George Qe e
1AM ING TRIANGULAR VISUALLY
The Scratch code below is available at https:// < 4’_5_‘ 12 METRES FENCING 12 METRES FENCING - BAR GRAPH
scratch.mit.edu/projects/61899959%/editor o four grand res of fencing in her garden s) »
V4 " ‘ fencir enclose a new vegeta jarc

The output is shown on the right. Colours will vary. 4, o

]
1. Set numberPolygons to 4 to get the output below. /'

15.05.0
,6): 24.08.0
rimeter/2 - length 3 3.0 9.0

42080 16 METRES FENCING - BAR GRAPH
print (length, width, area)  51.05.0

4

2. Alter the code to get
each of the following:

Y

1. Go to hitps:/cscircles. cemc.uwaterloo.ca/console to enter
nd run the code.

2. Explain to your grandmother how the code works and what
the output means.

3. Use the first bar graph on the right to plot the area for
lengths 1-5.

B. &F
\;’ 7)‘
\/ 2 16 METRES FENCING
4. Edit & run the above code for a perimeter of 16 m.

Final Remarks

Our research (e.g., Fojcik et al., in press) supports the approach presented in this paper
as preliminary findings suggest that MICA 111* future teachers develop initial professional
competencies for integrating coding in the school mathematics classmya@rample, Nadia
mentioned at the end of the course feeling very confident to teach a math coding activity in a
Grades 612 class, while grounding her response with her experiences in the final project.
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Developing learning and life skills through mathematics assessment

Jonathan S. Colaren Frasér
School of Mechanical and Aerospace Engine

Centre for Educational Devel opment, Qu

Assessment in the core mathematics module foryfgat engineering students (155+

students) was redesigned through use of peer reviewgssgEsment and reflection. These
skills are valuable more generally for lifelong learning. As part of the grusgidents keep

a log book in which they attempt a worksheet each week before the feedback session. They
review peersodé6 work in groups in the feedback
each feedback session, they write some reflective notbeir log book. The log books form
40% of the assessment with the remainder through an exam. The regular structure helped
keep students on schedule and the frequent practice meant they were well prepared for the
exam. The peer review was beneficigasding layout of solutions and alternative methods
and background reflective processes associated with developing independent and self
regulated learning skills were evident. There is some evidence of positive impact on student
confidence.

Keywords:Mathematics, continuous assessment, log book, peer review, reflection
Introduction

The role of mathematics in STEM education can be enhanced by interdisciplinary
approaches such as the integration of subject knowledge alongside development ef twenty
first century skills (Maass et al., 2019). Such skills include creativity, criticalitignk
problem solving, collaboration and selifection (e.g., Partnership for 21st Century Skills,
2002) . This includes working productively w
understanding and learning needs; these skills are of particular relevamseptper, which
describes the redesign of a core mathematics module feydimstengineering undergraduates
i n Queends University Belfast with the aim o
peer review, selassessment and reflection.

The literature shows that the greater immediacy, frequency and volume of peer
feedback compensate for any lack in quality compared to teacher feedback. Dochy et al.
(1999) summarise positive effects of sglfeer, and cassessment and state that thejpact
on the learning process is the main reason for using them. Falchikov and Goldfinch (2000)
conducted a metanalysis of 48 quantitative studies that included comparisons of marks
awarded by peers and teachers. Better correspondence between peactardtarks
occurred when a global judgement based on-wmdlerstood criteria was required rather than
marking several individual dimensions. Nicol and Kushwah (2024) argue that students are
generating feedback all the time when they compare theimtlkmewledge against some
reference information. Moon (2004) contends for the expansion of reflective activities during
higher education given their influence on meaningful learning and on the development of
learning behaviour. From a simple human pertpe, making friends and feeling a part of
the degree programme are necessary bases for academic success (Thomas et al., 2017).
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This paper describes the module. It provides the rationale for the assessment redesign,
this new model being in place since the academic year 2016/17. The methodology for
evaluating the effectiveness of the new assessment is presented and the findinglysee.

Background

Mathematics 1 is a core module (20 CATS points) for-fiestr aerospace and
mechanical engineering students. Teaching takes place over 25 weeks wihoatwo
lecture and ondour feedback session per week. A formal teaching style is generally
employedn lectures with effort made to present the material in a logical manner. Numerous
worked examples are included to help reinforce the material being taught while typical
engineering applications illustrate the usefulness of mathematics to engineers.

The class size has ranged 15595 since 2016. Most have come through the UK A
level system with 52% having at least grade A iewel Mathematics during the period
2016:2020; this proportion has increased to 75% during ZIZ5. On average, 7% of the
A-level students have completed Further Mathematics.

Assessment Redesign

A key motivation for the changes was to provide additional learning opportunities for
students of all abilities and backgrounds.
a greater focus on continuous assessment and less reliance on examikiédtiotisese goals
in view, the delivery and assessment of Mathematics 1 was redesigned for 2016/17.

The redesign is focused on the feedback session and builds on the principles of time
on task, cooperation among students and prompt feedback (Chickering & Gamson, 1987).
Academic learning time is related to quality and refers to the time students aetyaid
successfully engaged in tasks of appropriate difficulty. Students keep a log book in which
they attempt a worksheet each week before the feedback session. This ensures engagement
with tasks on a weekly basis. They work in groups of four ifigdbdback sessions where a

postgraduate student demonstrates the sol uti

leave feedback alongside. Thus, feedback is provided weekly (frequency) in the feedback
session from other students and while they stilember what they were doing (timely).
Nicol et al. (2014) place feedback in the context of peer review, defined as an arrangement

whereby students evaluate and make judgements about the work of their peers and construct a

written feedback commentary. Biecing feedback was recognised as just as valuable for
learning as receiving feedback. While the latter alerts students to deficiencies in their work,
the former engages students in multiple acts of evaluative judgement and applying criteria.
Thisrefle¢ i ve process, involving comparison of
and key benefit of peer review (Nicol et al., 2014). The format is low risk for the students: if
they find the tasks easy, they benefit from the teamwork in class, tgaxth&rs and learning

to give feedback on their peerso6 work; if

oV

t h

receive help both in cl|l ass a-asdisted ledarrsng @AL) c|l as s

mentor scheme. Following experience during thedpamc, a blended approach is now used
with half the feedback sessionsparson and half through the virtual learning environment
(Canvas), a videoecorded solution replacing the live demonstration in this case. The in
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person groups were selected by the lecturer to ensure a balance of mathematical abilities,
based on prior mathematical qualification, and usually stayed the same over the year. In the
online environment submissions were assigned randomly for review smtstwdere

reviewing different peersodé6 work each week.

bullet points of reflection in their log book. Written expression facilitates thinking about
mathematics more deeply and may promote improvementsa@egural and conceptual

understanding (Kenney et al ., 2014). Studen

work and were given prompts for what to include in their reflections.

The log books form 40% of the assessment with the remainder through an exam. The

log bookmark is based on a final reflective piece and the weekly reflections rather than the
attempts at the worksheet questions. Attending at least 75% of feedback sessions and
attempting at least 75% of worksheets is necessary to pass the module and sssmméce
pass both the log book and exam elements individually. Thus, it is intended to encourage

deeper | earning based on critiquing of peers

assessment of own work. Students will be practising skills whichniaey to pass the
summative assessment. This approach also provides a framework for productive use of the
allocated independent study time (128 hours) in the module.

Evaluation

Impact of the changes can be represented by improvements in the student experience,

students being better prepared for second year and being more confident in their academic
ability. Data gathered to evidence impact has come througimmdile evaluatiorfocus

groups and posnodule questionnaires. While the broad structure of the redesign was
established, it was expected to make iterative changes to the module over timaoddié
evaluation using opeanded questions can provide rich feedback allguaaturers to make
adjustments to benefit the students while still on the module (Sozer et al., 2019).

In 2016/17, two miemodule surveys were conducted in weeks 5 and 18 to obtain
studentsé views on the new aspects of the
Focus groups to provide further elaboration about the module were held in week 23 of
2016/17 with approximately 35 students from five-gubups (Further Maths,-fevel Maths
grade A/B, no Alevel Maths, international and resit students) with potentially different needs.
A mid-module survey with similar questions to the previous onedssaed to the class in
week 12 of 2017/18. Focus groups to investigate any leegarimpact were held in 2020
with nine third and fourthyear students who had taken the module in 2016/17 and 2017/18.
Focus group participants were selected by purpbsafapling. A preprepared list of

mo

guestions was used and the answers were recorded. In 2016/17, the groups were facilitated by

PAL mentors (more senior students) and in 2020 facilitation was by an educational developer.

Most respondents recognised the relevance of the skills implemented into the module
(Table 1). The proportions were higher in 2017/18 indicating that the lecturer had improved
his explanation of the module design to the class. A large proportion ohtstuekse
confident that they would pass the module (Table 1).
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Table 1

Mid-module survey results in 2016/17 and 2017/18 showing percentage of respondents who
agree with statement

16/17 wk5 16/17 wk 18 17/18 wk 12
n=132 (74% n =106 (59% n = 99 (59%

| understand why:

of class) of class) of class)
reflection skills are important to master 53 48 65
peer assessment skills are important to ma 55 49 66
selfassessment skills are important to mas 64 57 80
teamwork skills are important to master 80 59 67
Are you confident that you will pass this n =140 (78% n =113 (63% n =103 (62%
module? of class) of class) of class)
Very confident 26 23 28
Confident 69 71 63
Not confident at all 5 6 9

The focus group in 2016/17 showed that students considered weaketgwnel A
maths, resitters) reported improvement in their mathematical understanding, confidence and
organisation. The peer review encouraged students (afirewips) to put more efforhio
clarity and presentation of their work. There was some dislike of the reflective commentary,
despite the evidence showing they appreciated its relevance; its format was changed for the
following year. Students wished to retain their log books farréuteference.

The freeresponse questions in the Amtbdule surveys give evidence of a positive
student experience. When asked what aspects of the log books and feedback sessions were
useful and/or enjoyable, there were 87 responses in 2017/18 and they were collated by
thematic analysis (Figure 1). Receiving feedback was the most common response. Reference
to peer review may involve both giving and receiving feedback. The second most common
response involved viewing other methods, which hints at thegalfiation mplicit within
peer review. The theme of personal development includes meeting others in the class and
greater confidence. Only six students said they disliked the setup or found no benefit from it.

The following quotations give some depth and authentication of student experience.

Student A:  The fact that there is work that clearly gauges where | am at with the
topic and how | need to improve.

Student B:  Provides a way to talk to others so you can find out if you are the only
one struggling with something or not.

StudentC: By evaluating my peersodo work | foun
and clearer notations helped them reach the correct solution.
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Figure 1

Student responses (n = 87, 52% of class) when asked what aspects of the log books and
feedback sessions have been useful and/or enjoyable (2017/18)
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In the focus group with thirdand fourthyear students, they believed that the log
books were successful in terms of putting them in the right frame of mind to work regularly
and keep up to date. They agreed that they were well prepared for the exanthéue
repetitive nature of the worksheets and frequent practice. The work getting progressively
more difficult was noted. Working in groups was helpful for first years trying to settle into
university. Furthermore, it was comfortable to ask for hethéngroup and an explanation
from someone at the same stage of learning was beneficial. Students were less convinced by
the requirement to write a weekly reflection, believing that it became repetitive and could be
difficult to identify things to changeThey suggested not having a word count and having a
few pointers on content. There was some realisation of voluntarily implementing a similar
structure of working in later years of the degree although some thought that the maths log
book and weekly woheet involved a relatively large effort. However, the log book was
considered a particularly useful reference source given that maths is core to many other
modules. There was some impact on confidence. This included the feeling of progressing at
the sane speed as everyone else and building a foundation from the repeated practice.

Students generally expressed positive attitudes toward the peer review process,
aligning with existing literature in context of clear guidance being provided and peer grading
not required (Nicol et al., 2014). Many student responses referenced aspents dimply
receiving feedback such as exposure to alternative methods and opportunities for reflection
I which are processes commonly linked to high academic achievement. This suggests that
the redesign holds promise for fostering independent learNicgl(et al., 2014). A key
feature of peer review, the refl ectiiave compa
hallmark of active, selfegulated learning was notably evident in our findings.

Interestingly, students not only compared mathemlateshods but also their own progress

or struggle relative to others. Our implementation further encouraged students to consolidate
their reflections through writing. While reflective writing is well established in many
disciplines, it remains relativelyncommon in mathematics education (Kenney et al., 2014).
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Conclusions

The assessment in a figear engineering mathematics module has been successfully
redesigned to allow for various abilities by including peer review and reflection on a weekly
worksheet. There were benefits regarding mathematical procedure areydatied learning
skills. Future work may involve further analysis on the lorigen impact of the redesign.
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Examining the levels of cognitive demand in Junior Cycle mathematics

examinations

Helen ConlonMaria Meehan
University College Dublin

The Junior Cycle Mathematics curriculum was introduced to schools in September 2018,

replacing the previous Junior Certificate programme. Its implementation raised concerns

among key educational stakeholders, who feared a potential decline in academniermo

McGarr et al., 2022). This study investigates whether the levels of cognitive demand in
examination tasks changed following the curriculum reform. A total of 1,257 examination

tasks from Higher and Ordinary Level papers were analysed using aeddagsion of the

Stein and Smith (1998) Mathematical Task Ana
(2019). Findings reveal little significant difference in the levels of cognitive demand at both

Higher and Ordinary Level between the Junior Cedift and Junior Cycle examinations.

Low-level cognitive demand tasks dominated the examinations at both Higher and Ordinary
Level. The implications of these findings ar
teaching practice, and student agieiment.

Keywords:Junior Cycle reform, cognitive demand, examination tasks
Introduction

The Junior Cycle curriculum reform ai med
knowledge with the development of independent thinking and prestdving skills (NCCA,
2018). Across subjects, the reform was met with criticism from educational stakeholuers, w
expressed concerns about a perceived decline in academic rigour (McGarr et al., 2022). This
study explores these concerns within the context of Junior Cycle Mathematics by analysing
the cognitive demand required of students in Junior Certificate amnor LLycle Mathematics
examinations using an adapted version of the Stein and Smith (1998) Task Analysis Guide, as
presented in O6Connor et al. (2019). Our ai
(1) What levels of cognitive demand are evidertligher and Ordinary Level Mathematics
examinations?, and (2) To what extent have these levels changed following the reform?

Literature Review

Cognitive demand can be described as At he
students in order to successfully engage wit
Stein et al. (2009) posit that if the goal of learning is to think, reason &medmsathematical
problems, then students need to engage in cognitively challenging tasks. The cognitive
demand of tasks is intrinsically linked to the thinking students must do to complete the task.

While there are several frameworks for analysing cogniiemand of tasks in mathematics,
this study uses the Stein and Smith (1998) Task Analysis Guide, which categorises tasks as
being of lowlevel or highlevel cognitive demand. Loyevel tasks involve memaorisation or
applying known proceduregithoutconnections to underlying concepts. Highel tasks

involve applying known procedurgsth connections to underlying concepts or tasks that

Helen Conlon, Maria Meeharb0
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require students to 6do mathematics. 6 The ad
Oo6Connor et al. (2019) is shown in Figure 1,
categories of tasks.

In recent years, several studies have examined the cognitive demand of Irish
mathematics examination papers. Burns et al. (2018) reviewed the Leaving Certificate
examination papers from 23 subjects from 200
LeavingCertificate Mathematics examinations, over 90% of questions were classified as
AApp!l y devel agnitive Bkill that is based on executing learned procedures, indicating
a strong emphasis on procedur al p e dv¥esionmanc e .
of the Stein and Smith (1998) Task Analysis Guide to investigate the levels of cognitive
demand in HigheLt.evel Leaving Certificate examinations before and after the Project Maths
reform, and found an increase in the level of cognitive demaksl &di®r the reform.
Goodwin (2024) further built on this work by using the adapted framework to analyse-Higher
and OrdinaryLevel Leaving Certificate examination papers from 2Q023.

Two studies focused on the cognitive demand of Junior Certificate mathematics
examinations. Cunningham et al. (2017) examined the impact of the Project Maths reform on
these examinations using the PISA and TIMSS Mathematics Frameworks. They found that
while Project Maths had some influence on increasing the cognitive demandotoeer
processes still dominated. Garry et al. (2020) examined three Junior Certificate Mathematics
papers using Lithnerds (2008) Cr eaksinthe ReasoO
examination required imitative, rather than creative, reasoning. Neither study included papers
from the Junior Cycle mathematics curriculum.

Methodology

Junior Certificate papers from 202819 and Junior Cycle papers from 2224
were analysed. In addition, the 2021 SEC sample papers were included to provide additional
insight into the Junior Cycle examinations. For the Junior Certificate years, eaumation
comprised two papers (Paper One and Paper Two), which were treated as a single
examination for the purposes of this study. All questions from these papers were analysed,
with each part of a question (e.g. (a)(i) or (b)(iii)) considered a sepas&tdn total, 1,257
tasks were examined. Where available, marking schemes were used to determine the
proportion of total marks allocated to each task.

Each task was coded using the framework shown in Figure 1. This is an adaptation of
the Stein and Smith (1998) Task Analysis Gui
it suitable for coding examination tasks. The first author met with Goodwin adhqukt
completed a study using the same framework (Goodwin, 2024) for advice on its use. She then
coded all the tasks, with the second author verifying the coding for one year of papers. The
marking schemes were also used as support material to asdesgltbé cognitive demand
evident in a task. Certain codes were not used in the task analysis. The code M1 applied to
every task, as they all involved recalling some prior knowledge. The code M2 cannot be
applied to examination tasks, as they are se¢ teobvable within the examination time
constraints. The code P4 is not relevant to this context, as the examination tasks focus on

Helen Conlon, Maria Meehard1
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assessing knowledge, rather than developing it. P5 was also excluded as examination tasks
rarely ask students to explain their answers, and when they did, this was treated as an increase
in cognitive demand. When tasks satisfied descriptors from mulapdgaries, the task was
classified by the highest level of cognitive demand present. Once coding was completed, the
proportion of tasks and the proportion of marks assigned to each level of cognitive demand
was cal cul atestada 5% ¥wnificand lével wds performed to investigate if the

levels of cognitive demand were significantly different following the reform.

Figure 1

Adaptation of Task Analysis Guide (Boston &

Low-Level Cognitive Demands

High-Level Cognitive Demands

Memorisation Tasks

M1. Involve either producing previously learned facts,
rules, formulae, or definitions or committing facts,
rules formulae, or definitions to memory. This
descriptor was automatically assumed to be
present in each task because every task requires
the production of previous knowledge.

M2. Cannot be solved using procedures because a
procedure does not exist or because the time frame in
which the task is being completed is too short to use a
procedure.

M3. Are not ambiguous- such tasks involve exact
reproduction of previously seen material and what is
to be reproduced is clearly and directly stated.

M4. Have no connection to the concepts or meaning
that underlay the facts, rules, formulae, or definitions
being learned or reproduced.

Procedures with Connections Tasks

PC1. Focus students’ attention on the use of procedures for the
purpose of developing deeper levels of understanding of
mathematical concepts and ideas. This descriptor was applied if
the task highlighted a link to students between procedures
and underlying concepts, or if the task required students to
notice a concept based on the repeated use of procedures.

PC2Z. Suggest pathways to follow [explicitly or implicitly) that are
broad general procedures that have close connections to
underlying conceptual ideas as opposed to narrow algorithms
that are opaque with respect to underlying concepts.

PC3. Usually are represented in multiple ways (e.g. visual
diagrams, manipulatives, symbols, problem situations). Making
connections among multiple representations helps to develop
meaning. This descriptor was applied if the task included any
additional representations of the initial question.

PC4. Require some degree of cognitive effort. Although general
procedures may be followed, they cannot be followed mindlessly.
Students need to engage with the conceptual ideas that underlie
the procedures in order to successfully complete the task and
develop understanding. In this descriptor, the idea of not
following the procedure mindlessly was focused upon. This
descriptor was used if a student was required to use familiar
procedures but it was not obvious that the procedure was
required from the task or prior experience.

Procedures without Connections Tasks

P1. Are algorithmic. Use of the procedure is either
specifically called for or its use is evident based on
prior instruction, experience, or placement of the task.
In this descriptor experience was taken to be the
students’ previous experience of completing
fundamentally similar tasks in class or previous
Exam papers.

P2. Require limited cognitive demand for successful
completion. There iz little ambiguity about what
needs to be done and how to do it. In this descriptor
it was taken that the lack of ambiguity could come
from the fact that the student would have
completed many similar questions in class.

P3. Have no connection to the concepts or meaning
that underlie the procedure being used. This
descriptor was used infrequently as very few tasks
were completely unrelated to any concept or
meaning.

P4, Are focused on producing correct answers rather
than developing mathematical understanding.

P5. Require no explanations or explanations that
focus solely on describing the procedure that was

used.

Doing Mathematics Tasks

DM1. Require complex and non-algorithmic thinking (ie. there
is not a predictable, well-rehearsed approach or pathway
explicitly suggested by the task, task instructions, or a worked-
out example).

DM2. Require students to explore and to understand the nature
of mathematical concepts, processes or relationships.

DM3. Demand self-monitoring or self-regulation of one's own
cognitive processes.

DM4. Require students to access relevant knowledge in working
through the task. This descriptor was used when a task
contained multiple elements or topics and students were
required to use relevant knowledge from a variety of areas in
mathematics.

DMS5. Require students to analyse the task and actively examine
task constraints that may limit possible solution strategies and
solutions.

DMé. Require considerable cognitive effort and may involve
some level of anxiety for the student due to the unpredictable
nature of the solution process.

NoteAdapt ati ons

made by

O6Connor et al

(2019) .

ar
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Findings

For the HigheiL e v e | Examination papers, tasks cod
Connectionsodo dominated the examinations acro
tasks coded as OMemorisation,® 27% coded as
asa ODoing Mathematicsd (see Figure 2). No si ¢
distribution of marks and the distribution of tasks for each level of cognitive demand. The
only statistically significant difference in the examinations before andthé&elunior Cycle
reform was in the OMemorisationd tasks, with

Figure 2

Higher-Level examinations. Distribution of tasks by cognitive demand.

100% -
I I I I I I I . m Doing Mathematics

75%
Procedures with

Connections
50%
m Procedures without
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25%
m Memorisation
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Paper

Percentage of Tasks

Figure 3

Ordinary-Level Examination papers. Distribution of tasks by cognitive demand.
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In the OrdinaryL e v e | Examination papers, tasks cof
Connectionsd® dominated the examinations acro
2% of tasks coded as 6Memorisationo, 18% as
60Dong Mat hematicsé6 (see Figure 3). A signifi.:
di stribution of tasks and the distribution o
Connectionsodé, with these tasks r ecrelatwitong a d
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their frequency. No statistically significant difference was observed between the distributions
of cognitive demand in the Ordinakbevel Junior Certificate and Junior Cycle examinations.

Discussion and Conclusions

The findings of this study suggest there is little significant difference in the level of
cognitive demand students can expect in the Junior Certificate and Junior Cycle examinations.
The only significant difference identified was a reduction in the numlder 6 Memor i sati o
tasks in Junior Cycle Highdrevel papers. This is likely due to the fact that students are no
longer required to memorise and reproduce the geometric proofs that were on the syllabus for
Junior Certificate Mathematics. This aligns wiitle broader aims of the Junior Cycle reform
to move from rotdearning information in favour of conceptual understanding (NCCA, 2018).

The new Junior Cycle Mathematics specific
designed to integrate key competencies across all content strands (NCCA, 2018). The learning
outcomes associated with this strand range from recalling key concepts ancidatimgn
procedural fluency (U.1 U.3) to more complex competencies such as representing and
connecting ideas (U4 U.6), problem solving (U.7 U.10), making generalisations and
proofs (U.11i U.12) and communicating mathematical thinking (U.13). lid¢de argued
that these higheorder learning outcomes are not being adequately assessed in the final
examinations, suggesting a possible misalignment between the intended goals of the
curriculum and the focus of current assessment practices, whichvitdtkenight address.

Across all examinations studied, many questions and marks were assigned to low
|l evel cognitive demand tasks, particularly 6
agree with those of Cunningham et al. (2017) and Garry et al. (2020) who also fdund tha
lower-level cognitive tasks dominated the Junior Certificate Mathematics examination papers
they analysed. Introducing more hitgtvel cognitive demand tasks in examinations could
motivate teachers to incorporate deeper, more challenging learningaimttegisons.
However, it is important to recognise that procedural tasks make up a significant part of the
curriculum and must therefore be assessed in the examination. It is also important to note that
many of the tasks wer e Coommseicde roends 66 Rlrucec e dou rset
experience with them in class. These may have required a high level of cognitive demand
from the student during the initial knowledge acquisition phase, with the level of cognitive
demand decreasing as students becaore familiar with them.

Finally, this study highlights the cognitive demand required to achieve various grades
in Junior Cycle Mathematics. In all examinations students could attain a passing grade
through completion of lovlevel tasks alone. At Ordinary Level, students couldeacha C
grade (Junior Certificate) or a Merit (Junior Cycle) without any engagement in Hoiglesr
thinking. While this may raise concerns about the challenge level of assessments, it also
appropriately recognises and rewards students who have mastgnea&edures. Procedural
fluency supports moderate success, but top grades demand deepemtighengagement.
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Engagement and equity in Irish postprimary school mathematics

competitions: An analysis of participation in two competitions

Ciaran Duffy?, Elizabeth Oldhadr

ISt . Kevinds CdAmmuanh t Ma tClod matgieg s °ThiretyaColleger s 6 A's
Dublin, the University of Dublin

Mathematics competitions for school students can promote student engagement and enhance
problemsolving skills. Several such competitions for students in-postary schools in

Il reland are organised by the |1 ri sdrise@mithe mat i
equity: is school participation equitably distributed with regard to socioeconomic status (SES)

and gender across different categories of school? The paper examines participation in two of

the competitions over the years 2625, with a foas on 2025. Increased engagement is

evidenced by growth in numbers participating. Howeverpfeey i ng school s and
schools are overrepresented, while -88Sr|l s6 an
students are underrepresented. Recommendati@made to promote greater equity.

Keywords:Mathematics competitions, engagement in mathematics, equity
Introduction

Mathematics competitions are a feature of the mathematics education landscape. They
can promote engagement with mathematics, develop presésnmg skills, provide
appropriate challenges for talented students; atepending on the formatencourage
teanwork and cooperation (de Losada & Taylor, 2022; Soifer, 2017; Thrasher, 2008). The
Il rish Mathematics Teachersd Association (I MT
primary schools (catering for students aged approximately 12 to 18), has organised suc
competitions since 1991. Typically, the competitions are for teams of students from schools in
which their teacher is an IMTA member and organises their (voluntary) participation. The
continued involvement of many schools over the years suggests shaehchers value the
activity and at least some students find the competitions engaging and / or helpful. However,
guestions arise about equity. Is school participation equitably distributed across different
categories of pogtrimary school, and is thegeender balance among the student contestants?

The IMTA aims to promote engagement (that is, active participation in and valuing of
mathematical activities; see Attard, 2012) for all gwatnhary students. However, in view of
national concerns about performance and gender imbalance among the duigiesstg
studentg discussed below the scope of this short paper is limited to two competitions that
cater for students taking the most Teamal | engi
Mathsis geared to students in their final year of schoolingyhich they sit for the Leaving
Certificate examination, while tH& Quizis for those in the final year of the pgwimary
junior cycle. The aim of the paper is to trace participation in the two competitions over the
years 2022025, examining 2025 in particulaprofiling schools by soci@conomic status
(SES) and gendérto assess inclusivity, with a view to trying to mitigate imbalances.
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Background and Context

Recent research on Irish mathematics education provides both encouragement and
warnings. Encouraging aspects include the fa
tests of achievement are significantly above the averages for participating caiddriebue
et al., 2023; McHugh et al., 2024). Also, uptake of the Higher level Mathematics courses has
increased greatly from a low base (National Council for Curriculum and Assessment, 2005;
Society of Actuaries in Ireland, 2023). However, the increasthékeaving Certificate
coincided with, and is related to, the fAbonu
satisfactory grade in Higher level Mathematics an advantage in applying for places on many
courses at t hird Q):e¢useréflectiing éxiviresia maivateon ratlaet than 2 0 2
genuine engagement (Attard, 2012). This warning sign is accompanied by others. In the
international tests, while Irish means are high, the standard deviations are small; a
comparatively low proportionfdhe students score at the highest levels. Moreover, among
these high achievers, students from48#&S backgrounds are underrepresented (Donohue et
al., 2023; McHugh et al., 2024; for context, see Weir & Kavanagh, 2018). A further concern
is highlighted in a report by the Society of Actuaries in Ireland (SAl) (2023). It documents
that, for the highest achievers both in international tests and in the State examinations, boys
figure disproportionately and over the last 12 years this gender gap has generadiyed.

The issues are complex and nuanced; discussion of the many factors involved is
outside the scope of this paper, which focuses on contributions being made by the IMTA.
IMTA membership is available to schools (hence, to their mathematics teachers) and also t
individual teachers. A good indicator of the position of the Association nationally is given by
school membership; Table 1 shows the number ofasiary schools, categorised by SES
and gender, and the number of IMTA members in each category in 2p86gSchools
desi gnat e DeliverjgEQUality®f Opgortunityn Sc h o oilfisde)i s 0 means
Aopport uni drethoseinthe mationassicheme giving extra support to schools
serving lowSES populations, whereas fpaying schools typically have a hi@ES intake.

Table 1
Number of PosPrimary Schools per Category and Number (%) that are IMTA Members

Category All SES Gender

DEIS Fees Neither Mixed Boys Girls

Overalf 724 232 52 440 518 92 114
Members of 418 102 42 274 274 67 77
IMTA (57.7%) (44.0%) (80.8%) (62.3%) (52.9%) (72.8%) (67.5%)

Note:®™Number s are taken from the Department -2035 Educati on
(https:/ftinyurl.com/ycbm5¢cX6 addi ti onally, two fiunrecognisedo schoo

Context for the investigation is set by outlining the history of the competitions. Team
Maths was started in 1991. The format is that of a table quiz, with teams of four students
contesting over eight siminute rounds. The content is curriculuglated (poviding revision
for the Leaving Certificate, a selling point for students), though the style is not necessarily
Ciaran Duffy, Elizabeth Oldhan67
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familiar (thus, de->ssdavingsgills)nThe gudstionsare inteandedfmbeo b | e Ir
graduated from easier to harder, aiming to allow all students to experience success but to
separate the most able from the main body. Especially for the finabtmnds, for which the

time limit is challenging, team members typically need to cooperate. Initially, branches of the

IMTA ran the competition at the same time but there was no national final. However, since

2005, branch winners have progressed to amaltifinal. The Pi Quiz geared to the junior

cyclei has taken a similar path more recently, starting in 2009 and with the first national final

being held in 2023. Further details of the structure and style of the competitions are omitted

here; they ape on the IMTA websitehttps://imta.i¢ s ee ACompetiti onso) .

From 202223, with a view to facilitating greater engagement, the Council of the
IMTA (of which the authors are members) made a series of changes to the organisation of
both competitions. For the regional rounds, instead of having just one centre phr brarec
centres were set up; the maximum number of participating teams per school was increased
from onei or, in special circumstances, twao four; the competitions were held during
rather than outside school hours; and the entry cost was lowered.f&ubeogressing to the
finals were adjusted; instead of one team per branch (two for large branches), qualifiers were
the winning team from each centre plus other high achievers, with the capacity of venues for
the finals allowing for around 40 teamsisliappropriate to ask if aims have been met with
regard to engagement and whether participation is equitable in terms of SES and gender.

Methodology

As the idea of writing this paper emerged only after the 2025 finals, quantitative data
were restricted to those in the public domain (suitably anonymised) to obviate ethical issues.
The data were compiled from IMTA publications and records and its wébgjte://imta.i¢,
and from national statistics. The numbers of schools and of teams entering each competition
over the years 2022025 were tabulated; participation being voluntary, these figures serve as
proxies for school and student engagement. For 2025, each mairigipchool was classified
by SES and by gender composition; schools winning Team Maths finals over the years were
classified likewise. To investigate equity, distributions across the SES and gender categories
were compared with the national distributipasing chisquare tests. Qualitative information
was obtained from teachersd feedback after t

Findings
Table 2
Numbers of Schools (and Teams) Participating in the Regional Rounds2@P22

Competition 2022 2023 2024 2025
Team Maths 81 (134) 97 (193) 140 (358) 190 (490)
Pi Quiz n/a (n/&) 231 (590) 246 (751) 275 (875)

Note:?Figures not available prior to the introduction of the final round in 2023.

The numbers of participating schools and teams for-2025 are shown in Table 2.
For 2025, the classification in terms of school SES and gender for the regional rounds is
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presented in Table 3. Table 4 displays the corresponding analysis for the final rounds (in
which the numbers participating were limited by the size of the venues, as mentioned above).

Table 3
Number of Schools Entering the 2025 Regional Rounds, by Competition and School Category
Category All SES Gender

DEIS Fees Neither Mixed Boys Girls

Team Maths

No. of entrants 190 22 31 137 113 41 36
% of entrants 100 11.6 16.3 72.1 59.5 21.6 18.9
% of category 26.2 9.5 59.6 31.1 21.8 44.6 31.6
Pi Quiz

No. of entrants 275 53 30 192 174 50 51
% of entrants 100 19.3 10.9 69.8 63.3 18.2 18.5
% of category 38.0 22.8 57.7 43.6 33.6 54.3 44.7

Note:2See Table 1 for category numbers.

Table 4
Number of Schools Progressing to the 2025 Finals, by Competition and School Category

Category All SES Gender
DEIS Fees Neither Mixed Boys Girls

Team Maths

No. of entrants 37 2 17 18 21 12 4

% of entrants 100 54 45.9 48.6 56.8 324 10.8
% of category 5.1 0.9 32.7 4.1 4.1 13.0 3.5
Pi Quiz

No. of entrants 41 6 11 24 20 18 3

% of entrants 100 14.6 26.8 58.5 48.8 43.9 7.3
% of category 5.7 2.6 21.2 5.5 3.9 19.6 2.6

Note:2SeeTable 1 for category numbers.

Chi-square tests of goodness of fit confirm that all differences from the national
distributions for SES and gender are highly significant (p < .01 or less). For SE@yfeg
schools are overrepresented and DEIS schools most underrepresented; for gelndery s 6
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schools are ovearepresented. Similar patterns appear from analysis of all Team Maths

winners (19 finals, two years lost to COVID). Of these teams, 14 were fropajeeg

schools and also 14 from boysdé schoml|ls. No t
though there were girls on some winning teams from mixed schools. In 2025, the Team Maths
winning team was from a mixed school, but all winners in both competitions were boys.

Comments from teachers after the 2025 finals provide points of interest. They reported
that students enjoyed participation in a mathematical event (even if not scoring highly) as well
as recognising its value in preparing for State examinations. Alse,wasr enough interest
in some schools for teams to undertake training or practice with previous sets of questions.

Discussion

While this study is limited in scope and by its pbset nature, it offers initial findings
worth exploring further, especially via qualitative research with students as well as teachers.
Comparing features of Team Maths and the Pi Quiz with the advamgaespetitions
engagement, problem solving, challenges for talented students, teamwork and coadperation
as highlighted in the literature cited above, the two IMTA competitions appear appropriate for
at least some students. As students take part \allyntparticipation is deemed to indicate
genuine engagement with mathematics, involving intrinsic motivation as well as useful
revision. However, there are equity issues; not all students are afforded the opportunity to
participate, while for some the rmpetitive element and time pressure may not be suitable.

Participationin the regional rounds, as shown in Table 2, has increased dramatically
alongsidé and at least partly due tathe recent changes in organisation. However, an upper
limit on school numbers is imposed by the requirement of IMTA membership; this igedflec
in the figures, especially for categories in which the Association is underrepresented (Table
1). Notably for the finals (Table 4), serving higboring teams, the imbalance compared with
the national distributions for SES and gender ot$l¢he broader problematic issues identified
above: overrepresentation of boys and those of high SES among the most successful students.
Many feepaying schools have a long history of involvement (via their teachers) in the IMTA;
hopefully this will conthue, but involvement from others could be encouraged and facilitated.
For suitability, competitive activities do not appeal to everybody; research, while nuanced,
points to girls being |l ess well suited than
engagemet might be enhanced by other approaches, like those already provided by Maths
Week fpttps://www.mathsweek.Jeand Maths Eyedtps://haveyougotmathseyes.com

Conclusion and Recommendations

The IMTA provides engagement with mathematics for a large, and latterly increasing,
cohort of school students through its competitions Team Maths and the Pi Quiz, which serve
those taking Highelevel mathematics courses. In a small way, this may everidalidress
the shortage of very higachieving students in Ireland. However, equity issues appear; fee
paying and boys6 schools are overrepresented
DEI'S, mixed and girlsé schimthéfwmalsar e underrepr

Recommendations for the IMTA include increasing outreach to and support for DEIS,
mi xed and girlsé school s; providing optional
Ciaran Duffy, Elizabeth Oldham/0
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schools; enhancing rewards for participation; monitoring trends and publishing inclusive
participation goals annually; and undertaking other activities to promote engagement
equitably. For the wider mathematics education community, there is a need foesganeh
on the roles of mathematics competitions and other extracurricular activities in Ireland.
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An investigation into mathematics study resources used by undergraduate
students

Conor FeeneyEabhnat Ni Fhloinn
School of Mathematical Sciences, Dublin City University

During the COVID19 pandemic, many lecturing staff produced online materials and supports
for their students, which they have continued to use despitergson teaching. This paper

reports on a study into which mathematical resources were used by uddatgrstudents

when studying mathematics. An anonymous survey was administered to 691 mathematics and
service mathematics students from a range of disciplines angngegrs in Dublin City

University. Students were asked about the resources or toolssééywhen studying

mathematics. The findings were that generative artificial intelligence was used by 91% of
respondents; mathematics support services by 40%; and other resources by 35%. In this short
paper, we focus on t he swvewhgre students are tersing for c e s 0,
further support of their learning. Of these, YouTube was by far the most popular, with six
times more respondents using YouTube than the next most common resource.

Keywords:Mathematics education, higher education, generative Al, mathematics
support

Introduction

In higher education, it is expected that students will spend time outside of formal
lectures, tutorials or workshops studying the material in their programme. Lecturers often
spend considerable time and effort developing lecture notes, alongside tutbded@wvork
sheets, videos or quizzes, to guide students in their study efforts. During the @QQVID
pandemic, many lecturing staff developed a range of online material and supports for their
students, which they have continued to make available to stutkspge the return to-n
person teaching. In addition, most higher education institutes in Ireland now also have
mathematics support on offer to students, which they can use free of charge for additional
help with their mathematics study. Particularlyhe past year, there have also been huge
advancements in generative artificial intelligence (Al). Therefore, it is timely to explore the
types of resources that students of mathematics use when studying independently. However, a
full exploration of studentisage of either generative Al or mathematics support is beyond the
scope of this short paper. As a result, the research question we wish to address here is:

RQ: Other than mathematics support and generative Al, what resources do
undergraduate students report using to study mathematics?

Background

Researchers have been looking into the study resources selected by students for
mathematics for quite some time, although results have differed in recent years, particularly
due to the development of more online material as a result of the universitesldsuing
the pandemic (Ni Fhloinn & Fitzmaurice, 2021). Ni Shé et al. (2017) studied the resources
favoured by firstyear servicanathematics undergraduate students across four higher
education institutions in Ireland. A total of 460 students complé&danonymous survey.
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Students were asked to list resources they found helpful under the following headings: books,
handouts, videos, websites, or other. Handouts were considered helpful by the highest

percentage of students, followed by websites and then videos. Similarktaalas et al.

(2017) investigated the resource usage by segeadengineering students in the UK by

surveying 201 students. They found that the most popular resources were those provided

directly by the university (whether in the form of notes, harglout website), but there was

evidence of usage of resources such as Wolfram Alpha or videos as well. Goller (2021)

undertook a smakicale study in a German university, interviewing 18 mathematics students

up to four times during their first year of sjydnvestigating the resources they used for

study, the purpose of these resources, and h
successes. They found that students initially tried to solve exercise sheets on their own, and if
they experienced diffidties, they used more and more resources to support themselves. The

most frequent resources used were working with peers, searching for solutions on the internet

or in books, or working through the smlution
Finland, a group of 98 students across two campuses were surveyed regarding their study

habits in mathematics and the resources they used. They found some differences based on
student age, with older students more likely to liaise with their lectwvlilge younger

students relied more on their peers. They also concluded that higher grades were not

associated with the use of any particular resource and were more likely to be based on
studentsdé quality of study. Khe neqoweces relieddn Li e b e
by 89 students taking a Linear Algebra module during online teaching due to the pandemic.

They found that students rated externally produced videos as highly as they did those

produced by the teaching team. Consultation with peesgaviked most highly of all in

terms of usefulness by these students, even though the teaching was remote apersoiin

at the time.

Methodology

To conduct the anonymous survey, a survey instrument was designed to investigate
undergraduate studentsd usage of mathemati cs
resources. One of the authors attended mathematics lectures and explained sgeghungo
study to students and offered them the opportunity to undertake the survey at that point. The
survey was conducted online using Google Forms, although students were offered the option
of completing a printed survey if they preferred. Nobody chiesgrinted option. In addition,
students were emailed after the class with a link to the survey, in order to allow those who had
not attended the lecture to complete the survey in their own time if they so wished. Overall,
the response rate was 40% dfpaissible students in the cohorts surveyed, although
anecdotally, somewhere between8@%b of students present in lectures completed the

survey.

The opening questions of the survey related to profiling questions, such as the
respondent sé gender, year of study and degre
grained, we have collated the degree programmes into a series of disciplines. fhefresu
this, and the other profiling questions, can be seen in Table 1.

Conor Feeney, Eabhnat Ni Fhloin’3



S. Nic Mhuiri, L. Harbison & MRyan(Eds.). Proceedings of the Tenth Conference on Research in Mathematics Education
in Ireland (MEI 10)

Table 1

Profile details of the sample of survey respondents (n=691)

Gender Number of Respondents
Male 382
Female 286
Non-binary / Trans / Queer 6
Blank 17
Year of Study

1 383
2 250
3 20
4 34
MSc (taught) 4

Discipline of Study

Science 232
Engineering 133
Actuarial/Financial Mathematics 115
Preservice Mathematics Teachers 84
Computer Science 70
Accounting and Finance 30
Economics / Psychology & Maths 8

After these profiling questions, students were asked a number of questions about their
engagement with mathematics support services and their usage of generative Al, both for
maths and nemaths purposes. The questions were a mixture of open and clodele an
results were analysed using SPSS for quantitative data and General Inductive Analysis (GIA)
for qualitative data. The GIA was conducted using Excel and responses were coded under
more than one theme as appropriate. The results of these questi@ngedyeoutside the
scope of this paper. Instead, we will focus on the responses given by students when asked
about resources other than mathematics support or generative Al that they used for
mathematics study.

Results

Table 2 below shows the responBogausgi ven b
any other tools or services for | earning mat
pl eas e | Therd were B48 rasponses to this question, and these were coded using
GIA as mentioned above. However, given the nature of the responses to this particular
guestion, the coding ended up largely being a repetition of the resource name given by the
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respondent, as many did not elaborate beyond listing the resource. Although not included in
this question, the number of respondents who said in earlier questions that they used
generative Al and the Maths Learning Centre are given in the table as dontaetother
resources mentioned.

Table 2

Resources used by undergraduate students studying a mathematics module in Dublin City
University (n = 691)

Resource Type Number of Respondents
Generative Al 629
Maths Learning Centre 267
YouTube 122
Websites 22
Khan Academy 20
Books 19
Online calculators 19
Videos 13
Wolfram Alpha 13
Friends/Family 11
Lecture Notes 11

As can be seen in the table, 91% of respondents had used GenAl for mathematics, and
39% had used mathematics support, while 35% used other resources. Out of those 62 students
who said they never used GenAl for maths, 37% said they used mathematics amplport,
43.5% said that they used other resources such as those listed above. For those 629 students
who used GenAl for maths, at least on occasion, 40% used mathematics support and 34%
used other resources such as those listed above.

Although the question about alternative resources wasepged, many respondents
simply stated the resource that they used with no further comment. YouTube was by far the
most popular resource after generative Al and mathematics support. A numbeepfsstud
noted that they had several preferred channels that they used for this, such as the student who
statedi When | need help understanding a specifi
YouTube video on how to solve it, preferably made by people whess Vive seen before
and expl anat i dAnother studenhpdieted out \ehy they preferred to use

YouTube, observing Yout ube 1 s an amazing tool and doe:
opinion except the expl anatStudemtsshavece gr aphi ca
considerable trust in videos from Wddhsi tes s
online are always a safe way tndermisefbaoks, new co

one student stated,] r ead t he Ja memk, iJikeeowtady tromstbeCaadec ul u s
there are more exercises to practice from an
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Although online calculators could be used to simply obtain the answer to a calculation

without having attempted it, one student pointed outithet have used cal cul at
check my answers such as gauss Jordan calculators, differentiation and integration

c al c u |l Siudemts reported using Wolfram Alpha similarly, saying/o | f r am Al pha
check 1 f you cal cul Breguidinganfluericenof fangly aad frieede r r e c t |
was clear in a few comments, such as the student whais®ég, D d Brotleens have all
studied maths so | get.help from them a | ot

Discussion and Conclusions

In contrast with earlier literature (Ni Shé et al., 2017; Anastasakis et al., 2017), where
students seemed to rely most heavily on notes or handouts provided by the lecturer, this was
not the finding in our study. The usage of generative Al while studyiitys occurs heavily
across all year groups and disciplines in our sample, without exception. Those utilising
mathematics support services comes out at about 39%, which is slightly higher than in
previous national st udi e044). However considetirgthé y OO Su
Aot her resourceso mentioned by students, the
in this study, almost six times more popular than the next most common resource. In fact,
those who mentioned BSKRKhamuAdadé mpo hawvei Viedao
heading, although we chose not to do so to provide more {figmalyed insights into the
specifics of what students were using. It is possible that students did not think to mention
notes or handouts, as they w&ot prompted specifically to do so, and that having previously
completed some questions on generative Al, they were already thinking in terms of digital
resource$ but it may also be the case that there has been a sizeable shift in the types of
resourcs being favoured by students studying mathematics in university. Either way, it is
clear that only very small numbers are now using traditional resources such as textbooks for
study purposes.

The number of students who cited peers or family support was also very low in our
sample, but it should be noted that an additional 15 students who answered questions about
mathematics support services earlier in the survey mentioned that they did Beewndts, so
they would not have included this separately in response to this question. Therefore, this
number is artificially low and should not necessarily be interpreted as a lower level-of peer
study than other studies (Tossavainen et al., 2020; Ke&apsrbendorfer, 2021) have
reported. Indeed, if we include these 15 students with the 11 from Table 2 under
AFriends/ Familyo, we see that this becomes t
videos, although still a long way behind. Without having kesi®ed specifically if they still
studied with peers, it is difficult to gauge how much of a shift has occurred in this regard, but
it is an area worthy of further research, as study groups and peer support have long been
regarded as important supportsinsd ent s mat hemati cal l earning

In terms of future work emerging from the results of this study, it would be of interest
to repeat this question in a yearo6s time to
due to the propagation of generative Al. It would also be wortstiyating if the increase in
the amount of notes and handouts available online rather in print and handwritten in class has
had any impact upon student engagement with these. Finally, it would be valuable to ascertain
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if any of the student usage of YouTube was based on lecturer recommendations, or if they
were relying solely upon peers or their own searching to determine which channels were most
valuable to their study of mathematics.
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The knowledge and understanding needed to teach mathematics effectively

Olivia Fitzmaurice, Niamh O0&Mear
EPISTEM, School of Education, University of Limerick

Since 2011 the authors have researched and utilised models of teacher knowledge and
mathematical understanding to prepare preservice teachers for the effective teaching of
mathematics, to identify strengths and weaknesses in their knowledge and undeystaddi
provide a comprehensive framework that underpins and facilitates autonomous lifelong
learning. While the literature offers many models of teacher knowledge and understanding,
there is no integrated framework that combines both to support the grbmtethematics
teachers as learners and educators. We address this gap by introducing a composite model
entitled the Understanding and Knowledge for Effective Mathematics Teaching[WXE
model, which exploits the commonalities and distinctions of kndgdeand understanding to
ensure comprehensive preparation for teaching mathematics. We demonstrate the
applicability of the model in the design and evaluation of an intervention to enhance pre
service teachersdéd knowl eddueofamatttmatics.der st andi n

Keywords:Teacher knowledge, mathematical understandiffgctive teaching
Background to UKEMAT

Knowledge and understanding are related characteristics, yet distinct in their own right
(Hannon, 2021). Where knowledgegisnerally seen as the facts, formulas, procedures, and
terminology of a subject, understanding is about making connections, seeing patterns, and
being able t@applyknowledge in various contexts (Hannon, 2021; Crooks & Alibali, 2014).
Both are required to be an effective teacher. For mathematics teachers in particular, a lack of
knowledge or understanding can lead to shortfalls im tenmunication of mathematical
content to their students (O6Meara, 2011).

Many models of mathematical teacher knowledge can be found in the literature.
Starting with Shulman in 1986 (though not mathematics specific), many researchers (Ball et
al., 2008; Rowland et al., 2005) have delineated the spectrum of knowledge a tepdhes re
to teach effectively, including but not limited to: subject matter knowledge (SMK),
pedagogical content knowledge (PCK), knowledge of curriculum, and knowledge of students.
I n 2011 OO6Meara presented the Ladmdelthatof Know
embodied the range of knowledge domains that would underpin the effective teaching of
mathematics curricula in the 2tentury.

Due to significant changes in the secondary mathematics curriculum in Ireland in
2010, O6Meara built on preceding models of t
of teacher knowledge to address local needs. Many of the models, like Ball et &).4260
Rowland et al. (2007) were created specifically for primary school teachers hence a gap
existed for one that was tailored for secondary school teachers of mathematics where
increased emphasis on I CT and appUOKsati ons w
i nformed by the categories and constructs of
Teaching (MKT) model. The LOK essentially builds on MKT by organising the knowledge
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types developmentally, offering a progression or "ladder" through which teachers move as
they develop expertise. For example, while SMK features in both models, the nature of LOK
indicates that it is an entry point, and no other domain of knowledge cmve®ped until
proficiency in this domain is attained. MKT underpins the ladder by providing the domains of
knowledge, while the ladder interprets these as stages in teacher knowledge acquisition.
Essentially where MKT is a typology, the LOK is more dfagectory.

Figure 1
The Ladder of Knowledge

Knowledge for Effective
Teaching

KEnowledge of School Mathematics Transforming Knowledge

Pedagogical Knowledge

Knowledge of Real Life
Applications

Subject Matter Knowledge

The key features of the LOK are that (1) it outlines SMK as an entry point ; (2) it
outlines the knowledge domains that allow teachers to progress from SMK to PCK and onto
the knowledge for effective teaching; and (c) it acknowledges the need for teaaihevelop
a multitude of knowledge domains including knowledge of applications; knowledge of
mat hemati cal connections and knowl edge of
able to teach mathematics effectively. As a result of these featurd<QK is the model of
teacher knowledge that partly underpins the LMET model.

What constitutes mathematical understanding is anothessiamgling question in
mathematics education. Usiskin (2015) classified mathematical understanding into five
interlinked dimensions: Skill Algorithrm proficiency at completing a mathematical altfum
to attain the correct answer; PropeProofi understanding why mathematical processes
within an algorithm gives the correct answer; Use Applicatianderstanding when and
where it would be appropriate to use the algorithm; Representation Metapdiog able to
support a mathematical explanation with some appropriate visual image/graph/metaphor;
History Culturei understanding how a mathematical concept developed over a period of
time. This multidimensional framework of mathematical understandingplements the
LOK and was chosen as the critical accompanying framework to complete thi/IBKE
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model. This is a very important endeavour as currently no model that amalgamates
dimensions of knowledge and facets of understanding for effective mathematics teaching
exists. This research aims to fill this gap in the literature.

The UKE-MAT Model

At the centre of the pentagonal UKEAT model (Figure 2), we can see the
understanding and knowledge for effective mathematics teaching. Each vertex then draws on
one or more dimensions of the Ladder of Knowledge and integrates them with a
correspondingfmet of wunderstanding f r o moubdatiosak i noé s
vertexinthe UKEMAT model draws on a (1) teachersbod
mathematics on the taught curriculum, and (3) the skill algorithm dimension of understanding.
SMK equips teachers with the requisite knowledge to recognise how a mathematical problem
can be solved using different approaches, in addition to a clear appreciation of the relationship
between these approaches. Knowledge of school mathematics enalblessteamentify
when it is appropriate to extend a previously learned algorithm, introduce a new one, and
make meaningful connections to earlier content. This form of knowledge underpins what
Usiskin (2012) describes as the sklyjorithm dimension of wterstanding, which involves
the application, comparison, and at times the creation of new algorithms. Each vertex is
formulated in a similar manner and collectively all five vertices comprise the absolute
knowledge and understanding a teacher needs to teathematics.

Figure 2
UKEMAT Understanding and Knowledge for Effective Mathematics Teaching

Knowledge &
understanding needed
to perform the
mathematical concept

Foundational
Knowledge & Vertex
understanding
needed to
explain the
historical
evolution of the

concept

Knowledge &
understanding
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explain the
Imathematical

rationale

underpinning

the method

Historical | Understanding Maths
Vertex and Knowledge Thinking
for Effective Vertex

Mathematics
Teaching

Illustrative Utility Value
Vertex Vertex
!
Knowledge & 1
understanding needed to
represent the conceptin a
multitude of ways and
explain the links between
illustrations
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needed to demonstrate how
the concept would be used |
_inrelevant contexts. /

Proof of Concepti Eval uating and Enhancing Studentsbéd

UKE-MAT has been used by the authors in a variety of different ways and here we
will report on how it informed the design of an intervention and relatecaprepostests to
evaluate the utility value of fractions of a cohort of 23-&¥evice teacher$STs). The tests

m
S|

L

were constructed to measure PSTsd® understand

Olivia Fitzmaur-i80e, Ni

an



S. Nic Mhuiri, L. Harbison & MRyan(Eds.). Proceedings of the Tenth Conference on Research in Mathematics Education
in Ireland (MEI 10)

operations with a focus on rational numbers. In thetgge PSTs were presented with four
different fraction operationw¢ 1-;- -, - -, - -)and asked to: (a) Evaluate the

problem andghow their workings (foundational vertexh) Explain theationale behind the
procesghey just carried out and theasoning behind each gtémaths thinking vertex); (c)
Give ameaningful realife exampleto represent the mathematical process they just carried
out (utilityvalue vertex); (d) Give graphical/pictorial representation or a metapdfdsoth

the process and the answer (visual representation vertex).

The PSTs completed the giesst during the second week of the semester and then
participated in a mathematics pedagogy intervention for the succeeding three weeks. The
intervention was an integral part of a mathematics pedagogy module for PSTs inttheir thi
year of a fowyear undergraduate programme and was also theoretically underpinned by the
UKE-MAT model. The purpose of the intervention was to allow the PSTs to revisit a range
of different concepts relating to rational numbers from an advanced gigrede.g. why do
we need to find a common denominator when adding fractions?). Through this intervention

we aspired to facilitate the simultaneous de
understanding of fractions. The intervention schedulietailed in Table 1.
Table 1

Intervention design underpinned by UKEAT

Link KE -MAT
Week Content nk to U

Vertices
(a) The importance of teaching for understanding (&) N/A
(b)Identifying the knowledge and understanding neede: (b)All vertices
1 teach for understanding: The UKEAT Model.

(c) Understanding fractions and effective methods for teac (c) All vertices
equivalent fractions
(a)Procedures behind operations of adding, subtrac (a) Foundational vertex
multiplying and dividing with respect to fractions
2 (b)The origins of mathematical operations (addition i (b)Maths thinking and
subtraction), what they mean, historical origins, : historical vertex
understanding why the processes work
(a)Evolution of mathematical operations (multiplication & (a) Maths thinking and
division), their meaning and why the procedures work historical vertex
3 (b)Converting procedural problems in fraction operation: (b) Utility value vertex
realistic contextualised problems
(c) Visual representations of fractions and fraction operatic (c) lllustrative vertex
The authors conducted an analysis of stud
assessment) of rational numbers prior to, and on completion of, this intervention. Their
responses to each of the questions in the pre and post tests were categorised ranging fro
Type 1i Type 6. Type 1 indicated a meaningful, realistic example of the problem posed that
was not contrived, which reflected a nuanced and comprehensive understanding of where the
concept might be used in real life. At the other end of the scale,e6Isgsponse indicated a
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misconception. Hence their total score in both the gund postest ranged between 4 and 24,

with a lower score indicating a more sophisticated level of comprehension of the utility value
of mat hemati cs. A-tes scypts indicteddtients possdssed & Isnded p r e

understanding of the utility value of mathematics, failing to articulate how they could be used

in everyday life. However, statistical analysis of the pred postest scores indicted that the
UKE-MAT supported intervention haapositive influence on this dimension of knowledge
and understanding, despite the short timeframe. The PSTs were significantly more

empowered to teach fractions after the progr

Conclusion

UKE-MAT is a model that adds to the body of literature on mathematics teacher

education by identifying and marrying the domains of knowledge and understanding required

by teachers for the effective teaching of mathematics. In this paper, the authorbrigfe a

overview of just one way in which the model has been used in their own preservice teacher

education programme, but UKEAT offers a valuable foundation for further exploration and
innovation in mathematics teacher education, both within presemagesopnmes and beyond.
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Reimagining STEM education in the early years of primary school through
Universal Design for Learning and Lesson Study

Bridget Flanagan
Dublin City University

This paper explores how Universal Design for Learning can inform inclusive STEM
education in the early years. Drawing on a Lesson Study project in two Irish primary schools
with children aged &, the study examines how teachers planned, implementecsfaudad

on STEM activities using Universal Design for Learning principles: multiple means of
engagement, representation, and action and expression. Findings show that Lesson Study
enabled teachers to observe and respond to learner variability, challdafiongbased
assumptions. Through visual supports, structured choices, and multimodal expression,
children with additional needs accessed and engaged in STEM meaningfully. Teachers
reported greater awareness of pupil diversity and developed more agaptirees. The
research demonstrates that combining Lesson Study with Universal Design for Learning
supports inclusive, strengtiimsed teaching and positions inclusion as a core design principle
in early STEM education. Implications are discussed iiogldo curriculum reform and

teacher professional learning.

Keywords Universal design for learning, STEM education, Lesson Study, early
childhood, primary level, inclusion

Introduction

As early years education becomes increasingly shaped by calls for integration and
inclusion, the question of how to embed meaningful STEM (Science, Technology,
Engineering, and Mathematics) experiences for all learners is gaining traction. STEM in the
early years is widely recognised for fostering inquiry, curiosity, and positive dispositions
towards learning (McClure et al., 2017). However, the field remains marked by inequities in
both access and representation. Children with additional needs are cftefedxXrom early
STEM initiatives and research (Yang et al., 2024). This absence signals a troubling
misalignment between the rhetoric of inclusion and the realities of classroom practice.

Drawing on the theme of the MEI 10 conference, which calls for reflection on
integration, connections, and the societal role of mathematics education, this paper proposes
Universal Design for Learning (UDL) as a framework for reimagining early STEM thraugh
lens of equity. UDL shifts attention away from a deficit view of children and instead focuses
on redesigning learning environments to support the diverse ways children think,
communicate, and engage (Meyer et al., 2014). This paper makes a caseefigthsktased,
theoryinformed approach to early STEM education that treats inclusion as a central
organising principle rather than an aoial

Background and Study Context

The Irish education system is in a period of curricular reform, with the Primary
Curriculum Framework (Department of Education, 2023) placing increased emphasis on
inclusive, integrated learning. It promotes equity of opportunity and participation for all
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children, explicitly recognising the need to respond to diverse identities, abilities, and
experiences. However, while the framework outlines an ambitious vision, there remains a gap
between policy rhetoric and practical implementation, particularly w&fiiEM education,

which in the early years of primary school remains in its infancy in Ireland. Teachers report
limited professional development and a lack of confidence in adapting STEM content for
children with additional .needs (DO0Agostino

The research presented in this paper investigates how teachers apply UDL when
planning inclusive STEM activities. The focus is not only on what teachers do, but on what
barriers they identify and how they respond to learner diversity. The UDL framework is
structured around three principles: (a) multiple means of engagement, (b) multiple means of
representation, and (c) multiple means of action and expression (CAST, 2024). The study
seeks to examine how pedagogical approaches informed by UDL can contribute t
participation within STEM education.

Methodology

Lesson Study (LS) is a collaborative form of professional development that prioritises
student learning over teacher performance (Dudley, 2013). Rooted in Japanese education, LS
involves teachers engaging in a cycle of planning, teaching, observingflantimg on a
Oresearch I essonb6 to better understand and
professional development models, LS foregrounds pupil engagement, participation, and

&

|l earning as central to teacleoflSaclygeastivees si ona

teacher inquiry, longerm engagement, and collective reflection. Studies show LS supports
teacher responsiveness to diverse learning needs (Dudley, 2013), and fosters more effective
classroom differentiation and inclusive teachimg|uding for pupils with additional needs
(Schipper et al., 2017). These attributes position LS as a robust and redigpreth

methodology for improving instruction and analysing practice in authentic educational
contexts.

This research was conducted in two rural Irish primary schools, focusing on the
authoroés classroom with Ju-i)iPsaudosymsiwer® esad tam r
protect participantsd anonymity, wespith t he
having 1520 years of experience with younger children, all participants were new to LS. The
study centred on integrated STEM education, also a novel approach for all participants.
Research lessons were developed and subsequently retaught widr anbtirt of Junior and
Senior Infants. The eigimonth research design comprised a pilot study (Cycle 1) and three
full LS cycles (Cycles24). Each LS cycle lasted approximately six weeks (Figure 1). During
each cycle, the participants engaged in twolag meetings prior to the first teaching of the
research lesson in one of the participating schools. Subsequently, a reflection meeting
revealed observations and learning, which in turn informed lesson changes. The reteach of the
research lesson in théher school was followed by a final reflection meeting. Data were
collected through multiple methods, including interviews, collaborative meetings,
observations and field notes.
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Figure 1
LS Cycles

Pilot Cycle

Cycle 2

Cycle 4

Semistructured interviews were conducted with Gwen and Maria, at the beginning
and end of the study, and with the school principal at the end. These interviews aimed to

explore the impact of LS, experiences$ of STE
interviews were audioecorded and transcribed. Collaborative planning and reflection
meetings were integral to each LS cycl e. Pl a
understanding and designing tasks. Reflection meetings, enabled teachaisiate lesson
effectiveness, discuss childrends responses,
audiorecorded and transcribed. Lesson observations formed a core part of the LS process.
Teachers used observation templates focusingorrcbild 6 s engagement, di sp
devel opment. Observation data provided insig

Field notes and a reflective journal supported reflexivity and critical analysis throughout.

Data were analysed usi ngtepBppraacm and CIl ar ke
familiarisation with the data, generating initial codes, searching for themes, reviewing themes,
defining and naming themes, and producing the final narrative. Interview and meeting data
were transcribed and field notes were expanded. Initial codes were identified and grouped into
candidate themes through an iterative, reflective process. Memos were written to capture
analytical insights, which supported the development of overarchingethel hemes were
then reviewed to ensure they faithfully represented the dataset and formed a coherent
analytical narrative.

Findings and Discussion
This research explored how the UDL principles, multiple means of engagement,
multiple means of representation, and multiple means of action and expression, were enacted
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during a series of LS cycles focused on STEM education in Junior and Senior Infant

classrooms. LS provided a rare opportunity f
processes and to challenge-présting assumptions about their capabilitisross the

cycles, teachers repeatedly reflected on how
their expectations, particularly in terms of prior knowledge and prebleml vi ng. o6 We we

underestimating how t hei r signallingdshiftfromaefick can w
based to strengthzased thinking.

Multiple Means of Engagement

This shift in mindset directly aligns wit
engagement, which focuses on stimulating interest and motivation for learning. ibgséy,
handson, and operended STEM tasks engaged a wide range of learners, includsgy th
typically disengaged during traditional lessons. Teachers observed that children were

6compl etely absorbed in their creations. 6 At
children with additional needs, who found aspects of these lessons ovemghedchoing
concerns in the |literature around STEMOs i nc

for collaborative problersolving, allowing teachers to refine instructional approaches
iteratively to better address learner variability.

To support engagement, teachers introduced$taays e d scenari os such
Gingerbread Man needs adriveroenatty @oints toiISTEM tasks.f er e d
Cycles Three and Four saw increased flexibility in grouping arrangements, allowingrhildr
to choose between working alone, in pairs, or in groups depending on their comfort and
preference. Children were also given choices in how to participate and plan, drawing, talking,
role-play, or using digital tools, enabling more personalised routeddarning.

Multiple Means of Representation

The principle of multiple means of repres
adaptation of content delivery to meet varied learner needs. In the pilot cycle, one child with
additional needs and English as an Additional Language was observed to |agdredio
easily and struggled particularly with group tasks. As Gwen reflected during thie gsst
meeting, O6[Child A] was very distracted and
floating and sinking lesson, it became evident that the chddhbaunderstanding of the key
vocabulary. As a result, the conceptual aims of the lesson were missed. This moment was
significant, as teachers recognised that without deliberate focus on language, STEM content
could become inaccessible, particularly folldiien whose first language was not English and
for some neurodiverse learners. From that point onward, they embedded explicit vocabulary
instruction into lesson planning and into play sessions, ensuring that key terms were taught,
reinforced visually, angractised before and during activities.

In later cycles, this translated into more consistent use of visual aids, real objects, and
explicit | anguage to introduce and reinforce
Chair for Baby Bear 6 task i n eByaodhanddfhour , t ea
materials to present different chair types. Two children with additional needs were given
concrete supports and visual prompts to complete the task independently. These adaptations
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reflect DonegarRi t t er 6s (2017) <call to incorporate Vv
tasks that are both accessible and appropriately challenging. Across the later cycles,
differentiated questioning, controlled task complexity, and the provifistructured

materials became more common, illustrating teacher responsiveness as advocated by Schipper
et al. (2017).

Multiple Means of Action and Expression

The final UDL principle, multiple means of action and expression, was clearly
demonstrated as teachers recognised the diverse ways children articulated understanding.
Some children verbalised reasoning with confidence; others expressed ideas through
manipuation of materials or visual representation. One child with additional needs led a
group and explained why an object floated, indicating both cognitive and social engagement.
Teachers came to value these multimodal expressions, recognising that coavention
assessment methods often fail to capture the
how children communicated their ideas was welcomed, and revisions were welcomed as part
of the learning process.

LS meetings reinforced the importance of this principle by allowing teachers to jointly
reflect on observed pupil behaviours. Teachers began to embed differentiated tasks as
standard practice rather than reactive supports. By Cycle Two, the deliberaté us& c a s e
pupilsé (Dudley, 2013) helped focus observat
profiles, including those with additional needs. These focused observations demonstrated how
different children accessed the knowledge and skills embedded M &BEons.

Conclusion

This study contributes to emerging understandings of how inclusive STEM education
can be meaningfully realised in early childhood settings through the integration of LS and
UDL. By focusing on learner variability, it moves beyond dominant gefudeised
naratives in STEM and highlights the broader, often overlooked, dimensions of inclusion in
STEM. The findings demonstrate how structured collaborative inquiry enabled teachers to
identify and remove barriers to participation, improve their responsivends&tse needs,
and reconceptualise inclusion as a core component ofguglty STEM teaching.

For policy and practice, this research underscores the importance of embedding
inclusive design frameworks such as UDL within professional learning models like LS.
Policy initiatives should support sustained, scHmsed collaborative learning structutiest
prioritise childrends diverse ways of engagi
so, early years STEM education can become not only more equitable, but more effective for
all learners.
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A vision for early childhood mathematics in the Republic of Ireland
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3Julie Winget Power

Dublin City University;?South East Technological Universifi:echnological University
Dublin

This paper presents a vision for Early Childhood Mathematics (ECM) in the Republic of
Ireland (ROI). Despite recent policy reform calling for ECM to be included in early childhood
education initial education programmes (DE, 2024), little is known aboattiheles and
mathematical competencies of those teaching these programmes. PLE, the Association of
Academics in Early Childhood Education and Care in Higher Education in Ireland, have been
investigating the nature of early mathematics provision in R@i tiveir members, with
several recommendations arising from this work. This paper describes the broad vision for
ECM agreed upon by PLE members during a world café event in 2024, requiring systemic
change. The what (recommendations), how (steps to impteshange) and who (key
stakeholders) were identified, creating a vision for ECM to inform future policy, frame
professional development and aid in the development and design of appropriate mathematics
undergraduate modules.

Keywords:Early childhood education; initial professional education; mathematics
Introduction

In Ireland, Early Childhood Education (ECE) has become a focal point for educational
policymakers, particularly in the areas of STEM (Gol, 2017) and numeracy education (Gol,
2024b). 2019 saw the introduction of fAmfessional Award Criteria and Guidelines for
Initial Professional Education (Level 7 and Level 8) Degree Programmes for the Early
Learning and Care (ELC) Sector in IrelafDES, 2019). This document asked providers of
initial professional education (IPE) to ensure thatqaevice early childhad (EC) educators

devel op a 6Knowledge of <chil drbasaddseciadi f f er ent
learning, early literacy andumeracy,l anguage acquisition and mul
However, this same document states that the

homogeneity across higher education professi
undergraduate programme coordaratcan choose how to present this content to students,
leading to variability in the delivery of this content.

Findings from OO6Neill and Gillicbés (2024)
lecturers, who are members of an Early Childhood Mathematics Education (ECME) SIG,
found that participants reported possessing high levels of mathematiezffisalfy. t was
acknowledged that to support student engagement and learning concerning ECME, they, as
lecturers in this area, should possess high levels of mathematical content and pedagogical
content knowledge too. Interestingly, despite claiming high leveldfeéHeacy in
mathematics, some participants reported being anxious about teaching ECME on their
courses. Finally, participants recommended that a stlomé mathematics module be
included in all IPE undergraduate programmes and that numeracy be atferdzane
importance and visibility as literacy in their programmes.
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This paper builds on the findings of OG6Ne
account of the perspectives of a broader cohort of ECE lecturers (N =45) towards
mathematics and its inclusion in ECME in {s&rvice ECE programmes. A vision for ECME
in Irish EC preservice programmes, arising from participant recommendations, is presented
here.

Literature Review

While traditionally regarded as the preserve of primary and secondary education, the
appropriateness of mathematics for early childhood education is now well established
(Lundquuvist et al., 2023), with teacher educators expected to share emerging udithgstan
around mathematics in the early years with prospective early years educators (Whyte et al.,
2018). Contestation exists around the distinction between mathematics and numeracy, and
which should be the focus in the early yedf®wever, Dunphy (201§.106) explains,

Owhil e numeracy is important, education and
should encompass a broader view of mathemat.

Developmentally appropriate support for mathematics within the early years is
recognised as being more informal than that of primary education (Lundqvist et al., 2023).
Drawing on Ginsburg and Ertle (2008), mathematics pedagogical content knowledge (MPCK)
within the early years is unique in that learning opportunities for mathematics frequently
occur spontaneously during play and interactions with children (Jenben et al., 2022), requiring

educators to engage i n 0ilmenienaltteaahingadquirese ac hi ng
educators to make explicit the mathematical ideas that emerge during play, supporting
childrends understanding of themD@@mbr ssen e

the findings of the National Research Council in 2@ phy (2018) explains how, while
most children can learn mathematics in their early years, this potential is frequently limited
through a lack of intentional or supported opportunities to engage with mathematics within
ECE settings. Problematically, fom a review of the literature by Linder and Simpson in
2018, both the mathematical content knowledge and mathematical knowledge for teaching
(MKT) were found to be somewhat lacking.

Specific mathematics education is essential for early years educators (Whyte et al.,
2018), however, considerable variation exists among programmes with mathematics
frequently integrated with other subjects (Maxwell et al., 2006, cited in Whyte et al.,
2018). Uncertainty exists around both which mathematics content is appropriate for the early
years and how mathematics should be taught in this environment (Knaus, 2017). The learning
opportunities for mathemat i c slatermathentetics ear | y vy
understandingNumber (encompassing whole numbers, operations, and relations) and
geometry (comprising spatial thinking and measurement) have been identified as two key
content areas for mathematics education in the early years (D&gd8),

Methodology

The world café method is frequently used for public consultation or organisational
change processes (Lohr et al., 2020) and was selected for its rigour, relevance and speed
(Schiele et al., 2022). The process facilitates informal conversation among grgaping a
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particular problem or topic, in this instance a consideration of the recommendations made by
the PLE Maths SIG.

Invites to participate were issued via PLE, the Association of Academics in Early
Childhood Education and Care in Higher Education in Ireland. 45 individuals contributed to a
world café at a dajong event in late 2024. All participants were female anchieg on early
childhood degree programmes in thiedel institutes in the Republic of Ireland. The world
café session gathered participant perspectives on the six recommendations from earlier
research (see OO6Neil |l anded®condidercdiscussand4) . Par
reflect on these recommendations and identify how they might be achieved. Small groups
reviewed draft recommendations and as per Brown and Isaacs (2005) the world café method
recorded participants' contributions, supported o$gpollination and connected the diverse
perspectives of contributors.

Findings

The purpose of this study was to determine a collaborative and collective vision for
early childhood mathematics in the Republic of Ireland. Central to ideas were the visibility of
mathematics on EC graduate programmes and clarity about how EC math&matics
conceptualised. Both are needed to inform future policy, frame professional development and
aid in the development and design of appropriate mathematics undergraduate
modules.Bui | di ng on antecedent findingenptedOdNei | |
to agree on a vision with a wider cohort of participants. From the consensus achieved, several
key findings emerged that confirm and refine recommendations, including:

1) Mathematics should be given the same level of importance as literacy on EC
graduate programmeg#greement is needed on when, what, how, and why mathematical
content is introduced. A shared understanding of approach and pedagogy must be established
for graduate programmes, aligned with Aistear (NCCA, 2024) and the national Qualifications
Advisory Boad requirements.

2) Specific knowledge, skills and pedagogy are required to support young
chil drends f un dtavasegrdecthd&Credutakors sefquird alcestain level of
mathematics content knowledge, making this an essential part of initial education. A greater
awareness of pedagogical strategies, the role of teachable moments, and practices that support
mathematical learning throbhgealworld and experiential learning was deemed crucial.

3) A distinction should be drawn between mathematics and numésager
Knaus (2017), mathematics should be explicitly defined as a subject with distinct language,
skills, and processes, while numeracy should be recognised as a life skill. While the term
numeracy is favoured in EC policy documents in the Republieid (for example, Gol
2017; 2024a; 2024b), educators require mathematics coatehpedagogicaknowledge to
notice, identify and support numeracy in EC settings. As such, educators are learning about
mathematics to support numeracy.

4) Separate, discrete mathematics modules within degree programmes are
proposed The breadth and depth of mathematics that young children are capable of engaging
with is unlikely to be covered within partial or blended modules, such as STE(A)M modules
C-ra Gillic, Sandr a 006 Ne iHalpin, DafrkMugphyNIglia Wiaget Powe@lr ol Yel
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or modules that focus on Literaapd Numeracy. However, only a revision of programme
credits can determine where and how a standalone mathematics module could be included in
graduate programmes. It was agreed that this is ateyngrecommendation, requiring

further debate and discussion.

5) A greater focus on the birth tey®ars age range is require@he group
agreed that a dearth of information exists about the-Biethe range, suggesting any research
carried out by PLE should be directed here. This may include carrying out empirical research,
scientific literature reviews or designing and faatihg professional learning events focused
specifically on babies and toddlers.

The findings above relate whatneeds to be done. The data generated during the
world café event also addresdemvthis might be achieved. Consensus emerged under three
headings: professional learning (PL), stakeholder partnerships, and clear and consistent
messaging about EC mathematics. Provision of PL opportunities for EC HEI lecturers,
including workshops, commuies of practice, and collaborative research, was suggested, as
well as additional resources and support for teaching. In addition, gapaititing for early
childhood educators (ECESs) and parents was advised. Exploring how recommendations might
be achieved, participants identified key partners for collaboration, including: National policy
and regulatory bodies, Higher Education and Trgninstitutions, Early Childhood
Education (ECE) Settings and Placement Coordinators, Qualified Professionals and those in
Training. Finally, participants in this study identified the need to establish and maintain EC
mathematics within national EC discoer®LE and the early childhood mathematics SIG
will play a significant role in achieving this goal.

It should be noted that there was some dissent among the group. Debate arose
regarding terminology, i.e. whether the term numeracy or mathematics is more appropriate in
EC contexts, even at graduate level. The connotations of the term mathematics and
implications of its introduction were discussed, for example, minimum mathematics grades as
an entry requirement to early childhood education programmes. Further, the need to include
parents, early childhood educators in practice and other professionalsactiie while
beyond the purview of PLE, was identified as an important element in fore fronting EC
Mathematics within the national discourse.

Conclusion

In conclusion, this study highlights the importance of giving mathematics education
the same priority as literacy in early childhood education andgméce training
programmes. It emphasises the need for a consistent, developmentally appropriaté approac
that includes dedicated mathematics modules and special attention to children from birth to
three years old. The findings support the development of strong professional learning
opportunities, the building of meaningful partnerships among stakeholddrslear,
consistent messaging to help embed Early Childhood Mathematics Education (ECME) into
national policies and practices. The recommendations specifically call for a dedicated stand
alone mathematics module in early childhood degree programmescarscofo meeting the
learning needs of infants and toddlers. Although there are ongoing debates about terminology
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and how to implement these ideas, the main goal remains for policymakers, educators,
families, and practitioners to work together. This collaboration can help make mathematics a
natural, accessible, and engaging part of early childhood education in Indiawvidg

forward, continued effort, open communication, and shared commitment are essential to turn
these recommendations into real improvements that will benefit children's learning and
support the wider early childhood sector.
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Creative mathematical writing: An interdisciplinary approach to geometry
and language in an Irishmedium classroom

!Lorraine Harbison?Triona Nic Fhinn'Conor ScullyNora Nic Con Ultaigh®Brid-Treasa
Wyndham

1Dublin City University;?’An Chomhairle um Oideachas Gaeltachta & Gaelscolaiochta;
3Fighting Words

This study examines the integration of mathematics and language through creative
mathematical writing in an Irismedium (IM) primary classroom. By embedding geometry in
realworld contexts across writing and mathematics disciplines, the research exaavines
students aged 1Q2 used their stories to represent and apply their conceptual understanding
of 2D and 3D shapes, spatial reasoning, and measurement. Recognising assessment as an
integral part of teaching and learning, this study is an example ohmgolanteraction along

the assessment continuum. A qualitative analysis was employed to formatively assess student
authored stories. Findings revealed strengths in procedural application, alongside
misconceptions of 2D and 3D shapes and unit conversioas sdaling up to redife

models. Creative writing emerged as a higsight strategy for uncovering students' concept
images and provided a rich window into their understanding. The study underscores the
potential of creative writing to address the deaftspecific assessment resources for IM
contexts.

Keywords:Creative mathematical writing, assessment, geometry;rnedium
education, integration

Background

This paper contributes to the themeuidthematics for a Connected Wollg
exploring how creative writing bridges numeracy and literacy to enhance conceptual
understanding. Communicating is foregrounded in the recently introduceimsary
Mathematics CurriculuniDepartment of Education [DE], 2023) highlighting how language
and mathematics learning are deeply intertwined. In this study, we exemplify how we planned
an assessment opportunity for students to communicate their mathematical understanding.
This comprisd creating stories with a focus on the geometry and messarals, known
areas of conceptual difficulty in Ireland (Pitsia & Lysaght, 2021). The context for this
research is in an Irismedium (IM) school in the Gaeltacht, where Irish tends to be the first
language of the students.

A particular challenge in IM settings is the lack of authentic resources available in
Irish, including those for mathematics assessment (Nic Aindrit & O Duibhir, 2023). This
makes it difficult for teachers to meet the demands of the revised mathemaimsdwon,
where assessment plays fian integralo role (D
between viewing language as a deficit and recognising it as a resource in minority language
contexts (Nic Aindria, 2024; Ni Riordain, 2018; Planas i&ilC2013).

Against this backdrop, the study explores how creative mathematical writing can serve
as both a learning and assessment tool within an IM classroom. Students used their own
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language as a resource in their creative writing to make sense of 2D and 3D shapes,
measurement, and spatial reasoning, and construct their own mathematics problems in story
form. This approach aligns with tikrimary Language CurriculurfDepartment of Education

and Skills [DES], 2019) which emphasises the importance of meaningful communication and
recognises language as central to learning.

Conceptual Framework

The study reflects Carr and Leebds (2012)
creative writing as a valuable tool to assess understanding in context where atiidered
stories offered insights that might not surface through traditional assessgiertied as a
APl anned I nteractiono (DE, 2023, p. 35) alon
revelatory task (Dooley, 2022), in this case, creative mathematical writing, to gain an insight
i nto the specifics of st Tatd&Mnhes &8981.éndMnet r i c a l
contexts, this approach is also consistent with a language as resource viewpoint (Planas &
Civil, 2013), recognising studentsdo own | ang
them to express, construct, and consoédatithematical meaning through narrative.

Methodology

The study involved one primary school in a Gaeltacht area where lIrish is
predominantly the language of home. A total of 18 students agd@ participated in two
creative writing workshops delivered through Irish byFighting Wordgeam. Utilising the
Write to Rightpedagogical approach, the entire class initially collaborated to create an
opening paragraph for a shared story, devised the setting, plot, and characters. Beyond this,
the students worked in groups to continue the story or create thestomynf they preferred.

The only requirement was that the stories contained a problem or dilemma that needed
mathematics to solve.

Data were the set of all four studentthored stories (originally in Irish, then
translated). A qualitative content analysis (Schreier, 2014) was conducted to uncover
studentsé concept Iimages as they werféther eveal
authors built a coding frame based on the key aspects of geometry that students would have
encountered in their mathematics classes (see Table 1). The authorefenessed their
interpretation of student siéhvdrsiomnaftkestoges.by r ef e
Inter-rater reliability tested agreement and ensured the consistency and validity of the codes.
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Table 1
Building the Coding Frame (Based on Schreier, 2014)

Coding Contains three main categories based on key areas of the Shape and
frame Space Strand, and the Measures Strand of the curriculum: spatial
awareness and location, shape, and measuring.

Main categories divided into five initial subcategories based on the
aspects of mathematical proficiency in frémary Mathematics
Curriculum(DE, 2023); adaptive reasoning, strategic competence,
conceptual understanding, procedural fluency and productive
disposition.

Atfter trialling the coding frame, a decision was made to focus on one
aspect of mathematical proficienep c oncept u al under s
was the aspect most likely to provide insight on student concept images
(Tall & Vinner, 1981).

At the end of the analysis process, the authors were left with a series of coded story
excerpts which allowed for an illustration of the concept images that the students had of this
topic.

Findings

The common story starter was based on a racing narrative. Three groups continued
with this storyline whereas one group created their own story about planning for a pary. Real
world problems encountered were navigating the obstacles in the racecourakaladi oy
the dimensions of rooms so as to order the correct size marquee.

Shape

Students often confused tvdimensional (flat) shapes with thrdamensional (solid)
objects, attributing physical characteristics (e.g., driving cars, having depth) to 2D shapes
such as squares and rectangles. SGoareastaadce
AfGal axy Bar the Rectangl enworldadtiong impynga r ayed en
misunderstanding of their spatial properties. However, some groups showed partial
understanding by correctly identifying features of 3D shapes (e.g., "doblsbor "circular
wheels") or later correcting earlier misconceptions (e.g., describing Galaxy Bar as a cuboid).
These contradictions often oscillated migrrative, offering opportunities for cognitive
conflict and reflection (Vosniadou & Brewer, 1992).

Spatial Awareness and Location

Students incorporated mathematical terminology and concepts such as acute, right,
and reflex angles into story contexts (e.g., racecourse turns in Figure 1 below). While students
could name and describe angle typmphasodeve g. A Th
around the six sides of the hexagon. Each angle of the hexagon was 120 degrees, making 720
degrees in totalo they occasionally misappli
i mplications of a 360A t ur rund360\Wymds onstraight d t h e
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through the diameteré What would be the fast
recognised that to travel 360 degrees would bring the driver back to the starting point.

Figure 1

Studentsd Il lustrations of Racecourse Turns

Measuring

Students applied mathematical reasoning to calculate perimeter and area in meaningful
contexts such as ordering a margquee for the
place themselves before the designer arrived. They went into the living rodoo&ralit the

plan they had made before. All the measur eme
correct use of formulas (e.g., perimeter of a square, area of rectangles) and translated
measurements into story conereadhessaidtdgisaedf, want e

"Maybe I'll tell the designer it's 15m long and 6m wide. So 90m?!" However, challenges

emerged in transitioning from 2D area to 3D capacity. For instance, in estimating the volume

of a swimming pool, students did not provide @asurement for depth, with their calculation
appearing to confuse?withm®> A They needed 5000 | itres of w
50m | ong and 40m wi deo. Students incorrect/
rather than 5,000 m3. One culbieter is equivalent to 1000 litres. Consequently, they should

have multiplied the volume value by 1000 which would have resulted in 5,000,000I (double

that of a typical Olympisized swimming pool). Similar difficulties arose in calculating the
depthofgp ot hol e as 265 feet deepo. Even all owir
appear to have a concept of how deep that measurement might actually be in the real world
(nearly double the height of The Skyline Tour walkway at Croke Park whichmetets-

approximately 144 feethigh). Another point of note is that the students used feet in this

instance rather than metres as in the curriculum.

Discussion

This interdisciplinary approach aligned closely with the aims of the new curriculum
and addressed several ongoing fAsticky probl e
underperformance in geometry and measurement. Rather than assessing predetermined
knowledge, this approach sought to understand students' reasoning and misconceptions
through their own words and representations. Embedding geometric ideas in stories
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illuminated conceptual understanding in atloreatening way and enabled students to use
their own mathematical language in contexts that were familiar and of interest to them. Their
stories offered insight into not just what students understood, buthegvthought, eliciting

rich, proces®riented evidence of student thinking to reveal in some cases flawed or
incomplete concept images (Tall & Vinner, 1981) particularly in fluctuating between 2D and
3D concepts in both shapes and measures.

Implications

A limitation of this study is the small sample size and the one IM context. However,
we believe that creative mathematical writing is a practical, scalable, assessment strategy for
teachers and that future research might explore its use across othex @rgndata, algebra).

To realise this potential, there is a need for effective and sustained teacher professional
learning on planned assessment interactions utilising creative mathematical writing as a
revelatory task.

Conclusion

This study investigated how creative math
conceptual understanding and misconceptions in geometry and measures. Their stories
offered a powerful lens into student thinking, making misconceptions visible in a low stake
engaging format. While students showed strength in applying formulas in more procedural
settings within the confines of traditional classroom mathematics, they needed support to
connect conceptual understanding with mathematical modeling of tasks-iworél
contexts. These insights can inform targeted teaching and formative feedback strategies.

Creative writing provides a studecgntred and interdisciplinary pathway for learning.
It not only supports curriculum goals but responds to broader educational challenges
particularly in the IM setting where, as previously noted, there is a deartrhehtiat
assessment resources. In a connected world, mathematics must@&donanguage, to life,
and to learners. Creative mathematical writing is one way to build that bridge.
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Designing for diversity: A selfstudy on UDL implementation in primary

mathematics within a collaborative professional learning community

Jennifer Holligan?, Lisa Walsh?, Elmarie Tipper3

ISt Cronandéds SNS, ] Corduff NS, | St.

This selfstudy explores how three primary teachers in a Professional Learning Community
(PLC) applied Universal Design for Learning (UDL) principles in mathematics education
within their classroom practice. Thematic analysis of reflective journals shibaesustained
PLC engagement strengthened collegiality, accountability and instructional practice.
Participants integrated UDL strategies leading to greater student motivation and autonomy.
The study highlights crosschool collaboration and structuresfassional learning as key to
inclusive, responsive teaching.

Keywords:PLC, UDL, primary mathematics, collaboration, inclusive pedagogy
Introduction

Contemporary classrooms encompass a broad range of learner needs, abilities and
cultural backgrounds. The Universal Design for Learning (UDL) Guidelines, developed by
the Center for Applied Special Technology (CAST, 2024), offer a proactive, evidased

framework to foresee and eliminate barriers to learning. UDL is based on three principles: (i)

multiple means of engagement (why), (ii) representation (what) and (iii) action/expression
(how). UDL encourages flexible, inclusive environments that giveézarchoices in how

they access and demonstrate knowledge, aiming to address learner diversity by incorporating

such design from the very beginning in all settings (Flood & Banks, 2021; Pusateri, 2022).
Curriculum developments in Ireland reflect a poliommitment to embedding UDL in
primary education. The Primary Mathematics Curriculum incorporates UDL language, such

S )

as Amultiple means of expression and represe

limited practical guidance for implementatidrhis places responsibility on teachers to
interpret and apply the framework, often without sufficient continuous professional
development (CPD). Research highlights that while understanding UDL theory is essential,
effective application depends on sustdipeofessional learning opportunities, which remain
limited in both initial teacher education and CPD (Flood & Banks, 2021; Pusateri, 2022).

Maths4All launched an online Professional Learning Community (PLC) in November
2022 to support teachers in applying UDL in mathematics. PLCs are collaborative groups
focused on improving student outcomes, sharing responsibility and engaging-imfaiated
reflection. They offer safe spaces for sharing experiences and refining practices (DuFour,
2004). Two participants were founding members and becasfecitivators after six months,
delivering nine nationwide online sessions through Clare EducationeGerar the following
year. The third participant joined during one session. The PLC then evolved from a public
forum to regular meetings among members, demonstrating a commitment to ongoing CPD
and UDL in mathematics. The participants teach in diversegpyisettings, including senior
mainstream, vertical multigrade and special education in an infant school.
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Methodology

This qualitative study employed a ssttidy methodology to investigate how three
teachers critically reflected on their mathematics teaching within a PLC framework. Pithouse
Morgan et al. (2014) noted that ssttidy emphasises reflexivity and-constrution of
knowledge through shared experiences, advocating a shift from solitary to collaborative
inquiry. Each participant kept a reflective journal documenting insights and challenges in
implementing UDL in mathematics lessons. Acting as critical frigpaigicipants provided
constructive feedback and questioned assumptions, which fostered reflective thinking and
professional growth (Kelley et al., 2022). Journal entries were written across thirty online
sessions from multiple perspectives, as membersaaiidators, while the PLC developed
over the two years. Multiple voices enrich understanding and offer diverse data (Rithouse
Morgan et al ., 2014). Facilitatorsodo meeting

Data Analysis

Through thematic analysis, gsiepprecess,by Br au
common themes about pedagogical chamgee identified. Participants first reviewed their
journal entries, selecting insightful reflections on UDL and the PLC. These engries w
examined collaboratively, resulting in twerggven initial codes related to the research
guestion. From these, seven potential themes emerged. These were refined into four main
themes with subhemes. The identified themes were supported by spemifiogl examples.
This process deepened the analysis of professional learning, helping participants recognise
patterns and consider how the PLC influenced their understanding and application of UDL.

Figure 1

Initial Codes and Resultant Themes

Initial Codes Initial Codes Initial Codes Initial Codes

= Developing * Influence of broader social = Program * Specific learning
understandings of conditions of schooling on development interventions
identity, learning and practice * Practices = Developing pedagogy
practice » Effects of curriculum on « Identity * Identity-making

» Collaboration teaching and learning « Influence and impact  * PL{FDO‘SE ;

= Accountability » Experiences and of practice . Alwgnlldentlty and

* Relationships professional learning « How to use specific practice ;

* Empathy » New professional practices * \5§u65 of practice

* Challenges of experiences and learning « Complexity of ‘ D‘SCS””‘%C“’ of
collaboration * What it means to lead practice RIECIES

« Previous experience * Views or beliefs e Learning

L : 1 l : |
Potential Themes - PLC Focused:
Collaboration & challenges
Relationships
Influence & Impact of Practices
Accountability
New Professional Learning & Growth

Potential Themes - UDL Focused:
Developing understanding
Developing Pedagogy/Practice

4 Main Themes
1.Collaboration & Relationships
2.Implementation of UDL in Practice
3.Professional Growth & Development
4.Accountability
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Findings and Discussion

Thematic analysis of the data identified four main themes: Collaboration and
Relationships, Implementation of UDL in Practice, Accountability, Professional Growth and
Development. These themes will be explored in more detail.

Collaboration and Relationships

Analysis of participant journal entries revealed a high level of collaboration within the
PLC. Participants valued the chance to work with teachers from different school settings and
year groups, an opportunity often limited by the isolated nature of Issfnoctures. Exposure
to perspectives beyond their immediate context was seen as beneficial for professional
development, as it allowed for the exchange of diverse strategies and helped break down the
professional silos that can hinder growth. Participamthe PLC shared successes, setbacks
and classroom experiences in a supportive environment. Both meeting notes and reflective
journal entries frequently referenced this practice. Participants exchanged strategies, tools
(e.g., virtual manipulatives, wisls, math games) and resources that enhanced their
understanding of UDL and practical ways to identify and reduce barriers for students in their
classes. Creating a shared digital space (Padlet and Google Drive) facilitated the organisation
and access ohaterials. Participants expressed great appreciation for the inspiration gained
from other educators in the PLC. The encouragement from peers helped sustain motivation
and growth mindset, especially when adopting new approaches as described by Paticipant

In sharing my experiences with the group, | get to hear about reflections and
observations that others have about what | have shared. | also feel that it is a great
space to ask questions, both about things that others share and about things that |
might ke looking for some help with, within my own classroom.

The meetings consistently nurtured a warm, collegial environment, and participants
conveyed a shared sense of psychological safety. This aspirational outcome was not
guaranteed at the outset. Feedback shows that their involvement in the group has been
ovemwhelmingly positive, as evidenced by the following comment from Participant C:

| always look forward to checking in and catching up with the others. Due to the
friendly and supportive vibe among the group, it does not feel like an onerous task to
conduct these meetings. | am enthusiastic about trying new things after each meeting.

As group members became more familiar with one another, there was an increased openness
in contributions, due to the regular interactions that fostered meaningful professional
relationships. These reflective conversations fostered professional growthcauodaged

collective problerrsolving as outlined here by Participant B:

What challenges did | face? Time to get around to each group to hear their discussions
about where to place the prisoners (as part of the game, Release the Prisoners) and
what they noticed. What might I do differently next time? Maybe next time | cotld ge
them to record some of their ideas about where to place prisoners in their mathematics
journals, as suggested in the group.
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By collaboratively identifying obstacles and brainstorming solutions, the PLC
functions as a professional space for iterative inquiry and adaptation (McLaughlin & Talbert,
2006). Logistically, task division within the group has been equitable and cotiabora
fostering strong relationships that enhance the PLC's effectiveness. However, this equal
distribution has occasionally complicated decismaking, as members of the PLC may
hesitate to take the lead. Research indicates that teachers in a PL@algnstruggle and
may feel "siddined" (Lovett, 2011). Another challenge noted by participants is the time
commitment outside of working hours, which, together with limited opportunities for
collaborative lesson planning, can hinder effectiveness osRDGFour, 2004).

Implementation of UDL in Practice

As illustrated in the following quotes from participants C and B, respectively, there
were notable shifts in both instructional practices and thinking. The journal entries reveal
increased awareness and application of UDL principles, leading to positogeras for
students in the classroom and provide evidence of the significant impact of participating in a
UDL-focused PLC in primary mathematics.

The group read an article titled "What is UDL in the Classroom?" and discussed it
during the session. | found this helped us to connect theory, represented by the CAST
guidelines and the New Mathematics Curriculum, with our classroom practices.

Possibly the most important reflection of all is that | feel the students in my class have
benefited from my participation in the UDL PLC. My classroom is becoming more
and more inclusive as | embed UDL principles in my lessons. | am trying out new
thingst hat | woul dndét have known about if

A prominent theme emerging from the data was the intentional use of multiple
methods of engagement, representation and expression. Participants reported incorporating
visual aids, virtual manipulatives and picture books to support mathematical concepts,
ersuring accessibility for students with different learning styles. These practices reflect a
growing understanding of how adaptable teaching approaches can remove barriers to learning
and improve understanding. For example, Participant A stated:

| found that virtual manipulatives were great and allowed me to offer greater choice to
students in terms of how they engaged with tasks and how they expressed their
learning. | found that students of all ability levels were actively engaged in the lessons
where they had a choice of using virtual manipulatives.

A particularly notable sutheme was the increased provision of choice and autonomy in
mathematics activities, with a gradual shift towards offering students options for engaging
with content or demonstrating their understanding. Using mathematics joiamstisdents to
showcase their learning in various ways enhanced motivation and ownership of learning,
especially for those who previously disengaged from traditional mathematics lessons and
assessment. The significance of goal setting and activatingkpowledge was another
consistently reported practice among participants.
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Professional Growth and Development

Sharing prior experiences and practices fostered meaningful personal growth.
Discussing lessons about accessibility and engagement required personal reflection both
before and during their descriptions. Throughout the sessions, participants took opesrtunit
to share, facilitate discussions and present their classroom practices and research. This
approach represented a significant step in professional development as it involved taking
leadership within the group and openly sharing pedagogical methodsip@attA reflected:

| shared my experience teaching a lesson on factors using virtual manipulatives with
the group. Reflecting on the lessons allowed me to evaluate what went well regarding
accessibility and engagement. This process reinforced the importance of considering
bariers and making tasks inclusive for all students. | also thought about what | would
change if | were to teach the lesson again and what | would like to explore next
regarding using virtual manipulatives with the class. Gaining feedback and support
from the group gave me the confidence to keep trying new things.

Initially, two of participants relied heavily on prepared slides as a presentation tool. As their
confidence and comfort in their roles grew, they gradually moved away from dependence on
presentation aids. This transition allowed for more genuine conngatitere a dialogue

based approach led to more meaningful discussions and sharing of ideas. Additionally,
participants gained validation through discussions and constructive feedback, which enhanced
their professional development and motivated their cotiibve learning experience.

Accountability

Another prominent theme identified was the role of the PLC in fostering a heightened
sense of professional accountability. Regular meetings motivated participants to apply UDL
principles in their classroom practice consistently. Participant C noted:

| find that the regular meetings help keep UDL to the forefront of my mind. As well as
learning so much during each session, it challenges me to keep learning more about
UDL between meetings so that | can engage in the discussions with others who know
so nmuch about it. In order to be able to contribute to the group discussions, | also push
myself to try out new ideas in the classroom.

Participants reported feeling encouraged by the practices shared by PLC members in different
schools, viewing these insights not as benchmarks for comparison but as sources of
inspiration for their development. Although there is potential for negativeselparison,

the dominant response was one of motivation and encouragement. Notably, some participants
began to incorporate the CAST guidelines for UDL into their discussions, prompting others to
engage more deeply with these frameworks, such as prihenguidelines for regular

reference. Compared to other CPD formats, participants regarded the PLC as providing a
distinctive form of sustained and meaningful accountability, as noted by participant B:
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First time hearing about CAST Guidelines 3.0. It is lovely to see play and regulation
so important in the guidelines. | am also loving the GIBdEMuinin workshops, but

in the PLC, there is more time to chat and reflect. Especially as the group becomes
more familiar, people are sharing more.

Conclusion

This study emphasises the vital role that a sustained and collaborative PLC can play in
enhancing teachers' understanding and practice of UDL. Participants built more confidence in
using UDL through regular engagement, reflective dialogue about succedsgmbfienges
and sharing resources. The findings support existing research highlighting the significance of
both theoretical knowledge and practical support in professional development (Flood, 2021;
Pusateri, 2022). The study also underscores the reddiod emotional aspects of teacher
learning, where psychological safety and peer encouragement serve as enablers of
pedagogical change. Although time commitment and clear degisaiimg processes remain
challenges, this study suggests that-detcted,contextresponsive professional learning can
effectively foster inclusive, studenentred practices. These outcomes reinforce the case for
broader integration of UDinformed PLCs within continuing professional development.
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A shared struggle: Teacher perspectives on the challenge of teaching

problem solving in senior cycle mathematics

Patrick JohnsgrOlivia Fitzmaurice

School of Education, University of Limerick

Devel opi ng s tsalng skitlsssavidglyrrexdghisedras a vital component of
effective mathematics education, particularly at senior cycle level. This study explores the
perceptions of nine pegirimary teachers regarding the teaching of proldelving within

the Leaving Certificate Higher Level Mathematics (LCHLM) syllabus. While all participants
expressed strong support for the value of problem solving, they identified significant barriers
to its implementation. Chief among these were ineidffit instructional time and the demands

of an overcrowded curriculum, which limit opportunities for deeper, stdddrengagement.
Additionally, teachers reported that many students are unfamiliar with predolemg

approaches and often hesitant toageywith problensolving tasks, preferring more

procedural or guided methods. These challenges highlight a disconnect between curricular
intentions and classroom realities. Addressing these barriers is essential if problem solving is
to move frombeingaas pi rati onal goal to a meaningful
experience.

Keywords Problem solving, teacher perspectives, Leaving Certificate Higher Level
Introduction

The ability of students to solve problems is one of the most fundamental goals of
teaching mathematics, but also one of the most elusive (Stacey, 2005). In recent decades,
problem solving has become a central component of mathematics educational reforms
worldwide and this is rooted in the belief that problem solving incorporates mathematics as a
whol e, more so than more O0traditional é appro
& Cai, 2016). Despite increased attention in both research and cumidelelopment aimed
at enhancing problersolving, students' abilities in this area historically remain
underdeveloped and continue to show a clear need for significant growth and refinement
(Lesh & Zawojewski, 2007) . Abdldfsregardimgal |y, t ea
problem solving (Stipek et al., 2001), their lack of training regarding how to embed problem
solving into everyday teaching (Johnson et al., 2019), and a lack of classroom time to engage
in inquiry-based learning activities (Shiel & Kdfler, 2017), also potentially act as inhibitors
towards the successful integration of problem solving into the mathematics classroom. To
gain insight into the experience of Leaving Certificate Higher Level Mathematics (LCHLM)
teachers when attempting to esalproblem solving into their classroom, this paper reports
on a selection of teachersé perceptions towa

Mathematics Curriculum Reform

According to Cavanagh (2006, p . 121), O6th
sl ow and replete with challenges. d Since the
world have been changing to move away from what were deemed outdated cuiititala w
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overemphasis on skill mastery and procedural fluency towards a moreehited teaching
and learning environment, where conceptual understanding and problem solving were key
elements (Cavanagh, 2006). In the United States in 1986, the Commissiondair&eor

School Mathematics was established in a bid to improve the quality of mathematics in schools
by setting out a new vision of school mathematics as an active process and involved changes

to mathematical content, teaching methodologies and assegmaetices (Toumasis, 1997).

The mathematics curricula of many countries around the world were influenced by these
changes, including the U.K. (Noyes et al., 2013) and Australia (Anderson, 2009). In 2010 in
Ireland, a new nationwide pegtimary mathematis curriculum was introduced to modernise

a perceived outlated and teacheentred curriculum (Lyons et al., 2003), by simultaneously
altering the content, the teaching methodologies, and the national assessment strategies.
Additionally, guided by existig research (see Conway & Sloane, 2005) and in alignment

with many curricula around the world at this time, an increased emphasis was placed on the
importance of realvorld applications and the development of probkotving skills within

the new curriculumCurrently, at Junior Cycle level, problem solving is highlighted in the
rationale of the specification, the aim and objectives of the specification, as an element of the
unifying strand that connects each of the content areas within the specificatias, the

central focus of the two classrodmased assessments. Equally, at Senior Cycle level, problem
solving and being able to apply mathematical understanding is at the core of the specification
document and is stated as a clear objective of the do¢umen

The Role of the Teacher During Curriculum Reform

Ernest (1989) noted that teacherso6 beld.
their actions in the classroom and thus have a substantial bearing on any initiative or reform
that aims to alter classroom practice. In fact, Handal (2003, p. 47) avéartas to say that
0t hese beliefs appear to be cogent enough
and thus can have a significant impact on the enactment of any reform. It can take time for
teachers to build the confidence needed tosadheir teaching approaches, and in many
cases, they are also required to engage with new content themselves which can be an
additional challenge (Thompson et al., 2013). This process of professional growth is
continuous and takes times, involving botharfeng and reevaluating as they respond to
evolving expectations and classroom realities. Moreoversg@méce teachers during times of
curriculum reform often express apprehension about implementing the reform changes,
particularly when such reforms dirge significantly from the pedagogical approaches and
learning experiences they encountered during their own secondary education (Johnson et al.,
2020).

Methodology

This study reports on an aspect of a larger study that utilised document analysis and

teacher interviews to gain insights into t

paper, only the elements of the teacher interviews which specifically redgpeoliem

ef

t o

e a

solving will be presented. Flores (2005) sta

the degree and manner that they implement it and for this reason teacher interviews were
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employed to gain insights into the opinions and challenges that the teachers face when trying
to embed problem solving into their classroom.

Teacher Interviews

Semistructured online interviews were conducted, and recorded, with nine LCHLM
teachers to probe their perception and enactment of the curriculum. The nine teachers were
recruited via social media and volunteered to participate in the study. The tdeahers
between6and33y ear s6 experi ence t eachanh2§y ereartshée mat i
experience of teaching the LCHLM syllabus. Topics such as their opinions of the new
curriculum, perceived associated pressures of teaching LCHLM, the specific adritent
syllabus, the time allocated to cover the syllabus, their pedagogical approaches, and
assessment strategies that they utilise were all discussed. It should be stated that while these
interviews provide valuable insight, the small sample size aedfgpparticipant contexts
limit the study's generalisability to the broader population of mathematics teachers.

Analysis of Teacher Interviews

To analyse the data a reflexive thematic analysis approach was used, which allows
codes and themes to emerge inductively from the data rather than bedwefipeel. Soon
after each interview, a member of the research team reviewed and corrected thpttfansc
accuracy, providing an initial opportunity to engage with the data. Once all interviews were
transcribed, the researchers independenthgad them multiple times, noting emerging
trends and noteworthy passages. To ensure reliability, the resesantdependently used
NVivo to systematically code the data, identifying significant elements as preliminary codes.
These codes were refined collaboratively through discussion. The researchers then grouped
related codes into emergent themes. Once thegemiethemes were identified, the
researchers discussed their findings to decide whether to keep, combine, refine, separate, or
discard themes. Finally, any disagreements were resolved through consensus, and each theme
was given a clear and concise name.

Findings

Overall, all the teachers interviewed stated that they viewed problem solving as an
essential part of the curriculum and a key skill that all students should have to develop.
Teacher 4 noted that Oproblem sol Wistatgd i s act
that problem solving is 6édhuge, it's-tewmery, ve
benefits for the students by highlighting that the LCHLM syllabus is very difficult and that if
students could develop their problemlving skills,the o6i f t hey can master
you that theyo6l!l fly through four years of t

While the teachers acknowledged the importance of problem solving and recognised it
as a key skill for students to develop, seve
this area. Teacher 5 r e msovikgslkdisdrehaeér mawgalkt ad
Similarly, Teacher 1 observed that even in higher level mathematics classes, when it comes to
problem solving, O0some of the weaker kids, vy
elaborated further, highlighting that student engagement wotiigm solving varies
significantly depending on the groupobés abil:i
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engagement 86 based on the cl ass. Echoing this
some students are resistantto probtem | vi ng tasks, saying they 0
pushes them,6 and emphasised t haandtitbevel opi ng
students often O0resistdé teachers' efforts to
i n their exams, the final 20% is allocated t
good groups, 0 when it odmam ntag etsh d ve spu evset it d

Another challenge highlighted by the teachers was the difficulty of fitting problem
solving into class time. Teacher 2 shared their enthusiasm for using problem solving tasks,
expressing that they Owish we hadghtheyr e t i me

would I ove to include more, they o6don't have
nature of problem solving itself, suggesting
remar king that they feltgtbaNoogbhetanst t ha
value in the classroom, acknowledging that 0

lamenting that, while they would love to spend a double class on problem solving regularly,
6in reality, you jeaclet6 echoed thdse doreerns, paointire to timei me . 6
constraints as a barrier to developing stude
freedom of time é Hsoldewngl egitdhsidr t pr o hleemx t
Finally, Teacher 9 offered slightly different perspective on the time debate, noting that while
they try to engage Junior Cycle students in problem solving, by the time students reach the

Leaving Certificate, 6éthey don't want you to
out a problem], they want to do their subjec
Conclusion

While the participating teachers in this study expressed strong support for the value of
problemsolving vi ewi ng it as a critical skiothey for s
also highlighted several persistent challenges in embedding it meanirvgthily the
LCHLM syllabus. A central issue identified was the constraint of classroom time. Teachers
noted that effective problem solving requires space for students to think deeply, explore
different strategies, and grapple with uncertainprocesses thatre inherently time
consuming. In contrast to traditional approaches, where solutions are often demonstrated and
replicated, problem solving demands a slower, more exploratory pace that is difficult to
maintain within the time pressures of a packed cuilui.

Compounding this challenge is studentso r
as a mode of learning. Teachers reported that many students lack the confidence, resilience, or
experience to engage productively with problem solving tasks. Some aemh&sjersist
through initial confusion or struggle, while others expect more direct guidance andutlear
answers. This resistance, whether due to prior learning habits or external assessment
pressures, further complicates efforts to foster a classcotinre where problem solving is a
routine and valued part of mathematics learning.

These findings underscore the reality that, while there is broad professional
commitment to promoting problem solving in mathematics education, its successful
integration into daily classroom practice remains fraught with difficulty. Time constraints,
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curriculum demands, and studentsoé | imited pr
significant barriers. However, tshngi mportanc
abilitiesd both for their mathematical development and their broader ctiticéding skilld

makes this an area that cannot be overlooked. If problem solving is to be more than an
aspirational goal, it must be supported through thoughtful curriculum design, sustained
professional development, and a realistic alignment of classe@pettations with the time

and resources available. Addressing these issues is essential to ensuring that problem solving
becomes a central, lived experience in the mathematics classroom, rather than a peripheral

ideal.
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Interest and confidence in primary mathematics: Exploring student

attitudes through clustering
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This study explores I rish primary studentso
key dimensions: interest and confidence. Using the TIMSS 2015 attitudinal scales, data were
collected from 136 sixtclass students across two primary schools imel On average,

students reported slightly higher confidence than interest, with no significant gender

differences. Cluster analysis identified three attitudinal profiles: Low Infetagt

Confidence, Low Interest.ow Confidence, and High Interéstigh Confidence. These
profiles provide a nuanced perspective on st
highlighting the limitations of relying solely on average scores. While gender distribution

across clusters varied descriptively, no statisticallgigant associations were found.

Findings support the use of affeesponsive teaching strategies and recommend integrating
emotional and motivational assessments into policy and practice.

Keywords:Mathematics attitudes, interest, confidence, attitudinal profiles
Introduction

Affective dimensions in mathematics, i.e., how students feel about and engage with
the subiject, critically influence their engagement and learning (Renninger & Hidi, 2016).
Among the most critical affective factors, interest and confidence play pivataliroshaping
students' attitudes, behaviors, and persistence in mathematics learning (Hidi & Renninger,
2006; Pinxten et al., 2014).

Interest reflects emotional engagement and a willingness to explore ideas (Hidi &
Renninger, 2006), while confidence involves
personal experience, emotional state, and social feedback (Bandura, 1997)sSthdeind
mathematics interesting are more likely to persist through difficulty and enjoy problem
solving (Hidi & Renninger, 2006). Higher confidence levels can mitigate mathematics
anxiety, suggesting that interventions focusing onlselief and succasexperiences can help
break the cycle of disengagement (Dowker et al., 2016). Both interest and confidence are
linked to student success (Fredricks et al., 2004; Hidi & Renninger, 2006).

In primary years, when attitudes are still forming, affective experiences can internalize
s t u d e nbel®efs, wiirgmess to engage with challenges, and their later performance
(Dweck, 2006; Lazarides et al., 2020). Fredricks et al. (2004) emphaaizntbtional and
cognitive disengagement often go hand in hand, leading to academic withdrawal if not
addressed early. International assessments such as the Trends in International Mathematics
and Science Study (TIMSS) now integrate affective dimensickapavledging the role that
emotional and motivational factors play in mathematical learning outcomes (Mullis et al.,
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2016). The affective dimension of mathematic
Mathematics Curriculum (PMC), which emphasizes positioning dispositional constructs, such

as confidence and interest, as essential to mathematics learning (NCCA,T2@2BMC also

explicitly highlights the importance of fostering a productive attitude toward mathematics for

the effective development of mathematical proficiency. While interest and confidence are

often studied separately, recent research highlightshba interaction may yield even

greater insights than their isolated effects. (Lazarides et al., 2020; Pinxten et al., 2014;

Renninger & Hidi, 2016). For example, high confidence alone does not guarantee persistence

if interest is lacking, and vice vexsThis study builds on such findings by analysing the co
occurrence of interest and confidence among primary students using cluster analysis, a
personcentered technique. This approach aligns not only with international assessments like
TIMSS butalsowh t he PMCO6s emphasis on nurturing po
underscoring the need for empirical insights into how these affective constretsicm

classrooms. The study addresses the following research questions:

(1) What are the levels of interest and confidence reported by primary students (aged
11-12) in mathematics learning?

(2) What distinct affective profiles emerge when interest and confidence are examined
jointly, using cluster analysis?

Methodology

This quantitative, crossectional study examined 136 sbdlass students (60 boys, 76
girls), aged 1112 years (mean age = 11.4), from two urban primary schools in Ireland.
Participants reflected a mix of academic and secimnomic backgrounds. Data \wer
collected using a questionnaire adapted from TIMSS 2015, which assesses mathematics
interest and confidence of dld-yearolds using two scales: 'Students Like Learning
Mathematics' and 'Students Confident in Mathematics.' Each scale consists ohmin©ne
statement was excluded from the Confidence scale to reduce tealeled bias.

Consequently, 17 statements were included: 9 for Students Like Learning Mathematics (LM)
and 8 for Students Confident in Mathematics (CM). Students recorded théwofleve

agreement for each statement with four response options: Agree a lot, Agree a little, Disagree
a little, and Disagree a lot. The questionnaire was administered inang@aper format.

The study received ethical approval from Dublin City UniverBigsearch Ethics Committee
(DCUREC/2022/022). Ethical procedures ensured participant anonymity and confidentiality.

Data were analyzed using IBM SPSS Statistics Version 29 using descriptive statistics,
t-tests, correlations, and-leans cluster analysis. Responses were recorded-pniat4
Likert scale (1 = Strongly Disagree to 4 = Strongly Agree). Composite scomsctoscale
were calculated by averaging responses, after regediag negatively worded items. This
resulted in a mean LM_score and CM_score per student, each ranging from 1 to 4.

Tandeep Kaur, Eilish McLoughlin, Paul Grimek15



S. Nic Mhuiri, L. Harbison & MRyan(Eds.). Proceedings of the Tenth Conference on Research in Mathematics Education
in Ireland (MEI 10)

Findings
Studentsdé I nterest and Confidence i n Mat hema

Descriptive Statistics:The mean score for interest in mathematics (LM_score) among
the 136 participating students was 2.74 (SD = 0.72), while the mean score for confidence in
mathematics (CM_score) was slightly higher at 2.93 (SD = 0.74). This indicates that, on
average, studesfelt more confident than interested in mathematics. These results suggest
that while students tend to feel capable in mathematics, their emotional engagement with the
subject may be comparatively lower.

Paired Samples Analysis: Confidence vs. Interes paired sample-test revealed a
statistically significant difference between confidence and interest st(t88) =-3.244,p
=.001. The mean difference wds193, indicating that on average, students rated their
confidence significantly higher than their interest in mathematics. The correlation between
LM_score and CM_score was moderate (545,p < .001), suggesting that while related, the
constructs represent distinct aspects of students' a#itlithe effect size for this difference
( Co h é=-@2¥8) was small to moderate, highlighting a meaningful, though not large,
divergence in affective orientation toward mathematics.

Gender-Based Differencesindependent samplegdsts were conducted to examine
gender differences in LM_score and CM_score. For interest, boys (M = 2.80, SD = 0.71)
scored slightly higher than girls (M = 2.69, SD = 0.73), but the difference was not statistically
significant,t (134) = 0.843p = .401. Similarly, for confidence, boys (M = 2.99, SD = 0.70)
also scored higher than girls (M = 2.88, SD = 0.77), though again the difference was not
statistically significantt (134) = 0.939p = .349. Bothp-values exceeded the 0.05 threshold,
with small effect sizes (Cohendés d = 0.15 fo
boys and girls reported similar levels of interest and confidence in mathematics overall.

Affective Profiles of Learners Based on Cluster Analysis

To determine whether distinct groups of students could be identified based on their
interest and confidence levels, a cluster analysis was conducted usiegrs§ clustering.
Using the elbow method, acuster solution (K = 3) was selected as the optimal
representation of the data for the most meaningful representation. These results revealed three
distinct profiles. Table 1 shows the distribution of students across the clusters. Nearly half
(44.9%) of the students demonstrated both high interest anddmdidence (Cluster 3),
while the remaining students were split between those who were confident but not interested
(25.7%- Cluster 1) and those who were disengaged on both fronts (2€CA%ter 2).

Tandeep Kaur, Eilish McLoughlin, Paul Grimek16



S. Nic Mhuiri, L. Harbison & MRyan(Eds.). Proceedings of the Tenth Conference on Research in Mathematics Education
in Ireland (MEI 10)

Table 1

Distribution of students across the clusters

Cluster Description Mean Mean Cluster
Interest Confidence composition
score score

Cluster 1: Appear to feel capable butno  2.22 3.07 N =35

particularly emotionally

Low Interest, High Confidence ] ) ) (25_7%)
invested in the learning proces

Cluster 2: Represent students who are  2.21 2.00 N =40

Low Interest, Low Confidence disengaged or struggling. (29.4%)

Cluster 3: Appear to be positively engage  3.38 3.46 N =61

High Interest, High Confidence with mathematics, both (44.9%)

emotionally and cognitively.

To determine whether gender influenced the distribution of students across the three clusters,
a crosgabulation of cluster membership by gender was conducted, followed bysquare
test for independence. A visual representation of this distributiorFgure 1.

Figure 1
Gender Distribution Across Clusters

The crosgabulation
shows that a slightly higher
proportion of boys were in

Cluster 3: High Interest - High 0% . . .
Confidence m Cluster 3 (high interest and high

confidence), while a greater

Cluster 2: Low Interest - Low 21.70% percentage of girls were in
Confidence ‘ 35.50% Cluster 2 (low interest and low
confidence). Cluster 1 showed a

Cluster 1: Lowlnteres - igh ‘?ﬁaﬂ% relatively balanced geed

' distribution. To test for statistical

o%  10%  20% 30w 40w so% | Significance, a chsquare test

was conducted, yielding a value
of @ (2, N=136) =3.106 =
.212. This result indicates that there was no statistically significant relationship between
gender and cluster membleis. Therefore, gender was not a significant factor in determining
the attitudinal profile to which a student belonged.

Gender by Cluster Profile

B Male (%) MFemale (%)

In summary, the analysis revealed that, on average, students reported moderate levels
of interest and confidence, and mean confidence scores were slightly but significantly higher
than their mean interest scores. No significant gender differences apipescerks or cluster
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membership. Descriptively, more girls appeared in Cluster 2 and more boys in Cluster 3,
though this pattern was not statistically significant.

Discussion and Conclusion

This study shows that while students generally report confidence in mathematics,
emotional engagement may lag behind. While the students in this study generally indicated
positive attitudes, a noteworthy difference was observed between interest andncenfide
with confidence being rated higher. This aligns with earlier research suggesting that students
may feel capable of tackling mathematical tasks but still lack emotional engagement
(Fredricks et al., 2004; Pinxten et al., 2014; Renninger & Hidi, 2@later analysis offered
a more nuanced view than group averages, revealing meaningful affective profiles that reflect
varying combinations of emotional and cognitive dispositions. Aligning with the work of
Lazarides et al. (2020), the findings validatethn ot i on t hat students?o
complex and categorizing students by demographics or averaging responses can overlook
significant variability within groups.

Students in Cluster 1, characterized by low interest yet high confidence represent
those who feel competent in mathematics but are emotionally disengaged. According to
Bandura (1997), confidence can be bolstered by repeated success or teacher affeveation,
if intrinsic interest is lacking. This pattern of competence without enjoyment (Pinxten et al.,
2014) may stem from a lack of motivation in the subject, potentially undermining their long
term engagement and deeper learning (Fredricks et al., 20843r&@m practices that fail to
stimulate curiosity or provide autonomy might reinforce competence without enjoyment
(Pinxten et al., 2014). Addressing this disconnect calls for pedagogies that foster interest
through meaningful and opemded problersolving experiences. Cluster 2 (low interest, low
confidence) represents those who may be particularly susceptible to mathematics anxiety and
negative seltoncept, aligning with findings from Dowker et al. (2016). Dowker et al. (2016)
note that the emotion#&ll of low confidence in mathematics can manifest early, leading to
an increased risk of forming negative emotional ties with mathematics. Cluster 3, the largest
group, includes confident, interested students with an ideal profile associated with
achieverent, resilience, and enjoyment of mathematics, fostering persistence and success
(Bandura, 1997; Dweck, 2006).

The analysis showed no significant gender differences in interest or confidence,
supporting studies of diminishing gaps in mathematical attitudes among younger students in
many countries (Mullis et al., 2020). Nonetheless, the descriptive trend obsetiedluster
profiles, particularly a higher proportion of girls in the lawerest, lowconfidence group,
echoes broader concerns about confidence gaps and stereotype internalization (Lazarides et
al., 2020). These patterns warrant attention, even ialdbence of significant mean
differences.

This study shows that primary students engage with mathematics in emotionally
diverse ways, highlighting emotional and motivational variety even within similar
demographic groups. The study has important implications for teaching. From a practical
standpant, these findings suggest that evaluating affective factors may help teachers identify
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disengaged students, though further research is needed to confirm their impact on learning
outcomes. Differentiated instruction should encompass more than just academic

performance; it must also consider motivational and emotional engagement. For jngtance

mat hemati cal tasks can enhance studentsoO emo

This study is limited by its crossectional design, reliance on sedport, and a
convenience sample of two schools, which restricts causal interpretation and generalizability.
Future longitudinal research could track how these profiles evolve oveatidelate to
mat hemati cs performance. Studentsodé attitudes
reveal developmental shifts not evident in siAgiee-point designs. Nonetheless, the findings
support integrating affective measures, such as confidemd interest, alongside
achievement scores in practice and policy, which align with the aims of the Irish Primary
Mathematics Curriculum. Such integration could help design more holistic support systems,
as suggested by existing research. Professiosalifgy programmes must equip teachers with
strategies to enhance both confidence and interest, recognizing that affective development is
as critical as cognitive growth. Ultimately, effective teaching must strike a balance between
supporti ng esdtealdmirciensydandnaderstanding their motivation.

However, since performance data were not collected, such suggestions are grounded
in existing theory rather than conclusions from this dataset alone. Future research should
investigate the connections between affective profiles and achievement, ashogll as
classroom practices may influence students’ movement between profiles. Recognizing the
emotional diversity within mathematics classrooms is crucial to cultivating capable, curious,
and confident learners.
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Investigating probabilistic justice in elementary school students:

A study of probability and fairness understanding through games

Gamze Kurt
Mersin University, Mathematics and Science Education

This study aims to explore the concept of probabilistic justice and its impact on elementary
school studentsd under st @nmodtkpapgrscsdorsdnda r ne s s .
specially designed dice gathét investigates how fiftigrade students evaleafairness in
probabilistic contexts and how their perceptions of fairness evolve through engagement with
these games. The study focuses on the role of probability in shaping fairness judgments and
examines how children interpret outcomes when probabilitie unequal. Given the limited
research on fairness in probabilistic scenarios, this study seeks to contribute to the
understanding of how children develop probabilistic reasoning and how this reasoning
influences their sense of justice. The findingseagected to inform educational practices

aimed at teaching fairness and probability from an early age, with implications for the
development of critical thinking and moral judgment in children. Data collection has been
completed, and analysis will follousing a qualitative observational approach.

KeywordsPr obabi |l i stic justice, childrenbés f a
childrends moral devel opment
Introduction

Fairness is a foundational concept in both social and educational contexts, deeply
influencing children's cognitive and social development. While fairness is often viewed as the
equal distribution of outcomes, a growing interest is being placed on pist@lpilstice, that
is, how individuals evaluate fairness when outcomes are governed by chance or uncertainty
rather than fixed rules or equal distributions. This term is used to describe fairness judgments
in probabilistic contexts, especially when rana@ss, unequal odds, or perceived bias are
involved.

Chil drenbés understanding of fairness is i
According to Piaget (1932), young children tend to associate fairness with equal distribution,
but as their cognitive abilities evolve, they begin to understand the safjblects of fairness,
including the role of chance and probability. This study seeks to investigate how elementary
school students conceptualize fairness in the context of probabilistic events. Specifically, this
research will focus on probabilistic justibg using simple games such as r@aperscissors
and a specially designed dice game to examine how students evaluate fairness based on
probabilistic outcomes.

This study is particularly timely given that research in moral development has
primarily focused on equalitpased concepts of justice (Kohlberg, 1969). In contrast, there is
a significant gap in research on how children perceive fairness when it inpoblesilistic
or uncertain events, such as games of chance (Tversky & Kahneman, 1974). By exploring
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these concepts, the study aims to provide ne
fairness evolves when influenced by uncertainty and chance.

The problem this research seeks to address is the limited understanding of how
children conceptualize fairness, especially in the context of probabilistic events. While
fairness is often associated with equality and distribution, the role of probabditghance in
determining fairness has not been sufficiently explored in children's moral development. This
study aims to address this gap by investigating how elementary school students evaluate
fairness in games with probabilistic outcomes and how thisrstahding evolves with age.

The study will explore the following research questions:

1. How do elementary school students evaluate fairness in games of chance (rock
paperscissors and dice games)?

2. How do students perceive the role of probability in determining fairness?

3. In cases where the probabilities are unequal (e.g., a biased dice), do students
recognize the imbalance and perceive the game as unfair?

4 . How does studentsd understanding of f a
probabilistic scenarios?

Theoretical Framework

The concept of fairness has been explored extensively in the field of moral
development, with foundational work by Piaget (1932) and Kohlberg (1969) suggesting that
childrends understanding of fairness evolves
primarily focus on equality as a central component of fairness. However, the concept of
fairness in probabilistic scenarios, where outcomes are determined by chance rather than
equal distribution, has not been thoroughly investigated.

In traditional studies of fairness, equalligsed justice is the dominant concept.
Piaget's (1932) theory of cognitive development suggests that children initially see fairness as
equal distribution, and as they grow, they begin to understand that $amagsalso involve
recognizing varying circumstances and unequa
mor al devel opment build upon Piagetds wor k,
matures over time, evolving from a focus on direct equalityntberstanding abstract
concepts of fairness, including principles that might allow for unequal distributions in certain
contexts. These works provide a strong foundation for understanding how children first
engage with fairness in terms of equality.

However, this understanding has largely been confined to the domain of moral
development, and there is a gap in the literature when it comes to probabilistic &airness
fairness evaluated in probabilistic or uncertain contexts. The work of Tversky and kKahnem
(1974) on probabilistic judgment offers insights into how people assess fairness when
outcomes are uncertain or based on probability. Their work laid the groundwork for
understanding how individuals make decisions under uncertainty, which is crucial for
evaluating fairness in probabilistic scenarios. Tversky and Kahneman introduced the concept

of heuristics and biases, which refers to the shortcuts people take when making judgments
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about uncertain situations. This concept has implications for understanding how fairness
might be perceived in probabilistic contexts, particularly when the odds are unequal or when
there are biases in the perceived fairness of outcomes.

Barrouilletand Camos (2001) further explored ho
influences their understanding of probability. They found that, as children mature, they
become better at evaluating probabilistic outcomes and understanding the inherent
uncertaintiesnvolved in decisiormaking processes. This developmental progression is
essential for grasping how children come to view fairness when the outcomes are influenced
by probabilistic factors.

Recent research has expanded these developmental and cognitive perspectives by
highlighting the role of subjective and cont
reasoning. Nikiforidou (2023) discussed the view that young children cannot reasbn abou
probability, emphasizing that their interpretations are often intuitive and embedded in lived
experiences. Similarly, Kingston and Twohill (2022) demonstrate that children frequently rely
on personal desires, emotional responses, and prior experiereeswenpreting
probabilistic tasks, rather than formal logic. These findings suggest that fairness judgments in
probabilistic contexts are shaped not only by cognitive development, but also by how children
emotionally relate to outcomes and perceive chawithin social interactions. Further
extending this view, Papari stodemou et al . (
random scenarios are dynamically constructed through both-gigaaal reasoning and
interactive game design. In their @) children actively negotiated between deterministic
ideas of fairness (e.g., symmetry, equal placement) and stochastic ones (e.g., randomness,
unpredictability), sometimes modifying rando
suggest s trhaaoningalout prdbabdistidfairness is fluid and responsive to
contextual cues, rather than fixed or purely logical. Integrating these perspectives supports a
more nuanced understanding of how probabilistic fairness emerges at the intersection of
cogniive growth, intuitive reasoning, and subjective interpretation.

This study builds upon these foundational theories, applying them to the
understanding of fairness in probabilistic contexts and investigating how this understanding
emerges in elementary school students. The goal is to extend the existing theorieess fair
to include probabilistic judgments and to un
impacts their perceptions of fairness in uncertain, probabilistic contexts.

Methodology

This study employed a qualitative observational approach to investigate how
elementary school students reason about fairness in probabilistic contexts. Data were
collected from two Stlgrade classrooms in a public elementary school, each consisting of 24
students (ages 1Q1). The games were played in pairs, and data collection took place during
regular class sessions. The data collection will occur in two phases:

1. RockPaperScissors Game: Students will play rgeikperscissors in a repeated
manner (20 rounds). After each round, students will be asked to assess whether they think the
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game was fair and whether the outcomes were based on chance. This will help in evaluating
how they perceive fairness in repeated events with equal probabilities.

2. Dice Game: In the dice game, students will use a specially designed biased die with
unequal probabilities (e.g., two faces showing a 2 and three faces showing a 3). Students will
play 20 rounds of the game, and after each round, they will discuss meth@erceive the
game as fair. They will also be asked to justify their answers, particularly when the
probabilities are unequal.

Data will be collected using a combination ofjg@mne and pogjame questionnaires,
observational notes taken during the games to record students' interactions and responses, and
group discussions to explore students' reasoning behind their fairnessienalu

Fifth-grade students (agesilll) were selected because they are developmentally at a
transitional stage where abstract thinking and reasoning about fairness and probability
typically begin to emerge. According to Nikiforidou (2023), children at this mgeasingly
attempt to reconcile intuitive beliefs, personal experiences, and formal aspects of randomness,
making them particularly suitable for studies that examine fairness in probabilistic contexts.

The data will be analyzed using thematic analysis following the approach proposed by
Braun and Clarke (2006). An interpretiwauctive strategy will guide the identification of
recurring patterns in how students perceive and explain fairness and chassebath game
tasks (rockpaperscissors and a biased dice game). All data soilrckessroom discussions,
observation notes, and questionnairesll be reviewed iteratively and coded based on
emergent themes.

The analysis will be structured around four themes: Fairness, probability reasoning,
subjective interpretations, and justification strategies. These include concepts such as fairness
as equal distribution, contextual fairness judgments, probabilisticniegs@.g., recognizing
uneven outcomes in a biased die), and emotionally or experientially driven responses (e.g.,
attributing outcomes to luck or strategy).

In addition to thematic patterns, the analysis will consider the developmental aspects
of childrends reasoning. Some students may
fairness with equal outcomes, while others may provide more cesgagitiveexplanations
or probabilistic justifications. Subjective expressions such as emotional responses or beliefs in

personal control (e.g., Al won because | wuse

intuitive or affectbased reasoning rather thanitag probabilistic judgment. This approach
allows for a nuanced understanding of how children integrate cognitive, moral, and emotional
dimensions when evaluating fairness in chamased games. Data collection has been
completed, and analysis is currerftlythcoming.

Expected Contributions

This study aims to contribute to a more nuanced understanding of how elementary
school students reason about fairness in probabilistic contexts. By examining students'
interpretations of fairness in both eqabbability (rockpaperscissors) and unequal
probability (biased dice) games, the research will provide insights into how probabilistic
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reasoning, intuitive beliefs, and emotional responses shape their fairness judgments. The
findings are expected to inform mathematics education and moral development research by

hi ghlighting the devel opment al elytisgoeknce of
can guide educators in designing learning environments that encourage children to reflect
critically on fairness, chance, and uncertainty.

Conclusion

This study seeks to explore the relationship between probabilistic reasoning and
fairness in elementary school students. By investigating how students perceive fairness in
games with probabilistic outcomes, the research will offer a deeper understantling of
children conceptualize fairness and how probabilistic thinking contributes to their moral
development. The results will also inform educational practices aimed at fostering an
understanding of fairness and probability from an early age.
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Primary mathematicscurriculum in Ireland: The Shape and Spacestrand

matters more than you might think

Eleni Lagoudak, GiinterMaresch, Gavin Duffy?, Marianna Pagkratidéd-
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Although Ireland performed above average in mathematics in PISA 2022, students scored

lowest in the space and shape subscale, indicating a need for greater spatial awareness

support. Given the spatiatathematical association, we examined how spatiakgilévant

to the new primary mathematics curriculum (mental rotation, spatial visualisation, and spatial
orientation) predictsixty r ader sd pl ace value (PV), arithme
problems (WP) performance and the role of gender. fPata 100 sixthgraders in Ireland

showed that mental rotation significantly predicted PV and Ar; spatial visualisation predicted

Ar, Ge, and WP; and spatial orientation predicted performance across all areas. After
accounting for s eand\WRScores kerelpledicted td lzemighkereghand G

mal esd6; spatial visualisation was a signific
was a significant predictor for males. Our findings underscore the value of emphasising
spatial skillstosuppr t al |l studentsé mathematics perfor

Keywords:spatial ability, primary mathematics curriculum, space and shape, PISA
Introduction

Despite | r-avéragepbdosmaradimoverall mathematics in PISA 2022,
students scored lowest on the space and shape sdbsocalgstent with the 2012 cycle when
mathematics subscales were last reported (Donohue et al., 2023, pp. 21, 47gygdstssu
that spatial content is relatively challenging, highlighting an area for improvement in
mat hematics education in Ireland. Further mor
generate, manipulate, and reason about spatial relations; Gillegaet al., 2022) has been
shown to predict studentsd mat hematics perfo
al., 2019). However, a great amount of research has focused on which spatial skills are most
relevant to mathematics performance in eanijdbood or secondary education (Newcombe
et al., 2019) with studies on the middle years (age 11 to 13 years old) resulting in conflicting
findings. In our study, we examined whether three spatial 8kifisntal rotation (the ability
to rotate 2D and 3D obgts mentally), spatial visualisation (the ability to perform
transformations of spatial objects that involve multiple steps), and spatial orientation
(imagining the appearance of objects or scenes from a different viewgppimt)e di ct st ude
performanceacross place value, arithmetic, geometry, and word problem tasks. A trend
identified by Donohue et al. (2023) is that male students in Ireland outperformed female
students in all cycles of the PISA mathematics assessment (Donohue et al., 2023, p. 21). This
persistent gender gap in mathematics at the national level, along with previous, albeit limited,
evidence of gender differences in the spatiathematical association during the middle years
(Harris et al., 2021), prompted us to examine the role of gende
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Interestingly, our examination of the role of mental rotation, spatial visualisation, and
spatial orientation on mathematics achievement is timely, as these three spatial skills are
embedded within the newly introduced shape and space mathematics curgtnaind in
Ireland (NCCA, 2023). For example, mental rotation is essential ingratte mathematical
tasks that require students to recognise whether a shape is rotated or reflected. Spatial
visualisation is evident in mathematical activities that regoomplex mental manipulation
of spatial information, such as transforming 2D and 3D shapes and interpreting diagrams.
Spatial orientation is central to outcomes related to realising positions on the coordinate plane,
navigating directions, and visualigithow geometric shapes appear from different
perspectives. Therefore, our study could shed light on how the spatial content of the new
primary mathematics curriculum (NCCA, 2023)
thinking skills but also their overathathematics (Gilligat.ee et al., 2022) and STEM
(Science, Technology, Engineering, and Mathematics) performance (Zhu et al., 2023).

Literature review

Spatial ability has been associated with mathematics achievement (Newcombe et al.,
2019). However, which spatial skills are most crucial for sgrdde mathematics
performance remains unclear. For example, Mix et al. (2016) did not find mental rotation an
spatial visualisation to predict overall mathematics performance. Instead, visuospatial
working memory was the strongest predictor of overall mathematics scores, with perspective
takingd an aspect of spatial orientatiralso contributing significantly, tugh to a lesser
extent. The findings of Mix et al. (2016) suggest that static, metvesgd and not dynamic,
objectbased spatial processes may be more relevant to the mathematical demands at this
developmental stage. Yet, Cirino et al. (2016) reportatirttental rotation directly predicted
sixth-grade general mathematics performance and appeared to have an indirect effect on
fraction performance by supporting procedural computation and symbolic comparison.
Focusing on geometry and number sense tasksistédial. (2021) found that mental rotation
and spatial visualisation predicted the mathematics performance of slightly younger students
(fifth grade). The outcomes from the studies by Cirino et al. (2016) and Hatrris et al. (2021)
show that examiningsped i ¢ mat hemati cal domains, in cont
may reveal distinct spatial skill contributions that remain undetected when analysing overall
mathematics performance.

Furthermore, there are indications that the spatehematical relationship may vary
between male and female students during the middle years of schooling (Harris et al., 2021).
While Harris et al. (2021) did not find gender differences in the mathensatices of fifth
grade students, distinct gender patterns in how spatial skills predicted mathematics
performance emerged. For geometry, mental rotation predicted the scores of male students,
while spatial orientation predicted the scores of female studéen For number sens
performance was predicted by mental rotation and spatial visualisation, while for females,
only spatial orientation again predicted their performance. These findings suggest that male
and female students may use different shatrategies (objediased vs. egocentric) when
solving geometry and number sense tasks (Harris et al., 2021).
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Our study extends prior research by examining the role of mental rotation, spatial
visualisation, and spatial orientation across a broader range ofjsadh mathematical
domains within the context of Ireland, while also assessing the role of gendleis €od, we
investigated the following research question: Do mental rotation, spatial visualisation, and

spatial orientation predictsixpr ade st udentsd performance i n
geometry, and worgroblem tasks, and what is the role ohder?
Method

We conducted a crosectional study using data on spatial and mathematics scores
collected prior to spatial training. One hundred sithde students (74 female, 26 male, 0
other; M = 11.9 years, SD = 0.2) from five classes in two primary schoolsandrel
participated in our study. We obtained written consent from parents or guardians and
informed all students that they could withdraw from the study at any time without providing a
reason. Teachers led the administration of the assessment materialscfowe provided
training prior to the data collection. All students completed both spatial and mathematical
assessments in their regular classrooms on the same day. To measure spatial ability, we used
the Spatial Reasoning Instrument (SRI; Ramful efall,7) comprising 30 tasks, 10 each
assessing mental rotation, spatial visualisation, and spatial orientation. To assess mathematics
performance, we used a curricukatigned battery of 15 tasks covering place value (ordering
and locating numbers on numbiees), arithmetic (operations with decimals and fractions
and solving simple equations), geometry (area, volume, symmetry, and missing shape
dimensions), and word problems (k& applications involving cost, space, and fractions).

Key Findings

To investigate the predictive role of mental rotation (MR), spatial visualisation (SV),
and spatial orientation (SO) on studentso6 pl
and word problems (WP) performance and the role of gender, we conductbdfatchical
multiple regression analyses (one for each mathematics area). In each model, the dependent
variable was the respective mathematics score. We entered gender (dummy coded; female =
0, male = 1) in Step 1, added the three spatial measures $iRn& SO) in Step 2, and
included interaction terms between gender and each spatial measure in Step 3. As shown in
Figure 1, there were some gender differences in mathematics performance, with males scoring
higher in PV and females scoring higher in Gd ¥/P. However, in Step 1 of the regression,
gender alone did not significantly predict performance in any mathematical are@@V:
0.04,p=.052; Ar:R2 =0.00,p=.974; GeR2 = 0.01,p=.260; WPR2 = 0.02,p = .232).

I n Step 2, adding spatial skiRFHO24px<i gni fi c
. 001 RAX37p<ep . 00 1IR2=0@2p< P 00 1R2=0M0¥p<.001). Mental
rotation significantly predicted place value< 0.15,p = .045) and arithmetid(= 0.23,p =
.004) scores, but not geometlky=0.18,p = .079) or word problem$E 0.11,p = .252).
Spatial visualisation significantly predicted arithmebe(0.20,p = .018), geometryl(=
0.31,p=.007), and word problemb € 0.21,p = .049), but not place valub £ 0.09,p =
.231). Spatial orientation significantly predicted scores in all four mathematical areds<PV:
0.22,p=.020, Ar:b=0.20,p = .046, Geb = 0.32,p = .023, and WPb = 0.41,p = .002).
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Furthermore, gender became a significant predictor of geonetryy1.01,p = .028) and
word-problems  =70.89,p = .036), with males scoring higher than females, but remained
nonsignificant in place valué(= 0.48,p = .131) and arithmetido(=7 0.31,p = .335).

In step 3, we added interactions between gender and the three spatial scores (MR, SV, and
SO) in the regression models. Gendpatial interactions were significant only for arithmetic
per f or MA=0dzZp<(0§i; SV x Gendeb=10.51,p=.013; SO x Gender=1.01,

p <.001). Followup analysis revealed that for females, arithmetic performance was
significantly predicted by MRi(= 0.29,p < .001) and SVi{= 0.33,p = .001) but not by SO
(b=0.04,p=.744). For males, SO was the only significant predidier 1.06,p < .001)

(MR: b=0.03,p=.889, SVb=10.018,p =.230).

Figure 1

Average scores by gender across spatial and mathematics measures
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Note: MR = mental rotation, SV = spatial visualisation, SO = spatial orientation, PV = place value, Ar =
arithmetic, Ge = geometry, WP = word problems. Error bars represent the standard error of the mean.

Post hoc power analyses using G*Power indicated sufficient pow&rd86o detect
the obser Re=dl2g8T).f ect s (@

Discussion

A revised mathematics curriculum was recently introduced in Irish primary schools,
which places greater emphasis on spatial reasoning skills (NCCA, 2023). This shift highlights
the need to examine how the spatial abilities of mental rotation, spatialiségion, and
spatial orientation, integral to the new curriculum, predictsixtha de st udent sdé pe
across place value, arithmetic, geometry, and word problems while also considering the role
of gender. Our findings showed that spatial skillscelct i vel y predicted stu
across all four mathematical domains, accounting for 37% of the variance in arithmetic, 32%
in geometry, 29% in word problems, and 24% in place value. Gender also appeared to play a
role. This outcome aligns withrgvious studies (Newcombe et al., 2019) and highlights the
importance of spatial ability for mathematics achievement in the Irish education system.
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Notably, each spatial skill showed a distinct pattern of association with mathematical
performance. Mental rotation predicted performance in place value and arithmetic but not in
geometry and word problems, suggesting its relevance to tasks requiringisompé
decimal places, understanding the number line, and procedural fluency (Cirino et al., 2016).

This association is supported by theoretical accounts proposing that mental rotation facilitates
flexibility in transforming arithmetic problems and reasm about numerical magnitudes

(Newcombe et al., 2019). Our findings also align with Harris et al. (2021), who found mental
rotation to predict fifth)graders' number sense performance. However, unlike Harris et al.

(2021), we did not find a predictive atlonship between mental rotation and geometry

performance. Spatial visualisation predicted arithmetic, geometry, and word problems scores,
demonstrating a broader influence on mathematics performance compared to mental rotation.
This outcome reinforces ipr theory highlighting the importance of spatial visualisation for

mentally representing and manipulating complex visual representations in mathematical

probl ems (Newcombe et al ., 2019). Therefore,
objectbased spatial skills (mental rotation, spatial visualisation) may be less relevant for
sixth-grade mathematics, our results indicate their continued importance at this educational

stage. Finally, we found that spatial orientation predicted performance attnosghematical
areas. This outcome provides evidence of spa
mathematics achievement, an understudied spatial skill in mathematics education, contrasting
previous findings indicating its limited contribution (Mixadt, 2016; Harris et al., 2021).

As for the role of gender, we did not observe gender differences in mathematics
scores. However, when controlling for spatia
geometry and word problem scores would be higher than those of males. Furthsetfiore
identified gender appeared to influence the relationship between spatial skills and
mat hematics performance only in the case of
scores were predicted by spat atial brientatios.dtasl i s at i
outcome suggests that both genders relied on different spatial skills to solve arithmetic tasks.

The opposite pattern of gender moderation observed in our study, compared to Harris et al.
(2021), suggests that potential differencethe spatial strategies employed by male and
female students may vary depending on contextual factors, such as instructional practices,
teacher expectations, or broader sociocultural norms related to gender and mathematics.

Altogether, our findings suggest that spatial skills have a predictive role in broad
sixth-grade mathematics performance, underscoring the importance of explicitly supporting
spatial awareness in sixtirade mathematics instruction. While the mandom sepling and
uneven gender distribution limit the generalisability of our findings, the outcomes have
important implications for practice, showcasing the value of attending to the spatial elements
of the mathematics cur r i cluvareness nfay furthkenguppbrte ni n g
performance across a wide range of mathematical areas. Future research should qualitatively
investigate how students think spatially about mathematics and how teachers could support
students in leveraging their spatial skithen engaging with the subject. Our quantitative
findings suggest that teachers should encourage all students to use spatial strategies to foster
equitable spatial skill development and potentially bridge the gender gap as identified in
national assessmts, such as PISA (Donohue et al., 2023, p. 21). In conclusion, the
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predictive role observed for spatial skills in our study suggests that enhancing spatial
awareness through the new primary mathematics curriculum may support both spatial
reasoning skills and broader mathematics achievement.
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A comparative study of the cultural script of year 4 mathematics in Japan

and the UK

Bruce Lander
Matsuyama University, Japan

Lesson Study (LS) is a globally recognized collaborative research model that fosters
pedagogical improvement. This study introdu€esnscriptBased Lesson AnalygiEBLA),

an emerging LS methodology that utilizes classroom transcripts from observed lessons to
uncover the "cultural script” of pedagogy. Building on TBLA research conducted in Japan,
Singapore, and Malaysia, this study turns its focus to thé Biore nalticultural and
heterogeneous educational context. The research involves observations and transcript analyses
of primary mathematics lessons from two schools in England, collected duringlangar
sabbatical in collaboration with the University of Nogtham. While data analysis is ongoing,
the study aims to reveal underlying cultural codes of mathematics teaching and contribute to
the limited body of TBLA research in European contexts. Ultimately, the research seeks to
support global pedagogical exchangy helping educators recognize their own cultural

scripts and consider adapting effective practices from other countries to enhance student
learning.

Keywords:Cultural script, cultural code, TBLA, collaborative research
Lesson Study

Lesson study, first adopted as a professional development methodology to help in the
teaching of mathematics and arithmetic in on
educational institutions has been used as a collaborative research exerciseunttigesowe
1872 (Kusanagi, 2021). It is widely believed that Nara University of education was the first
place where lesson study was introduced as a collaborative method of teacher training to help
with the pedagogy of mathematics in the Meiji periodc&ithen, it has been used widely
throughout Japan to train pservice teachers at almost 80% of universities in Japan that offer
teacher training courses.

In the UK and perhaps Ireland however, the history of lesson study is much shorter. It
is generally believed that lesson study was first introduced by Professor Pete Dudley of
Cambridge University in 2001 (Dudley, 2014) in the UK which later spread tmttel
Professor Dudley used Lesson Study as a professional development tool for the teaching of
English. His work had a significant impact on teacher practice and pupil learning in the UK.
Professor Dudley has since accrued a large dataset of lessonerthitbwm a wide source of
schools through the UK and are available publiclyCamtregCambridge Teacher Research
Exchange) an online data source of lesson studies on all types of lesson subject areas
managed by a small team in Cambridge. However, Professor Geoff Wake of the University of
Nottingham took a different approach and is nownseeone of the key people in the
adoption of Lesson Study for mathematics at schools across England.
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TIMSS and PISA

Several of the big data studies like TIMSS (Trends in International Mathematics and
Science Study) and PISA (Programme for International Student Assessment) show England
and the UK to rank poorly in maths when compared to other OECD countries (Richardson e
al.; 2020). A key issue is that England's performance gap between the highest and lowest
achievers in TIMSS 2019 was notably wider than in many other countries (Richardson et al.,
2020). Additionally, while other systems have seen improvements, themadite
performance of England's lowesthieving students has declined over time (Hodgen, 2022),
in contrast to trends elsewhere (OECD, 2013). Hodgen et al. suggest that this low
achievement may be due to a long list of factors including socioeconontvatisaged
students, particularly due to those eligible for free school meals (2022). Despite numerous
policy efforts aimed at reducing educational inequality and improving outcomes for
disadvantaged students the problem at low mathematical attainmemseAddressing the
issue at of understanding at the foundation level of maths could be a possible solution.

An alternative approach

Perhaps what is needed at this stage is an alternative way to teaching key elements of
mathematic understanding, something different to what learners may be used to, something
that is known to work well in other countries. The renowned piece on compataiiies
Afithe Teaching Gapo by Stigler and Hiebert (2
work well in three countries and make repeated mention of lesson study used widely in Japan.
They introdwdeé utrandichtsheyrracqydisé ase DNA of teaching, or
elements of pedagogy that are seen as optimal ways of instruction past down from generation
to generation. If the cultural script can be identified successfully then it could be presented to
teachers in other countries and adapteldcal learning environments.

Many areas in the UK and to some extent Ireland, continue to struggle with the
teaching of mathematics (Hodgen et al, 2022). Wake (2020) has realised that something must
change. Lesson study is increasingly being seen as a possible solution to the piddlem
attainment in mathematics which Hodgen et al
terms of future employment, earnings and | if
2022). It is widely believed that lesson study can help to makarge and improve the
pedagogy of foundation level maths with a focus on early teye#d primary school age
groups. Lesson study research is often conducted at key stage 2 age -grbu@A{stin,
2017; Murphy et al, 2017; Wood, 2017) the age of chiidvhere key mathematical concepts
are usually introduced.

Cultural Script simply replacing teachers does not guarantee better teaching quality
(Stigler & Hiebert, 2009). Improving instruction requires more than just learning new
theories, methods, or todlst depends on effectively connecting theory with practice while
incorpording culturally embedded factors that make these approaches successful (Hiebert &
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Morris, 2012). However, these cultural influences are often subtle or hard to identify. As
Stigler and Hiebert explain:

much of what happens in the classroom is determined by a cultural code that

functions, in some way, like the DNA of teaching. This could be why simply changing

teachers will not automatically produce a change in results (Stigler & Hiebert, 2009,

p.12)

This cultural code is known as the teaching séritite shared beliefs, values, and
habitual practices in classrooms among members of the same culture (Sarkar Arani, 2017;
Stevenson & Stigler, 1992). Although the teaching script (or cultural script af@nbeshapes
instructional practices, it often operates unconsciously. Stigler and Hiebert (2009) argue that
this script cannot be uncovered solely through teacher reflection or researcher observation, as
it is so deeply ingrained in a culture that it gaesoticed. Reflection alone cannot reveal
what is taken for granted, and the insights gained are typically limited to specific individuals
or local contexts (certain schools or study groups), making them difficult to generalize.

Lesson study is now a highly regarded and global research field that continues to gain
interest worldwide. As collaborative research, Lesson Study holds the potential to make
change in the classroom and improve on student understanding at the locaicarad leatl.
However, as Stigler and Hiebert (2009) suggest, if we can determine good pedagogy in one
country and adopt it in another the realm of possibility for change becomes much wider.

Transcript Based Lesson Study

This short paper will focus on an area of Lesson Study called trarsasgtl lesson
analysis. Transcript based lesson analysis (TBLA) is a relatively new and emerging area of
lesson study that takes a slightly different approach to the traditional faffitatlesson
study that traditional format involves the wkilown PDCA Plan, Do, Check, Atttycle of
Planning the lesson in a small group of researchers and teachers, (figure 1) This first step in
the cycle is a collaborative approach to lesson plagnasit involves several teachers of
varying levels of experience and together, they come up with a lesson plan. The second stage
(do) is the instruction of the research lesson which was planned together in step 1 (plan). The
research lesson is observeieo and audio recorded and then analysed by the research team
in the most pivotal of the fotgtep cycle (check). Together the team identifies issues in the
lesson where learners need help in understanding the main content of the class. Finally, the
reseach lesson is instructed again with advice received from the gitease and areas that
previously needed attention is addressed.
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Figure 1.

Four-stage cycle of Lesson Study. Also known as Shewhart & Deming cycle (Johnson, 2016)

Plan = Collaborativelyplanthe lesson in small groups
Do = Teachers teach (do) the lesson and researchers observe

Check = meeting after the lesson and discuss student learning
observed, and data collected during the research lesson

Act = Teaching the lesson again in an improved and redefined way
indicates improved student comprehension

Transcript based lesson analysis differs from this by adopting just three steps from the
PDCA cycle (figure 1). It is a much simpler process and involves just the DC and in part A
sections from the foustage cycle above. With TBLA, researchers do notfete in the
planning of the lesson, which is left entirely to the teachers. They do though ask for permission
to observe the lesson where they set up a series of audio and video recorders that focus on the
teacher, the learning and interaction withincleess and produce a transcript of the lesson. This
written transcript is the main source of data and is distributed to the research team and teachers
who then discuss areas within the transcript to identify the cultural script of the concepts raised.
It helps if the research team is from a wide range of backgrounds and nationalities each of whom
may have different insights of what that cultural script may be. With TBLA this novel approach
to the more formal construct of lesson study, there is huge potemeake a change in actual
pedagogy and improve teaching. TBLA is research on teaching, not research in teaching (Sarkar
Arani et al; 2017; 2019)

TBLA studies from SE Asia

Previous studies on TBLA provide a crasdtural learning opportunity for all
nationalities of researchers involved to learn from each other how to analyse a lesson, deliver
evidence based suggestions for itsninthpr oveme
classroom (Sarkar Arani et al 2025; 2019; 2017; & Sarkar Arani, 2017). An analysis of a lesson
through different |l enses and researchers fr
educators to find their own approach to a global standarethod of improvement and change
the cultural script of teaching. In this context, lessons could be described as an instance of
pedagogical reasoning that drives customised teaching for personalised learning. This may help
to understand how we know whae know and, as educators, if our information is reliable.

Some may refer to this as eviderzsed, (Newmann and Associates, 1996; Sarkar Arani,
2017).

The main aims are to reveal the cultural scripts about mathematical learning that are
held by, but often invisible to, members of
teaching mathematics across cultures. The qualitative data analyticaheppdentifies the
idea that focus on a single problem during the lesson enabling opportunities for deeper learning
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and explores the value of, or problems associated with epistemological decisions therein.
Research like this stands to make an important contribution, both through its novel method, and
in its specific ideas about desirable qualities of mathematics lessdriw these might differ

from the viewpoint of individual cultures.

In Progress

The main researcher of this study has worked on several similar TBLA based lesson
studies in Singapore, (Sarkar Arani & Lander, 2019), Malaysia (Sarkar Arani et al, 2024) and
Japan (Sarkar Arani et al, 2017) that focus on the cultural script of pedagtepchgrs in
the Far East and Southeast Asia. However, as this is a relatively new area of research, as of
now there are few studies that focus on identifying cultural scripts in the UK and or the
European context, a much more mugltiturally and heterogmus society than that of the
countries where such studies have been conducted so far. The authortsree fptbfessor
in Japan but at the time of writing is currently on sabbatical at the University of Nottingham,
UK. He received ethical permissionwusit a school in the East Midlands area of England
where he observed a maths class at the year four level @yen8uly 11 2025. As
described in the abstract data collection for this study is ongoing. After data collection is
complete, transcrip@and postesson discussions will be distributed to the international board
of researchers and any cultural script of mathematical concepts identified will be introduced.

Ultimately, this area of Lesson study emphasizes the details, progression, and context
of lessons, avoiding broad generalizations. Instead, it relies on concrete observations and
dialogue from classroom practice to guide reflection. Through this proeashets
collaboratively develop and share professional knowledge, enhancing teaching practices
collectively. This paper presentation although still in progress, will present cultural script
identified in a mathematics class in England and compare thatltods in Japan and
Malaysia.
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Preservice teachersd insights into epis

number lines to solve additive tasks through jump strategies

C. MathewsL. Prinsloo
University of Witwatersrand, South Africa

This study investigates the effect of the MMMIL (Mental Mathematic§ Work Integrated

Learning) intervention on South African pgeer vi ce teachersd (PSTsb
utilisation of Empty Number Lines (ENLS) in teaching the Jump Strategy (JS)d Basthe

Mental Starters Assessment Project (MSAP), the study employed pr&glodata from 43

PSTs angosti nt er venti on reflections. Analysed usi
(Bingolbali et al., 2011), the results indicated a modest improvement in-ré&hled
performance and identified key epistemological challenges, such as directionality and
abstraction. While PSTs recognised the value of ENLs in fostering conceptual development,

the findings emphasise the need for more structured pedagogical scaffolding within teacher
education programmes.

Keywords:Learning Difficulties, mental mathematics, fervice teacher education,
empty number line

Introduction

There is a growing emphasis on developing the mental strategies of South African
Foundation Phase PSTs and on effective teaching methods. Mental strategies such as the JS

encourage adaptable thinking and enltgaede | ea
effectively into instruction (Venkat & Mathews, 2024). To address this need, thaAMM
project was designed to i mprove PSTsd6 ment al

to this is the ENL, a visual tool that helps learners transition é@mmerete to abstract thinking

(van den HeuvePanhuizen, 2008). This study examines the use of ENLs by PSTs to teach JS.
It attempts to answer the following question: What learning obstacles have PSTs faced when
employing ENLSs to solve additive tasks ugiis?

Literature

MM -Wil project

The MM-Wil project emerged from earlier national efforts to standardise mathematics
education in South Africa, particularly through the PrimTEd Standards and the MSAP
resources, which promote six key mental strategies. Our university embedded thesesstrateg
with particular emphasis on JS, into &@ur component of a thirgear Foundation Phase
methodology course, reaching 80 PSTs annually. In 2024, these PSTs completed the-same pre
and postests designed for Grade 3 learners, which they would thei ii@&arious schools as
part of the intervention during teaching practicum, focusing on identifying items they found
most challenging. These PSTs also completed aipestention reflection as part of this
project (Venkat & Mathews, 2024).
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Additive reasoning

Additive reasoning is understanding and manipulating relationships between quantities
using addition and subtraction. It involves recognising that numbers can be composed and
decomposed flexibly, such as through paatt whole relationships. Learners mako grasp
the inverse relationship between addition and subtraction to reason effectively about quantities
in different contexts (Ching & Nunes, 2017). This reasoning develops from early counting
strategies to more sophisticated mental strategies tHattreinderstanding of numerical
structure (Van Dooren et al., 2010).

Jump strategy (JS)

Using the N10 method, the JS supports learners in tackling addition and subtraction by
decomposing numbers into tens and ones, making the process more manageable (Bléte et al.,
2000). Instead of calculating the total in a single step, learners incrementéllj u mp o al on
number line (NL), maintaining the first number and splitting and adding the parts of the second.

For example, to solve 56 + 13, a learner places 56 on the ENL, then adds 10 to reach 66,
followed by 3 to arrive at the final answer of 69.i'method supports the transition from
concrete counting to more abstract mental calculations by leveraginghpae understanding,
baseten structures and the development of fluency and equivalence reasoning (Venkat &
Mathews, 2024).

Empty number line (ENL)

The ENL is a powerful visual tool that helps learners represent and organise their
thinking when solving addition and subtraction problems. Unlikenpeeked NLs, the ENL
allows learners to construct their jumps and placements, encouraging flexibleystiseand
number sense (van den HeufAzinhuizen, 2008). As learners gain confidence, these visual and
physical jumps gradually become internalised, allowing them to perform similar operations
mentally, what Freudenthaln qgaulslite diifinustihneg hcenae
De Moor, 1990). This transition reflects a deeper understanding of numerical structure and is a
hallmark of developing mental arithmetic fluency. The awareness, or lack thereof, regarding
the structure of the ENL influenceghether PSTs with experience encounter difficulties in
using it and in solving additive tasks.

Theoretical framework

This study used the fAobstacles to | earni
analyse PSTs' reflections on using ENLs to teach the JS. The framework identifies three
interrelated sources of difficulty: epistemological, psychological, and pedagogical.
Epistemological challenges arise from the abstract nature of number structures, such as
understanding jumps in tens. Psychol ogi cal o]
ones or low confidence in mathematics. Pedagogical barriers stem fonctiosial choices,
where procedural teaching of ENLs can limit conceptual understanding. These interconnected
obstacles highlight the importance of scaffolding and reflective teaching practices.
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Methodology

This study took place at an urban South African university in the third year of study,
involving 43 thirdyear PSTs who completed both pamd postests along with reflections.
These PSTs participated in a mathematics intervention programme as pait odtinsework
and teaching practicum. The feyear Bachelor of Education (B.Ed.) programme for teachers
includes two years dedicated to teaching primary school mathematics content, followed by two
years focused on fundamental pedagogical practices andodadogy. These students'
mathematical background is built from the initial two years of content knowledge. Most
students enter the course with mathematical literacy, and some have mathematics from high
school. Before data collection, all PSTs completedtecessary ethical consent documentation
for the project, which has ethics number H21/11/45. The names of the PSTs were anonymised
and referred to as Student 1 (S1) through Student 43 (S43). Data collection involved the PSTs
completing a préest beforattending éhour lectures and tutorials on JS. The same PSTs then
completed a pogest. The preand posttests were used from the MSAP Grade 3 assessment
items, focusing on using NL to solve additive problems. Both tests consist of 30 items. The first
20questions focus on fluency, requiring immediate answers, while the following five questions
involve strategic calculations used to determine the most efficient strategies. Subsequently, the
last five questions employed logical reasoning, patterns, amécbons between mathematical
concepts referred to as strategic thinking. These PSTs implemented the intervention during a
six-week teaching practicum in Grade 2 and 3 classrooms across various South African schools.
As part of the intervention, PSTs wearuired to plan and teach at least two mathematics
lessons focused on mental strategies, specifically using the JS and ENLs. PSTs were
encouraged, though not formally assessed, to
of their reflection jourals and to collect anecdotal evidence on learner responses.

The data used in this study utilised the scores from thepdepostest, along with the
reflections posteaching practicum. Data analysis, for the quantitative component, we
compared the mean scores on-idlated test items from prto posttest. Theclass size (N=43)
allowed for paired comparisons; a simple gain score was also calculated. Qualitative data was
analysed using thematic analysis of their comments, based on various questions. The reflections
were submitted as part of a structured praaticassignment. PSTs responded to prompts
i ncluding AWhat was difficult for you in tea
A total of 43 reflections were submitted, and 16 included descriptions of challenges specific to
using ENLs. Sometimes, angle PST may provide multiple responses pertinent to a singular
obstacle or contribute responses across various obstacles. We examined PSTs' reflections on
the ENL use, separating positive comments from difficult comments. Next, we categorised
reflectionsinto epistemological, psychological, and pedagogical obstacles, and identified
recurring responses within each category. In other words, each time a response is received, we
would record a tick and tally the number of ticks to ascertain whether therg@redmminant
or less predominant responses (see Table 1).
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Insights

For the purpose of this study, we decided only to include data from thanurgost
test that dealt with using ENLs as this arose as a major theme from the initial analysis of the
reflections. Preand postest results indicate a modest improvement&T ®ability to solve
ENL-based problems after the lectures. On relevant test items (e.g. marking or interpreting ENL
jumps), the average score increased from 80.34%d€pteres) to 85.42% (potctures). This
gain of about 5.08% points suggests thatRBd's teachers strengthened their understanding
and skills in using ENLs for mental calculations. Whilst the paper focuses on the difficulties,
16 of the 43 PST6s noted that using the ENL

tasks. SomeoftheSTs noted that | earners’ use of ENL:
ideaso (S17), Abreak down numbers into thei
exactly how the other | earners were dhsl e to

section will discuss insights about difficulties working with ENL from the reflections of the
same group of PSTs. Only two categories of difficulties became visible: epistemological and
pedagogical obstacles.

Table 1
Description of responses from 16 PSTs who identified difficulties
Obstacles Dire | Jum | Movin Jump No Use
ctio pin g away ing expo of
non g from back sure inapp
EN on the use | ward to ropria
L the ENL S ENL te
EN resou
L rces
Epistemological Response; 9 8 8 2 3
Pedagogical Responses 1
Table 1 indicates the two obstacles evident

are the themes that emerged from the responses of the 16 PSTs.
Epistemological Obstacle Analysis

Epistemological obstacles refer to difficulties that arise from the nature of the
mathematical concepts or representations themselves (Bingolbali, et al., 2011). 30 out of 31
coded PST responses reflected epistemological obstacles. Three predominamitiesffi
emerged for the PSTs in utilising the ENL in JS. The primary challenge identified by numerous
PSTs was the learners' difficulty in determining the appropriate direction to follow on the ENL
when performing addition and subtraction (9 responses2. Omf t he PST noted
learners found it difficult to use number lines, going in the wrong direction when adding and
subtracting which i s essenti al to understa
conceptual misunderstanding of how subtmactind addition are represented on the ENL, an
obstacle arising from the representation of the operation.

The second difficulty several of the PSTs highlighted was learners' inability to jump
correctly on the ENL (8 responses). PSTs described this difficulty in different ways. Some PSTs
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me nt i 0 nsome studeatd mayifind the idea of "jumping” between numbers on a number

line confusing ( S7) . T he s a mamothd? &allengeeliestin ensuragl thafi all
students understand the i ncr &mdhnetPST notédehat ar e
fthese students might struggle with the spatial and sequential aspects of the number line,
making it hard for them to keep track of their jumps or understand how the increments relate

to the oveBRIl |Anprtcielre nPST e some learners weate ablétw h i |
quickly grasp the concept of making jumps on a number line, others were finding it confusing

and difficult to applp ( S8) . Learner s’ di fficulty in exe
their ability to create their jumps and placements, which promotes flexible strategy application

and number sense (van den HetRahhuizen, 2008).

The final predominant response articul ate
move from the ENL to solving additive tasks mentally (8 responses). For example, one PST
n ot e dwhileltha humlier line is a helpful visual tool, many learners became dependent on
it and struggled to transition to mental strategies ( S3) . Her e, |l earner s’
visual representations prevents them from mentally transitioning from these representations to
solving tasks mentally. Bingolbali et al. (2Q01dote that the abstractness of the concepts
contributes to epistemological difficulties.

Two less predominant responses to the epistemological difficulties related to developing
the concept of using the ENL to solve additive tasks through JS. PST's first less predominant
response was that learners were not exposed to the ENL as a represensaiiing additive
t asks. On eadaptBJto thediffexemt,preparedness levels of the learners was one of
the biggest challenges. Some learners found it easy to understand how to use number lines and
separate numbers into smaller parts, whiteloer s f ound (S15). Tine inabilityd i f f i c
to separate the number inhibits learners' ability to use the N10 method when tackling addition
and subtraction by decomposing numbers into tens and ones, making the process more
manageable (Blote et al., 2000).

The second, less predominant response is that learners struggled to jump backwards on
the ENL when solving submaagtcbonl|l daeksdi Onét
they needed to move backwards f o(Bl). Shedet r act
responses fed into learners' struggles to escape these epistemological obstacles.

Pedagogical obstacle analysis

Pedagogical obstacles identified by the PSTs included using inappropriate teaching approaches
(Bingolbali et al., 2011). Across all the responses, one response pointed to this particular
obstacle. The reflection indicatédt o i | | ustrate number | ines an:it
somehow time consuming, and it was not al way
moder n r €8)oThis respanse highlights the pedagogical challenges associated with

the role of representations in addressing additive tasks. The PST raises two issues regarding
teaching learners to solve additive tasks with the ENL as a resource. The firstissaeTlise

PSTs discussed pacing in task completion. In South Africa, teachers in underprivileged schools
struggle with pacing, which is significant. (Hoadley, 2003). The PST additionally emphasises

that the ENL fails to engage modern learners as a resoapable of captivating their attention.
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It is noteworthy that only one PST explicitly acknowledged a pedagogical challenge. This may
reflect a lack of awareness among PSTs about their own instructional decisions, a common
iIssue among eadgtage teachers. These findings suggest that PSTs mayreait or
misrecognise pedagogical barriers without targeted support, highlighting the need for more
reflective practice and observatibased feedback during their training.

Conclusion

This study affirms the educational value of ENLs in enhancing PSTs' instructional
strategies and | ear ner 9\l intardedtiort provieed & strargoni n g
foundation for integrating mental mathematics into classroom practice, though persisten
epistemological challenges, such as directionality and abstraction, remain. These issues are not
unique to South Africa; international research also highlights the difficulty PSTs face in
connecting conceptual understanding with representational toafsq®h HeuvePanhuizen,

2008). Strengthening teacher education programmes to address these challenges is essential for
realising the full pedagogical potential of ENLs in early mathematics instruction.
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Measuring student s o6 -pkimpskdlsomnenaryito and pr

third level education using a preapproved diagnostic test

Lauren Matthews Fiona Faulknér Paul Robinsoh

1School of Tourism and Hospitality Management, TU Dulithool of Mathematics and
Statistics, TU Dublin

Like many other countries internationally, the second levell@ gears) mathematics
curriculum in Ireland changed from one where rote learning and procedural skills were the
focus to a curriculum which placed an emphasis on deep conceptual undersaadding
problemsolving in real life contexts (Cunningham et al., 2016; Faulkner et al., 2021).
Faulkner et al. (2021) developed a diagnostic test to examine and compare beginning
undergraduat e st ude ndolsi skils after thedintroddidn oféghesé pr o b |
curriculum changes. This study found that incoming undergraduate students performed
statistically lower on average when engaging with probdehding questions when compared
with their performance when engaging with procedural questionsadthers acknowledged
that more longitudinal quantitative research needed to be carried out to examine this
difference in performance. Using this fpproved diagnostic test, this paper will detail
initial quantitative findings from the first two yearsafarger PhD project.

Keywords:Procedural skills, problersolving skills, diagnostic testing
Introduction

I nternationally there have been concerns
mathematical skills coming from second level, particularly students who are entering third
level institutions (Treacy et al., 2016; Carr et al., 2013; Faulkner et al., 2010; NXDG3).
Society has become more reliant on, and influenced by, advances in science and technology,
both of which largely depend on mathematics, and so it becomes more important that the
mathematics education offered to students should reflect this (NZIDA). There have been
growing concerns in Ireland regarding mathematics in the Senior Cycle of second level
education, particularly, the number of students receiving low grades in the Leaving Certificate
Ordinary Level (OL) mathematics examination (NCQAQS). As a result, the second level
mathematics curriculum in Ireland changed from one where rote learning and procedural
skills were the focus to a curriculum where deep conceptual understanding and problem
solving in real life contexts were the focuauf@ingham et al., 2016; Faulkner et al., 2021).
Faul kner et al. (2021) examined studentsdé pe
curriculum changes by developing a diagnost.i
procedural and problersolving skillson entry to third level education. It was found that
students performed statistically lower on average when engaging with prebleimgy
questions in comparison to their performance when engaging with procedural questions. This
research aims to use thigefapproved diagnostic test to further investigate procedural and
problemsolving skills of students on entry to third level education in Ireland.
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Second Level Mathematics Curriculum in Ireland

Second level education in Ireland comprises of the Junior Cycle-{thegesyllabus),
Transition Year (optional orgear) and the Senior Cycle (twear syllabus). The Junior
Cycle concludes with Junior Cycle Final Examinations (formerly known as therJuni
Certificate) at approximately 15 years of age and the Senior Cycle concludes with Leaving
Certificate examinations at approximately 18 years of age. Both the Junior Cycle and Leaving
Certificate examinations are prepared by the Irish State Examin&twnsission. All
students sitting these exams receive the same exam at their chosen level. For Junior Cycle,
mathematics can be taken at Higher Level (HL) or OL. For Leaving Certificate, mathematics
can be taken at three levels, Foundation Level (FL), GiLor

A mathematics curriculum initially entit!]l
second level schools across Ireland between 2008 (when the curriculum was introduced into
24 pilot schools) and 2015 (when all strands of the new curriculum were assesdéde bo
Junior Cycle and Leaving Certificate examinations). One of the aims within the Leaving
Certificate mathematics syllabus is:

to develop mathematical knowledge, skills and understanding needed for continuing
education, life and work. By teaching mathematics in contexts that allow learners to
see connections within mathematics, between mathematics and its applications to real
life, it is envisaged that learners will develop a flexible, disciplined way of thinking

and the enthusiasm to search for creative solutions. (NCCA, 2013, p.6)

This aim is supported by objectives which are designed to enhance the development of
studentsd mat hematical proficiency which com
fluency, strategic competence, adaptive reasoning and productive dispositiCA (RICL3;

Cunningham et al., 2016).

Overall, the mathematics curriculum has been described as:

empowering students to develop essential profdelving skills for higher education
and the workplace by engaging teenagers with mathematics set in interesting-and real
world contexts (Cunningham et al., 2016, p.80).

After the introduction of these second level curriculum changes, Faulkner et al. (2021)
devel oped a diagnostic test t esolwngskiisiome st ude
entry to third level education.

The Diagnostic Test

The Faulkner et al. (2021) diagnostic test was divided into two sections, section A
which contains the procedural questions and section B which contains the psoblarg
guestions. The questions from each section were paired to mirror each othesioftdren
mat hemati cal concepts they are testing to co
The procedural skills needed to complete a question in section A successfully were also
required to successfully complete the paired question in sectioovmiver, the section B
guestion also contained reabrld context (Faulkner et al., 2021). The test contains 9
questions in each section of the test with question 2 and 9 containing two parts. This number
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was deemed suitable so that students would be able to complete the test duniniga&0
lecture slot.

The questions for section B of the test were taken directly from previous Junior Cycle
and Leaving Certificate examinations from both HL and OL examination papers. Taking the
guestions from previous examination papers (albeit with slightly amended cpnésxited
i n the questions for the diagnostic test dir
interpretation of problersolving in the context of a written examination (Faulkner et al.,
2021).

Marking the Diagnostic Test

For the research outlined here, correct, incorrect and blank answers were recorded
when marking the diagnostic test. A correct answer received 1 mark and both incorrect and
blank answers received 0 marks. As there were no attempt marks being awardatielue to
comparative nature of the diagnostic test and since question marking has an element of
subjectivity, it was decided that the tests would be marked twice, once with a rigid marking
scheme (RMS) and a second time with a lenient marking scheme (LMSy§leBhef this was
to investigate if rounding issues or slips (where a student makes a calculation error with
workings) would have an impact on the findings, especially since some of the questions in
section B required working with decimals and roundingtierfinal answer which was not
the case with the paired question in section A. Therefore, this issue would be negated with the
LMS. Additionally, considerations were made to ensure that the marking schemes were
consistent across both section A and sed@onof t he test as a student
section would be compared.

Internal Consistency of the Diagnostic Test

Cronbachbdés alpha is used to measure the i
is done by measuring the homogeneity of a gr
an indication of how well the different items complement each other inntegisurement of
di fferent aspects of the same variable or qu
Cronbachdés alpha | ies between zero and one,
internal consistency and values closer to one having a highermnal consi stency.
alpha was calculated across all 22 questions on the diagnostic test, using the RMS and LMS,
to measure the internal consistency reliabil
is 0.840 using the RMS and 0.849ngsthe LMS which demonstrates good internal
consistency in both cases.

Participants for the Diagnostic Test

All students who undertook the diagnostic test are in year 1 of their undergraduate
studies at different levels of QQI awards. The majority of the sample are in a QQI level 8
programme (93.6%) with the remaining students being in a QQI level 7 progran&itte (6
QQlI level 6 programme (0.9%). The sample contains students from 25 programmes of study
which ranges from ones which have a large mathematical component, for example,
engineering and science, to ones which would have a smaller focus on mathematics
(accounting and finance and pharmaceuticals) to more general programmes which cover a
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wider range of subjects similar to second level schooling (International Foundation
Programme). For their Leaving Certificate mathematics level, the majority of the sample were
HL (73.0%), a little under one third of the sample were OL (26.7%) and théniegha

students were FL (0.3%).

Data Analysis

The Statistical Software Package for Social Sciences (SPSS Version 29) was used to
analyse the data from the diagnostic test. Paitest$ were carried out to compare means in
section A and section B of the deifoathpenosti c t e
overall group using both the RMS and the LMS. The researcher wanted to compare the means
to investigate i f there were statistically s
on the diagnostic test within smaller groups (e.g. Leaviegificate level), however as the
data within each group was not normally distributégists were not appropriate. Therefore,
the Wilcoxon Signed Ranks Test was used to compare the medians of section A and section B
of the diagnostic test within each gmuwsing both the RMS and LMS.

Findings

Paired sampletiests were used to establish if the whole group of students who
undertook the diagnostic test in 2022 and 2@23 (@ ¢)mperformed statistically significantly
better in one section of the diagnostic test when compared to the other. The-festedvere
carried out twice, once for results using the RMS and once using the LMS.

The results using the RMS showed that there was a statistically significant difference
in the studentsd meawm o@pie) whenrcongpared & sactonB ect i on

(O T@&N, with the studentsd mean performance
section A which contained the procedural questions (see Table 1 below).
Table 1

Performance of overall group in sections A and B of the diagnostic test using the RMS.

Section A Section B
QQl level N M SD N M SD p-value
Entire Group n/a 660 69.45 23.37 660 43.80 22.17 p<0.001

Table 2

Performance of overall group in sections A and B of the diagnostic test using the LMS.

Section A Section B
QQlI level N M SD N M SD p-value
Entire Group n/a 660 71.42 22.86 660 51.80 23.05 p<0.001

Similarly, the results using the LMS showed that there was a statistically significant
di fference in the studends)Yg@ pheremcompareditmor manc e
sectonBe uv@yN, with the studentsd mean perfor ma
better in section A which contained the procedural questions (see Table 2 above).
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Results using the Wilcoxon Signed Rank Test showed that there was a statistically
significant differencei{l mtinmp n st udentsé median perfor manc
section B (see Table 3 below) of the diagnostic test for students who sat mathematics at HL in
their Leaving Certificate exam, with student
than sectioB using the RMS and LMS. This was also found to be the case for students who
sat mathematics at OL in their Leaving Certificate exam @&t 1t pusing the RMS and
LMS. In the case of students who sat mathematics at OL, the median performance is below
20% using the RMS and below 30% using the LMS in section B of the diagnostic test.

Table 3

Comparing median performance of students in section A and section B of the diagnostic test
by Leaving Certificate level with the RMS and LMS using the Wilcoxon Signed Ranks Test,
where the median is given as a percentage of correct questions in each.sectio

Section A Section B
LC Level N Md N Md p-value
Higher RMS 482 81.8 482 54.5 n T8tmp
Ordinary RMS 176 455 176 18.2 n tdmp
Higher LMS 482 81.8 482 63.6 n T8tmp
Ordinary LMS 176 54.5 176 27.3 n T8tmp

Further findings indicate that there was a statistically significant difference in
studentsé median performance in section A, a
each programme of stwudy/ grouped pr ongamceammes O
being statistically significantly better in section A, the procedural section of the diagnostic test
using both the RMS and LMS. Initial findings also suggest that students entering programmes
with a higher minimum grade in mathematics entry requare tended to have a better
performance in both sections of the test.

Discussion and Further Research

The students who undertook the diagnostic test for this research are extremely diverse
in terms of their discipline areas and their Leaving Certificate levels and grades. However, all
students have come from second level education in Ireland and conpkstddeaving
Certificate in or after the year 2018 and were exposed to the alternative teaching methods and
mathematical content which were introduced with the second level mathematics curriculum
from 2008. The quantitative findings presented that onagegrstudents performed
statistically significantly better in section A of the diagnostic test, the procedural questions
when compared with section B, the probleatving questions using the RMS and LMS.

These findings are in line with the findings frone thaulkner et al. (2021) study which used
the same diagnostic test albeit the present research examines a much larger data set.

The diagnostic test was distributed to a third cohort of students in September 2024
which will add to the above data set in the coming months. In addition to the quantitative
research outlined above, the overall research project aims to carry out digealita
i nvestigation using the Faulkner ealoadd (202
protocol :alThied 66 tphriontko c ol requires students tc
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engaging with a given mathematical task, allowing one to access what is happening in the
st ud e ntedmmemdrydCowan, 2019; Ericsson, 2003).
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A preliminary analysis of real-world contexts for fractions used in Northern

Ireland and Singapore mathematics textbooks

PamelaVioffett!, Ban Heng Cho¥y/
IStranmillis University College, Belfast

2National Institute of Education, Nanyang Technological University, Singapore

Fractions are among the most challenging concepts that children encounter in the primary
school years, largely due to the many different fraction conceptualisations. To make
mathematics more meaningful and accessible for all students, teachers are eddouwiag
realworld contexts and models to bridge the gap betweerwaiddl understanding and
mathematical understanding. Choosing appropriatewedtl contexts that are suitable for

model building presents challenges for textbook developers. This gap®ders the use of
context in the teaching of fractions in two countries: Northern Ireland and Singapore. Two
textbooks, one from each country, were analysed with regard to the coherence between how
fractions are conceptualised and the contexts amthegels used to represent them.

Keywords:fractions, teaching and learning, textbooks,-léalcontexts
Introduction

Proficiency with fractions is essential not only for mathematical learning but also for
applications across a range of scientific disciplines, career paths, and everyday situations. Yet,
fractions are widely recognized as one of the most conceptuallgiehizy areas of
mathematics for children in the primary years (e.g., Smith, 2002). It is therefore concerning
that despite sustained reform efforts over several decades by researchers, policymakers,
mat hemati cs educator s anperfdaneance dndraction dev el oper
arithmetic tasks has shown limited improvement (Siegler & L-étilgues, 2017).

Connecting school mathematics to the #gatld is considered a crucial factor for meaningful
learning (Abafio et al., 2024). However, a substantidy lwd research challenges the
assumption that the contextualised tasks that learners experience in the mathematics
classroom are similar to the mathematics that people use in theardl(e.g., Nunes et al.,
1993). Textbooks, often the main resourcetéaichers, play a pivotal role in guiding
pedagogical approaches. This paper seeks to contribute to the discussion by examining and
comparing how contexts are used in the introduction of fraction concepts in textbooks from
two countries with different edaton system$ Northern Ireland (NI) and Singapore.

Fraction Constructs

According to Smith (2002, p. 3), Ano ar ea
mathematically rich, cognitively complicated, and difficult to teach as fractions, ratios and
proportionalityo. One of the key i sesmneg asso
fractions is the multiplicity of fraction constructs (Lamon, 2020). There are at least five
different fraction constructs: panthole, measure, operator, quotient and ratio. For example,
as a partvhole construct, the fraction 2/5 is usually intetpd as two out of five equal parts
of the unit (whole). As a measure, 2/5 is perceived as a distance of two 1/5 units from zero on
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the number line, which presents fractions as numbers. Regarding fractions as numbers also
relates to the idea that 2/5 is the answer to 2 + 5 (quotient). As an operator construct, 2/5 of a

unit is found by multiplying the unit by two and dividing the résyl five or dividing the unit

by five and multiplying the result by two. Finally, as a ratio, 2/5 represents a multiplicative
relationship between two quantities in a particular order. It is crucial for students to encounter

the different conceptions ofédctions as part of their learning experiences. However, fraction
instruction has tended to concentrate onthewdrto| e construct, and as
understanding of fractions is fiteetering on

Representations, Models, and Contexts

With the aim of broadening studentsdé unde
recommend providing opportunities for students to work with multiple representations of
fractions and translate between and within these various representations: ¢cpratcetal,
verbal, symbolic and realistic. Similarly, van de Walle et al. (2013) promote the use of
different model$ area models (e.g., fraction discs), linear models (e.g., fraction strips,
numbers lines), and set models (e.g., collections of disubgtets)i to expose students to
different ways of thinking about fractions. However, it appears that textbooks often favour the
use of area models, leading to a limited understanding of fractions (Watanabe, 2002). This
singular focus on the panthole canstruct of fractions is also compounded, at times, by a lack
of clear connections made between the different representations.

Furthermore, the use of context in mathematics curricula deserves careful attention
given that the mathematics in rdiéé is always in context (Meyer et al., 2001). Borasi (1986)
defines context as fAthe situati.€ontextis whi ch |
usually provided by the text of the problem, but it can also be contained in pictures, diagrams,
or tables. Contexts fulfil various, often interrelated, roles, with a single context potentially
serving multiple roles simultaneously. Thesdude: (1) motivating learners to engage with
new mathematical concepts, (2) offering opportunities to use and apply mathematics, (3)
introducing new mathematics, (4) guiding potential solutions, and (5) grounding mathematical
understanding (Meyer et al.0@1). Although context is not the main factor influencing
di fficulty of questions, it can shape | earne

The failure of learners to pay attention to relevant codtased knowledge in their
solutions has been widely documented and is attributed to the artificial contexts that are
typical of many school textbooks (Verschaffel & DeCorte, 1997). Whilst adlifocintexts
can be useful, they may also interfere with and distract from the underlying mathematics, with
evidence suggesting that many learners are required to suspend belief and make unrealistic
assumptions (Greatorex, 2014). It is argued that thefusedc ont ri ved cont ext s
examples, and irrelevant pictureso may | ead
contrived, trivial and irrelevanto (Du Feu,
familiar to | earnmpotsédntixplerti ® nce sin dlaiven dthieng
exacerbating of disadvantageo (Sullivan et a
contexts used in textbooks and consider how
understanding of fractions. The papeframed by the following overarching research
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guestion: What are the different contexts used in the textbooks when students are introduced
to fractions and how are these contexts aligned with the fraction concepts and models?

Methods

In NI, fractions are first introduced in Key Stage 1 (ag€3, Within the Number
strand of the Primary Curriculum. Whilst the expectation is that pupils will recognise and use
simple everyday fractions, teachers have considerable flexibility in inteigotae curriculum
to meet their pupilsdé abil it twhakecanceptofi nt er est
fractions is introduced to students, primarily via the area model, at Primary 2 (age 8) under
the Number strand of the Primary Mathematics Culum. In NI, schools have the freedom
to choose their own textbooks, unlike Singapore where one textbook series is used in all
schools. The aim was to explore how fractions are first introduced in textbooks as this will
i nfl uence how t leandulndesstamdi@ag dévelopk over tinhe eGohgtextbook
was chosen from each countiyew Heinemann Maths 3 Textbook (NHNSgottish Primary
Mathematics Group, 2000), one of the more popular textbooks for Year 4 in NRriamaty
Mathematics Textbook 2B (AMB),the current textbook for Primary Two in Singapore
(Curriculum Planning & Development Division, 2022). These textbooks were chosen as they
are representative of how fractions are first introduced in each of the two countries. Analyses
occurred at each item level. Each item was coded using the five comsepttifractions: pait
whole, measure, quotient, operator, and ratio (Lamon, 2020). The representations used were
also coded using the categorisation: area, linear, and set (van de Walle et al\W&0tt@n
took note of the contexts used to introduce fractions in the two textbooks and seek to
understand how the contexts used may promot e
fractions. Coding was done independently by each author and analyses serpisably
shared and justified through discussion together.

Findings

In this section, the contexts used in the chosen textbooks are presented with an
analysis of how the contexts align with the corresponding fraction concepts and models used.
There are 20 items in NHM3: the main focus is on the\phdle conceptualisatioof
fractions; both area and set models are used. One item, requiring students to count in halves
along a number line, relates to the measure conceptualisation. Only feworihtontexts
are used. As seen in Figure 1, re@irld contexts are first intouced in the second item with
fruit pies represented by area models (circular regions partitioned into equal parts). The use of
context promotes understanding of the jétble concept of fractions through the area
model. In further items, the set modelsed to represent the parhole concept. For
example, arrays are used to support student appreciation of the relationship between fractions
and multiplication and division. A range of reabrld examples is used, as shown in Figure 2,
before progressing word problems with no supporting illustrations.
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Figure 1
Context of sharing food (NHM3)
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" Anna buys one half of each pie.
How many pieces of each pie does she buy?

Figure 2
Context of trays of rings and fruits (NHM3)

I () Divide each tray of fruit equally among S people.
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(b) Find one tenth of the rings on each tray. 45 K AL A\

(¢) What do you notice when you (b) Find one fifth of the fruits on each tray.
(€) What do you notice when you

divide by 10 ) and ( find one tenth?)) dvidebyS, ond  (find one fih)?

By contrast, all of the 23 items in PMT2B involve the painble conceptualisation
and the area model. It is interesting to note that contexts are used primarily to introduce new
concepts and skills. For example, as seen in Figure 3, the context of $hadmng used in
the chapter opener and the introduction of
fades away into the use of area models (such as fraction discs and rectangular bars). These
contexts align closely with the pashole concepof fractions and the models used.

Figure 3
Context of sharing food (PMT2B)

This is @ whole pizza.

t"“

,fwn-*
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r.

X o

Cut the pizza into 2 equal pieces

l"h

Each piece is one-half of the whole pizza.

We write one-half as "

The foodsharing context is also used when addition and subtraction of fractions are
introduced in the textbook. See Figure 4. It is noteworthy that the contexts used for addition
and subtraction of fractions are coherent with the stipulated emphaskes partivhole
concept and area model of fractions.

Discussion and Conclusion

In both textbooks, reakorld contextd particularly foodsharing contextg are used
to introduce the panvhole concept of fractions. This has the potential to promote reasoning
about the relationship between the number of equal parts and the sizb pagebecause of
the coherence between the contexts, concepts, and models. For NHM3, the context also
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provides a connection for teachers to discuss fraction equivalences. However, it is possible

that the realvorld context may obscure these underlying relationships. For example, students
may focus solely on the numbemanypiécespfeeach s t o a
pie does she buy?06 (Figure 1).

Figure 4
Context of sharing food for adding fractions (PMT2B)

Addition and Subtraction of Fractions

What fraction of the pizza did Raju and Xinyi take
altogether?

1
I took —

=
ol
5 5
of the pizza. " of the pizza.
o
d ey
-

o

|
AT
|

One-fifth plus two-fifths equals three-fifths.

3
Raju and Xinyi took < of the pizza altogether.

Whilst the chosen contexistirays of rings and fruits in NHM3 are coherent with the
array model, it could be argued that they ar
experiences. It is also questionable whether an array efveeld items catributes any more
to student understanding of fractions than an array oftoatextual objects such as circles.

Such was the case in the first use of the array in NHM 3. Likewise, for PMT2B, the use of
pizza sharing for adding and subtracting fractienguestionable because it is more natural to
discuss operations of fractions in relation to the measure concept (Lamon, 2020). It is also
unrealistic to cut a pizza into 5 equal parts and most people prefer to discuss the quantity in
terms of the number &lices, rather than the fraction of the pizza. Hence, this appears to be a
contrived context for addition and subtraction.

This preliminary investigation has shown that the kinds ofwesild contexts used in
textbooks and how they align with fraction concepts and models is very complex. Although
tentative, the findings suggest the need to consider how the chosen contegts wgth the
fraction concepts and models used. Whilst this study explored the coherence between the
contexts, concepts, and models; further research could consider how students may perceive
them. What is clear is that there is a need to engage withres@march to understand the role
of realworld contexts in promoting or hindering conceptual understanding.
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A case study of undergraduate mat hen

Ciara Murphy Maria Meehan
School of Mathematics and Statistics, University College Dublin

We report on a case study from a research project examining undergraduate mathematics
studentsod coll aboration on homewor k. We exanm
participants from the larger study who worked together on homework in what we propose i
community of practice. These two participants are chosen due to their aspirations of pursuing

a career in research. While preparing future mathematicians has previously been identified as

a goal in university mathematics, we examine the issue frostuldent perspective. Using

communities of practice as our theoretical frame, we analyse how the two participants

attempted to align their collaborative practices as undergraduates with their imagined futures

as research mathematicians.

Keywords:Undergraduate students, communities of practice, collaboration
Introduction

In this paper we report on a case study from a research project in which we examined
undergraduate mathematics studentsé coll abor
As part of the larger study, ten recent graduates from a large, reggaridive miversity in
Ireland were interviewed about the collaboration they undertook on homework problems.
Reflexive thematic analysis (Braun & Clarke, 2022) was used to identify commonalities in
participantsO6 accounts. We bDroeworkdwitisgeafict par ti c
peers who were also their friends and tended to be like them in terms of academic ability and
interests. Participants reported working on problems alone initially and collaborating at the
point at which they got stuck. All participants felt they benefiftech collaborating. We also
identified constraints on participantsodé col l
collaborative nature of research mathematics.

Our initial analysis of the interview data was focused on identifyorgmonalitiesn
participants® account s. However, we also not
practices and felt that the indigenous way in which participants negotiated their response to
constraints resonated with Weracgce (COP.Inths998) t
paper, we take the opportunity to explore this aspect of our data further by presenting a case
study of two participants, Sullivan and Lyricivho collaborated as undergraduates in a group
which we propose can be considered a CoP. We substantiate our claim that this group is a
CoP by illustrating the manifestation of three characteristics of a CoP in their practice of
collaborating on homeworkVe chose to focus on these two participants as both spoke of
their ambitions to pursue a career in research mathematics. Prior research has identified
preparing future mathematicians as a goal of mathematicians (Woods & Weber, 2020).

However, in this papave examine the issue from the student perspective. Specifically, we

" Sullivan and Lynch are gendeeutral pseudonyms.
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utilize the theory of CoPs to examine how Sullivan and Lynch attemptdytatheir
practice of collaborating as undergraduates with theginedfutures as mathematicians.

The Collaborative Nature of Research Mathematics

In popular media, mathematics has traditionally been portrayed as a solitary activity
(Barba, 2018). Contrary to this stereotype, there are indications that mathematics is becoming
increasingly collaborative. Grossman (2005) reviewed patterns in mathenesgarch
publications and found that the proportion of sirglghored publications fell from 91% in
the 1940s to 54% in the 1990s. Murphy and Meehan (2024) conducted a review of the
authorship of articles publ i st ejdournna&l02 3ad nr
by Scimago JR. Singlauthored papers accounted for 18% of this sample, suggesting the
continuation of the col | ab chased stusyevitht70 e n d . Bur
mathematicians from the UK and Ireland provides insighttimanature of research
collaboration. Burton found that all but four participants reported working either co
operatively across disciplines or collaboratively with other mathematicians. Participants
discussed cognitive and affective benefits of collabogaflhey also talked about the role of
competition within mathematical culture and reported that while the discipline has become
increasingly collaborative, competition is pervasive and ofteexegts with collaboration.

Theoretical Framework

Stated succinctly: communities of practic
concern or a passion for something they do and learn how to do it better by interacting
regul arlyo (Wenger, 2015, p. 1). \Vookhagte (199
mutual engagemewf participants negotiatingjaint enterpriseover time and developing a
shared repertoireén the procesdMutual engagemenmnvolves establishing ways of working.
Examples of thehared repertoiref a CoP include the discae used, routines created, and
the creation of artifacts. Simplistically, tf@nt enterpriseof a CoP can be thought of as its
member sd understanding of what the enterpris
cautions thajointenterpriseg o es beyond a fAstatement of purp
community as they determine Awhat i1 s i mport a
to doo (p. 81). Wengeconbtabemethanht CbOPesar épn
can benfluenced by external constraints to which they respond in an indigenous manner.

While engagingn practice is one way that an individual can identify as belonging to a
CoP, Wenger (1998) presents two other modes of identificatn@ginationandalignment
Identifying with a CoP througimaginationi s descri bed as fAcreating
seeing connections through time and space by
173).Imaginationcan enable us to see our engagement in practice in a different light and may
be affected by stereotypes we hold. Identifying with a @o®ughalignmentinvolves
Acoordinating our energy and activities in o
Farnsworth et al. (2016) Wenger discusses the example of a ginnalgtnedherself as a
marine biologist. In terms aflignment,she had to consider what practices she needed to
engage in so that she could ultimatehgagen her dream job.

Using the CoP theoretical framework, we articulate our research questions as follows:
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O«

RQ1. How are the three characteristics of a CoP manifested in the practices of
a group of undergraduate mathematics students collaborating on homework?
RQ2. How do members of this Caitign their practice of collaborating on
homework with theirmaginedfuture as research mathematicians?

(@4

Methodology

At time of interview, Sullivan and Lynch were recent graduates of a mathematics
degree from a large, reseaiidtensive Irish university. During the interviews, it became
apparent that Sullivan and Lynch had collaborated on homework within the same fgroup o
peers. This is likely a result of the snowball sampling technique used during participant
recruitment, with participants asked to recommend peers who might also consider
participating. At the time of interview, both Sullivan and Lynch were pursuing gradtudy
in the mathematical sciences with the goal of conducting research and obtaining a PhD.

The first author conducted om&-one, semstructured interviews with participants
which lasted an average of 30 minutes and were recorded and transcribed. Participants were
asked to describe their experiences of collaborating with peen® they collabrated with,
what they collaborated on, how the collaboration process worked, and their perceptions of its
benefits to their learning. We also asked the graduates whether they believed that research in
mathematics is a collaborative or individualistic emd®ir. See Murphy and Meehan (2024)
for the full interview schedule.

Template analysis (Brooks et al., 2015) was chosen as the method of data analysis for
this study. Initial coding was conducted by the first author before being reviewed and refined
collaboratively by both authors. To address RQdtual engagement, joint enterprisad
shared repertoirdWenger, 1998) were used apriori codes to examine how these
characteristics of a CoP manifested in the practices of the participants. To address RQ2, we
drew on data analysis undertaken as part of the larger studyreBexgve thematic analysis
(Braun & Clarke, 2022). Specifically, we exa
perceptions of the coll aborative nature of r
interviews and reframed our analysis usinglWee r 60 s cimaginatignandaligonient.

Findings

To address RQ1, we introduce Sullivan, Lynch and their collaborators and substantiate
our claim that they can be considered a CoP by illustratingtiieal engagement, joint
enterpriseandshared repertoiref the group. In their final year, Sullivan and Lynch
collaborated extensively with a group of five or six students. Both participants stated that the
main factor that united the group was their mathematical interest and research ambitions:

Lynch: | think the group in fourth year, like, very much what kind of, like,
made us friends was the fact we are, like, very into the maths and
physics. That was the main thing that drove the group.

Sullivan: We were people with kind of similar ambitions, similar interests. All
wanted to do research. From there it kind of naturally progressed to
talking about the work and then doing the work together.
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T h e g motualpebgagemerbnsisted of their collective work on homework problems.
Sullivan explained that through working together the group became friends and enjoyed the
social aspect of collaborating on homework:

Sullivan: In kind of academic level we all typically got similar grades which is
definitely something that we thought was important because you all
want to contribute an equal amount .
relative to the typical people who study madinsl so we quite enjoyed
the aspect of having like a social work together.

As Sullivan and Lynchés community of coll
working together on homework, they developeshared repertoirevhich consisted of a
routine and shared discourse. Both participants explained how they routinely met in a room
on campus which contained multiple blackboards. Lynch exemplified how they would work
on homework problems individually and ask one anothertigmsswhen stuck:

Lynch: The way wed6d work a lot in final ye
rooms with | ike three sets of doubl
stand there, and wedd all work away
on each bl ackboar dke AW@h ywhiadtd &n en dy
for this thing here?6. And youbre |
try it yourself. Very much at the high level, not like high level, but
yeah, youdre not going I|ike O6Hereds
much,ghtAl rlidm a bit stuck, what are

As Lynch illustrated, one characteristic

their collaboration on homework to higgvel discussion. This was important to the members,

and we consider it part of theaint enterpriseFor the remainder of this paper, we focus on

one aspect of t he |@mdn@rprisaAsmeviouslyastatedy membefsoft hei r
the CoP all shared the ambition of pursuing postgraduate mathematical studies and careers in
research. We propose that, as undergradudites identified with the community of research
mathematicians throughagination.We address RQ2 by examining how tla¢ignedtheir

practice of collaborating on homework with their perceptions of appropriate collaboration in

the context of research mathematics.

When asked about their impressions of the collaborative nature of research
mathematics, Sullivan reflected that at the beginning of their undergraduate studies they

At hought it was the man on his own in a roonm
completing an undergraduate research project with a collaborative research group they came
to realise: fieach person can only do so much

a problem in so many ways on their own and really good work only getdodgneg r oup s 0 .
Similarly, Lynch reflected that the research group that they completed a research project with
woul d Aall chat about, | ike, recent research
coll aborativeo. Whil e bedthépoténtial for matreematicalin d Ly nc
research to be collaborative, they emphasised individual intellectual ability as key to their
imaginedf ut ures as researcher s: nif you want to
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work independentlyo (Lynch). Additionally, b
as intellectually superior to work completed by groups. The stereotype of the lone genius

appeared to persist for Sull ilewhoputpaperseut e ar e
on their own and do very, very well o, while
than | am to work on your own the whole way

We now examine how Sullivan and Lynch attemptedllign their practice of
collaborating on homework with their perceptions of collaboration in a research context.
While both appreciated the merits of collaboration, they emphasised the importance of
mai ntaining onebd6s independegreatbiandyl thhi nk
somet hing that doesnét get done enough but vy
(Sullivan). This emphasis on individual work manifested in the practice of the CoP, alhith ea
member initially attempting homework problems independently and only collaborating on

problems that multiple members fAwere really
mentioned, the CoPO06s coll aborati dighleveh t hese
di scussion. Sullivan explained: Aitdd be ske
avoid doing out explicit things because that

elaborated that when the group was stuck on a diffirolbtlem, each member wanted to be
the one to figure the solution out. The emphasis on individual achievement contributed to a
competitive atmosphere, which Lynch reported that the group enjoyed:

Lynch: Nobody wanted to get the answers off. It was, it was like a bit
competitive, but in a good way, tha
out, like, the cool idea to figure out the problem.

However, the normalised competition in the CoP and the emphasis on individual
academic ability appears to have contributed to Sullivan and Lynch, at times, doubting their
own mathematical capabilities. Sullivan reflected on how they did not enjoy feeliagton

ot hers when stuck on a problem: #Alt didnoét f
so, if you didndét really get something and vy
never felt goodo. Lynch expressed similar fe
Lynch: It can stress you out someti mes, it
are doing really wel!/| and youbre ju

a bit stupid and youbre |ike, 60h m

canodt understand somet hing.

Lynch questioned their ability to work independently, which they perceived important to their

imaginedf ut ure as a researcher: Al was a I|little
as a crutch and i f you want to go into resea
Discussion

In this paper, we illustrated the existence of CoPs of undergraduate mathematics
students collaborating on homework. We highlight two main implications. Firstly, our study
emphasises the importance of accurately representing the nature of researchyradunater
students. Both participants identified their experience of completing undergraduate research
projects as key in informing their perceptions of the collaborative nature of research. We call
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for further research on undergraduate studen
these perceptions can be accurately informed. Secondly, we wish to highlight the competition
that appeared to be a nor mal Repearchtwouldfsuggeste Co P
that the ceexistence of competition and collaboration is prevalent in research mathematics

(Burton, 2004). However, we note the way in which it caused Lynch and Sullivan to doubt

their independent mathematical capabilities. Givext we are reporting on a case study

situated in a particular context, we call for further research to examine-theéstence of

collaboration and competition in research mathematics and its influence on the perceptions

and practices of undergraduatedsnts.
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Assessment in CLIL mathematics: Languagaesponsive approaches for

learners with additional educational needs

Maire Ni Riordair, Craig Nevillé, Megan Daly
School of Education, University College Cork, Ireland

This paper explores the challenges of summative assessment in Content and Language
Integrated Learning (CLIL) mathematics classrooms for learners with Additional Educational
Needs (AEN). Drawing on a case study in an tisédium primary school, we compare

outcomes from two summative assessments: a standard,-sgpooled test and a language
responsive version designed by the researchers. Despite adaptations such as simplified syntax,
visual supports, and reduced linguistic complexity, the adapted assggmaoduced only

modest improvements. While these modifications improved task clarity for some learners,
they did not fully address the cognitive derm
competencies. Findings indicate that conventional summative assgssare often Hsuited

to AEN learners working in a second language. We argue that formative, |larayuaige

approaches offer a more equitable measure of understanding. This study contributes to
ongoing discussions around inclusive assessment in Cliibgeand calls for systemic

shifts in evaluating mathematical learning in linguistically diverse contexts.

Keywords:CLIL, assessment, AEN, languaggsponsive maths, inclusive education
Introduction

The integration of language and content in mathematics education presents significant
pedagogical and epistemological challenges, particularly for students with additional
educational needs (AEN) in Content and Language Integrated Learning (CLIL) envitenme
The theoretical underpinnings of this study are grounded in research that emphasises the
interdependence of language and conceptual learning in mathematics (Erath et al., 2021).
Language proficiency is not merely a medium of access, but a deterwiimaathematical
reasoning, problersolving, and participation in disciplinary discourse (Schleppegrell, 2007).
CLIL contexts, Irishmedium education in the case of this research project, require students to
engage with disciplinary content through a largguthat is often not their first. This presents
unique difficulties for AEN learners whose challenges may span linguistic, cognitive, and
affective domains (MacKenzie et al., 2022). While immersion education such as Irish
medium education (IME) has beemdged for promoting bilingualism, it has also been
critiqued for insufficiently supporting learners with atypical language development or specific
learning needs (Nic Aindriu et al., 2024). Accordingly, mathematics education in CLIL
contextsincreasinglydea nds approaches that are sensitiwv
cognitive profiles. Standardised assessments, designed with monolingual and neurotypical
learners in mind, often fail to capture the nuanced understanding and potential of these
students. Thipaper responds to this challenge by investigating whether langesigensive
adaptations to summative mathematics assessments can offer a more equitable measure of
AEN | earnerso capabilities in | ME.
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Key Literature

The relationship between language proficiency and mathematical understanding is
well-documented in educational research and within multilingual/CLIL contexts where
learners are required to access content through an additional language (Erath et al., 2021;
Lenz et al., 2024). Mathematics is a linguistically dense subject that demands precise
interpretation of abstract concepts, specialized vocabulary, and complex syntax. These
challenges are compounded for AEN learners who may already experience diffinulties
processing, memory, and executive functioning (MacKenzie et al., 2022). Language
responsive pedagogy offers a strategic approach to mitigating these barriers. It involves
deliberate scaffolding of academic language alongside conceptual instructitvasaneen
shown to support engagement, participation, and comprehension in multilingual classrooms
(Erath et al., 2021). However, as Lenz et al. (2024) point out, most studies in this area focus
on bi/multilingual learners without additional needs, thusrtboking the intersectional
challenges faced by AEN students in CLIL environments.

The limitations of traditional summative assessments in this context are increasingly
evident. Standardised tests often privilege learners with developed Cognitive Academic
Language Proficiency (CALP), thereby disadvantaging those with language procksairyg
or atypical language trajectories (Cummins, 2000). Moreover, as Abedi and Lord (2001)
argue, the linguistic complexity embedded in test items can obscure rather than reveal
mathematical thinking. This critique is particularly pertinent in IME sgstinvhere
assessments may assume not only fluency in Irish but also familiarity with academic language
structures that AEN learners have not yet mastered. Despite the theoretical promise of
languageresponsive pedagogy, its application in summative asgessemains
underexplored (Lenz et al., 2024). As Nic Aindriu et al. (2024) and MacKenzie et al. (2022)
highlight, IME continues to grapple with resource limitations and a lack of teacher training
specific to inclusive bilingual pedagogy. These systemitstraints hinder the development
of equitable assessment models that are both linguistically and cognitively accessible. This
study seeks to advance the discourse on inclusive assessment by critically examining the
extent to which languagadapted summate assessments can more accurately capture the
mathematical competencies of AEN learners in a CLIL setting.

The Study

This research adopted a case study methodology to explore the effectiveness of
languageresponsive summative assessment in an-irisdium CLIL mathematics
classroom. A case study, as defined by Yin (2018), allows fdejnth investigation within
reaklif e contexts, making it particularly suitable for addressing the research questions posed
in this study. CLIL research benefits from such congextsitive approaches. The selected
case was a thirdlass group of five learners, all identified with AEN, where/already
receiving targeted support within their school from the teasgarcher (author 3) working
on this project. The intervention was designed in response to the dual challenge faced by AEN
learners in immersion education: navigating both complathematical content and the
demands of instruction in a second language. Over five weeks, participants engaged in four
mathematics lessons per week, informed by languegonsive principles. Participants were
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withdrawn from their class for these specific mathematics lessons but otherwise participated

in their regular classroom lessons. At the end of this period, students completed two
summati ve assessments: the schooblanguaget andar d
adapted version (RDA) developed by the teachsearcher.

The instructional design was grounded in the understanding that mathematics is
inseparable from the language used to express it. The intervention acknowledged the distinct
mathematical registers present in different languages, in this case, Irish aisti. HEngl
recognition of this, lessons were structured to explicitly scaffold language demands alongside
mathematical concepts. The work of Erath et al. (2021) informed the core design features,
including: engaging learners in discourse to construct meanitgustify reasoning;
establishing routines that promote the use of mathematical language; using multimodal and
multilingual supports to bridge conceptual understanding; and sequencing instruction to build
from everyday language to academic terminologyther, Schleppegrell (2007) underscored
the need to address the semiotic complexity of mathematgcseliance on symbols, visuals,
and technical vocabulary. Instructional adaptations included simplifying terminology,
increasing visual support, emplasg key terms, using active rather than passive voice, and
modifying complex syntactic structures to enhance comprehension. These same principles
informed the development of the RDA.

The participants were five pupils aged 20 years, previously identified as requiring
additional support in mathematics based on school assessments. Thertessedreher had
an established instructional relationship with the group, having workediaspeeial
education teacher. Parental consent for continued support had been secured earlier in the
academic year, and the intervention was 1inte
of the five pupils had formal diagnoses for learning diffi@dtithough it is important to note
that these assessments were conducted in English and did not account for theiedrigh
education experience (Nic Aindria et al., 2024). The mainstream class teacher collaborated in
lesson planning and participateddiiscussions about pupil progress and assessment outcomes
throughout the intervention.

Data collection followed a sequential, mixetkthods design. Qualitative data were
gathered first through lesson observations and ongoing tesedearcher reflections,
supported by informal feedback from the class teacher at multiple points across the
intervention. These insights were captured in field notes and used to monitor individual and
group progress. Quantitative data followed in the form of assessment results from both the
GLM and RDA. This triangulated approach allowed for a comparison of aab&arning
during instruction and measured performance in summative assessment (Yin, 2018). Thematic
analysis (Braun & Clarke, 2006) was used to examine qualitative data, identifying patterns in
how students interacted with language and content duritrgétion. These themes were then
interpreted in relation to assessment performance. Quantitative data from the assessments
were analysed descriptively to determine central tendencies and variation across participants.
The integration of both data types bleal a holistic understanding of how language
adaptations in assessments aligned with stud
strategy allowed for exploration of convergence and divergence in findings, offering insight
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into how languageesponsive instruction and assessment practices function within a real
CLIL mathematics classroom.

Findings and Discussion

Participants completed the summative assessments in varying sequences. Jenny,
Mikey, and Saoirse undertook the RDA before the GLM assessment, while Aisling and
Caoimhe completed the GLM first. Due to an absence, Caoimhe completed the RDA after a
two-week €£hool holiday break. This sequencing allowed an exploration of whether prior
exposure or cognitive fatigue influenced performance. Analysis of the results revealed
minimal differences in overall performance across both assessments (see Table 1). Notably,
Caoimhe scored 18% higher on the GLM than the RDA, while Mikey and Saoirse also
achieved better scores on the first test they attempted. The median score for all first
assessments was 55, compared to 52 for second attempts. The GLM assessment had a median
score of 59 (IQR = 25), while the RDA recorded a slightly lower median of 52 but with a
narrower spread (IQR = 14), suggesting greater consistency in participant responses. While
overall impact of the language adaptations was limited, patterns observagl ldasions help
explain the performance dynamics. The tendency for highesatiestnpt scores, regardless of
format, aligns with research on cognitive load and memory (Lenz et al., 2024), suggesting that
learners with AEN may be more vulnerable to fatignd reduced working memory in
sequential assessments. Additionally, the bilingual CLIL context likely amplified cognitive
demands during assessments (Abedi & Lord, 2001; Genesee & Fortune, 2014).

Table 1
Participants and results on the summative assessments

Participant AEN Description GLM RDA

Aisling No formal diagnosisSTEN 3;language skills low 59% 59%
average range.

Caoimhe Diagnosed with dyslexia; STEN Banguage skills low 70% 52%
average range.

Jenny No formal diagnosisSTEN 3;challenges are maths 59% 55%
based; language skills average range.
Mikey Diagnosed with ADHD, Autism and Dyslexia; STEN 2; 24% 28%
challenges with mainstream and IME.
Saoirse No formal diagnosisSTEN 2;low language skills 34% 41%
Aislingds case il lustrates the complexity

Despite her documented difficulties with question comprehension, she performed consistently
well across both tests. Teacher observations indicated that mathematical arketyn
component of her AEN profile, was alleviated through targeted support during instruction.
This underscores the significance of pedagogical context in shaping assessment outcomes.
The language adaptations, while having minimal effect on overasodid facilitate
comprehension in specific tasks. For instance, in a mozlated question, all participants
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used addition in the RDA, whereas two students had incorrectly subtracted in the GLM
version of the same question. This illustrates how linguistic accessibility may support task
comprehension even if not consistently reflected in final scores.

Errors in computation were common across both assessments, suggesting persistent
conceptual gaps observed during instruction. These may stem from the dual challenge of
navigating content and language, where limited proficiency impedes access to mathematica
concepts (MacKenzie et al., 2022). Comparison with earlier assessment data offers more
nuanced insights with the class teacher reporting notable improvements relative to previous
summative assessments, with the median score rising from 41 to 59. Tiugempnt
suggests thatthe languagee s ponsi ve instructional design p
readiness for summative assessment. The findings also raise questions about the broader role
of CLIL in shaping mathematical outcomes for AEN learners.class teacher queried
whether learners, particularly Mikey, might have achieved higher scores in an English
medium context. Challenges during the unit on probability, where mathematical content was
highly languagedependent, illustrated how languaggecifc barriers in Irish may hinder
content acquisition. Yet research is divided: while some suggest using L1 to clarify complex
content may enhance retention, others argue thaahihty learners in immersion settings
perform comparably to monolingual pegosovided adequate support structures are in place
(Madrid & Pérez Canado, 2018).

Further complexity emerged in the topic of time, which the group had less opportunity
to explore as the teachersearcher was unavailable, and srgatiup languageesponsive
lessons were suspended. Many of which could not be linguistically adaptedtdeie wsual
nature. The absence of targeted instruction appeared to impact performance, with most
participants answering few or none of these questions correctly. This finding underscores that
assessment design alone is insufficient: learners requilieigxqontextrich instruction to
engage meaningfully with mathematical concepts (MacKenzie et al., 2022).

Taken together, these results highlight the need for sustained, larrgapgasive
pedagogy and formative assessment practices to accurately gauge and support the
mathematical learning of AEN students in CLIL settings. This study corroborates existing
literature on the inadequacy of traditional summative assessments for linguistically and
cognitively diverse learners (MacKenzie et al., 2022; Nic Aindriu et al, 2024). While
languageresponsive adaptations improve clarity and reduce misinterpretation,amey d
necessarily translate into higher performance if foundational mathematical understanding is
|l acking, or cognitive overload persists. Mo r
underscores the structural limitations of summative testing itseticgarly its reliance on
static, decontextualised snapshots of learning.

This reinforces the argument that assessment and instruction should not be treated as
discrete entities but rather as interwoven practices. We contend that assessment should be
viewed as an ongoing, dialogic process that both informs and is informeaichynig. For
AEN learners in CLIL contexts, classrodmsed assessments that emerge from rich
instructional interactions may offer more authentic insights into learning than static,
summative tests. This calls for a paradigm shift toward viewing assesssnegtnership
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where understanding is built collaboratively and continuously through purposeful, language
sensitive pedagogy. Such practices not only align better with inclusive pedagogy but also
provide richer, more accurate insights into learner progression, patjidolaAEN students
navigating CLIL environments (Madrid & Pérez Cafiado, 2018).
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Spatial thinking in primary education in Ireland

Sitn Nic Mhuirf, Angela Langah
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Spatial thinking has been shown to span a multitude of disciplinary areas and is recognised as
a core competence related to mathematical achievement and participation in Science,
Technology, Engineering and Mathematics (STEM) careers. At this time o$énte

curriculum change at primary level in Ireland, this paper examines the extent to which spatial
thinking is made explicit in the Mathematics and draft Science, Technology and Engineering
and Social and Environmental Education (SEE) curriculum docurbgrasalysing

curriculum learning outcomes against a typology of spatial skills proposed by Newcombe and
Shipley (2015). While many spatial skills are explicit in mathematics curriculum outcomes,
they remain implicit in the STEM and SEE curriculum spediitces.

Keywords:Spatial thinking, curriculum, STEM, integration, achievement
Introduction

The influential USbased National Research Council (NRC) report describes spatial
thinking as a combination of concepts of space, tools of representation, and processes of
reasoning (NRC, 2005, p. ix). The report argues that without considered atteatiah sp
thinking will remain extensively relied on across the curriculum but not explicitly or
systematically taught in any subject area (p. 6). In Ireland, there is evidence of consistent
underachievement in Shape and Space. The area has been callesl iy for
development in the recent Literacy, Numeracy and Digital Literacy Strategy (Government of
Ireland [Gol], 2023). Internationally, it has been suggested that spatial reasoning should be
considered when fAdesi gnsetting goalsiand dewelaping, tr ai
assessmentso (Newcombe, 2017, p. 37). This
Ireland. The primary curriculum framework (PCF) emphasizes interdisciplinary learning
experiences and for the first time includes theiculum area of STEM (Department of
Education [DoE], 2023a). This area will consist of two distinct specifications: the
mathematics curriculum specification (DoE, 2023b) and a specification for Science,
Technology and Engineering (STE). Spatial ideas penigito geography are included in the
draft Social and Environmental Education (SEE) specification. This paper presents a short
overview of relevant literature, then presents an analysis of the extent to which spatial skills
are explicit in the publishedathematics and draft STE and SEE curriculum specifications.

Spatial reasoning and achievement

The role of spatial ability as a predictor of success in mathematics and in STEM fields
has long been recognised. A UNESCO (2017) research synthesis highlights the foundational
role of early spatial abilities for the development of quantitative reasanirggnitive
domain integral to both scientific and mathematical thinking. While research provides some
evidence of gender differences in spatial achievement in favour of boys, it is hypothesised
that these arise from the social environment which provides wpportunities for spatial
skill development to boys (UNESCO, 2017). Research also demonstrates links between
socioeconomic status (SES) and a broad range of cognitive skills in childhood. Spatial skills
are among those on which children from lower ®&&kgrounds perform worse than children
from middle or high SES backgrounds (Johnson et al., 2022). In Ireland, the disparity of
achievement scores between schools designated as disadvantaged@esigrated schools

Sitn Nic Mhuiri, Angela Langaril68

ni
i



S. Nic Mhuiri, L. Harbison & MRyan(Eds.). Proceedings of the Tenth Conference on Research in Mathematics Education
in Ireland (MEI 10)

is continually noted (e.g., Gol, 2023). Analysis of spatial achievement profiles may be
illuminating in terms of developing new ways to tackle this consistent under achievement.

Some researchers advance critiques of a bias toward verbal reasoning and/or
mathematics skills in existing educational systems which do not adequately identify and meet
the needs of spatially talented students. Thebbi&d analysis of Lakin and Wai (2020)
indicates that large numbers of spatially talented students are overlooked in screening
procedures and assessments which place a greater value on verbal and mathematical abilities.
Additionally, analysis of longitudinal measures showed that spatialiytéalestudents had
greater academic challenges, including reading difficulties, poor study habits, and behavioural
troubles. These students were less likely to complete college degrees compared to other
talented students. Such findings may also have retevianreland, where inclusive
pedagogy is advocated and the need to enhance outcomes for higher achievers has been note

Teaching Spatial Thinking

Research affirms the importance of environmental influences and the malleability of
spatial reasoning (Uttal et al., 2013). Spatial thinking may be taught directly or infused in the
curriculum. Direct instruction of spatial skills may involve, for exameiegaging in play
activities that are spatial in nature such as blagikding or paper folding (Newcombe, 2017).

The second strategy is more indirect and 1inv
strategic use of tools for spatial thinking durgmneral teaching (Newcombe, 2017, p. 12).

Tools may include fAspati al | anguage, maps, d
physical activity that instantiates scientif
(Newcombe, 2017, p. 37). Thippr oach aims to avoid spatial t
ond to a packed curriculum and instead posit

disciplines (NRC, 2005, p. 7). In the Irish context, Langan (2022) designed an integrated
crosscurricularunit of work using the spatial enhancement skillgisfialization instruction
sketchinggesture spatial comparisomndspatial languagéo target learning outcomes of the
Irish Primary Curriculum and spatial thinking skills.

Spatial Skills and the Irish primary curriculum

Uttal et al. (2013) propose a that a distinction can be made between spatial thinking
related to intrinsic and extrinsic relationships. Intrinsic relationships are understood to mean
the fAspecification of the padeinesaparticdlart he r el
objecto and extrinsic relationships are unde
in a group, relative to one another or to an
addition, the research indicates thasipossible to distinguish between reasoning as it
pertains to static and dynamic contexts (Uttal et al., 2013). Newcombe and Shipley (2015)
expand on the nature of spatial thinking within these distinctions noting, for example, that
spatial thinking involes processing both continuous and discrete information, and that scale
plays an important role in deciding what will be defined as intrinsic or extrinsic (p. 3). These
authors synthesise existing research to identify a list of spatial skills that caambfed in
young children (p. 1213). By looking for evidence of the spatial skills identified by
Newcombe and Shipley (2015) within relevant areas of the Irish primary curriculum, we
sought to identify the extent to which spatial skills are made éxplicurriculum
specifications. We examined the learning outcomes of the primary mathematics specification
(DoE, 2023b) and the draft specification for Science, Technology and Engineering (STE)
(NCCA, 2024a) and Social and Environmental Education (SEELC®N 2024b). We
acknowledge that other conceptualisations of spatial thinking are possible but chose Newton
and Shipleyds framework as it specifically <c¢
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Table 1 shows Newton and Shipleybés (2015)
and static contexts, in the feaft column. The intrinsic spatial skills aisembedding
(isolating and attending to one aspect of a complex displatggorisationlearning
categories based on spatial relationsualising 3D from 2Dpenetrative thinking
(visualizing spatial relations inside an objeatgntal transformationsaandsequential
thinking (visualizing the product of a series of transformations). The sxtrgpatial skills
are:locating self and other objec{s.g., on mapshlignment(reasoning about spatial and
temporal correspondenc@erspective takingelations among objects in spa@dupdating
movement through spafasualizing movement of an object relative to other objects). Table
1 also shows our analysis of the extent to which these skills are explicit in curriculum learning
outcomes. Given the way in which spatial thinking underpins many learning activiiges, it
possible that classroonctavities directed toward various learning outcomes would contain
activities that might address the spatial sk
learning outcome addresses the spatial skill directly. The analysis was completed in
collaboration between authors, with differences of opinion agreed through discussion.

Not unexpectedly, for the mathematics specification, many of the spatial skills are
explicit in the learning outcomes within the Shape and Space strand. While it is positive that
many spatial skills are made explicit in the mathematics curriculum, wehadteuch of this
content is a departure from the 1999 mathematics curriculum and teachers will need
significant support in reorienting their teaching to address these skills. Skills pertaining to

intrinsic spatial rel atdi onfssr amcsd wrr mMaa ri goenldy sitnr
note that the term 6visualisationd occurs at
Avi suali se and model |l ocation using symbolic
Locationd). Whi lidentforpemarativedhmkingnisense ofdhe e e v

progression continua content, e.g., shape di
implicit at the level of the learning outcomes. Many extrinsic spatial skills are evident in

learning outcomes assact ed wi th the O6Spatial Awareness a

Perspective takingqvolves visualizing the appearance of a scene from a different vantage
point (Newcombe & Shipley, 2015, p. 10). Currently this is not present in the learning

outcomes of the O6Spatial Awareness and Locat
navigdion rather than perspective.
Table 1

Presence and explicitness of spatial skills in the primary mathematics and draft STE and SEE
curriculum specifications.

Mathematics STE SEE

Intrinsic Spatial Relations

1. Disembedding Explicit Explicit Explicit
2. Categorization Explicit Explicit
3. Visualizing 3D from 2D Implicit Implicit Implicit
4. Penetrative thinking Implicit Implicit

5. Mental transformations Explicit Implicit

6. Sequential thinking Explicit Implicit

Extrinsic Spatial Relations
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1. Locating self and objects Explicit Implicit
2. Alignment Explicit Implicit
3. Perspective taking

4. Relations among objects in space Explicit Implicit

5. Updating movement through space Explicit Implicit

For STE,disembeddings positioned as a key skill with reference to developing
OSTEM eyesd and observing everyday object
ONature of STEM6 strand unit. Other skildl
either not preent or implicit only. For example, while categorisation (of plants, animals and
materials) is included as a learning outcome, the extent to which this may involve
categorisation based on spatial relatiossunclear. In additionvisualizing 3D from 2D
penetrative thinkinggndmental transformationare core design skills that students should
encounter as part of the engineering design
outcome includes reference to the use of sketching and digital tools to plan designs. These
representations may facilitaspatial thinking, but the framing of earlier learning outcomes
largely focuses on aspects of the design process which may not involve spatial thinking such
as assessing user needs, or reflection on the praessote little evidence of, but huge
possibilities for, extrinsic spatial skills in relation to other STE learning outcaiigament
involves reasoning about spatial and temporal correspondence such as the use of space as a
proxy for time, and the use of space as a proxy for other elements on graphs (Newcombe &
Shipley, 2015). This is of relevance to science inquiries such as thodemadnn the
OMaterial sd or O6Forces and Eudpdating mavement y 6 st r a
through spaceseens likely to underpin thinking in such science inquiries though it is not
explicitly mentioned. In addition, the potential of digital technologies to support exploration
of static and dynamic representations of space and perspective taking is not mentioned

s t
S a

The draft SEE curriculum specification contains integrated learning outcomes for
stages 1 and 2 and history, geography and integrated outcomes at stages 3 and 4. It is possible
to identify outcomes which contain references to spatial skills, but mubiseétmains at the
implicit level as outcomes are written in a very broad manner. For example, the following
outcome from stage 4 of the strand unit o6Peo
ways that may emphasize only historical or social utaedings and not draw in any
meaningful way on spati al reasoning: Alnvest
motivations for movement, as well as the impact and influence of movement on people and
pl aceso (NCCA, 2024b, p. 18).

Implications and recommendations

Spatial reasoning is more prominent in the new mathematics curriculum than the
previous version and teachers will need considerable support in understanding and enacting
this. The limitations to the explicit attention to spatial thinking in the draft SIDES&E
curriculum raises a number of other challenges. There is a danger that teachers will see spatial
reasoning as connected primarily, and possibly only, with mathematics. The extent to which it
underpins student learning and achievement in other desmaay not be grasped by teachers.

In initial and continuing professional development, teachers should be made aware of core
spatial skills which reach across curriculum areas, such as those identified by Newcombe and
Shipley (2015), shown on table 1. Indatbn, curriculum support materials would be well
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advised to address the gaps identified in table 1 above. They should include explicit attention
to (i) visualizing 3D from 2D; (ii) penetrative thinking and (iii) perspective taking.

Nationally and internationally, the research which has shown the importance of spatial
thinking for equitable outcomes is being used as a foundation for planning pedagogical
interventions. The existing research provides strong guidelines for how thishmigbhieved
in ways which do not add to an already packed curriculum. Attention to spatial tools, such as
those used in Langanés (2022) work, should b
professional development for STEM education. Thisisimpottamt | ncr ease studer
reasoning, but also to ensure that teaching reaches those students who may already be better
spatial learners. The principles of the PCF include using evidwasmd pedagogical
approaches which create equity of opportunitgt participation (Government of Ireland,

2023). In addition, the PCF principles advocate for meaningful assessment to inform teaching
and learning. This is of importance to those with spatial thinking skills and needs which are

not being recognised or m@ithin the current environment. While national and international

tests suggest issues with achievement in Shape and Space for learners in Ireland (Government
of Ireland, 2024), better data on spatial reasoning, at all levels, is warranted. This pertains t
assessing and monitoring the devel opment of
capacity of teachers.
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Private tuition in mathematics: What is driving students to seek it out?

Ni amh OpMak Rrendergast
IEPISTEM, School of Education, UB;School of Education, UCC

This study explores reasons why students in Ireland pursue private tuition in mathematics at
postprimary level. Previous research has established the prevalence of private tuition

globally, but little is known about the factors motivating students to agdikional support in
mathematics. Using qualitative data from 304 students who had recently completed secondary
education, the study identifies studentsodé re
mathematics. The reasons cited most frequently incluepdiceived difficulty of the subject,

a desire for higher grades, dissatisfaction with classroom teaching, and the incentive of bonus
points. The findings also reveal gendiased differences in the reasons why students seek
tuition while different reasa@were also noted depending on the level of mathematics they

were studying. This research has implications for policy and practice in mathematics
education.

Keywords:Private tuition, mathematics, sdfficacy, bonus points
Introduction

Private tuition (PT) is defined as paid tutoring that is supplementary to regular
schooling (Bray, 2014). Research has shown that there has been an exponential growth in the
uptake of PT in recent years. For example, countries such as Germany, Poldredldikd t
have all reported significant proportions of students participating in PT across a range of
subjects and these figures have been increasing rapidly since the turn of the century (Sutton
Trust, 2018; Dlugosz, 2017; Hille et al., 2016). While the figdireported in these studies
relate to all school subjects, there has also been research conducted into the incidence of PT
specifically for the subject of mathematics. Such research has concluded that mathematics
tends to be the subject where PT is nsostght after (Hussein, 1987). For example, in
England Ireson and Rushforth (2005) found a higher proportion of students from Year 6
through to Year 13 reported receiving PT in mathematics compared to any other subject.
Similar findings were reported in Geany, South Korea and Poland.

In addition to research looking at the prevalence of PT, many studies have also
considered reasons behind studentoés deci sion
including mathematics. When considering the uptake of PT across a range ctssinigje
presence of high stakes examinations; perceptions of inadequacies in mainstream schooling;
and the expansion of higher education globally were all considered to be driving the demand
for PT (Zhang et al., 2024; Zhang & Bray, 2016; Bray & Lykinsl20In addition to this,
some research studies have considered why PT in mathematics is particularly popular.
According to Bray and Lykins (2012), subjects such as mathematics and national languages,
that are needed for educational advancement, tendthe seibjects where PT is most in
demand. Additionally, subjects such as mathematics that involve terminal examinations that
affect students' educational transition options tend to see higher demand for PT (Bray, 2013).
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However, few studies have sought to ascertain, from the perspective of students, why they
pursue PT in mathematics. It is this gap in the literature that this study seeks to address.

Private Tuition in the Irish Context

~

PT in lreland is colloquially known as fg
into the grinds culture here has gathered momentum in recent years. Smyth (2009) discovered
that in 1993, 32% of students who completed secondary education repogigshgegrinds
but by 2003 this figure had risen to 45%. More recently, McCoy and Byrne (2024) reported
that by 2016 almost 60% of students received grinds during their final two years of study at
secondary level. Both of these studies report on the upfak@énds across all subject areas.
However, O6Meara & Prendergast (I n Press) in
subject of mathematics specifically and found that 51% of students in their study availed of
mathematics grinds. Furthermore, as weorted internationally, this study found that
mathematics was the subject in which grinds were most sought after. At the time of writing no
study in Ireland has investigated the reasons behind this, although some have hypothesised
t hat t he s60s paetctirailb ustteadt ut o mat hemati cs i n | ri:¢
contributing factor (Prendergast et al., 2022). This is a hypothesis that we will be testing as
part of this study. In summary, while the volume of research into PT in Ireland and
internatiorally has grown over the last two decades, there remains a scarcity of studies
looking at the reasons given by students as to why they are seeking out PT in such high
numbers, particularly in the subject of mathematics. Given the changes to mathematics
eduation curricula worldwide, and the renewed focus on improving the uptake and
performance in mathematics in secondary education, a study considering the reasons why
additional support is deemed a necessity by many is both necessary and timely. In order to
investigate this issue, the authors will seek to address the following research questions:

What are the reasons given by students for participating in PT in mathematics?

Do factors such as gender and level of mathematics studied for Leaving Certificate
affect the reasons given for participating in PT in mathematics?

Methodology

In order to address these research questions, an online survey was deemed to be the
most appropriate research instrument as it was easy to distribute to a large sample; allowed
the research team to ensure parttowrdypnent sd an
consuming to complete (Van Selm & Jankowski, 2006). The survey developed for the
purpose of this study enabled the authors to gather information in relation to the rationale
offered by students for availing of PT in mathematics. The sunedged qualitative and
quantitative data and incorporated dichotomous, multiple choice, i1skal® and opeanded
guestions. The survey was piloted with a research advisory group made up of a small number
of undergraduate students who were selected psingpsive sample. It was adapted from the
aut horsodo previous research investigating mat
culture (Prendergast et al., 2022). For the purpose of this paper, we will report on one of the
opentended questions whichkel those who partook in mathematics grinds to outline the
reasons why they opted into this practice.
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The findings being reported on in this paper emerged from a wider study investigating
the prevalence of PT in the subject of mathematics in Ireland and the profile of students who
engage in this practice. The target sample for this larger study was gsadtisécondary
schools in Ireland who had studied mathematics throughout primary and secondary education.
Once ethical approval was obtained from the University of Limerick, the authors circulated
the survey to graduates who were in their first yearteftary programme in three higher
education institutes (HEIs). These institutes were selected using purposive sampling and
included two universities and one technological university. The online Qualtrics survey link
was emailed to firsyear course direots in each of the three HEIs and they were asked to
share it with their students. The online link was left open over ateek period in
November 2022 and 686 graduates responded to the survey. Of these 686, 350 students
reported availing of PT in magimatics and of these, 304 students responded to the question
ALIi st the three main reasons why Ilyiotheset ook gr
304 school graduates that constitute the sample for this paper. This sample was made up of
102 male students (33.5%); 199 female students (65.5%); 2 students who identify as third
gender/norbinary (0.6%) and 1 student who did not provide d&&s to their gender. 230 of
the 304 students (75.6%) took the highsfrel mathematics exam at Leaving Certifecavith
74 (24.3%) opting for the ordinatgvel exam.

The data from the opeended question central to this study was transcribed and Braun
and Clarkeds (2021) thematic analysis framew
Obottom upd orientation guided t bratedanal ysi s
through the reasons for undertaking mathematics grinds offered by students. Implementing
Braun and Clarkeds (2021) six phases in the
framework for data engagement, coding, and theme development. Both antagsdin
the analysis with repeated movement back and forth as initial codes were generated from
individual transcripts and grouped into preliminary themes. The theme development, review,
and refining phases involved several iterations of regroupingesraaing themes until both
authors felt the final themes and gshiemes uniquely captured participants rationale for
availing of mathematics grinds. The key themes to emerge will now be discussed.

Results and Discussion

In order to address the first research question, the authors analysed all students’
responses to the statemeérst the three main reasons why you took grinds in the subject of
mathematicsln total 22 reasons were provided by students and each of these reasons was
cited four or more times. The top five reasons given by students as to why they availed of PT
in the subject of mathematics are presented in Table 1.
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Table 1

Top five reasons for availing of private tuition in mathematics (n = 304; f = 696)

Reason f Sample Response
Perceived S108: éevery difficuldt to cor
difficulty/struggle 125 wh en asking guestionséa | ot
with mathematics struggl eémaths was one of my
Desire for higher S40: I was receiving grades
78 , .
grades achieve the best grade possible
S149: Because my teacher disliked me and often singled me «
Issues with the clas¢ 68 class which made me uncomfortable and unable to learn. | wan
teacher prove that | could do well éde
maths

S331: To actually learn the material Understand concepts To gc

Improve knowledge 61
P g neglected aspects of the course

S219: | took grinds because | knew | needed high points for my ci

To secure bonus 50 and was trying to get the extra 25. | knew | had a better chan
points achieving this with grinds my parents gave me the opportunity to
them

As demonstrated in Table 1, the perceived difficulty of the subject is the reason given
by most students (41.1%) as to why they participated in PT in mathematics. Research has
shown that students from elementary school through to high school find matisetnte
one of the most difficult subjects (Diindar et al., 2014; Brown et al., 2008) and one of the

consequences of this is that it is resulting in students seeking extra support in the subject. One

of the reasons that mathematics can be perceived msildif as a result of students
encountering Aaversive teaching styles [ a
& Kurukkan, 2015, p. 4). As such, it is little wonder that a significant proportion of students
in this study (22.4%) believeddteaching practices that they were encountering in schools
was leading them to pursue extra tuition in mathematics. Finally, the fifth most popular

nd]

reason, cited by 17.1% of the sample, was that the bonus points on offer for mathematics were

resulting inthem needing PT. In a study conducted by Prendergast et al. (2020, p.760) one
teacher hypothesised that a drawback of t
grinds culture where if a parent throws enough money at the problem the problem will b

s o | v thalfiadings of this study appear to add weight to this argument. The additional 25
points on offer for achieving 40% or more in the Leaving Certificate higher level examination
i's motivating students t o puetab2083),buttgiher |
study shows that this incentivisation of mathematics is contributing to the surge in uptake of
PT in mathematics in Ireland.

In addition to considering the primary reasons offered by students as to why they
partake in PT in mathematics the authors also wanted to see if the reasons differed across
gender and if the level they studied mathematics at for Leaving Cert had andefaretheir
reasoning. In relation to gender, of the 22 reasons, the biggest differences were noted in the
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reasond o secure bonus point®0.1% of females offered this as a reason compared to 11.8%

of males);To improve mathematical knowledde’.6% of females offered this as a reason

compared to 25.5% of males)dFear of failing(14.6% of females offered this as a reason
compare to 6.7% of males). These findings in
own mathematical ability is driving female students to seek additional support so that they can
achieve a passing gadh mathematics. There wealso some differences noted when the

reasons offered by those who studied higaeel mathematics were compared with those

offered by students who studied ordinggyel for Leaving Certificate. In this instance, the

biggest differences were noted in tleasondesire for higher grade§30.0%. of those

studying higheilevel offered this as a reason compared to 12.2% at ordinary leveieand

of failure (8.7% of those studying high#vel offered this as a reason compared to 21.6% at
ordinary level). Tiese findings suggest that consequences of failing the Leaving Certificate
ordinarylevel exam, most notably access to the majority of #l@ivél courses being denied,

is a key factor behind ordinatgvel students seeking PT in the subject of mathemaics

the other hand, the points race which is central to second level education in Ireland is clearly
playingaroleinhigher evel studentsd decision to seek a
conclude, the preliminary analysis of this dataallowsws gai n a deeper i nsi
reasons for pursuing PT in mathematics and thus this study contributes to a deeper
understanding of the educational pressures i
recorded across gender and level of stildg highlight the potential for PT to exacerbate

educational inequalities among certain groups and social classes. As such, the study also has
implications for policy and practice in mathematics education.
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Scaling up a successful interventiod Teaching toddlers the meaning of

numbers in preschool activities

Hanna Palmér Camilla Bjorklund

Linnaeus University, Swedefl)niversity of Gothenburg, Sweden

This paper reports on the development from a micro study on mathematics teaching, in which
toddlers were given the opportunity to distinguish necessary aspects of numbers, to a macro
study of implementation of these results at large scale. The microvsasdy combined
researckdevelopment project conducted in collaboration between researchers and preschool
teachers in three Swedish preschools. The study identified important features of preschool
activities in which toddlers are given the opportunity &cdrn critical aspects of numbers.

Based on the positive results, a subsequent study was initiated on how the successful
intervention could be implemented on a large scale. In this paper, the focus is on how a
successful intervention can be designed aad thansformed into a successful

implementation.

Keywords:Early mathematics, numbers, preschool, intervention, implementation
Introduction

This paper reports on the development from a micro study on mathematics teaching, in
which toddlers (oneto threeyearolds) were given the opportunity to discern necessary
aspects of numbers, to a macro study of implementation of these results atdsghns
Sweden, all children are offered and encouraged to participate in preschool, where some hours
are free of charge. According to the Education Act (SFS 2010:800), as part of the education
system, the preschool is to involve teaching for the youmggsters also. The national
curriculum emphasises that this teaching oug
curiosity and desire to play (National Agency for Education, 2018). An evaluation by the
Swedish Schools Inspectorate (2017) showed, howthagrmathematics teaching practices
needed to be improved in many Swedish preschools, as preschool teachers were observed to
be uncertain as to how to teach mathematics, especially with the youngest children. Another
uncertainty was how to establishadalc e bet ween chil drends exper
interests versus offering them new experiences and challenges leading towards learning goals
(Bjorklund & Palmér, 2019).

Based on these observed challenges, a soalé combined researdevelopment
project was initiated with the aim partly to investigate how ongoing preschool activities could
become the starting point for mathematics teaching with toddlers and panestigate
how such activities could advance toddl ersbo
yielded both qualitative and quantitative developments in the use of numbers by the toddlers
in the intervention group compared to those in the control gi@almér & Bjorklund,
2024a). However, research has demonstrated that successful interventions are not easily
transferred to a larger community of teachers and that all interventions undergo changes when
implemented in new settings (Century & Cassata, 2B#&9ed on this, a new study was

Hanna Palmér, Camilla Bjorklund 80



S. Nic Mhuiri, L. Harbison & MRyan(Eds.). Proceedings of the Tenth Conference on Research in Mathematics Education
in Ireland (MEI 10)

initiated with the aim of implementing the intervention on a large scale in other preschools.
The focus of this paper is on both the intervention and the implementation, that is, on how a
successful intervention can be designed and then transformedsuntoesssful large scale
implementation.

Number Knowledge

Ordinality, cardinality, partvhole relations and representations have been shown to be
essential aspects of the complex number construct that children need to discern to develop
their numerical competence (Bjorklund et al., 2021). However, few studiesusad
empirical learning outcomes to examine how this development can be facilitated in the early
years. Learning about numbers entails discerning their meaning (including ordinality,
cardinality and partvhole relations) mediated through different repreations. This
discernment does not emerge on its own but through communication with others (van Oers,
2010). According to Lesh et al. (1987), learning (e.g. of numbers) is reflected in the ability to
make connections between and within the modes ofgeptation used. However, in studies
with toddlers, who do not necessarily understand or use any of the commonly used
representations, such as verbal notions, symbols or manipulatives, this may be a particular
challenge.

Theoretical Framings

In the intervention study, the variation theory of learning (VT) was used as a
theoretical framework for both designing teaching activities and analysing learning outcomes.
This theory directs attention to how learners experience a phenomenon andgigparti
what they must discern regarding aspects of that phenomenon so as to advance their way of
experiencing the phenomenon (Marton, 2015). In every situation, several aspects of a
phenomenon may be discerned, and those that are discerned are dedsivwetfar
phenomenon is experienced. Learning then occurs when learners discern new and necessary
aspects of a phenomenon, which in this study means children discerning the aspects of
ordinality, cardinality and pathole relations through different modefsrepresentation.
Aspects can be discerned when they are encountered as dimensions of variation, that is, when
the aspect to be discerned is varied against an invariant background. This means, for example,
that cardinality is discerned when cardinalityasied in a setting of otherwise similar
features (e.g. three blue blocks are compared to two identical blocks, making the numerosity
stand out and be discerned). This basic conjecture regarding how learning new meaning
happens offers a theoretical pripdi e f or how to direct children
phenomenon and thus offers strategies for designing tasks that offer children the best
conditions under which to specifically discern necessary aspects that advance their ways of
experiencing thantended object of learning.

In the implementation study, a framework focused on the quality of the
implementation was used (Coburn, 2003). This framework comprises the four interrelated
dimensions of depth, sustainability, spread and shift in ownership. The framework was
developed aan alternative to implementation studies that focus only on the numbers of
teachers, schools or districts involved. The argument for the alternative framework was that a
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focus only on numbers of teachers, schools or districts provides limited insight into the nature
of the envisioned or enacted changes as well as into the degree to which any observed
changes are sustained.

Methods

In the intervention study, two researchers and three preschool teachers from three
preschools in two Swedish municipalities collaborated for three semesters. At the start of the
study, the 27 children participating in the intervention weii@ZI2nonths oldA comparison
group was included in the study consisting of 10 toddlers from the same preschools who did
not participate in the intervention. In line with the Swedish regulations for good research

ethics (Swedish Resear c hardwscongentddtoth2iD 1 7) , t he
childrends participation.
To make the childrenbds experiences, needs

activities to be developed, observations were conducted before the intervention was initiated.
By categorising the observations and comparing their frequency, the activittegh the

children at all three preschools showed high spontaneous interest were selected as a starting
point for further development within the project. Five main activities were developed that
differed in nature to correspond to the variety of obskaativities: book reading, motoric

play, singing, lotto and memory games. The activities were implemented individually and in
small group settings by the three preschool teachers during the three semesters of the
intervention programme. Teaching princpiaformed by VT (see above) were embedded in
both the choice of materials and the teacher
numbers verbally, through actions and gestures. Through an iterative process of trialing,
evaluating and relesigning tle activities, the critical aspects of numbers were made possible

to discern for the children. Cardinality was the prominent aspect in all of the activites but also
ordinality and partvhole relations became possible to emphasise through embedded patterns
of variation. Modes of representations were constantly assessed to offer best opportunities for
the children to experience the meaning of numbers. To identify different ways in which
children understand and use numbers,-plased interviews were designedcapture all

kinds of expression, particularly nmerbal (see Palmér & Bjorklund, 2024b). These

interviews were conducted five times with the children over four semesters, also providing an
opportunity to follow the development of their numerical unéeding and number use. All
interviews were conducted by the preschool teachers, who were trained in conducting
research interviews with young children (Palmér & Bjorklund, 2022). Based on video
recordings of teaching activities (78 hours) and intervie@$(@urs), analysis using VT was
conducted based on coding in NVivo. The VT analysis focused on the qualitatively different
ways in which the children experienced numbe
made it possible for them to discern new aspeictaimbers.

The scalingup of the intervention programme was conducted in line with educational
design research, which implies implementation in cycles, whereby new preschools are
successively included in an increasingly broad implementation. The first step wastify ide
the core elements of the above described intervention, that is, to identify the innovation to be
implemented (Century & Cassata, 2016; Coburn, 2003). These core elements then constituted
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the content of the guiding material used in the implementation. This guiding material was
developed in collaboration between researchers and the same preschool teachers involved in
the first intervention. In a first cycle, the guiding material was impléeaem two

preschools. In a second cycle, six new preschools were involved, and finally, in a third cycle,
all preschools from one municipality implemented the guiding material. The data generated
were individual interviews (12), focus group interviews)(@8d video documentations (219)

of the teaching conducted at the preschools. Also, delayed interviews (after 6 and 12 months)
were conducted. The interviews focused on the guiding material and how it was used and
experienced by the preschool teachers.vitieo documentations made visible how the

teaching was adapted by the preschool teachers. These video documentations were also used
during the interviews as a form of stimulated recall. These empirical data were analysed with

a focus on whether the corlements were visible in the teaching and, if not, how the guiding
material needed to be developed. This analysis was based on depth, sustainability, spread and
shift in ownership in accordance with Coburn (2003). Based on the findings from each cycle,
theguiding material was revised.

Results

As mentioned, the aim of the intervention was twofold: partly to investigate how
ongoing preschool activities could become the starting point for mathematics teaching with
toddl ers and partly to investigat epmerded s uch
numerical skills. For activities to become a starting point for mathematics teaching, the study
revealed that they ought to be designed in accordance with three design principles: (DP1) The
context of the acti vi tsegperiemcesgnbeds andintebests, danaé s e d
they should be familiar so that the children can participate in, relate to and reason about the
content based on their previous social and cultural experiences. At the same time, in line with
VT, interference from nelevant elements ought to be reduced. (DP2) The activities ought to
make it possible for the children to discern essential aspects of numbers (i.e. representations,
cardinality, ordinality and pathole relations) through carefully planned patterns of
variation. (DP3) The activities ought to allow the children to express different ways of
understanding and be open to a variety of experiences and expressions.

To investigate the extent to which it is
to numbers when encountering numerical tasks, the intervention group was compared with the
control group. The results of the tasésed interviews show that there wasre frequent use
of counting words in the intervention group (almost three times as often) than in the control
group. There was furthermore a distinct qualitative difference in how the two groups of
children used numbers. For example, all use of coumtords observed in the control group
were emphasising the counting sequence, whereas those observed in the intervention group
also emphasised cardinality and the relational features of numbers. This implies that the
intervention group had developed a brerahnge of ways to use counting words, reflecting
an advanced way of experiencing numbers.

As mentioned, the aim of the implementation study was to determine how a successful
intervention could be transformed into a successful implementation. Based on the three design
principles from the intervention, the guiding material consisted of five,paitts each part
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focused on one of the core elements identified: part 1, mathematising; part 2, contrast and
generalisation; part 3, representations; part 4, cardinality; and part-%hudet relationship

of numbers. The final guiding material consisted of one textad, rene video illustrating the
content of the text in authentic teaching situations, questions to discuss with colleagues, one
scripted activity to be carried out with children and, finally, one activity to be planned and
carried out by the preschool teachThe analysis of the interviews and video documentations
of the conducted teaching revealed a broad variety of ways to conduct the teaching, some in
line with the provided material as well as some with adaptations. A closer analysis of the
character othese adaptations showed examples of misinterpretations of the intended
principles to be implemented, whereas others revealed a critical feature: adaptations, when
they are productive, indicate depth, spread, sustainability and ownership and can therefore
considered empirical evidence of successful implementation. This insight made it possible to
address no#productive adaptations in the guiding material as examples of how not to teach
the innovation. Altogether, the analyses reveal certain featuresetratcritical for the

success of the intervention in terms of positive learning outcomes and features that turned out
to be critical for the success of the implementation at large scale.

Discussion

The focus of this paper was on how a successful intervention on early number
knowledge could be designed and then transformed into a successful implementation. The
design principles and the core elements as well as the positive view on productive adaptatio
presented in this paper must, however, be understood within its national educational context,
that is, in connection to the Swedish preschoolm&sationed, the national curriculum
emphasi ses that teaching i n pple&enhcariodity ought
and desire to play (National Agency for Education, 2018). Further, as Swedish preschool
teachers have a thrgeear university education and a significant degree of autonomy in their
teaching practice, they are both qualified and exgukettt make adaptations in relation to the
children in their preschool. It is within this context that the design principles and core
elements as well as the positive view on productive adaptations presented in this paper must
be understood. That is, in ardext with a different preschool curriculum upholding other
priorities and other views on learning and teaching, the design principles for the intervention
may have been different and thus also the guiding materials developed. Likewise, in a context
whereteachers have a different teacher education, the ability to make productive adaptations
may be either greater or less.
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Mat hemati cs t eac he rbasédassesemests as part afth&a s s r ¢

junior cycle

Mark Prendergat Ni amh 2 O6 Mear a
tUniversity College CorkiUniversity of Limerick

This paper explores the perspectives of mathematics teachers on the implementation
and impact of ClassrooiBased Assessments (CBAS) as part of the Junior Cycle Mathematics
Specification. Reflecting internatniroaducedl tr en
CBAs to complement traditional state examinations, creating a dual assessment model.
Drawing on data from an online survey of 196 respondents, preliminary analysis identifies
both perceived advantages and notable challenges. While some teaginensledged the
value of CBAs in promoting independent learning and linking mathematics tlifeeal
contexts, widespread concerns were identified regarding the substantial time demands, low
levels of student engagement, and the potential for incredsedtenal inequities. These
preliminary findings suggest that, despite the intended pedagogical benefits, the current
implementation of CBAs presents significant obstacles in mathematics classrooms.
Implications for policy and practice are discussed.

Keywords:Classroorrbased assessments, mathematics, secondary level, Junior Cycle,
teachersdé perspectives.

Background to the Study

A gradual rollout of specific curriculum reform measures at Junior Cycle (lower
secondary education) began in Irish schools in September 2014 and continued through to
September 2019. Curriculum reform in education is inherently complex and often presents a
range of challenges, resulting in curricula rarely being implemented exactly as intended by
their designers (Prendergast & Treacy, 2018). To conceptualise this further, we draw on
Glatthorn et al.o6s (2012) currucuioml mmdeds w
set of Il earnings that the school system cons
identify four different pillars of the intentional curriculum. These pillars arevtitéen
curriculum, that is the curriculum as it is presented in policy documentsughegorted
curriculum, that is the resources that support the curriculumtatinght curriculumthat is the
curriculum delivered by teachers in the classroom; anteited curriculumthat is the
aspects of the curriculum whi@ppear in key assessment tools. While the reforms at Junior
Cycle permeate all four pillars of Glatthorn
teacher sd per spe testedcuerisulumiflore edpecially, & cuse®on théire
views towards the introduction of Classro@ased Assessments (CBAs) at Junior Cycle.

To address concerns about the overly summative and limiting nature of previous
Junior Cycle assessments, CBAs were introduced as a means to diversify assessment
methods. Their implementation is consistent with assessment practices in education systems
suchas those in Finland, Hong Kong, New Zealand, Scotland, and Queensland, Australia
(Murchan, 2018). CBAs represent a form of scHmded assessment that can be classified as
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formative in nature. According to Black and Wiliam (1998), formative assessment involves
activities designed to gather evidence of student learning, which can then be used by teachers,
students, or others to guide future teaching and learning. Whileclessasistently

underscores the benefits of formative assessment for student learning, it remains a difficult
approach for many teachers to adopt, and some are reluctant to implement it in practice (Yan
& King, 2023). In the Irish context, the introductiohschootbased assessment aimed to

shift the focus away from summative assessment and empower teachers with more autonomy
in evaluating their students (Murchan, 2018).The initial plan proposed that teachers would
both design and grade the CBAs and al fiuenmative assessment. However, this led to

strong opposition from teacher unions (Murchan, 2018), resulting in industrial action. As a
compromise, it was proposed that the National Council for Curriculum and Assessment
(NCCA) would develop the CBA taskshich students would complete during class time

within a designated national timeframe. Teachers would evaluate the work using standardised
descriptors and the outcomes would be shared with students and parents via the Junior Cycle
Profile of Achievemen(JCPA), though they would not contribute to official state

certification. Formal certification would instead consist of: (1) a revised version of the
traditional final examination, created and graded by the State Examinations Commission
(SEC), and (2) a itten Assessment Task related to one of the CBAs, completed in class
during third year but also graded by the SEC. These arrangements were finalised following
negotiations between the Department of Education and Skills (DES) and teacher unions, just
prior to the first revised English examination in June 2017.

In summary, students typically complete two Classrdased Assessments (CBAS)
for each subjeét one during second year and the other in thirddesth guidance and
support from their classroom teacher. After finishing the second CBA;yteadstudents
complete a written Assessment Task that encourages them to reflect on their learning, as well
as the skills and competencies developed during the CBA. This task accounts for 10% of the
total subject grade in most cases, with the remaining 90% assignedfittatstate
examination held in June. The new Junior Cycle Mathematics Specification (JCMS) was
introduced to all schools in September 2018. Similar to other subjects, there are two CBAs
(see Table 1) which are undertaken by students in the seconceahddhyear of the Junior
Cycle.

Table 1

Overview of CBAs in Mathematics (NCCA, 2018)
Type Detall Time Taken Completion
CBAL1: Mathematical Students will follow the  Threeweek period End of second year
Investigation problemsolving cycle to

investigate a
mathematical problem.
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CBA2: Statistical Students will follow the  Threeweek period End of first term of third
Investigation statistical enquiry cycle. year

Although introduced in 2018, the full implementation of Jln@ior Cycle Framework
in Mathematicd particularly around the completion of two CBAs and the subsequent
Assessment Tadkhas yet to be fully realised due to disruptions and revised arrangements
caused by the COVH29 pandemic. Thus, the implementation of the JCMS is stilsiaatly
stages, with teacher perspectives continuing to evolve. However, with the Leaving Certificate
mathematics curriculum currently under review and expected to intretkroents of
continuous assessment by 2027 (NCCA, 2024),
experiences with these classrobased assessments. This paper study therefore seeks to
explore the following research question: What are mathematcdtear s 6 vi ews on t
introduction of CBAs as part of the Junior Cycle Mathematics Specification?

The Study

As part of a broader research project looking at the implementation of the JCMS as a
whil e, the authors developed an online surve
the key changes introduced to the subject at Junior Cycle since 2018.aphisguldresses
qguestions concerning the implementation of CBAs, focusing specifically on responses where
participants were asked to describe both the advantages and challenges of CBAs using two
openrtended prompts:

- Please describe the advantages of the inclusion of CBAs in the JCMS.
- Please describe the disadvantages of the inclusion of CBAs in the JCMS.

The intended sample included all/l teacher
secondary sector. After obtaining ethical approval from the Education and Health Sciences
Research Ethics Committee at the University of Limerick, the soreejministered \a
Qualtric® was distributed using a ngarobability sampling method. The link was shared with
al | nati onal branches of the Irish Mathemat.
to circulate it among their members. The survey remained open fervleeks in November
2024, ultimately yielding 196 responses.

Qualitative data from opeeanded responses were transcribed into Microsoft Word and
analysed using an inductive thematic analysis approach guided by Braun and Clarke (2022).
The process was iterative and reflexive, involving repeated coding, theme deseippnd
crosschecking. While the first author conducted initial coding, both authors collaborated to
refine and finalise the themes, sometimes merging categories or introducithge 6.

Findings

The preliminary findings presented in this paper will highlight the key themes that
were generated from the data, outlining three advantages and three disadvantages of CBAs as
reported by the responding teachers. These themes are discussed in ordeentyref
occurrence within the data (see Figure 1).
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Figure 1

Mat hemati cs Teachersdéd Perspectives on the Ad

a A a . R
Independent | EIXCGS$IVG
learning class time
consumed
\ J \ J
a D a D
Realworld Lack of
— application of — student
mathematics engagement
e v A v
a D a D
Personal | | Student
interests inequities
L J . J

From a positive perspective, a commonly reported advantage of CBAs is their role in
fostering 6independent | earningé. This emerg
theme across the responses. Numerous teachers observed that CBAs promote student
auonomy, encouraging learners to take charge of their own work and develop the ability to
work independently. One respondent emphasi se
to take responsibility for t heAnothepwidely ect, wh
acknowl edged benewartl d edpapleisc atoi arh eo fé rneaatl h e m:
participants pointed out that CBAs help bridge the gap between classroom learning and

everyday I|life. For instance, oatioaofim@ssher r em
positiveo (T147), while another noted: #Alt d
is worth doing as stats are so relevant in |
Opersonal i nt er est ®.0eascharsvalaed sow CBAs allencstudentst:m g t h
explore topics they find meaningful, which can lead to higher engagement and more

personalised | earning experiences. As one te
opportunity to shape theirownleamng and i nvestigate things tha

While these three themes showcased some of the benefits in relation to CBAs, it must be
noted that the data from the opemded question on the advantages also highlighted
widespread concerns. Indeedtloé 120 teachers who answered the question on advantages,
only 46 provided an exclusively positive response. The others either mentioned both
advantages and disadvantages or gave solely negative responses. Such negatives are further
emphasised in the respses to the question on the disadvantages of CBAs in the JCMS

Among the challenges associated with CBAs, the most frequently cited by teachers

was the issue of O0excessive class time consu
the time devoted to CBAs significantly interferes with syllabus coverage. Onerteache
emphasized this iIimpact by stating: ARSI x week
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time | ost, yet course content was not reduce
requirement for CBAs as disproportionate to their educational value, particularly since

students are expected to complete CBAs in numerous subjects. As a results tegudreed

feeling the strain of meeting both curriculum demands and CBA requirements, which often

l ed to hurried instruction and | earning gaps
timetable forces us to rush through other core topics, legvlagps i n student s’ u i
(T135). Another recurring concern was the oI
i ndicated that since CBAs do not contribute
seriously by learners. One teacherobserd : fiDoes not <count for a g
care about it.o (T15). Others described how
rather than meaningful, with one remarking:
be completedTD4) stTedeahenws al so expressed th
i nequitiesd. This broader c onthemmespnameger ged t h
6di sparities in access to resourcesd and O6di
respondets highlighted inequities in access to technology and varying levels of support from
home and school. For example, one teacher <co
resources to avail of, and differeibht school s
laptops for 120 kids doing a 2tyeéar maths CBAandweareapdhone campus nowo
(T139). These disparities often result in an uneven experience of CBAs across different

student groups. Regarding ability, many teachers felt that CBAs tend to favowchighing

students while posing significant challenges for others. L@gkreving students, in

particular, were reported to find CBAs stressful and difficult to complete independently. As

one teacher explained: @St rwoeakprestudestitgatdent s t e
incredibly stressed or minimally engageo (T3
Conclusion

To sum up, this study found that although teachers expressed a variety of opinions on
the implementation of CBAs as part of Junior Cycle mathematics in Ireland, their overall
sentiment was predominantly negative. However, a number of benefits were redpgnis
many of which align with the original goals of introducing scHoe$ed assessment.
Speci fically, teachers noted that CBAs suppo
hel ping studwewaoatbkdsapptheatrenl ofthem#éiot hemati cs
explore areas aligned with their O6personal i
on the advantages of formative assessment, underscoring its capacity to improve student
learning, boost motivation, and foster greater student owipesskr their educational
progress (Black and Wiliam, 1998).

Despite the positives, the overall responses from participants in the study reflected a
more negative perception of the CBAs in general. The most commonly reported challenge
related to CBAs was their tendency to take up a significant amount of claswhiie,
hinders teachers from sufficiently covering the necessary syllabus content. In 2022, the Irish
Mathematics Teachers Association (IMTA) conducted a survey among its members and
students to gather general feedback on the JCMS. Regarding time cabiedhiof the
teachers surveyed indicated that they did not have sufficient time to cover the course content
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(IMTA, 2022). This is a particular issue in the subject of mathematics where concern has long
been expressed regarding the workload and timeframe of the mathematics curriculum
(Prendergast & Treacy, 2018).

The findings point to a multifaceted and evolving situation that warrants continued
examination and critical reflection. From the beginning, assessment reform, and particularly
CBAs, has remained the central point of debate withifrtaenework for Junior Cycle
(MacPhall et al., 2018). This study confirms that they remain a source of concern for teachers.
Although the JCMS and its associated CBAs were introduced ind28d@en years agothe
impact of the COVIB19 pandemic has undeniably disrupted their tlldlevertheless, the
results of this research indicate that significant apprehensions persist among educators. Byrne
and Prendergast (2019) observed that while concerns around curriculum reform may lessen
over time, they must be addressed through sustamgport and possible refinements to the
reform.
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The impact of mathematics teacher shortages in Irish secondary schools:

Perspectives from consecutive ITE graduates
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The significance of mathematics in the Irish secondary school curriculum is undisputed.
However, the persistent challenge of teacher shortages in the subject has garnered substantial
attention over the past fifteen years. There has been a change in tier:entering the

mathematics teaching profession, with the number of newly qualified mathematics teachers

from the consecutive initial teacher education route particularly affected. A shortage of

qualified mathematics teachers has serious implicatioreffixtive teaching and student

learning outcomes in classrooms. This paper investigates perspectives on the repercussions of
ongoing teacher shortages in Irish secondary schools, drawing insights frostreetoired

interviews with eight mathematics téwcs who graduated from consecutive initial teacher
education (ITE) programmes in recent years. We employed thematic analysis and found that
their considerations of the mai noffi impladd s cen
teachers, largerclasseiz, a | ack of continuity in teachi
knowledge. Implications for practice are discussed.

Keywords:Teacher shortages, mathematics, secondary level, impact.
Background to the Study

Teacher shortages are having a profound effect on education systems globally
(UNESCO, 2023). To meet the target of universal primary and secondary education by 2030,
as outlined in Sustainable Development Goal 4, an estimated 44 million additional teachers
are needed (UNESCO, 2023). Countries such as Australia, Canada, the UK, the USA, and
Ireland are grappling with this shortage, resulting in unfilled teaching positions that affect
class sizes and limit subject availabikitissues that disproportionated§fect schools in lower
sociceconomic communities (Black, 2017; Blackmore et al., 2023; Mills et al., 2025). A
common response to these shortages has been the deployment of unqualifiedf-diciolut
teachers. In Ireland, for instance, research bRidfdain and Hannigan (2011) found that
48% of those teaching mathematics at secondary level were not specifically qualified to do so.
Although this figure had decreased to 25% by 2018 (Goos et al., 2023), mathematics has
remained one of the focus areashia Department of Education and Skills 2019 Teacher
Supply Action Plan.

While the causes of global teacher shortages are varied, several recurring factors
emerge across different national contexts. Studies have highlighted that challenges related to
teacher pay, limited career advancement opportunities, the perceived sthtuprofession,
and insufficient access to meaningful professional development have all negatively influenced
teacher recruitment and retention (Blackmore et al., 2023; Daflamgmond, 2017;

UNESCO, 2023). In addition, financial constraints often detesgective candidates from
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enrolling in initial teacher education programmes, particularly those pursuing postgraduate
routes (Mills et al., 2025; White et al., 2024).

In Ireland routes into the secondary teaching profession have traditionally followed
two main pathways: (1) concurrent via an undergraduate programme and (2) consecutive via a
postgraduate qualification following a degree in a specific subject area(xoiti@rent
route typically consists of a foiear Level 8 degree that integrates subgpeicific content
with education and pedagogy. In contrast, the consecutive route delivers professional training
in pedagogy and teaching after candidates have glczadpleted an academic degree in a
relevant subject area. Since 2014 this consecutive route has transitioned fregearone
Postgraduate Diploma in Education (PDE) to a-ywear Professional Master of Education
(PME) programme. While this reform has unbtedly strengthened teacher preparation by
deepening pedagogical engagement, it has also created new barriers. Recent graduates
navigating this route often face financial burdens, reduced income opportunities during study,
and a lack of systemic supporddl, of which contribute to declining enrolment and retention
(Ni Riordain et al., 2025). Indeed, graduate numbers from this route have fallen nationally by
more than a third since the twyear programme was introduced (Sahlberg, 2019). This fall in
gradude numbers has been felt across all curricula areas, but the impact is more pronounced
in subjects such as mathematics which have traditionally experienced teacher supply issues.

Considering the weléstablished link between effective teaching and student learning
(Prendergast & OO0Donoghue, 2014), the I ack o
teachers has serious implications. Harford and Fleming (2023) critique the Iresfostadt
effectively tackling the worsening shortage of qualified teachers, especially in light of rising
demand and the growing complexity of the education system. The aim of this paper is to
investigate perspectives on the repercussions of ongoing metibe teacher shortages in
Irish secondary schools, and to address the following research question: According to
consecutive ITE graduates, what impact do mathematics teacher shortages have on teaching
and learning in secondary mathematics classrooms?

The Study

While this paper focuses specifically on the impact of mathematics teacher shortages, it
is part of a larger study which examines why fewer mathematics undergraduates are choosing
to pursue secondary teaching careers in Ireland through the consecutiveéAsopart of the
overall research, we conducted sestmuctured interviews with eight mathematics teachers who
had recently graduated from two of the six universities in Ireland offering the consecutive ITE
route. These participants were recruited usipgmosive sampling strategy. There were four
graduates from each of the two universities selected and the sample included teachers with
varying undergraduate backgrounds in mathematics and other teaching subjects. Participants
identified as malen(= 5) and femalen= 3) and had graduated from the PME programme at
each university between 2016 and 2024.

Semistructured, on¢o-one, interviews were conducted by the lead author between
January and March 2025. At the beginning of each interview the author explained the purpose
of the study and the interview structure. With specific reference to this plagantdntion
was to probe the lived experiences and perspectives of teachers regarding the impact of
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mathematics teacher shortages in their schools. All eight interviews took place online via
Microsoft Teams, which offered the benefit of allowing participants to engage in a

comfortable and convenient setting. After providing informed consent, eacissectired

interview lasted approximately 30 minutes. The recordings were transcribedorovdrd

using online transcription software and then cleaned and edited by the authors. Braun and
Clarkebs (2022) thematic an atransrbadddta Anme wo r k
i nductive Abottom upo orientation guided the
generated through the views of mathematics t
Clarkebs (2022) si x phaygsesgrovided aframewonk forodate s s o f
engagement, coding and theme development. It was a flexible and recursive process, with
repeated movement back and forth as codes were identified and initial themes were generated.

For example, codewsegwch éamul dti @d ehdre atcthrem s & ¢
|l earningd were categorised into the theme OL
Findings

In terms of impacting teaching and learning, there were four main themes generated
from the analysis (see Figure 1). These themes are discussed in order of frequency of
occurrence within the data.

Figure 1

Impact of Mathematics Teacher Shortages on Teaching and Learning

Out of Field
Teachers

Gaps in Students'

Knowledge Larger Class Size

Lack of Continuity
in Teaching

The main impact of mathematics teacher shortages identified in the data was the
assignment of 6éout of field teachersd who ar
This trend was noted as a significant issue, with several participants poutithgoteachers
with backgrounds in other subjects, such as business or science, are often asked to teach
mathematics despite lacking the specialised content and pedagogical knowledge required.
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Barry: I know it has been well highlighted down through the years but there
continues to be a problem with teachers being assigned to teach maths
classes even though it might not be one of their qualified subjects. And
it is an issue, like for someone to try agalin and teach maths, their
knowledge of the subject is going to be limited to what they have done
themselves in school, rather than having a degree in the subject and
learning about specific ways to teach it and help students learn, and
whatworksand what doesnot.

Sean: It's often that case that teachers from other subjects, for example
business, will be asked to fill in and teach first year maths. But they
woul dn'"t have the experience of | ea
doubt that they have the maths ability, b&¢th havendt been t
how to use the most effective approaches to teach the subject. Just like
I woul dndét know the best way to go

Anot her i mpact of mathematics teacher sho
respondents noted that when there are not enough qualified mathematics teachers, schools are
often forced to combine or reconfigure classes, leading to larger student Jroigpacrease
in class size results in less individualised attention for students, which, in turn, affects the
quality of instruction.

Mary: We end up having to split classes, like as in distribute students of the
teachers who are out amongst the other classes, which is better because
at least they're in a classroom. But that has an impact on a whole year
group then you know in terms of thess sizes.

Paul: What you're looking at is things like bigger class sizes, to try and split
the class cohort across all the available maths teachers. You know
schools are good at keeping the numbers manageable, but they can only
do so much with what they have. So, a lotimes you can lose that
kind of individualized student attention maybe to a certain extent,
because of having to take on bigger class sizes.

The third issue stemming from the shortage of qualified mathematics teachers was the
6l ack of continuity in teachingd. When teach
illness, or other absences, finding qualified replacements becomes diffiteityesulting in
multiple teachers being assigned to the same class over the course of a term or school year.
This lack of consistency disrupts the students' learning process and can be especially
problematic for students at critical stages of their mattiead development, where
foundational concepts are being built. Colm and Julie highlighted this issue of lack of
continuity.

Colm: There is a real issue with a lack of continuity of teachers for class
groups in maths through a junior or senior cycle. It does have an effect.
You can minimise it as much as possible in a school by having clear
schemes of works you know and effectivedhanv er s é . . but yol
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a class might have a teacher in 1st year, and then a different teacher in
2nd year and it could even happen again in the third year.

Julie: | think a lot of chopping and changing between teachers really has a
huge effect on the students.

The fourth and final theme generated from the data highlighted how mathematics
teacher shortages often result in dédgaps in s
consequences of a |l ack of continuity and hayv
foundational skills are not developed adequately, which negatively affects their ability to
handle more advanced topics.

Edel: And then as a maths teacher in 3rd year and senior cycle, you are
inheriting a lot of students with problems in maths due to a lack of
understanding of the basics.

Colm: A junior cycle class will have had three different teachers for their three
years and just that discontinuity at a fundamental or like a critical point
of their development, you know a step up from primary school and then
the introduction of new concegtke algebra and things like that. And
to have that discontinuity in there can just create issues that didn't need
to be there and can actually take a while to fix.

Conclusion

The analysis of the data highlights several critical consequences of the shortage of
qualified mathematics teachers. The prevalence ob®field' teachers, larger class sizes,
and a lack of continuity in teaching leads to a diminished learning experfi@nstudents.
These issues contribute to gaps in students' knowledge, hindering their understanding of
fundamental concepts, and negatively affecting their overall academic performance. Given the
importance of mathematics as a cornerstone subject Mhthilish secondary school
curriculum, addressing these challenges is crucial to ensuring that students-pre peazkd
for future academic pursuits and careers, particularly in STEM fields. While the transition
from a oneyear PDE to a twayear PME prgramme in Ireland has brought substantial
benefits (Ni Riordain et al., 2025), it has also coincided with a decline in the number of
mathematics teachers graduating through the consecutive route. To tackle this issue, it may be
helpful to examine countriegith well-established teacher recruitment and retention
strategied such as Finland, where teacher preparation is fully funded by the government, and
trainees receive a salary during their studies (Dataghmond, 2017). Countries that have
successfully ddressed teacher supply challenges explicitly recognise the critical role of
education in a prosperous society and implement coherent policies to recruit, develop, and
retain skilled educators in order to ensure that every school is staffed by effeativerse
(Darling-Hammond, 2017). In this context, the issue of mathematics teacher supply must be
addressed in a focused and coordinated manner to mitigate the detrimental impacts identified
in this study and to ensure that all students receive theguidity mathematics education to
which they are entitled. Crucially, efforts to recruit new mathematics teachers into the
profession must not be undermined by the current challenges faced in schools (Harford &
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Fleming, 2023); rather, these efforts should be accompanied by clear strategies to support
early-career teachers and foster a positive and sustainable professional environment.
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oOoPl ayful and engagingd: Redevel oping

numeracy

Keishia Taylor
Educational Research Centre

The Drumcondra Tests of Early Numeracy (DTEN) are undergoing redevelopment and

embracing the vision outlined in the 2023 Primary Mathematics Curriculum for a more

Apl ayful and engagingo approach to primary m
embodythe s pi ri td of this curri cudualithassebsméness pr odu
for Senior Infants and First Class children. The revised DTEN involves an expansion of
curriculum coverage; an Ilrish | anguage versi
child-friendly materials; and improved materials for the diagnostic assessment. Teacher
guestionnaires and child focus groups have also been conducted. The pilot of the screening
booklet has concluded among First Class children and analysis is undehigayaper will

outline the rationale for redeveloping the DTEN, the impact of the 2023 curriculum on its

design, and an exploration of its novel features.

Keywords:Early numeracy, assessment, play, screening
Redeveloping the Drumcondra Tests of Early Numeracy

The Drumcondra Tests of Early Numeracy (screening and diagnostic) are well
established resources for identifying children in Senior Infants and First Class who are at risk
of difficulties in mathematics. Such children are identified by a predeterminaxdfqgdint in
the raw score (number of items correct) on the screening test, aagoupistered activity
booklet. These children then complete the individuatlyninistered diagnostic test, which
covers similar content in more detail so that particuleasin which the child may need
support can be determined.

The first DTEN (Screening and Diagnostic) was validated in Z009.
Redevelopment of the DTEN began in 2023, 15 years after its initial validation. These types
of assessments tend to become easier over time as their content and format become more
familiar, and they should be-walidated periodically to ensure the -aff points continue to
identify children at risk of difficulties. Therefore, the most basic aim of the new DTEN is to
reflect upto-date achievement levels. Further, the educational lanel$cdpeland has
changed considerably since the DTEN validation. Changes relevant to the redevelopment of
the DTEN assessments include, but are not limited to: increases in achievement levels in
mathematics of primary school pupils; changes to early atoldieducation resulting in
children being older, on average, when they start school; the development and introduction of
a newPrimary Mathematics CurriculurtPMC) in September 2023; increased recognition of
the need for more assessment resources forrreium schools; and demographic shifts in
the population of Ireland.
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Teacher Feedback

In the initial stages of redevelopment, feedback was sought from teachers regarding
the existing assessments (screening and diagnostic), including how they are used in the real
world, and any recommendations for the new versions. A questionnaire waateotanl May
2023 to primary schools that had purchased or administered the DTEN in recent years and
109 teachers completed at least half of the questionnaire (238 started the online
guestionnaire).

Comments were very positive overall but highlighted a few areas to be addressed. For
example, almost as many teachers reported that the tests were too easy to provide useful
information as those who disagreed. A sizeable minority of respondents wereneortet
the tasks were not engaging enough (S: 25%, D: 33%) and that the pupils struggled to
concentrate (S: 24%, D: 38%). Worryingly, 28% agreed that pupils were nervous or
intimidated by taking the tests. Teachers also showed concern for childrerearitingh
difficulties and speakers of English as an additional language. Responses also indicated that
operating in a context of staff and room shortages presented significant challenges for using
these assessments.

Based on feedback from teachers, the redeveloped DTEN aims to improve the test
experience for the children and ensure the length of the assessmerdjpegiate.
Teachers also requested a parallel booklet for the screening test to reduce oppdaunities
copying, therefore increasing the validity of results, and to allow teachersdioniaister the
test if needed. Several teachers explicitly requested that the assessments be made available in
Irish, and for the first time, the revised DTEN will prd® early numeracy assessments that
have had input from Irish language experts and been piloted and validated in Irish.

The 2023 Primary Mathematics Curriculum

The revisedPrimary Mathematics CurriculurfPMC) (DoEb, 2023) was published
after an extended development and consultation process and in the context of the earlier
publication of the broaddtrimary Curriculum FrameworkPCF), which was the first of its
kind (DoEa, 2023). Notably, the PCF includes
competencies for primary school learners. This competency involves children using logic and
mathematical thinking to solve a rangfeproblems both inside and outsitiee classroom,
and aligns with the PCF, tli@amework for Junior Cycleand AistearEarly Childhood
Curriculum Framework The link with Aistear in the PCF is further strengthened by the
focus on the importance of play and playfulness in primary education (NCCA, 2009).

The PMC (DoEb, 2023) is based on the principles that every child is capable of
engaging with mathematical ideas and can develop over time. It describes mathematics as a
tool for understanding the world and argues that creative presdérmg in everyday
contexts is a key component of developing critical mathematical thinking. Since mathematics
is a human and social phenomenon, the school environment should promote collaboration and

communication, an fHessential 0 p&burid20id) cal pr
noted the discourse present among mathematicians involves making conjectures, examining
and justifying or fAmathemati cal thinkingo, w
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thinking aloud oMaths Talk An egalitarian environment, where children feel safe to express
their thinking and ideas, should be encouraged.

The PMC departs from the prescriptive content objectives of its predecessor, the 1999
Primary School Mathematics CurriculufRSMC), and instead presents broad learning
outcomes that can be tailored towards the children and allow for greater teacher autonomy.
Mathematical Concepts, which are Big Ideas(Charles, 2005) underpinning the Learning
Outcomes, and Progression Continua or detailed suggested learning pathways, are provided in
the toolkit.

The main curricular changes are primarily
mat hs, rather than the oOwhatdé. There is an i
meaningful mathematics in the PMC and these priorities have been used as a guiding
prind pl e in developing the pilot. The revised

using childfriendly illustrations, relevant reaborld contexts, and a playful approach to
admini stering the fAactivity bookl ets. o

What is measured by the new DTEN?

In terms of curriculum matching, the DTEN was redeveloped with both the 1999
PSMC and the 2023 PMC in mind. This is because the timeline for theutadf the PMC
intersects with the validation process for the revised DTEN, as the assessments will be
validated before the curriculum has been fully embedded. As a result, the DTEN does not
contain content areas that are not in the PSMC, but the items were developed to embody the
playfulness of the PMC, with a particular emphasis on creative, engaging amiciginga
mathematics.

Like the 2008/2009 DTEN, the revised assessment has a focusuanterstrand.
It has been argued that fAnumber provides the
(Phil pot et al., 2021, p.8). Clements and Sa
and operations is arguably the most important area of mathematice ar ni ngo (2007,
The pilot therefore retains a strong coverage ofNthimberstrand unit Numeration &
counting, sets & operations, etcHowever, some experts have raifieat an overfocus on
Numberin screening and diagnostic tests for young children may lead to the exclusion of
other important domains of mathematics (Dunphy et al., 2014). As a result, the revised DTEN
seeks to slightly expand the curricular coverage, while also ensuring thasekssmsnt is not
too long for this young age group.

Early pattern work has been highlighted as a key constituent of mathematical
development, given its role in the formulation of algebraic thinking (Clements & Sarama,
2007). The revised DTEN expands coverage ofllgebrastrand by using patterns with a
range of characteristics and more engaging contexts to add playfulness and explore the
connections between patterns inside and outside the classroom. The original DTEN included
elements of th&hape and Spastrand as the context for other skills, suchlassifying
simple 2D shapes or extending shape patterns, while the pilot tests included items more
explicitly targetingShape and Spa@®ntent. Similarly, items involving comparing and re
ordering objects based on physical characteristiezaguring and classifying objects and
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sets according to specific attribut&afa) now feature in both the screening and diagnostic,
the latter of which uses illustrated cards and manipulatives. Lastly, an informal understanding
of Timehas been piloted in the diagnostic for the first time.

How are these components measured in the new DTEN?

The screening test booklet features a range of item types, includingaabostr,
openrended items with numeric answers, drawing shapes, selecting part of an image, or
matching related objects. Multiple choice items were used with numbers or imagesers ans
options, and distractors (incorrect answer options), where possible, were based on common
errors or misconceptions.

Given its format as a orte-one interview, the diagnostic test allows for more
flexibility in item typesi from verbal, to interacting with a display book, to placing cards,
cubes or objects. This more tactile experience in the assessment supports thé chi
engagement and promotes enjoyment of the tasks (Baroody, 2017).

It is important to note that the purpose of these tests is to identify children at risk of
struggling with numeracy and clarify the content areas in which they may be experiencing
difficulties. The tests are therefore designed for children who may bé&oefiadditional
learning supports or have weaknesses in specific areas of numeracy that can be addressed by
the class teacher.

Mathematics items in context

As has already been discussed, the PMC has a strong focus on creative, playful and
engaging mat hematics, and the DTEN seeks to
a consultation with children commissioned by the NCCA as part of the developntieat of
PMC (Leavy et al., 2023), the authors found that the children themselves highlighted the
importance of meaningful and engaging mathematics with richwesddl contexts. A novel
approach was also piloted in which three items relating to the saménterge were
presented on a doubpage spread. These items were mixed in terms of the mathematical
content area but connected by a contextual t
pages was included in each of the sets of booklets.

Inclusive and childfriendly presentation

To further promote an engaging and enjoyable child experience, a professional
illustrator was engaged to provide clear and appealing images for the test materials. The
illustrations were commissioned to represent the diversity of children in Irish classroo
such as including images of children with a range of skin colours, avoiding gender
stereotypes, and featuring children using hearing aids or wheelchairs. Crucially, the ability to
distinguish between colours was avoided in order to be inclusive faurdaind children.

As with the earlier DTEN, instructions for the screening booklets were read aloud to
pupils in full and a detailed script was provided for the test administrator. This helped to
minimise the linguistic load and therefore the confounding effect of linguisthpetency,
since this is a numeracy assessment. It also improved accessibility for children who were not
taking the test in their native language, as they received both written and oral instructions.
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Parallel Forms

Parallel forms of the screening booklet were piloted. This means that one set of oral
instructions applies to multiple forms of the booklet so that they can be administered
simultaneously in the same classroom. The different versions of the booklet terpsnof
the numbers, images and positions of the correct answers. This has already been implemented
successfully in the New Drumcondra Primary Mathematics Test (DPMT) at Levels 1 and 2
(First and Second class) but represents a new approach for Seamns.Inf

To trial a larger number of items, the pilot involved two sets of booklets (schools were
assigned either X or Y) with three forms in each set (A, B, C), in English or in Irish
translation. Both sets measured the same content areas but contained diéfmseand
contexts. These six different booklets (per language) at the pilot stage will be consolidated
into two booklets (per language) for validation and publication.

Concrete materials

As noted earlier, the use of concrete materials in the DIDEENows for the
assessment of skills and concepts outside those that can be addressed byradypeseil
test. However, it is also in keeping with the vision of the PMC, as well as the
recommadations of the NCCA consultation with children (Leavy et al., 2023). In the latter,
children expressed a clear preference for interactive, famdgperiences of mathematics.
As a result, the DTEND seeks to provide an interesting, meaningful and enjeyabttaking
experience for all children who complete it.

Data Collection

Schools were stratified by medium of instruction, DEIS status, size and Gaeltacht
location where relevant. 100 schools were randomly selected and their First Class classes
were invited to participate. Information letters and parental consent withdravwesl fegre
distributed by schools in advance and schools were advised to excuse from testing children
who may become distressed or would not be able to meaningfully engage with the tests (e.g.
due to a disability or insufficient level in the testing languakievever, we encouraged
schools to otherwise include as many children as possible, including those with special
educational needs.

Teachers were provided with comprehensive administration manuals containing
general guidance and a detailed script and the research team were available for support. We
recommended that screening booklets be administered to groups of 8 children either with
break at the midway point or over two days, although we encouraged teachers to use their
professional discretion and knowledge of their pupils to take extra breaks if needed. To
capture the pupil perspective, eight focus groups of four children weraaeddshortly after
they had completed the tests. Due to the young age of the participants, they were asked at
some points to place stickers on spectra from, for example, from fun to boririg. €ypisent
was obtained from parents. All materials werenetd to the ERC and open format items
were coded ifhouse before the booklets were sent for data entry. SPSS and Iteman will be
used for analysis.
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Based on the scores in the screening pilot, preliminary cut points were used to identify
the children most suitable for the diagnostic pilot. A separate information letter and consent
form was sent to parents. Diagnostic tests were administeretd-oneby class teachers or
SETs in the school and the interview was divided into three parts to avoid pupil fatigue. Due
to delays beyond the control of the research team, materials for the diagnostic tests were sent
to schools in May, resulting in a slightlyer pupil response rate than anticipated due to the
pressure in schools at this time.

Results

78 schools took part in the screening pilot, comprised of 115 classes and 2326
children, and a few children in 75 of these schools went on to pilot the diagnostic assessment.
Teacher questionnaires have yielded positive responses to the new test naaie fiadsnat
of the tests, saying that the children enjoyed the activities and that the tests appeared to
provide useful information. Teachers have also provided feedback about specific items and
made recommendations as to how some items can be improved.

Analysis of the First Class scores has begun and it seems that the difficulties of Set X
and Y are acceptable for a pilot screening test (X: 75.1%, n=1040, Y: 81.2%, n=1266),
although it is worth noting that this large sample was not nationally reprégertad has not
been weighted. Initial analysis suggests that response patterns from children in Scoileanna
Lan Ghaeilge are different from those in English medium schools. Analysis of individual
items (the primary purpose of the pilot) is forthcoming armate findings will be available for
presentation in the autumn.
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More than a routine: How talk moves support mathematical discourse
during a number talk

Evan ThroopRobinson, Marc Husbantl
ISt. Francis Xavier University Antigonish, NS Canada

This paper investigates how teacher talk mov
participation in mathematical discourse. Dr a
di scourse and Sfarddés (2007) fr amé&amscnbed f or m
NT in a Grade 5 classroom using qualitative discourse analysis. Our findings identify three
overlapping discursive functions of talk moves: making student thinking significant, enacting
mathematical practices, and building connections betwksasi We show how specific talk

move$® prompting elaboration, modeling strategies, and verifying understahavwogk

simultaneously across these functions to position students as doers of mathematics in sharing,
reasoning and connecting ideas. We highligktpgotential efficacy of NTs as generative

spaces for doing mathematics when teachers use talk moves intentionally to foster discourse.

Keywords:Number talks, discourse, talk moves
Introduction

Although Number Talks (NTs) have gained popularity in elementary mathematics
classrooms as a way to promote mental math and student discourse, there remains a lack of
research examining their efficacy. Matney et al. (2020) describe this gap as a "bédphol
247) in the literatur@ a space where practice has outpaced empirical investigation. This
absence of evidendmased clarity raises important questions about how, and how well, NTs
function in classrooms. Additionally, there is considerable variglilihow teachers
implement NTs, often adapting the format to suit their own teaching style or classroom needs.
Despite this variability, teachers often employ talk mévesch as revoicing, waiting, and
prompting to support student participation. Thesatggic moves contribute to a dynamic
discourse environment where mathematical meanings can emerge. Yet, without analyzing the
nature of these discursive interactions, the efficacy of NTs remains uncertain. To understand
more fully what happens in theseddribut potentially rich, classroom moments, we recorded
and transcribed a NT to examine the discourse patterns present. The purpose of this paper is
to share a NT from an el ementary c¢classroom t
Our researchupstion asked: n what ways can the teacher 6s u
Number Tal k support studentsd participation

Promoting Mathematical Discourse through Number Talks

NTs are short, Iitl2-minute, structured discussions designed to promote mental math,
mathematical reasoning, and student discourse (Parrish, 2021). They focus on how students
solve an arithmetic question mentally (e.g., 8 x 6) and share their strateti¢isendlass.

NTs provide a platform for students to articulate their thinking, listen to others, and build on
collective understanding (Woods, 2022). Teachers facilitate these sessions using strategic talk
moves$) such as revoicing, asking orienting or exalve questions, and encouraging pteer

peer clarificatiod to develop a discoursgch environment (Joswick et al., 2025). These
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moves not only help students become better explainers and listeners, but also shift

responsibility for learning toward students, encouraging participation and a sense of

ownership over mathematical ideas (Raymond & Campbell, 2024). The National Council for
Curriculum and Assessmentds curriculmathe obj ec
talk as a key pedagogical practice (NCCA, 2023).

A growing body of research suggests that when implemented purposefully, NTs foster
meani ngf ul mat hemati cal discourse. The teach
engage in reasoning, critique strategies, and learn from mathematicad deaitsres aligned
with inquiry-based and studenentered learning (Pak et al., 2025). Studies show that talk
moves play a pivotal role in this process, influencing the depth of student thinking and the
development of strategy use (Murata et al., 2017). Howeneings also caution that many
NTs remain at the level of eliciting strategies rather than probing to make mathematical
connections, pointing to the need for profes
questioning practices (Joswick et al., 2025).[itesthese variations, the routine consistently
enables teachaysespecially beginning oné@sto rehearse key practices such as scaffolding
student thinking, monitoring discourse, and leveraging errors as learning moments. These
findings emphasize the promisENTSs to provide discursive spaces where the teacher and
students think about mathematical ideas in relation to others and use language to
communicate understandings.

Theoretical Framework

Our theoretical framework draws on Geeds
buil ding on Sfardods (200 7)-specdicikerpretatonaf h pr ovi
Geebds broader theory. From Geeds perspective
languagein-use and ways of being, acting, valuing, and interacting that align with particular
social and cultural practices, while Discourse (capital "D") highlights how language is
intertwined with identity, powaageptionoaihd broade
mat hemati cal discourse aligns closely with t
things significant, enacting practices, and

use of mathematical words and visual mediators (e.gg,diams and symbol s) pa
notion of making things significant, as language highlights and renders certain ideas
meaningful within the prdarectrierd, eecogntzébbe pattéfns c on c
of mathematical actighmi r r or s dbenactng practtces shrough discourse. Finally,

Sfardés notion of narratives, through endors
to Geeds building task of constructing conne
groundingourusedte e 6s conception of discourse in Sf.

mathematical communication, we analyze our NT transcript in terms of how teacher and
students develop and negotiate specific features of mathematical discourse.

Methodology

Our study employed a qualitative discourse analysis methodology to examine how
language in classrooms constructs meaning, shapes social interactions, and supports the
development of mathematical reasoning (Hefasenmann et al., 2011). This methodology
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is well suited to our study because it emphasizes the functions of ladgspegefically, how

talk makes certain ideas significant, enacts socially recognizable practices, and builds

connections among ideas and participants. By focusing on the form atidrfiusf language

during classroom interactions, qualitative discourse analysis allowed us to investigate how

teacher and student talk during a NT contributed to students' engagement with mathematical
discourse. In the context of mathematics educatiordres on HerbeEi s enmann et al
(2013) research on teacher talk moves and Pa
our analysis. We were interested in how combinations of talk moves could work together to
support students' participation in fhamatical thinking and communication. Our analytic

approach was iterative and thematic, guided both by theory and by emerging data patterns.

Methods

We undertook the study in a Grade 5 classroom in a Regional Centre for Education
(RCE) on the east coast of Canada. Participants included one classroom teacher, 24 students,
and two mathematics mentors who provide ongo
program. We obtained ethics approval from the RCE and the University prior to data
collection. Data sources included audio and video recordings of NT sessions, along with line
by-line annotated transcripts of classroom interactions. Following each NEstarch team,
teacher, and mentors reviewed the recordings independently and collaboratively to identify
and discuss the teacherdés use of talk moves.
review rounds and to increase intater reliability, we edtanalyzed, verified, and discussed
how we viewed the classroom discourse unfolding, with a particular focus on how talk moves
supported students into mathematical reasoning and communication. While research suggests
ambiguity regarding the efficacy of NTslatney et al., 2020), in what follows, we detail our
analysis of a specific NT in which we asked
in terms of how the teacher used talk moves to orchestrate the NT and support students in the
discourse omathematics.

Findings

Our analysis identifies three interrelated ways in which discourse shaped participation
in the NT: making things significant, enacting practices, and building connections. While
each category reflects distinct functions of langdageawing respectivelyfrma Gee 6s (200 .
2011) and Sf ar dd shey(al2ololerap in pracacen(ses Biguke 4). For
example, talk moves that highlight a student
routines (practices) and are used to draw links among {deasections). What follows is
our analysis of each category, with illustrative excerpts from the NT transcript.
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Figure 1

Overlapping discourse purposes of teacher talk moves

Significance
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idea!
Thank you
for sharing
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thinking.
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this look? interesting
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you're right!
Does this You both made
look larger values.
okay?

Are we getting

Practices

Let’s try a Number
Talk today.
Turn and talk to your
partner—how did you

Let’s model
that thinking.

picture the numbers in

Does that your mind?
0¢€s thal
capture Oh, so they
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Could you tell
me more about
your thinking?

there?

Is there a connection
Which one do you between Student 17s idea

PR ot lika? .
think it’s most like? o4 Sudent 2’s idea?

Connections

Making Mathematical Ideas Significant

The teacher made student ideas publicly visible and meaningful through both language
and representation. For example, when one student explained their strategy, the teacher

respondedi| nt er esting solutioné wedbre just going
This verbal and visual validation positioned
making this student 6BHewrdoegythisibbekandr a

therteh®eo t eacher affirmed t h eisual nedidterifetgdlmarcc ont r i
representations), which made the strategy visible for public reasoning. This is illustrated in

Figure 2, where Mayabds and Leobds strategies
Mayads strategy usilgavithd®ntmedsubtaattingold (2 k8 §), while ar t
Leob6s strategy began with 8 T 8 and subtract
Figure 2
Maya and Leobs Strategies for 8 I 6 as Repre
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6
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Enacting Practices of Number Talks
The NT was enacted through repeated, recognizable moves that constituted the
activity itself ATThuer nt eaancdh et rad slappednced agstimler | piakret r

times, each with a different discursive functibnHow di d you picture the
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mi ndizsdhat 6s anot hefiWwayosot el samet @0 di ffer e
i dea an dpporamti@sfdr students to talk with a peer marked the NT as a space for
collaborative reasoning and comparison. The teacher also used prompt€ligeu | d you t e
me mor e about andiolae s hti makti noga?pot to eli@t regsoning t hi nk
and confirm understandirfy characteristics of mathematical practice within NTs.

Making Connections Between and Among Ideas

The teacher drew connections between stud
mathematical narratives by askiigl s t her e a connection between
i d e 8VRed one studentobservéddMaya and Leo bot hthedemacher mi nus
elaboratedii Yes, they both found the difference.
t he di fReevroeincciengd t he studentdéds connection el «
narrative about the underlying mathematical concept that was simiegdrethe strategiés
both strategies used a known fact that was larger before subtracting to find the answer to 8 x
6. This compensation strategy was observed by one student who remaed, b ot h used
hi gher number t oThgteachertaffirmedhhe obseyvatiart as annnsightful
mathematical generalization by sayifigv er y i nt eresting observatio
made larger values to find the answéhese responses show how students connected two
strategies, elicited and made visible for discussion by the teacher.

Discussion

This study illustrates how teacher talk moves within a NT support students in
mat hemati cal discourse. Drawing on Geeb6s (20
features of mathematical discourse, our analysis shows that talk moves do more thaie facili
participatio®t hey shape the naturelLet dsheodebdcobhrase
a n does that capture your thinking? oper ated simultaneously acrt
purposes: they made student thinking visible, enacted mathenpaiticites such as
representation and verification, and built connections between strategies. These overlapping
functions positioned students as doers of mathendatisgening to, comparing and analyzing
peersd mat hemati cal i dhe effscacy of MiTe lied in tinedniemtignal s u g g
discursive work embedded in teacher talk moves. When used purposefully, talk moves
transform NTs from procedural routines into generative spaces for doing mathdmatics
eliciting student thinking, making it visidland visual, and fostering connections to broader
mathematical ideas. From this perspective, there are implications for professional learning:
rather than limiting NTs to eliciting strategies, teachers may benefit from learning how to
layer moves that enmasize reasoning, representation, and conneuntaking. Although
based on a single episode, our analysis contributes to the emerging literature on the role of
discourse in NTs. Additionally, our study sheds light on what makes NTs effective and
emphasizethe need for professional learning that supports teachers in leveraging talk moves
to support students in mathematical discourse. Owoamg research inquiries in the
elementary mathematics classroom will continue to unpack the intentional talk moves
occurring across teachiestudent discourse during a NT.
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Oral performance assessment in an undergraduate calculus module for pre
service secondary mathematics teachers

Péaraic Treacy
School of Education, Mary Immaculate College

Oral performance assessments are commonly utilised in university mathematics modules in
countries such as Germany and Italy but are rarely integrated into assessment methods for
mathematics in Ireland or the UK. This type of assessment is dynamic argicdialoature

as it challenges students to demonstrate their mathematical ability through combined written
and verbal explanations in response to questions posed by an examiner. This paper discusses
the experiences of undergraduate-geevice mathematideachers in Ireland who have

engaged in oral performance assessments as part of a calculus module. The participants in this
study typically had a positive experience of the assessment, alluded to enhanced depth of
mathematical understanding as a resuthefassessment type, and highlighted the value of
support from the examiner during the assessment.

Keywords: Oral performance assessment, university mathematics, teacher education
Introduction

Assessment of mathematics in Ireland at tertiary level tends to rely heavily on
summative closetdook written examinations (Fitzmaurice & Ni Fhloinn, 2021). This is not
uncommon in this region as universities in the UK tend to adopt a similar apprdheh to
assessment of mathematics (lannone & Simpson, 2022). An alternative to thebclolsed
written assessment in mathematics is the oral performance assessment (OPA). This type of
assessment is characterised by its dynamic and dialogic nature as skergasges questions
while the student responds through verbal explanations supplemented by written solutions on
a whiteboard or a piece of paper (lannone et al., 2020). The questions posed are often applied
in nature as the student may be asked to siagpletely (or in part) a problem posed.

Similarly, questions can take on a theoretical nature, e.g., explaining a proof (or part thereof)
for a given theorem (lannone et al., 2020). Utilisation of the OPA at tertiary level is common
in countries such a&ermany and Italy but rare in Ireland or the UK. This paper will examine

a case study in an Irish university within which the OPA was integrated into the assessment of
undergraduate preervice teachers completing a calculus module.

Literature Review

Research related to assessment in mathematics commonly cites the need for educators
to utilise assessment to inform their teachi
dependence ontimed,closedbo o k exami nati ons tendstudents 6nar-r
often just focus on the knowledge and skills which enable successful performance within the
assessment (Wiliam, 2001). Varied methods of assessment, such as OPAs, can enable a more
compl ete approach to assessienlgpexdutagingnt sé6 kno
students to develop knowledge and skills they might otherwise neglect (lannone & Simpson,
2015).
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Research on OPAs in mathematics is sparse but promising. A case study of 19
undergraduate students of probability and financial mathematics in the UK concluded that
these students were more likely to apply revision strategies more conducive to deag learni
when preparing for OPAs as compared to preparation for closekl examinations (lannone
et al., 2020). This change in revision strategy appears to be linked to the belief that enhanced
conceptual knowledge was perceived by these students to be rporéaint in this context.
Similarly, these students indicated they were more active and engaged in lectures than they
otherwise would have been. lannone & Vondrova (2024) found that university students in the
Czech Republic who are accustomed to OPAs atprate them with assessing their
conceptual understanding of mathematics, while viewing written examinations as assessments
of procedural understanding. These students also tended to rate OPAs more highly as a
learning experience when compared to clesedk written examinations.

Research Aims and Methods

This research aims to better understand undergraduase@re vi ce t eacher so
experiences of preparing for and engaging in OPAs in an Irish university. Given that such
assessment would be novel to the-geevice teachers involved, it is of great interegidim
insights into their experiences in terms of how they prepared for this type of assessment and
the learning they perceived to have gained from the experience. Similarly, an enhanced
understanding of how this experience was different to the typidémwassessment to which
they have been accustomed is of interest.

This research study adopted an instrumental case study approach. The case in this
instance a cohort of undergraduate pservice mathematics teachers in Ireland experiencing
OPAs in mathematics for the first tirhavas chosen in order to better underdttre
experiences of this group in this scenario in relation to their assessment preparation,
assessment engagement, and views on alternatives to-blosleéxaminations. Each OPA
was ten minutes in duration and took place at the end of the 2023/2¢ Sgmester. The
assessment focused on methods of integration and applications of integration.

Twenty-one undergraduate pservice mathematics teachers within a particular cohort
in an Irish university were contacted bymail and asked to complete an online survey
(hosted on MS Forms) which included multiple choice items, Likert scale itemsexdnd t
responses. This survey was anonymous in nature. The questionnaire utilised elements of the
Assessment Preferences Inventory (lannone & Simpson, 2015) and the Assessment
Experience Questionnaire (Gibbs & Simpson, 2003), which have been applied imasimer
studies in the UK and beyond. Twelve participants completed the questionnaire in full.
Qualitative data underwent thematic analysis in order to identify key themes which would
best characterise the collective responses of the participants.

Findings

Responses by the participants in this study (p § to questionnaire items will be
presented in this section. The foll owing it
general views in relation to OPAs. This item (outlined below) utilised an adapted Likert scale
and is summarised in Figure 1.
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Figure 1

Responses to statements which enable comparison between written examinations and oral
examinations

Now compare written exams to oral exams. Please rate the statements below where:

2: Much more accurate of oral assessment than written
exams.

1: More accurate of oral assessment than written exams.
0: About the same of written exams and oral assessment.
+ 1: More accurate of written exams than oral assessment.

+ 2: Much more accurate of written exams than oral assessment.

Tackling the assessment really makes me think || | |

I learn more from doing the assessment than from _

studying the module material --
In completing the assessment, you can get away with -_
not understanding and still get high marks

The assessment gives very clear instructions about _-.

what you are expected to do
When | tackle an assessment, it is not at all clear what -_
would count as a successful answer

The assessment is not very challenging I
Preparing for the assessment is mainly a matter of ._
memorising
Doing the assessment brings things together for me B =

| learn new things while preparing for the assessment [ N
| understand things better as a result of the assessment ||| [ R D

|l 61l probably forget most of _ned

assessment after the assessment is over “-
=0 m-1 m-2 ml m2

I nterestingly, the participants generally
without having a full understanding of the content to be much more accurate of written
examinations than oral assessments (see Fig. 1). Understanding theluetteeiats a result
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of the assessment, learning new things during preparation for the assessment, and being
challenged to think were generally more accurate of oral assessment than written
examinations according to the participants of this study. The comparison in reténtion
learning was also notable as respondents indicated that it was more accurate of written
examinations than oral assessments that they would forget most of what they learned for the
assessment.

There were two items in the questionnaire which requested a text response, these were
as follows:

0 What are your overall thoughts regarding oral assessments as a means of assessment
for mathematics modules at Tertiary Level (University Level)?

Was your preparation for the oral examination different in any way to your

preparation for a standard written mathematics examination? Please elaborate.

O«

Analysis of the responses to these two items resulted in the followingumieng themes:
preparation for the OPA; emotional response & support; understanding of mathematics; and
links to future career. These themes are discussed in further deptliatlotveng sectio

Preparation for the OPA

Responses to the second text response item highlighted above were somewhat mixed.
A smal l mi nority indicated that their prepar
guestions on the tutorial s he e tintordér® bhetter Ot he
understand the underlying mathematical concepts so that they could explain these aspects in
sufficient depth during the assessment. For some, this alteration to preparation was moderate,
while for others, it was significant:

For the oral exam my focus was on my understanding of the topic and questions and
being able to explain why | was doing what | was doing whereas for written exams
sometimes my focus can be on learning the questions off but not fully understanding
steps | an taking. (S12)

This shift from mainly focussing on development of procedural knowledge to incorporating
the development of conceptual knowledge was regularly evident in participant responses.

Emotional Response and Support

Participants in this research project tended to have different reactions to the preparing
for and engaging in OPAs. In general, despite some participants feeling apprehension, the
overall experience appeared to be positive. Respondents alluded to vegaiesng being
put o6éon the spoté during the assessment and
understanding which would be an uncommon mathematical assessment challenge for these
students. Each of the respondents that alluded to these worriesed@inaoverall positive
experience in the end. There were mentions of the assessment being more relaxed than a
typical written examination and the feeling that the OPA was more like a conversation.
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Understanding the mathematical content and links to future careers

As discussed previously, students tended to believe that preparing for OPAs
challenged them to better understand the relevant mathematical content when compared to
their typical preparation for closdzbok written examinations:

Oral Assessment has been key in understanding the content thoroughly and
meticulously, particularly the nomenclature and how to describe the sequences
accurately through spoken language. (S3)

The comment above also highlights an important aspect of the contrast between OPAs and
written examinations as verbalising their understanding of mathematics is often neglected in
traditional classrooms (or lecture halls) and their associated examindfianthis cohort of
respondents, this perspective is even more important due to the potential impact on their
future careers as teachers as they will be challenged to demonstrate their mathematical
understanding verbally on a daily basis.

Overall views of mathematical assessment

Participants in this research project held a favourable view of OPAs as a means to
assess their mathematics achievements. A significant majority wanted OPAs as part of the
means by which they would be assessed in mathematics. Written examinationppatth su
materials (e.g. relevant mathematics textbook) and continuous assessment through the
submission of weekly tutorial sheets also proved popular. Such a response, particularly for a
novel assessment type, indicates quite a positive experience withség®PAs.

Discussion and Conclusions

The findings outlined above indicate that students generally had positive experiences
of OPAs and most wanted them as part of their mathematics assessments. Given that these
assessments were novel for this cohort, it would be interesting to track tingdnevith
further experience of OPAs. Typically, students focussed more on enhancing their conceptual
knowledge in preparation for OPAs when compared to written assessments. This is in
keeping with the conclusions drawn in a comparable study in theyU&nnone et al. (2020).
Similarly, a significant majority indicated that they were more likely to retain the learning
gains made in preparation for the OPA as compared to a written examination. Identifying
assessments which encourage students to geredoe indepth and durable understanding of
the concepts underpinning the mathematics content being studied can only be a positive
development. Given that the balance is often skewed towards students focussing on
maximising their procedural knowledgearder to be successful in assessments, this change
is welcome.

Respondents in this study mentioned the value of support during the assessment which
again contrasts with the typical closkedok written examination. Traditionally, students
would not have any assistance in overcoming certain barriers to solving mathémat
problems which may have limited their ability to demonstrate their full range of mathematical
knowledge and skills within these assessments. Having a supportive resource such as the
examiner as an aid, or even just as a potential aid, can prowedssaring presence during
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the assessment process. This type of assessment also links webé¢ovpre mathematics
teachersé future careers. The challenge to
of theorems not only assess sathesabilitggtent 6s | eve
verbalise this understanding as well as communicating effectively in writing. As such, it can

offer advantages in this regard over written assessments.

There are, of course, limitations to OPAs. Assessments can bedmeming for
examiners, particularly when they have large cohorts. Similarly, time limitations can impact
on the complexity of tasks poseden minutes (the length of each OPA in thigdy) is not
long enough to engage fully in a complex probisniving task. In light of these limitations,
utilising OPAs as a complement to other forms of assessment (e.g. written assessments)
seems like a logical way forward, particularly if OPAs neeld kept to a relatively short
time period for examiner workload reasons.
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An exploration of how gender interacts with other factors in predicting
achievement in mathematics

Aisling Twohill!, Grainne McHugh
Dublin City University;?Educational Research Centre

Gender gaps persist in international assessments of mathematics, and in most cases,
differences are in favour of boys. In Ireland, concern has been raised about lower numbers of
girls than boys attaining at the highest levels of mathematics. The resesaccibed in this

paper examined data from a longitudinal government study in Ireland. Relationships were
explored between attainment in mathematics at school completion and socioeconomic status
(SES), general anxiety, attainment in mathematics at agel @ngoyment of mathematics at

age 9. Gendered differences were found in the strength of the correlation in all cases. The
completion of mathematiasch subject(s) was also explored as a potential contributing factor
to variations in attainment in mathemcat but no gendered difference was found.

Keywords:Gender, socioeconomic status, mathematics attainment
Gender Differences in Mathematics Attainment

The Trends in International Mathematics and Science Study (TIMSS) 2023 at 8th
grade found that of 42 participating countries, 17 had no significant difference between boys
and girls, 21 countries, including Ireland, had a significant difference in meias shat
favoured boys, and 4 countries had a significant difference that favoured girls (von Davier et
al., 2024). In this paper we will refer to boys and girls as the data we are working with uses
these binary categories. We would like to acknowledgethimcategorisation excludes those
children who do not fit within the binary classification, as highlighted by Cox and Pinheiro
(2024). Baye and Monseur (2016) caution that focusing solely on mean scores obscures the
male dominance of mathematics, anslawhte for a focus on the two tails of the achievement
distribution, where a persistent gender gap becomes evident at the highest proficiency level.
In Ireland a significantly higher percentage of boys than girls achieved the High and
Advanced Internation®8enchmarks at 8th Grade (McHugh et al., 2024).

Gendered perceptions of mathematics manifest in a variety of ways as girls progress
through education. Gendered perceptions of girls as less capable of mathematics reduce the
expectations on girls to succeed, thereby allowing girls to more comfortalbytopt
mathematics (Lee et al., 2022). Conversely, a perception of being an imposter in a male
domain also contributes to greater smlaluation and seffioubt among those who choose to
opt in. This heightened judgement contributes to greater mathematiesy which has been
seen to impact both on attainment as well as long term perseverance with the subject, for
example into third level (c.f. Lee et al., 2022).

Mathematics anxiety has implications for both attainment and perseverance in
mathematics where higher levels of mathematics anxiety have been found to be associated
with poorer outcomes for children (Szczygi
anxiety and the disparity between gender s,
the children in their study, and found that gender differences in general anxiety may explain
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gender differences in mathematics anxiety. This finding resonates with the findings of Xie et
al. (2019) who attested that mathematics anx
anxiety and test anxietyo (p. 242).

Socioeconomic Status (SES) is a comparative measure that typically reflects the
education, employment and income levels of parents within the home, and thereby seeks to
identify the familyds access to té&peMuiezsour ce
et al., 2021). High SES has been consistently associated with high levels of attainment in
mathematics in many jurisdictions, including Ireland (Duggan et al., 2023). While the home
environment can be seen to mediate SES in some situationslettoé SES in predicting
outcomes for children is persistent and consistent internationally (Mufiez et al., 2021).

The TIMSS 2023 study found that there was no gender disparity in mathematics
attainment at 4th Grade (Fourth Class in Ireland) in Ireland and a significant disparity at 8th
Grade (Second Year in Ireland), in favour of boys (McHugh et al., 2024). Manysfacto
i mpact on childrends progress in mathematics
secondary school. On entering secondary school in Ireland children select typically nine
subjects to study for Junior Cycle (a thgasar program in junior secoary school). Four of
the available subjects are Applied Technology, Wood Technology, Engineering and Graphics.

The curriculum for each of these subjects in
of mathematical knowledge, skills and understandinrgy al | areas of | earni |
0Statement of Learning6 (National Council fo

more boys than girls select these subjects for study, and we theorise that this additional time
to consolidate and apply matinatical concepts may contribute to boys achieving at a higher
level than girls in mathematics.

Many factors impact on whether children persevere and attain at a high level in
mathematics and in this paper we seek to explore whether there arergéeteerdifferences
in how socioeconomic status, anxiety, enjoyment, and subject choice predia chifdis
attainment in mathematics.

Methods

Growing Up in Ireland (GUI) is a governmeioinded longitudinal study of children in
Ireland that has been running since 2006, and aims to facilitate elucidation of key aspects of
the lives of children and adolescents in Ireland. In 2007, nationally espadise samples of
9-yearold children and 9nonthold children were selected (Thornton, et al., 2010), and in
our research we drew from the data collected on4@a®old cohort who were selected
through their primary schools. Within this paper, welyseathe 4958 participants who
returned surveys at all four waves, including 2580 boys and 2378 girls, representing 8.8% of
all 9-year olds in Ireland in 2007 when sampling took place.

To compare the impact of the variables on each gender, the data was split by gender
and regression models were generated. A model was created for each gender with the
dependent variable of attainment at school completion and the independent variables of a)
SES, b) enjoyment of mathematics at age 9, c¢) attainment in mathematics at age 9, d) freedom
from anxiety; and e) whether the participant studied additional subjects with high
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mathematical content. Following the regression analygestd and correlations were
conducted to help further explain and understand the findings in the models.

Variables Included in the Analysis

Attainment at school completio®n completion of secondary school in Ireland,
students undertake 6éLeaving Certificated exa
points for a competitive university entry system. We are using these points as a measure of
t he part i c atipsattainmedt omcarpletgomof secondary schooling.

SES The Growing Up in Ireland research team derived an SES variable that reflected
solely the occupations of the primary and secondary caregiver who are present in the
household for each participating child (Quail et al., 2014). Applying a dominance niadel, t
SES assigned reflected the higher social class of the primary and secondary caregiver.

A

Enjoyment of Mathematics Chi | drendés affective respons
seen to contribute to their engagement and attainment over time (Hannula et al., 2014). In
seeking to consider how engaged each child was with mathematics we have drawn on the
GUI Survey ltemwhereth chi | dren responded fal wayso, fs
Mat hso. For the purposes of the regression a
the higher value indicated the higher enjoyment of mathematics.

Attainment Assessments of mathematics that were standardised across the Irish
population of primary school children were used to measure the attainment in mathematics of
the participant children at Waves 1 and 2. D
ase ssments were used and a 6logit scored6 was
the class level of the assessment and the difficulty of the items that the children answered
correctly (Irish Social Science Data Archive, n.d.).

Freedom from AnxietyThe Growing Up in Ireland longitudinal study utilises the
Second Edition of the Pietdarris Children's Sel€oncept Scale (PH2) in order to measure
t he parti ci pcantdptd2h items) along with Freedom from Anxiety (14 items),
and five oher constructs. For the purposes of this paper, we are using the PH2 measures for
Freedom from Anxiety from Wave 2, when the participants were 13 years old.

Mathematicgich subjects The GUI dataset includes information about all subjects
studied by each participant in junior secondary school. We generated a variable to identify
whether a participant had studied any or none of the mathematicsubjects listed above.
Within the cdhort involved in this study, 4% of girls completed at least one of these subjects
and 33% of boys.

Results and Discussion

In Table 1 we present the Standardized Coefficients from both regression analyses,
and whether each variable is a statistically significant predictor of the outcome variable,
attainment in mathematics at school completion.
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Table 1

Regression analyses for male and for female participants where attainment on school
completion is the dependent variable.

Boys Girls

Standardized Sig. Standardized Sig.

Coefficients Beta Coefficients Beta
SES 130 <.001* 192 <.001*
| like Mathsat age 9 .108 <.001* .048 011
Attainment at age 9 .368 <.001* 381 <.001*
Freedom from Anxiety .035 071 A11 <.001*
Mathematicgich -.075 <.001* -.074 <.001*

subjects
Note.* correlationsare statistically significant qt< .01 level.

As can be seen from Table 1, attainment at age 9 was the largest predictor of
attainment at school completion, when SES, freedom from anxiety, completion of
mathematicsich subjects and enjoyment of mathematics at age 9 are taken into
consideration. Amonthe participants in this study, there was a statistically significant
difference in favour of girls (t(df) = 6.559, p <.001) in attainment at age 9 and it may be
reasonable to assume, that these two factors would result in a significant differenoaiin fav
of girls in attainment on school completion. However, in attainment on school completion the
difference is in favour of boys (t(df) = 6.722, p < .001). The relationship between attainment
at age 9, gender and attainment on school completion is treecsfimplex and would require
further investigation.

The opportunity to study one or more of the mathemuaititssubjects describe above
is availed of by a larger proportion of boys than of girls and we theorised that this engagement
would support attainment in mathematics on school completion, but tlessegr model
indicates that the engagement negatively predicts attainment. The relationship between
subject choice and attainment in mathematics is complicated due to the tendency of less
academic students to select the mathematics rich subjects whiptreeered as practical in
nature. Within this cohort, 35% of the participants who were in the lowest 15% on overall
achievement at school completion completed a mathenraticsubject, and only 8.8% of
the 23% who achieved the highest marks overall did s

SES, attainment at age 9 and freedom from anxiety positively predict attainment on
completion of secondary school, and all are significant for girls, where SES and attainment at
age 9 are statistically significant predictors for boys but freedom fromtgisieot. The
standardized coefficients on these three variables are larger for girls than boys. This indicates
that girls are more vulnerable to un@gshievement due to SES, anxiety and attainment at age
9, as each contributes more to the variatiortteiranent on school completion for girls than
for boys when the other variables in the model are controlled for.
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Conclusion

The findings of this study indicate that
more vulnerable to the impacts of SES, general anxiety and early attainment in mathematics.
We contend that gendered perceptions of mathematics described above asddia¢eal
higher levels of anxiety in relation to mathematics may contribute to this vulnerability. As
gendered perceptions are very challenging to address, interventions targeted at intersectional
vulnerabilities are warranted, for example interventicesighed for girls in the lower SES
categories, or girls who are experiencing general anxiety.

As attainment at age 9 is the most substantial predictor of attainment at school
completion, early and sustained intervention would seem to be critical, but interventions that
target attainment wil/l not be sutudinallg,i ent t o
given the complexity of this relationship, wherein the difference in mean attainment favours
girls at age 9 and favours boys at school completion. The role of enjoyment of mathematics in
girl sé attainment at s ctlamand thecahontpnltreststudg.Mhiswa s n
may indicate that interventions targeting gi
their success.

References

Baye, A., & Monseur, C. (2016). Gender differences in variability and extreme scores in an
international context.arge-scale Assessments in Educationl 4
https://doi.org/10.1186/s40538.5-0015x

Central Admissions Office. (2018)lominal points chart 2018
https://www2.cao.ie/app_scoring/points_stats/Ic18pts.pdf

Cox, J., & Ataide Pinheiro, W. (2024). Advancing equitable and responsible research
involving gender and sexuality within mathematics educalibe. Educational
Forum, 8¢3), 283 308. https://doi.org/10.1080/00131725.2024.2339218

Duggan, A., Karakolidis, A., Clerkin, A., Gilleece, L., & Perkins, R. (2023). Trends in
educational inequalities in |Irelandbés pri
data (20112019).Large-scale Assessments in Education,34.
https://doi.org/10.1186/s4053123-001882

Educational Research Centre. (20ERC Drumcondra Testhttps://www.erc.ie/erc
drumcondratests/

Hannula, M. S., Bofah, E., Tuohilampi, L., & Metsdmuuronen, J. (2014). A longitudinal
analysis of the relationship between mathematitated affect and achievement in
Finland. In S. Oesterle, P. Liljedahl, C. Nicol, & D. Allan (EdBrpceedings of the
Joint Meeting of PME 38 and PMEA 36, Vol. 3pp. 249 256). PME.

Irish Social Science Data Archive. (n.d3rowing Up in Ireland Anonymised Microdata File
i Frequently Asked Questians
https://www.ucd.ie/issda/data/guichild/frequentlyaskedquestions/

Aisling Twohill, Grainne McHugh223


https://doi.org/10.1186/s40536-015-0015-x
https://www2.cao.ie/app_scoring/points_stats/lc18pts.pdf
https://doi.org/10.1080/00131725.2024.2339218
https://doi.org/10.1186/s40536-023-00188-2
https://www.erc.ie/erc-drumcondra-tests/
https://www.erc.ie/erc-drumcondra-tests/
https://www.ucd.ie/issda/data/guichild/frequentlyaskedquestions/

S. Nic Mhuiri, L. Harbison & MRyan(Eds.). Proceedings of the Tenth Conference on Research in Mathematics Education
in Ireland (MEI 10)

Lee, H. J., Lee, J., Song, J., Kim, S., & Bong, M. (20P2).o mot i ng chi |l drends
motivation by changing parentsd gender st
Journal of Educational Psychology, 1¥4, 1567 1588.
https://doi.org/10.1037/edu0000743

McHugh, G., Denner, S., Clerkin, A., Piccio, G., & Pitsia, V. (20ZYISS 2023: Insights
into mathematics and science achievement in IrelBaddcational Research Centre.

Mufiez, D., Bull, R., & Lee, K. (2021). Socioeconomic status, home mathematics
environment and math achievement in kindergarten: A mediation analysis.
Developmental Science, (83, e13135https://doi.org/10.1111/desc.13135

National Council for Curriculum and Assessment. (2024)od Technology, Statements of
Learning https://www.curriculumonline.ie/juniecycle/juniorcycle-subjects/wood
technology/statementd-learning/

Quall, A., Williams, J., Thornton, M., & Murray, A. (2014d.summary guide to wave 2 of
the child cohort (at 13 years) of Growing Up in Irelaietonomic and Social
Research Institute/Trinity College Dublin.

Szczygieg, M. (2020). Gender, general anxi et
schootage childrenlssues in Educational Research(3)) 1126 1142.

State Examinations Commission. (n.&date Examinations Statistics
https://www.examinations.ie/statistics/?l=en&mc=st&sc=ryr&yr=r18

Thornton, M., Williams, J., McCrory, C., Murray, A., & Quail, A. (2018ample design and
response in wave 1 of the nipear cohort of Growing Up in Irelandconomic and
Social Research Institutkettps://www.growingup.gov.ie/pubs/Samiidesignand
Response_9YearCohort.pdf

von Davier, M., Kennedy, A., Reynolds, K., Fishbein, B., Khorramdel, L., Aldrich, C.,
Bookbinder, A., Bezirhan, U., & Yin, L. (2024)IMSS 2023 International Results in
Mathematics and SciencBoston College, TIMSS & PIRLS International Study
Center https://doi.org/10.6017/Ise.tpisc.timss.rs6460

Xie, F., Xin, Z.,,Chen, X.,eta. 2019) . Gender difference of Ch
math anxiety: The effects of sadkteem, test anxiety and general anxi®gx Roles,
81, 235 244.https://doi.org/10.1007/s1119%91 809829

Aisling Twohill, Grainne McHugh224


https://doi.org/10.1037/edu0000743
https://doi.org/10.1111/desc.13135
https://www.curriculumonline.ie/junior-cycle/junior-cycle-subjects/wood-technology/statements-of-learning/
https://www.curriculumonline.ie/junior-cycle/junior-cycle-subjects/wood-technology/statements-of-learning/
https://www.examinations.ie/statistics/?l=en&mc=st&sc=ryr&yr=r18
https://www.growingup.gov.ie/pubs/Sample-Design-and-Response_9YearCohort.pdf
https://www.growingup.gov.ie/pubs/Sample-Design-and-Response_9YearCohort.pdf
https://doi.org/10.6017/lse.tpisc.timss.rs6460
https://doi.org/10.1007/s11199-018-0982-9

S. Nic Mhuiri, L. Harbison & MRyan(Eds.). Proceedings of the Tenth Conference on Research in Mathematics Education
in Ireland (MEI 10)

Learning to teach algebra: an analysis of studeAt e ac her sd mat hen
knowledge for teaching functional thinking

Aisling Twohill, Anna Steinweg Sharon McAuliffé
Dublin City University,2University of Bamberg?Cape Peninsula University of Technology

Significant strides have been made in the research field of early algebra, but more attention to
the Mathematics Knowledge for Teaching (MKT) of teachers within this domain is warranted
(c.f. Wilkie, 2016; Kieran, 2007). The study described in this papgaged studerteachers

in Germany, Ireland and South Africa in the role of student when they attended a preparation
programme for the teaching of functional thinking, and in the role of novice teacher when

they taught functional thinking in classroomseTgarticipants completed pre and delayed

post questionnaires designed to measure their mathematical knowledge for teaching
functional thinking. While considerable progress was made by the cohort between the pre
and postassessment, challenges persistedame items. In this paper, we present
guantitative evidence of the dev-ardpgstment i n
assessment and discussion of the relatively challenging items.

Keywords:teachereducation, algebra, patterning, functional thinking
Mathematical knowledge for teaching functional thinking

Seeking to address the gatekeeper role played by algebra in many education systems
(c.f. Mason, 2008), patterning activities have established prominence as an accessible context
through which children may develop functional thinking by exploring relatipadietween
guantities. Warren and Cooper (2008) suggest that when children succeed in identifying the
relationship between a cardinal aspect of a figure (such as the quantity of components of an
element) and the ordinal aspect of the figure within theepgtthey are developing the ability
to think of the pattern as a function.

The many decisions that teachers make in the preparation, delivery and assessment of
learning rely on their knowledge for teaching, and strong MKT has been identified as a key
driver of highquality teaching in classrooms (Hill et al., 2008). Wilkie (201ighlights the
relevance of MKT in the domain of functional thinking where teachers need proficiency in
understanding childrenés thinking and the <ch
present results from an assessment of Mathematical Kngav/fed Teaching within the
domain of functional thinking (MKT_FT) that was used in an intervention designed to

develop studeAit eacher sé MKT_FT. The intervention in
comprising of three seminars and an accompanying TeacheraViacused on the delivery
of four |l essons, which we entitled the ZADIE

reflects the three participating countries of South Africa (ZA), Germany (D) and Ireland (IE)
(Twohill et al., 2023). The preparation gramme and lessons focused on key ideas of
functional thinking such as the potential perspectives children might adopt in their
observations of patterns. Such perspectives include recursive thinking where children
compare consecutive figures; covariatioh@hking, where one figure is scaled up to produce
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another; and explicit thinking where a correspondence relationship is identified between a

figure and its position in the pattern (c.f. Smith, 2008).

The overarching research question for this study asked to what extent the ZADIE

intervention supported the studgaachers in teaching functional thinking. As such, the
research sought to examine the MKT_FT of the stuttsdhers before and after the

intervention, and in this paper we present an analysis of the questions which were particularly
challenging for the participants, both before and after the intervention. Indication of these

challenging questions may act as a guide for future reviews of tbéEZdaterials, and any

accompanying follonon materials.

Methodology

Hill et al. (2008) parse Mathematical Knowledge for Teaching into multiple

component s,
and teachingéd

were asked to complete prand postassessments of their MKT_FT, to complete structured

ncl

uding 6knowledge of content

(KCT), 6écommon content knowl ed
knowl ed g,eldich (efér€td mathematical content knowledge that is specific to
teaching, rather than common to all users of mathematics. Participants in the ZADIE project

reflections after their teaching of each lesson and to take part in a focus group interview. The

pre- and postassessments consisted of aité®n paper and pencil assessment where items

were clustered across questions 1 to 8 and labelled as such, for exanple,2h, 2b. In
developing the assessment of MKT_FT, items were designed to test distinct components of
MKT_FT as presented in Table 1.

Table 1

Assessment items designed to test components of MKT_FT

Component of Assessment items Example

MKT_FT
KCS 6a, 6b, 8a, 8¢ An exampl e of a c hiaddd ¢
the participant is asfk
thinking.
SCK la, 1c, 2a, 4, 5a, The participant is asked to provide a function ruls
7a, 7b, 7c for a given pattern.
KCT 1b, 2b, 3, 5b, 8b, The participant is asked for representations for a
8d, 8e given function (other than the given pattern) that

would be appropriate for primary school.

In April 2019 students in thé"® 39 or 4" year of their 4year undergraduate initial

teacher

educat.

on degrees, in the affi

participate in a research project focusing on algebraic thinking. Of the participants who

completed the preparah programme and participated in all data collection points, fifteen
participants, including five participants from each of South Africa, Germany and Ireland,

wer e

marked on a$oint scale, from 0 to 4, where 0 was awarded for no response, and 4 for an

randoml

y

ated

sel ect e dsedtweach demaflthg assessmenSwiered e n t

accurate and complete response. Each assessment item had an indipaogk&oring
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rubric designed to best assess the studentsbo
with scoring rubric is presented in Figure 1.

Figure 1

Example of an SCK item and accompanying scoring rubric, from the assessment of
Mathematical Knowledge for Teaching Functional Thinking

Item 5 (a): Draw the first four figures of a geometric pattern that would match the func
rule 2n + 2.

4 Both constant and variable represented in a valid way

3 Error with constant or variable but not both

2 Correct total of elements but no distinction between variable and
constant

1 Incorrect (including no structure apparent)

0 No answer

In this paper we discuss total scores for each participant along with percentages of the
maximum score available of 76 (4 on each of 19 items).

Results

Overall, the MKT_FT as measured by the assessment improved for the cohort of
participants, where the mean score of all participants on the assessment increased from 39.8
(52%) on the prassessment to 48.7 (64%) on the asstessment. There is notableaton
in the percentage improvement of the participants who completed thenprpost
assessments. Two students had lower scores on thagsessment than on thepre
assessment, four students achieved-psséssment scores between 2% and 18% higguer t
their score on the prassessment, and nine students achieved a score on HasgEsgment
that was more than 20% higher than that achieved on thespessment. We were satisfied
that these statistics demonstrated the value of the ZADIE projecthanthe mathematical
knowledge for teaching functional thinking of most students had improved as a result of their
participation in the preparation programme and in the teaching of the ZADIE lessons.

Seeking to inform future iterations of the Teacher Preparation Programme, we
examined the scores achieved on each item of the assessment and the progress made by
participants between the prnd postassessments. In Figure 2, we present the percentage of
the full marks that were achieved on each item, ordered by the percentages achieved by
participants on the posissessment.
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Figure 2

The percentage of the full marks achieved on each item, on both the¢ppost assessment
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From these results, we focused our attention on the items where participants continued
to experience challenge following the preparation programme, 2b, 3, 4, 5b and 6b. In Table 2,
for each item, we present the mean percentage achieved on-thagppmostassessments, a
brief description of the item and the relevant component of MKT.

Table 2

Percentages achieved, description and MKT component for each of the challenging items

Item Mean percentage Description Component
achieved of MKT
Assessed

On pre On post
assessmern assessment

6b 22 % 22 % Analysis of a chi lKCS
patterning question

3 13% 30% Language used in teaching patterning KCT

5b 35% 30% Alternative representations of patterns KCT

2b 22% 35% Use of linear and nolinear patterns in ~ KCT
primary school

4 50% 45% Matching expressions to a togpick SCK

representation of a pattern
Of these five challenging items, four assessed KCS and KCT, and it was not surprising that
these items would be challenging for studkeatchers with limited, or no, experience of
teaching this content.

6b and 3 assessed participantso6 | anguage 1in
were awarded for item 3 if participants selected which of a list of terms was relevant to

functional thinking, for exampdttermdtigpewerer al i si
not relevant, for example 6tangent 6. Il tem 60D
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thinking is Laura wusing (recursive, covariat
these questions assessed participantsd fami/l
within the domain. Participants made considerable progress on letw8en the preand
postassessment but no progress on item 6b.

ltems 2b and 5b asked open questions where p
linearandnod i near geometric patterns in | essons f
working in a classroom, are ther eaordetrthber ways

obtain full marks on these questions, participants needed to include a number of possible
elements, for example tables, graphs and functions for 5b and examples of both linear and
nontlinear patterns for 2b. We suggest that the open naturesd tjuestions, which did not
include guidance about how comprehensive a response might be, led to very few participants
achieving full marks on these questions. Again, participants made no progress on item 5b
between the preand postassessment and moderarogress on item 2b

The percentage correct achieved on item 4, which assessed SCK, was higher than the
challenging items assessing KCS or KCT. This item, which had the lowest score achieved of
the SCK items, asked participants to identify, of four expressions, which onetdithtch a

given pattern and to explain why. While no student achieved zero on this item, three students
identified the incorrect expression, and no student gave a fully convincing description of why
they selected the expression that did not match. Radiant s & mean score on
lower on the posassessment. In a similar manner to questions 2b and 5b this item included
an open question that required a comprehensive response to achieve full marks.

Discussion and Conclusion

Following the ZADIE preparation programme and the teaching of the ZADIE lessons,
13 of the 15 participants achieved increased scores on themgsestsment of MKT_FT.
While challenging to speculate about how easily the participants will generalisekmisAvI
to other functionathinking tasks beyond this single assessment, we are confident that they
provided evidence of understanding of key ideas of functional thinking and of appropriate
pedagogical approaches in this domain. For example, Wilkie (2€itB6} shat identification
of a functional relationship between two variables, and expressing this relationship
mathematically is a key aspect of both learning and teaching algebra. In HasgeEstment
described above over 70% of the cohort successftiglytified a functional relationship and
expressed a functional relationship mathematically.

However, there exist a number of items on the assessment of MKT_FT which proved
consistently challenging on both the paed postassessment, and we contend that these
items merit further attention in future reviews of the ZADIE teacher preparation pnogra
The most challenging items related to pedagogical content that required fluency with
language that is specific to this domain or asked open questions (KCT or SCK) with a scoring
protocol that rewarded comprehensive answers. While the scoring pnotagappear overly
stringent, we took the position that the highest quality teaching will draw on multiple

representations and multiple perspectives to be inclusive of all learners, and as such responses

to these items that are less than comprehensivetdoerd full marks.
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To support participants in overcoming the challenges described here, we intend to
include a glossary of terminology in future editions of the ZADIE teacher preparation
programme, and facilitate participants in using the terminology in meaningful comtexts,
example in the analysis of childrendés thinki
consider broadly the many ways in which patterns may be represented, as the creation of
meaningful representations and their role in the building of gkserans is key to
successful teaching and learning of algebra (Smith, 2008).
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lllustrating short-t er m expansions in childrenos

Hamsa Venkat Sitn Nic Mhuirf, Patrick Near§;, J a n e 2, @edbhile drhvers
ICASTeL, Dublin City University? Scoil Chronain SNS

Evidence shows the teaching and learning of fractions to be particularly challenging. Despite

an extensive research base, the extended time needed to develop fraction sense makes it
difficult for teachers to have appropriate expectations for studentdgamthe shorter term.

This paper reports on data arising from an ongoing partnership project which employed a
fraction intervention in two classes. We il/
drawing on the learnagenerated examples appédranpre and posintervention interview

data. This data shows a greater command of formal fraction language, a greater willingness to
use diagrams to support reasoning and explanations, and a more competent and nuanced
approach to the use of fraction pealures.

Keywords:Fractions, learnegenerated examples, repertoire, representations
Introduction

Extensive evidence points to difficulties for students and teachers in the learning and
teaching of fractions, noting an overemphasis on thewdawte fraction sukconstruct and,
within this, on area representations (Charalambous et al., 2010), and, filmthgisconnected
teaching and learning of fraction computation procedures. There are instances of intervention
studies that have addressed these challenges with teachers and students, but one
acknowledged challenge is the extended timeline involvegproariating a strong
grounding in fraction sense (Lamon, 2020). There is a literature base on trajectories of
fraction learning (Simon et al., 2018), and impetus to begin fraction instruction with a focus
on the fraction as measure stdnstruct to buildh strong sense of fraction magnitudes that
can then underpin later learning of concepts and procedures linked with fractional equivalence
and operations (Cortina et al, 2012). However, the extended timeline remains within this work
coupled with a narrowdens on fractions than is typical in many state and national curricula.
Both these aspects make it hard for primary teachers working with children over the course of
an academic year to get a sense of wkBat expa
they could be aiming for within this timeframe.

It is these smaller expansions and extensions that are our focus in this paper. Our
illustrations of change are drawn from a scHedl collaborative intervention project set in
one Dublin primary school. The school approached the university in 2022wethst in
trying to expand childrendés fraction reperto
that working on approaches emphasising reasoning and mathematical talk could be a useful
route into this goal. The result was a schaalversity colldoration, now in its third year,
that has used and adapted tasks drawn from the literature base that focus on fraction
magnitude comparisons. Teacher feedback from the first short (four lesson) intervention
cycle, run across four weeks, was that whileogasy and talk had improved in the
intervention lessons, children reverted to procedural approaches on more traditional fraction
tasks. The following cycles have therefore tried to build more explicit connections between
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the ideas developed in fraction magnitude comparison settings and the work on fraction
operations that the children cover as part of the curriculum.

In 2025, our third cycle, two teachers (offectass and one'bclass) elected to work
on an extended fractiofimsed intervention lesson sequence with their classesari®re
repeat postests were developed and administered andgome postaskbased interviews
were then conducted with a cresgainment studentasple identified from the written tests.
The 6" class intervention is now complete. In this paper, we use data fron{' @ees6
interview sample student to illustrate our early routesungterstanding the changes in her
repertoire linked with a small set of fraction magnitude comparison, and fraction operation
tasks. Our two research questions are combined in our presentation of findings:

- What tools are useful for il lustrating ¢
fraction repertoires in the course of shotem fraction interventions?
- What expansions and extensions in chil di

using these tools?
Data sources

Twenty lessons focused on fraction as measure, fraction addition and subtraction,

multiplication and division, and ratiowith emphasis on representations and reasoning, were
enacted in the'Bclass intervention. The teacher planned the lessons in collaboration with the
university team and monitored progress to decide the content of subsequent lessons. The class
contained 25 children with matched pamd postest data from 24 children. Thisst

included items focused on fractional measures, fraconmparison, equivalence and

operations, and ratio. The written test data indicated a mean gain of 14 percentage points.
Most class work was collaborative and interspersed with some individual tasks. The
intervention was bookended by peand postinterviews. Six crossattainment range children

were selected for interview. Wevideoe cor ded the interviews in 0f
with focus on childrenbés talk (which was aud
paper. The interview data waanscribed verbatim with screen captures and descriptions of

the childrends oral, written -aandposinerviewms.r al r e

In this paper we focus on one interview sample student, identified as a high attainer on the
basis of her préest mark, to illustrate the expansions seen in hergme: postinterview
responses. A pseudonym is used to respect student anonymity.

Useful tools

Watson and Mason (2005) have noted that studying learner generated examples in
response to teacher questions and prompts ca
understandings of mathemati cal ideas. A root
was widely sed inthe preandpost nt er vi ews carried out in thi
me an example of €. 2?26 This was often foll ow
interview was framed in terms oftheschooh i ver sity teamds interest
chhl dren6s thinking about fractions, so quest
accompanied with requests to children to explain their choices and approaches.
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Wat son and Mason (2005) make use of the ¢
understand the nature and scope of | earner g
variation theory, critical aspects are aspects that need to be varied withje@robkearning
for students to perceive this aspect. Critical aspects are subsequently combined to apprehend
the idea in focus. I n variation theory, each
Watson and Mason (2006) extend this idea in théexdof mathematics teaching and

|l earning to the terminology of O6di mensions o
changeo. For Mason (2011) the word Opossible
conceptions may not align. The rargfgpermissible change refers to the values or examples
within a di mension that a child offers in re
teacher may vary considerably on the wunivers
(p.108). Chagesi ideally expansionsi n a chil dés oOuniverse of di
marker of learning.
I n our focus on fractions, childrend6s res
dimensions of variation:
- Choices of fractions given in response to specific prompts
- The O6benchmarksd implied in childrends
of fractions, e.g. as bigger than, or smaller than ¥z or 1, as fixed benchmarks, but
also comparing fractions based on numerator varying with denominator invariant,
or of numeator invariant and denominator varying
- Procedures or approaches used for particular fraction operations
- Representations used within reasoning and profsielnng involving fractions
In our presentation of findings, we use these dimensions of variation to consider the
di fferences seen in one-andpostheewiew8s responses

Findings

The focus student Cara made a 13% gain on her writtergaisissessment. In line
with teacher observations in classroom activities, the interviewer (second author) found that
Cara was at all times pleasant and appeared eager to please. The opetiongsdaeboth
the pre and postinterview asked students to provide an example of a fraction that was greater
than | but | ess than 1. Car a o-mterviewiwasitooffer r e s p o
what can be considered the prototypical exangbl¥ (Goldenberg & Mason, 2008). She
explained that this answer was appropriate b
then one more quarter is bigger than a half
evidence of a sense of the relatsize of %2, % and 1. When asked to generate further
examples, her reasoning about the relative size of unit fractions appeared to be solid but
reasoning about nemnit fractions was not as fluid. She could correctly identify fractions such
as’ls, °ho,and %12, which are one unit fraction away from the whole as larger than ¥ and
could reason about the relative size of these with reference to their respective unit fractions.
In seeking to identify a fraction betwe€f, and 1, she identified that the denominator
would have to be larger than 12, but was rather hesitant about this. After introducing this idea,
she returned to discussing examples that she was familiar with. She stated that ste knew
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was larger thath/12 becausé&s is a whole. She also stated tHaswould be smaller thahi1z,

and justified this with reference to the examplé/gfoeing larger thai2iby a | i ttl e b
because the denominator is larger. It was only after this extended discussion, which also

included a reference back to the example of % being smallet'fhathat she directly asked

the interviewer: A Could there be numbers, t
Could that work?o0o After the intervitdamaer ackn
a possibility. She proceeded to also suggest-thaand!¥1s would also work as fractions

between'Y1, and 1, indiating that®is mi ght al so wor k, as fAitds nc

Throughout this conversation, there was evidence of somstandard fraction
| anguage: Anominatoro for Anumerator o and di
When asked if she 6had a picture in Hper head
her figure things out, she sketched a simple fraction wall, showing a unit, halves and quarters

and stated, Al basically kind of made | i ke t
units, um, | i ke a fracti onucredpossoldtigniofthg i n my

tasks and only at the prompt of the interviewer (Figure 1). On a related question, later in the

prei nt erview, Cara used a for mal equi valent f

she generated a list of multiples otkalenominator to identify an appropriate common

denominator and proceeded to multiply the numerator and denominator of %2 by 4 to produce

the equivalent fraction éfs (Figure 1). Alongside this procedural approach, she was able to

use ¥2 as a benchmarktoe ason about their relative size.
way, despite being able to i mmediately state
comments in the prmtervention interview, we see indications of an ability to work with half

and 1 avenchmarks for simpler fractions but not for fractions with more awkward

denominators, where her preferred approach was to compare the numbers only with no

reference to the logic of an underpinning image.

Figure 1

Sample inscriptions from the phetervention interview comparison tasks

4
5/8 % 3 Tl

v
8

o

Y 2 = 5

Further questions probed estimates and methods for completing fraction calculations.
Despite being prompted to offer estimates, in theiperview, Cara did not offer them. For
the fraction addition question, @atkr |, she s
procedure. For the multiplication question, ¥ x %2, she completed this successfully
multiplying the numerator by the numerator, and denominator by denominator noting that
you: fAdondét have to worry about ot.hewWhdeinf f er en
prompted she could not offer any images or other ways to decide if her answer was sensible.
For the division, question (8%s), she recalled the KCF (Keep, Change, Flip) method which
she had learnt at an online class. She offered no images or estimation of this calculation.

Hamsa Venkat, Si %n Nic Mh pDeirbBile Trarea?34i ck Ne a



S. Nic Mhuiri, L. Harbison & MRyan(Eds.). Proceedings of the Tenth Conference on Research in Mathematics Education
in Ireland (MEI 10)

The same, or similar, questions were posed in theip@stention interview. In
general, improved fraction language and fluency of reasoning were evident. She used
diagrams spontaneously and showed a more judicious use of procedures. When, asked for a
fraction that lies between %2 and 1, she offéfed t at i ng fAone half needs

a whole, while only needs to make a whol
was asked to compare e and |I,yChoakshgtad it h
Unprompted, she sketched a mini diagram (Figure 2) which shows a quarter equivéient to

and said, fAwhich means four eighths wil!/ be
Significantly, she noted that she might employ a different strategy involving getting common
denomi nators for more compl ex ewasmfhéons : HhHi f
thatdos making them the same fraction. It 6s e
Figure 2

Sample inscriptions from the pastervention interviewcomparison and multiplication tasks

3 L. 3
% 1/2% /4X/2/5

Figure 2 also shows some of Caradbds respon

betweerf/sand | . She considered |, then rejected
away from a whole is Il ess than E away from a
woul d work, and suggested t wetldlfthshso..sewermt i ng,
t wel fths?0 While she was somewhat hesitant t
investigating this was evident in the data, where she geneaguedlent fractions using

common denominators and compared with a whole to checkithiats | ar ger t han E

pieces needed to make up the whole, and thereforé/ithatfurther away from the whole
than e.

In each of the calculation questions pwgérvention, she offered an estimation before
attempting the calculation. For the addition
be more than 1 and | ess than nloni,nataonrdd nwoatye dt
the answer but could check with a drawing afterwards. She quickly and correctly decided on 8
as the lowest common denominator, produtteds equivalent to ¥4, and added to %etShe
stated: Aitds bigger than denominatoro and p
abbreviated diagram showing a a -lmdedangverx 9. S
back to a representation in the multiplication and division caloa On the task, % x %2,

Hamsa Venkat, Si %¥%n Nic Mh pDeirbBile Trarea?35i ck Ne a



S. Nic Mhuiri, L. Harbison & MRyan(Eds.). Proceedings of the Tenth Conference on Research in Mathematics Education
in Ireland (MEI 10)

she initially guessed that it would be bigger than one, thertself r ect ed, sayi ng,
now | realise thatodéds not true, cos you donodt
produced E as the answer. Thoudobonshtegeanat t empt
accurate representation of the mathematical operation (see figure 2), her explanation gives
evidence of her understanding: fAYou take up
And t hat wi |becausq three of.tthrgeu aér t er s . . and you ..
it Ii ke a whole number times, you only do it
Conclusion

Inthepost nt er vi ew, an expansion in Carads Ou!

evident. She generated representations for comparison and for addition (and subtraiction
discussed due to space limitations) and showed competent use of ¥ amshdhasaoks. Her
abbreviated diagrams evidence her strong visual sense of the relationships between the sizes

of different fractions. For multiplication a
restricted to the procedure, but we note a newngtiess to try and make sense of operations

with diagrams and estimatierboth of which were absent in the prgerview.
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Symposium

Reimagining pedagogical practices in primary mathematics through the
lens of the new curriculum

This symposium explores how core pedagogical practices from the new Primary Mathematics
Curriculum (NCCA, 2024) are being interpreted and enacted in Irish primary classrooms.

Four papers examine broader curriculum enactment, purposeful maths talk, matiemat
modelling, and cognitively challengingtaskse ach central to the curri
learner agency, conceptual depth, and inclusive engagement. Paper 1, presented by curriculum
developers at the NCCA, explores how curriculum vision and pedaj@ginciple®

especially playfulness and productive disposiii@are designed to support meaningful,

equitable learning experiences and how these are being translated from policy into classroom
practice. Paper 2 analyses how teachers facilitate meaningfiaématical dialogue,

navigating tensions between traditional and dialogic norms. Paper 3 presents a case study of
teachers using Moddlliciting Activities to support abstraction and agency through

modelling. Paper 4 introduces theéPBsE framework, devebed through desigbased

research, to support teachers in selecting and designing rich, challenging problems. Together,
the papers offer a timely and grounded account of curriculum reform in action.
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The primary mathematics curriculumn practice: Realising the vision

Grainne Higgins, Tracy Curran
National Council for Curriculum and Assessment

The newPrimary Mathematics CurriculutPMC) (Department of Education [DE], 2023a) in
Ireland sets forth a fresh vision for the learning, teaching and assessment of Mathematics in
primary and special schools. This paper offers an overview of the vision of the PMC
including the curriculum ratimale and the overarching aim of mathematical proficiency. In
addition, it will explore aspects of the curriculum specification that support the transition from
policy into practice, shining a spotlight on the key pedagogical approaches promoted in the
curriculum with particular emphasis on fostering productive disposition and encouraging
playfulness (DE, 2023a). Consistent with the theme of the symposium, the paper offers an
insight into the significance of such pedagogy, as informed by contemporary negedne
provision of learning experiences that are optimum for the mathematical learning of children
in primary and special schools.

Keywords:Curriculum development, primary mathematics, curriculum enactment
Introduction

The National Council for Curriculum and Assessment (NCCA) is a statutory body of
the Department of Education and Youth (DEY). NCCA advises the Minister for Education
and Youth on matters relating to curriculum and assessment for early childhood, prichary an
postprimary education.

In 2023, a newPrimary Mathematics CurriculurtPMC) (DE, 2023ajvas published.
This new curriculum builds upon the vision of and approaches to learning, teaching and
assessment captured in the overarchnmary Curriculum FrameworkPCF) (DE, 2023b).
The PMC presents Mathematics as a worthwhile, meaningful and playful pursuit for all
children (DE, 2023a) and is underpinned by an extensive body of research, as well as being
informed by sustained deliberations, networking and conguitatth key education
stakeholders.

Fundamental to the enactment of the PMC is the adoption of five key pedagogical
approaches fostering productive disposition, encouraging playfulness, emphasising
mathematical modeling, using cognitively challenging tasks and promoting maths talk (DE,
2023a) The inclusion of these approaches stems from an extensive body of contemporary
research. Included in this aathematics in early childhood and primary educatiof8(3
years): Research report no. {Dunphy et al., 2014Mathematics in early childhocahd
primary education (3 8 years): Research report no. {Booley et al., 2014) as well as
Learning and teaching primary mathematics: An addendum to NCCA research reports 17 and
18 (Dooley, 2019). These offer theoretical perspectives and empirical findings of pedagogical
approaches that are most effective in the development of mathematical proficiencies.

I n this paper, the new vision for childre
in the PMC will be outlined. Furthermore, key components of the PMC will be discussed with
a focus on the role that pedagogy plays in the provision of optimum leaxpegences for
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children. In particular, two of these pedagogical approaches will be explored, namely
encouraging playfulness and fostering productive disposition.

Enacting the Primary Mathematics Curriculum

The PMC outlines important features of learning and teaching that support the
devel opment of childrenb6s mathematical profi
web of knowledge, skills, abilities and beliefs that children develop in becoming more
confident and competent mathematical learners. Mathematical proficiency comprises of five
aspects adaptive reasoning, strategic competence, conceptual understanding, procedural
fluency and productive dispositigPE, 2023a; Dunphy et al. 2014)hese arénterwoven
and interdependent, with each aspect complementing and strengthening the others. Within the
curriculum specification, five key pedagogical approaches that support the provision of
quality mathematics learning are spotlighted. These pedagogicaicesi fostering
productive disposition, encouraging playfulness, emphasising mathematical modeling, using
cognitively challenging tasks and promoting maths ita¢kgender the type of learning
experiences that research shows support the developnreatidmatical proficiency. The
five practices naturally link with each other and aim to foster an inclusive learning
environment and culture where children engage in rich and meaningful learning processes.
This paper will explore in more depth two pedagsgn particulai encouraging playfulness
and fostering productive disposition.

Encouraging playfulness

Encouraging playfulness is an essential pedagogical practice for providing quality
mathematical learning experiences for children (DE, 2023a; Dooley et al., 2014). It is
noteworthy that playful learning is appropriate for children across all stages afyiamd
special education (DE, 2023b; Dooley, 2019). The inherent playfulness of children, and
indeed the playful dispositions of teachers, can be capitalised upon in the learning at teaching
of mathematics (Perry & Dockett, 2007).

Playfulness holds strong significance in the principles and pedagogical approaches of
the PCF and the PMC. Its importance is evidenced through its explicit inclusion in the stem of
each Learning Outcome (DE, 2023a). Across all five Strands (algebrandathamce,
measures, number, shape and space), children
appropriately playful and engaging | earning
the provision of learning experiences that are open, motivatingcaadsable, and that also
encourage children to explore the creativity, challenge and beauty of Mathematics. The
inclusion of practical examples of playful mathematics within the PMC (DE, 2023a) supports
a shared understanding of what this pedagogical approoks like in the classroom.
Playfulness incorporates creativity, imagination and exploration, but also encompasses
children and teachersd playful dispositions,
to inspire meaningful mathematical leang.

As outlined in the PMC, pedagogical practices do not occur in isolation (DE, 2023a).
Playful learning provides teachers with a powerful context through which they can facilitate
and encourage maths talk in ways that are both engaging and meaningfutifenchi
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Through carefully designed or chosen playful tasks, children are empowered to develop their
understanding in creative and explorative ways, while also being provided with an appropriate
level of cognitive challenge. When provided with appropriate suppods®ncouragement,
children can model mathematical learning in ways that resonate with them.

Fostering productive disposition

Productive disposition relates to the belief that mathematics is useful and worthwhile,
and that the process of learnihghcluding struggle and perseverangs to be valued
(Dunphy et al ., 2014; DE, 2023a) .,andioédsac her so
relevance in our world, are power ful i n nurt
environment in which mistakes are an essential part of the learning process further contributes
to the productive disposition of childrefhe pedaggical practice of fostering productive
disposition is interwoven with other key pedagogical approaches. Cognitively challenging
tasks that offer a o0l ow threshold, high ceil
struggle, to take risks, and to pevere (NCCA, 2022). This supports children to recognise
that success in Mathematics is achievable for all with suitable support, effort and attitude
(Boaler, 2016).Furthermore, providing opportunities for children to engage in maths talk and
mathematicemodeling encourages children to focus on the process of learning, rather than
the product alone.

As with encouraging playfulness, the significance of a productive disposition towards
Mathematics is strongly communicated across the PMC and to date is well embedded in Irish
classrooms (DEY, 2024). It is both a facet of mathematical proficiency, aasaatle of the
five key pedagogical practices outlined in the PMC (DE, 2023a). Productive disposition is
reinforced through the rationale of the PMC by presenting Mathematics as a worthy pursuit
for all, laying the foundation for the development of a pesiidentity as a mathematical
learner.

Conclusion

This paper, in line with the aims of this symposium, presents a reimagining of
pedagogy through the lens of the PMC (DE, 2023a). With the PMC now being enacted in all
primary and special schools, a focus on the move from policy to practice is imperagve. T
PMC lays out a clear vision for mathematical learning that is accessible for all, and that
recognises the pervasiveness of Mathematics in our lives and the wider world (DE, 2023a).
While the underpinning rationale is clearly outlined in the PMC, changerriculum
requires change in attitudes and in practice. The explicit inclusion of key pedagogical
approaches supports teachers to embrace this change, providing clear guidance on the kind of
learning experiences that research shows support childteayastrive towards mathematical
proficiency.
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Purposeful Maths Talk: Intentions, Enactments and Tensions

Mary McMahon
Mary Immaculate College

This paper focuses on Maths Talk as a core pedagogical practice of the Primary Maths
Curriculum (PMC) for promoting reasoning, sensemaking, and collaboration. Drawing on
sociocultural theories of classroom discourse and existing research in the fighdptris
explores how teachers facilitate purposeful talk in classrooms and how their questioning and
framing of contributions influence the mathematical quality of dialogue. The paper highlights
promising shifts in teacher practices but also identifies @mglghallenges, such as managing
competing discourses of correctness and efficiency.

Keywords:Primary Maths Curriculum, maths talk, dialogue, pedagogical practices,
teacher questioning

Introduction

How6 teachers teach is as i mportant as ow
pedagogical practices embedded in the PMC in Ireland to enhance and support learning
(NCCA, 2024). These pedagogical practices are a series of interconnectédonaetizes
designed for use by teachers and are recognised as fundamental to deliverogahigh
mathematical experiences for pupils (NCCA, 2024). Rooted in international research, the
practices embody the PMCO6s fr emngthatis si on f or
characterised by playfulness, creativity, challenge;tagikng, collaboration and opportunities
for reasoning and solving rekidle problems (NCCA, 2024).

Maths Talk as a pedagogical practice of the PMC

Mat hs Talk is defined in the PMC as a 6co
thinking, strategies and ideas are expressed
In this sense, learning the language of mathematics does not entail just learnigrdsw
The curriculum presents a much broader vision of Maths Talk which is based on inclusivity,
playfulness, collaboration and agency (NCCA, 2024).

Constructivist and sociocultural theories of learning highlight the central role of
language in fostering young children's mathematical understanding (Piaget, 1952; Vygotsky,
1978). More recent theoretical developments further underscore the signifi€ance o
mathematical discourse as a medium through which learners construct mathematical
knowl edge (Sfard, 2007). Sfard introduces th
communication and cognition, to highlight how thinking is formed through participation in
specific discursive practices. Taken together, these perspectives converge on the view that
structured, purposeful talk in mathematics classrooms is essential for developing both
conceptual understanding and mathematical identity.

While the term O0Maths Talkd is widely ref
practitioner resources, notable differences exist between the conceptualisation of Maths Talk
in the PMC (NCCA, 2024) and those in other literature. For instance, the wiggly c
framework developed by Hufferfickles et al. (2004) conceptualises Maths Talk through the
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lens of classroom discourse progression. The framework identifies a trajectory from-teacher
directed exchanges to studéed dialogue across four dimensions: questioning, explanation

of thinking, source of ideas, and responsibility for learning. Althabghmodel aligns with

the PMCG6s (NCCA, 2024) emphasis on student v
on the structural and developmental aspects of discourse within individual classrooms,

whereas the PMC offers a more holistic and pedagogiicaigrated perspective.

On a similar note, Mercer and Sams (2006) conceptudbdls Talkas a form of peer
dialogue that supports joint reasoning and prokdeming. Their work highlights how shared
language practices support cognitive development, with an emphasis on the social
construction of meaning through collaborative dialogue. Whikedligns with the
sociocultural foundation of the definition of Maths Talk in the PMC (NCCA, 2024), Mercer
and Sams (2006) conceptualisation of Maths Talk focuses more specificallyron pee
interactions and group reasoning than on curriculide pedagogical integration.

Teacher as facilitator of Mathematical Discourse

Dooley et al (2014, p.37) highlight the important role the teacher plays in assisting
children is using and articulating mat hemat.
and justifications6. The Pri mar yseMmaltcdree mat i c s
teaching practices which teachers can utilise to support the development of both teacher led
and pupil led Maths Talk in the classroom. These include the strategic use of 'talk moves' to
engage pupils in dialogue for example revoicing, whieedeacher restates a student's
contribution to clarify or extend meaning as well as the use of effective questioning, the
explicit connection of mathematical ideas and the incorporation of children's thinking to
advance discussion, particularly througk tdentification and exploration of misconceptions
(Chapin et al, 2009).

The pivotal role of the teacher in facilitating Maths Talk, as outlined in the PMC
(NCCA, 2024), marks a notable departure from the more traditional, didactic models of
mathematics instruction in earlier curriculum iterations where the teacher was largely
positioned as the provider of "appropriate mathematical language" to pupils (NCCA, 1999, p.
6). This approach, while acknowledging the importance of language in mathematics, often
situated the learner in a more passive role, with limited opportunitieaiogic engagement
or shared meaninmaking. In contrast, the latest edition of the PMC (NCCA, 2024) redefines
the teacheros rol e as a oOforreeviholcultivates actassmdm mat h e
culture where chil dr e isémncouragktd and alléearersaral ued, r
supported.

Challenges to the Teacher facilitating Maths Talk within the PMC

While the availability of resources to support teachers in facilitating Maths Talk is
beneficial, one must consider the challenges which arise when trying to develop Maths Talk in
classrooms. In analysis of mathematics lessons, NicMhuiri (2011, citecphipet al, 2014,

p. 63) found that O0i mportant opportunities f
mat hemati cal reasoning, may be overl ookedd.
point to a need to support teachers to reflect on theisidam dialogue and provide children

Mary McMahor243



S. Nic Mhuiri, L. Harbison & MRyan(Eds.). Proceedings of the Tenth Conference on Research in Mathematics Education
in Ireland (MEI 10)

with more opportunities to engage in mathematical thinking, along the lines described earlier.

Specifically, it is claimed that there is an

mathematical discourse in learning settings. (Dunphy et al, 2016, p.64).
Furthermore, Mathematics, perhaps more than any other subject, has historically been

associated with a Achal k and -ledadtridction gnéddta go gy ,

procedures over meaningful dialogue and conceptual understanding (BOa&r, This
traditional mode of instruction can | ead to

without talko and Al earning without thoughto

positioned as passive recipients of knowledge rather than getitreipants in constructing
mathematical dialogue. As a result, opportunities for developing Maths Talk are significantly
diminished.

What 6s more Boaler (2009) makes the point

the teaching of Mathematics often &xist with entrenched expectations that privilege

efficiency, correct answers and procedural fluency. This tension can create agieglag

dilemma: teachers may feel compelled to prioritise efficient coverage of curriculum content

and standardised test preparation over the development of Maths Talk which by its nature is a
slow, operi ended process. Moreover, if the dominant discoofserrectness and
efficiency prevails, Maths Talk risks being
rather than a core pedagogical practice of the PMC (NCCA, 2024).

Conclusion

Maths Talkas presented in the PMC (NCCA, 2024) conceptualises discourse not
merely as a strategy but as a foundational element of a reimagined mathematics education in
Irish primary classrooms. The success of Maths Talk will not be instant: it will take time for
both teachers and pupils to grow accustomed to their changing role in the classh@om
teacher to managing the discussion rather than directing or dictating, the pupils to articulating
their thinking. FoMaths Talkto move from policy to factice, the purposes of Maths Talk,
as well as the conditions under which it thrives needs to be understood.
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Curriculum meets classroom: A case s

MEAs in the Irish primary school classroom

Miriam Walsh

University of Lincoln

This paper investigates participantsd unders
evolved through implementation of Modeling Eliciting Activities (MEAS) in the Irish primary

school classroom. It explores the teaching practices engaged with, atetigehs and

challenges encountered. A case study methodology was used, where five participants

(primary school teachers from thir@ixth class) formed a Professional Learning Community

and engaged in three cycles of action research overmamith peiod. Participants

investigated research in the field, reflected on and implemented their learning in the
classroom. The paper also reflects on how mo
mathematical beliefs and confidence.

Keywords:Mathematical modeling, complex problem solving, pedagogical practice
Introduction

The introduction of the Primary Curriculum Framework early in 2023 established a
vision for teaching, learning, and assessment, supportinegiglity provision that is
inclusive and grounded in evidence. In Branary Mathematics CurriculufPMC; 2023),
Ohowé children | earn is as important as Owha
PMC (2023) to promote mathematical proficiency, where emphasis is placed on expressing
realworld problems in mathematical terms in order to probsatre (OECD 2013).
Pedagogi cal practi ces argealtyimnathematical learning t he pr
experienceso (p.2) and mat hematisation. Thi s
guidance in implementing mathematical modeling in the primassciam.

Model Eliciting Activities (MEAS) are utilised in this research as a prokdeiing
task that is designed to reveal | earner sdé6 ma
the real world, which requires the learner to engage in the processheimadical modeling
(Lesh &Doerr, 2003). Mathematical modeling is a process where pupils engage in realistic
problemsolving, relevant to them, and generate mathematical ideas through enquiry. As a
result of engaging in mathematical modeling, pupils geeendéfacts or conceptual
understandings (models) that can be shared to explain the problem situation. A mathematical
model is the representation of a readrld situation using mathematical concepts, structures
and language. It is expected that modelobermore sophisticated through engagement in
multiple modeling cycles. THBMC (2023) states that accuracy is valued; however,
Amat hemati cal model i ng pl ace smakingrcenceptogb or t anc
understanding and(@EBldexibility in thinkingo

A gap in the literature field exists in the primary education context to support the
implementation of mathematical modeling, especially in professional developrheze.
research questions were posed, investigating how participants' understandingeafatiat
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modeling evolved during and after the research, the teaching practices engaged with, and the
strengths and challenges encountered.

Methods

A case study approach was employed to investigate how teachers' understanding of
mathematical modeling evolved through engagement in multiple cycles of action research.
Five participants teaching third to sixth class formed a Professional Learning Cdgnmuni
with the common goal of understanding and implementing mathematical modeling in their
classrooms. Action research (McNiff, 2017) was adopted as the professional development
model, underpinned by the TRU Framework (Schoenfeld, 2016). The TRU Framework is
researckbased approach to designing and evaluating learning environments that promote
deep understanding and engagement. It supports educators to reflect on and improve their
practices. It explores five dimensions of powerful classrooms: contenttigegtemand;
equitable access to content; agency, ownership and identity; and formative assessment
(Schoenfeld, 2016). The TRU Framework was used in the design of data collection tools, but
also as a tool for reflection for the participants as part oftiindy. Data collection tools
comprised transcripts of action research meetings, a reflective diary, and participants’
reflections on learner artefacts or models. An exit interview was conducted at the end of the
research to est ab ltanding & chatheratical modelipgaantheserid ofthe d e r s
research.

Participants began by documenting their understanding of mathematical modeling and
mathematical models at the beginning of the research in their reflective diary. They were then
introduced to some definitions of mathematical modeling, the TRU Framewodctaod
research principles. Participants set a {amon learning goal from the TRU Framework that
they focused on with their class throughout the research. Each action research cycle was
broken down into five steps: observation, reflection, action, atialy and modification
(McNiff, 2017). During the observation phase, the participants engaged with research articles
from Lyn English's longitudinal study on complex probleaiving (English &Watters, 2004;
English & Watters, 2005; Doei& English, 2001)Participants reflected on key learning once
the articles were engaged with. They implemented the MEAs inherent in the article with their
class and then evaluated how the lesson went at the next action research meeting. Teachers
discussed modificationsel would make and applied these changes to the next cycle of
action research. The researcher observed the third action research cycle lesson using the TRU
Framework to support participant reflection. Braun and Clarke's (2022) Thematic Analysis
was conducte to generate themes that emerged from the research.

Findings
Teacher Understandings of Mathematical Modeling

Participants generated new understandings of mathematical modelling through
engagement in the professional development model of action research combined with the
TRU Framework. Participants reflected on mathematical models from their class, including
multiple representations of informal and formal models. These models were meaningful for
the learners in the classroom, and therefore, participants believed they were more inclusive
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than traditional problersolving tasks. Participants began to analyse different stages of the
mathematical modeling cycle. For example, they discussed mathematisation of the problem
Ssituation and the conceptual umswdastosdompiedi ngs
for them, and they tended to rely on more simple procedures such as repeated addition/
subtractiono (P5, ARC 1, Reflective Diary).
averages before engaging with this task, but were still alphatbematise the situation using
mathematical concepts that made sense to them. The research illustrated participants growing
understanding of mathematical modeling, thus demonstrating the effectiveness of the
professional development model.

Interdependencies of Teaching Practices Engaged With

The participants' teaching practices were central to the research, as they engaged with
the TRU Framework. Four teaching practices emerged strongly from the dataset. This
included engaging with group dynamics, the dialogic classroom, ascertaining pmde#ge
of the learner, and agency (finding the balance between teacher and learner agency).
Participants experienced challenges and strengths when focusing on group dynamics when
implementing mathematical modeling in the classroom. P3 had picked pupilsexmdo
perceived to be good at mathematics to lead the groups in action research cycle two and found
that the dynamics were not conducive to developing mathematical models. In action research
cycle three, P3 looked at pupils' personalities instead of matiwinability and found that
the groups worked much better when engaging in the mathematical modeling cycle. The
dialogic classroom was key for all participants in the research and played a central role in the

model ing cycl e. Fo rgreatkoaverpations anddisaissipng and Wwese i h ad
able to discuss their ideas and try differen
Participants introduced planned pauses in th

for a wholeclass discussigrand then also, a kind of midway interruption. . . because if there

i s something that you think that they might
the value of the dialogic classroom atd the e
agree or disagree and have an open discussion. The children gave really good feedback. Very
confident in their answers. Some noticed similarities to each other and questioned how they

did ito (ARC 1, Refl ective Di @mmcegof . Participa
argumentation in the modeling cycle, fAhighli
di scussion and di fference of opiniondo (ARC 2
learner was contentious for the participants in the researatede®bed a situation where a

child had strong prior knowledge of farming within the group when engaging with the

Butterbean taskyut did not have the ability to convince the group of this understanding. The

learner needed support in building consensus in the group dynamic. For other pupils, prior
knowl edge supported them in approaching the
and comforto (P2, ARC 1, Reflective Diary). |
teacher and chilopeadbenweelni ks sa sfitiingghtamd st e
Reflective Diary). P4 found that they stepped too far back at times when they reflected on
their practice Al dédve been struggling with th
worrying aboutdoingti r i ght and being afraid to guide w
Diary). Participants found that questioning supported agency in the mathematical modeling
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process. From engaging in these four teaching practices, participants highlighted the
interdependencies that existed between them and its importance in implementing
mathematical modeling in the classroom.

Strengths and Challenges in the Implementation of Mathematical Modeling in the Irish
Primary Classroom

Sharing of solutions worked very well in this research where multiple representations
were utilised. These included letter writing to support verification of models, three reasons to
support their solutions, posters to prove the effectiveness of theiossluand interviews
with the groups to establish thinking inherent in mathematical models. Incorrect assumptions
were made by pupils in the modeling process and as a result mathematical models were
inaccurate. Pupils often failed to realise their missakarticipants introduced a pause in the
lesson (as outlined above) to support pupil discussion in hope that pupils would recognise
incorrect assumptions made. However, this was not always successful. It was hoped that
groups would realise inaccurate mtsdi@ the verification stage of the modeling cycle but
they often seemed oblivious to it. Lack of solution pathways frustrated the participants when
most of the class engaged with the same conceptual models. The models utilised were basic,
but there were wre efficient and effective models that the groups could have pursued. One
example from the research exemplified the lack of solution pathways Aetbplane task.

Pupils had to come up with a system to select a winner from a set of data showing distance,

time in the air and if the paper aeroplanes had scratches. Most groups just added all the values
together and selected the winner based on that model. Particimardsred why the pupils

hadnét thought about systemgét watnwaehlodsh & gu
models. Through discussion they realised that pupils in this class were probably too young the

last time the Olympics were on due to Covid 19. Participants found it challenging to spotlight

more accurate models.

Conclusion

By engaging in the professional development model adopted in this research,
participants demonstrated beliefs in proeessented goals where the focus was on learner
thinking. Participants reflected on the types of word problems they typically expldred wi
their class and the limited opportunities they offered to the learners. Engagement in MEAs
presented opportunities for fAcritical thinki
and the opportunity -8bbvwori kl, Reflapterepdin®, AR O pr o
3). Features of MEAs that supported the learners' engagement in complex psobiem
included the inclusion of redife situations (P1, ARC2, Reflective Diary), variables within
the task (Group 3, ARCefiyToansdeanptd) (PadndAREK

Di ary) . Overall, parti ci panmakingtcerfcdpteatt ed on p
understanding and flexibility in thinkingo (

the mathematisation stage of the mlodgcycle striving for accuracy.
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The F-PosE framework: Supporting primary teachers in unpacking

cognitively challenging mathematics tasks

Aisling Leavy, Mairead Hourigan
Mary Immaculate College

This paper introduces thgamework for Posing Elementary Mathematics Probléfs

PosE), a researahformed tool designed to support primary teachers in identifying and
designing cognitively challenging mathematics tasks. Developed through-thesigh

research involving preervice teachers,igervice teachers, children and tezrceducators,

the framework responds to the pedagogical emphasis on rich prebleimg within the

Primary Mathematics CurriculufNCCA, 2024). FPosE comprises eight indicators that

reflect the key features of worthwhile mathematical tasks, including cognitive demand,
openness to multiple strategies and solutions, and contextual relevance. Each indicator is
supported by focusquéesbns t o gui de teachersdé critical e
the design of new ones. This paper outlines the development of the framework and discusses
its potential to enhance task selection and adaptation, particularly for generalist teachers.
Positioned within the broader context of curriculum reforaRdSE contributes to the

enactment of ambitious pedagogies that promote mathematical thinking and learner agency.

Keywords:F-PosE, worthwhile mathematical problems, cognitively challenging tasks

Introduction

The Primary Mathematics Curriculum (NCCA, 2023) outlines five key pedagogical
practices essential for providing quality mathematical learning experiences. These practices
include Fostering productive disposition, which cultivates a positive view of Matienas
worthwhile and useful, and Encouraging playfulness, integrating playful and engaging
activities into learning across all stages. Additionally, teachers should be Emphasizing
mathematical modeling for children to describe problems and find sautitsing
cognitively challenging tasks that stretch conceptual understanding, and Promoting maths talk
to facilitate the collaborative sharing of ideas and strategies.

The inclusion of cognitively challenging tasks can be seen as a central pedagogical
commitment of the Primary Mathematics Curriculum (PMC) (2024), which emphasises the
i mportance of providing Ainterestingo froerl eva
primary children (p. 3) and highlights their role in promoting conceptual understanding,
encouraging discourse, and fostering perseverance and resilience (NCCA, 20231jp. 30
Cognitively challengingtaskso f t en r e f e+threshadld, higbc ea sld iafiel goow
designed to be accessible to all learners while supporting meaningful mathematical
engagement . Wh-hresholdthigle et é i mgl ow often used s
cognitively challenging tasks, the two are not entirely analogouskActn be cognitively
demanding without being accessible to all learners, particularly if it lacks entry points or
assumes prerequisite knowledge. THRdsSE framework (described below) encourages
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attention to both challenge and accessibility, helping teachers to ensure that tasks invite all
learners into deep mathematical engagement.

Cognitively challenging tasks align with
and productive disposition, and are supported by international research for their potential to
foster higherorder thinking and problefsolving. They enable learners to agg with
mathematics as dynamic and connected, offering opportunities to grapple with complex ideas,
make conjectures, and justify reasordingssential for mathematical proficiency. This
emphasis necessarily foregrounds the critical role of teachers atirsglend posing rich
mathematical problems. The ability to effectively pose probdethsat is, to select or design
tasks that engage learners in desirable mathematical praciscescognised as a key element
of high-quality mathematics teaching (WatsorQatani, 2015).

Current research, however, highlights ongoing challenges feggouece teachers
when attending to cognitive challenge during mathematical problem posing. This includes
difficulty anticipating student thinking and a tendency to revert to procedural etdavand
tasks (Crespo & Sinclair, 2008; Crespo, 2003; Silver et al., 1996; Singer & Voica, 2013;
Leavy & Hourigan, 2020; 2022a). In response, the researchers developed a pedagogical
framework to guide prservice teachers in analysing, selecting, and adpptoblems that
reflect the characteristics of cognitively challenging tasks.

Methods

The development of the Framework for Posing Elementary Mathematics Problems (F
PosE) was situated within a desigased research methodology and evolved through a three
phase process: preliminary, prototyping, and assessment (Cobb et al., 2003; Plop, 2007
The study was underpinned by an extensive review of the literature on problem posing and
cognitively demanding tasks, and by document content analysis of mathematics problems
designed for el ementary | earner s . parcpataryr al t o
research approach involving a community of educatorssgméce primary teachers-in
service classroom teachers, children and mathematics teacher educators. This collaborative
effort aimed to support the development of-peevice primary eacher sdé capacity
mathematics problems appropriate for primary classrooms. Thephase design research
approach included preliminary (Leavy and Hourigan, 2020), prototyping and assessment
phases (see Leavy & Hourigan, 2022b)

In thepreliminary phase, a quasiexperimental pre/post design with 415-pssvice
teachers was used to identify desirable characteristics of mathematics problems. This
informed the creation of an initial set of problem features.prbtotyping phaseinvolved
iterative classroorbased testing of these characteristics through five microcycles of problem
posing. This phase engaged 28-peevice teachers, threeservice primary teachers, and 56
fifth-class children. Data collected included 150 uniepaétematics problems, prand post
problem appraisals, samples of pupil work, feedback from classroom teachers, field notes, and
survey responses. The firmdsessment phasentailed a retrospective analysis of the entire
data corpus using a grounded theory approach, with constant comparative methods (Ralph et
al., 2015) used to refine and categorise emerging indicators. These indicators ultimately
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informed the FHPosE framework, designed to supportpeevice teachers in evaluating and
selecting cognitively challenging tasks that align with curriculum goals and foster deep
mathematical thinking.

The grounded analysis was instrumental in surfacing features not consistently
emphasised in prior frameworks, such as the importangppartunity for succesand
curriculum coherencewvhich were added to-FosEto reflect the need for both accessibility
and alignment with learning goals identified through participant responses and problem
appraisals.

Findings

The data analysis process culminated in the development of a framework that
encapsulated the characteristics of hagiality mathematics problems (see figure 1). The
resultingFramework for Posing Elementary Mathematics Probl@fBosE) comprises eight
indicators: (1) use of a motivating and engaging context, (2) clarity in language and cultural
context, (3) curriculum coherence, (4) attention to cognitive demand, (5) an appropriate
number of solution steps to support reasonj@pa variety of solutionteategies, (7)
facilitation of multiple solutions, and (8) opportunity for success. Each indicator is
accompanied by guiding questions to supporgemwice teachers in critically evaluating the
extent to which a problem reflects these features. In dmnthe framework informs their
decisionmaking processes around the selection, adaptation, or creation of rich and
cognitively demanding mathematical tasks (cf. Leavy and Hourigan, 2022b).

Conclusions

The FPosE framework is grounded in research on problem posing and emerged from
an iterative design process shaped by the collective practices of educators and children. This
collaboration led to a practical tool to support-pegvice teachers in desiggimorthwhile
mathematics problems that promote deep engagement and understanding. WiRHmahe
Mathematics CurriculunfNCCA, 2024), which highlights cognitively challenging tasks as a
key pedagogical practice;FosE addresses a clear need by helpaily preservice and
practising teachers recognise the features of rich mathematical tasks. W& Fvas
developed primarily to support pservice teachers in learning to identify and design
cognitively challenging tasks, its application extends hdytbe ITE context. The framework
is also welsuited to newly qualified teachers and practicing generalist primary teachers,
particularly those seeking structured support in implementing the pedagogical aims of the new
curriculum. By offering clear indi¢ars and guiding questions;FosE serves as a practical
tool for any educator aiming to deepen mathematical engagement through rich task design.

Through focused indicators and guiding questions, the framework supports the
selection and adaptation of problems aligned
problemsolving, and conceptual understanding. Particularly for generalist primahetsa
F-PoskE can complement textbook materials, ensuring children engage with meaningful,
challenging tasks that foster mathematical proficiency. In line with the aims of this
symposium, the framework illustrates how structured support for problem masirging
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curriculum principles to life and enhance teacher agency in creating rich mathematical
learning environments.

Figure 1
The Framework for Posing Elementary Mathematics Problert2o8E)

Indicator I.  Use of a Motivating and Engaging Context
To what extent does the problem use a motivating and engaging context?
Absent Weak Adequate Good Excellent
Does the problem:
> Establish a connection between mathematics and students’ real or imaginary worlds?
> Allow students to draw on their personal experience and knowledge to make sense of the situation?
» Present a context with a meaningful and compelling purpose?
> Engage and motivate all students?

Indicator II.  Clarity in Language and Cultural Context
To what extent is there clarity in the problem presentation?
Absent Weak Adequate Good Excellent

Does the problem:

» Incorporate language and terminology that makes it accessible to the reading level of target
students?

» Reflect the mathematics cultural systems of the students? Do the measurement (metric/imperial)
and currency (Euro/Dollar/Yen etc.) systems align with those of students?

» Draw on contexts that are culturally accessible to all students?

Indicator III. Curriculum Coherence
To what extent does the problem incorporate or require the use of appropriate mathematics content?
Absent Weak Adequate Good Excellent

Does the problem:

> Require the use of mathematical content understandings that are grade-level appropriate (as
determined by local or national curriculum standards)?

» Require students to engage in mathematics processes (e.g., understanding, connecting,
communicating, reasoning, applying, and problem solving) that support the development of
mathematical proficiency to arrive at a solution?

Indicator IV. Attention to Cognitive Demand
To what extent does the problem present an appropriate level of cognitive challenge?
Low Medium High

Does the problem:

» Present a situation where neither the solution nor the solution strategy is immediately apparent?

» Require more than recall, memorisation, or performance of routine procedures to reach the
solution?

> Require the student to make connections to underlying concepts and mathematical meanings?

> Engage the student in complex thinking and reasoning strategies such as meta-analysis, justifying,
conjecturing, reasoning, and problem solving?
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Indicator V.  Appropriate Number of Solution Steps to Promote Reasoning
How many steps are required to solve the problem?
One Step Multiple steps
Does the problem:
» Present a situation where the solution is not immediately apparent?
» Require more than one step to arrive at a solution?
» Constitute more than the application of routine operational procedures involving rational or whole
numbers?
» Engage the student in reasoning about mathematics

Indicator VI. A Variety of Solution Strategies
Does the problem structure support the use of multiple different strategies to arrive at a solution?
No Yes
Does the problem:
» Present a situation where the solution strategy is not immediately apparent?
» Require students to figure out a strategy to arrive at the answer?
> Present a situation where multiple different approaches are possible or, in some cases, explicitly
required?

Indicator VII. Facilitates Multiple solutions
Does the problem have multiple correct solutions?
No Yes
Does the problem:
» Have more than one correct solution?
» Encourage students to seek correct alternative solutions?

Indicator VIII. Opportunity for success
To what extent does the problem incorporate opportunities for the student to experience success?
Absent Weak Adequate Good Excellent

Does the problem:

» Present an opportunity for the student to demonstrate a sense of autonomy as a mathematics learner
through requests to represent the problem using a diagram? Explain their strategy selection?
Describe their mathematical thinking?

» Contain a component that is within reach of students? Provides a ‘warm up’ problem of low cognitive
complexity? Provides a simpler version of the problem?

» Incorporate the provision of supports or hints if the student experiences (non-productive) struggle?
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Symposium

Mathematics in Context: Disciplinary Integrity and Interdisciplinary
Possibilities

In response to the MEI 10 theme Mathematics for a Connected World: Integration,
Challenges, and Possibilities, this symposium explores the role of mathematics in
interdisciplinary teaching and learning, with particular attention to how mathematics is
situgedd and sometimes overshadoweth integrated curricular contexts. Across three
papers, we examine how mathematics education can remain robust, meaningful, and
connected to reakorld challenges in integrated STEM, data science, and computational
thinking initiatives at primary level.

The drive toward interdisciplinary learning in education has opened up exciting
opportunities to make mathematics more relevant and engaging to students. However, this
integration also poses a critical tension: how to maintain the disciplinary integrity of
mathematics while leveraging the affordances of ecosscular approaches. This
symposium aims to illuminate this tension by presenting three studies that examine
mathematics in conteitits visibility, its educational potential, and the pedagogical
chalenges and innovations needed to support its integration across STEM fields.
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Foregrounding mathematics in integrated STEM education

Michelle Fitzpatrick
Mary Immaculate College, Limerick

This paper investigates how mathematics is represented and enacted within integrated STEM
learning environments. Drawing on a study that examined interdisciplinary STEM tasks in
Irish primary classrooms, it explores the challenges of maintaining mathahasgath within

rich, handson contexts often dominated by science or engineering content. The findings
suggest that while STEM tasks provided fertile ground for developingc2hsiry skills and
science understanding, mathematics was often tladerage. The paper advocates for more
intentional design processes that embed currictdppropriate mathematics within STEM
activities. Possibilities to ensure that mathematics is not only present but central to integrated
STEM learning, allowing students togage in authentic mathematical thinking and

reasoning, are explore.

Keywords:Primary mathematics education, integrated STEM, initial teacher education
Introduction

The rapid rise in national and international STEM policy discourse has been spurred
by increasing calls for a more STEM literate society. Recent studies have highlighted the role
of STEM for active citizenship, recognising that all citizens, regardlesareér paths, need
STEM literacy to navigate current and emerging challenges @8ohroeder et al., 2020).
Realworld problems cannot be neatly siloed by subject area. They are messy, wicked
problems that demand the use and synthesise of multiple dissipIThere is growing
conviction, therefore, that classroom practices should reflect thedisasglinary nature of
STEM and that, consequently, STEM disciplines should not be taught in isolation. This is
reflected in the new Primary Curriculum Framekw(NCCA, 2023) which positions STEM
education as one of the five broad curriculum areas. While welcomed, this also poses many
challenges for classroom enactment. Although there is general agreement on the benefits of
high-quality integrated STEM experiees, such as the development of probkatving
skills, the strengthening of productive dispositions and the enhancement of key competencies,
there is also evidence to suggest that poor
both disciplinaryleainng and | earning of transversal s ki
Despite teachersd reported entpepasedmsm for ST
integrated approaches. A key area of concern relates to maintaining a balance between the
disciplines n integrated STEM, with research reporting significant difficulties in
incorporating authentic interdisciplinary mathematics (Tytler et al., 2023).

Research on interdisciplinary approaches to mathematics highlights its tendency to be
used as an auxiliajiscipline, playing a service role to the other disciplines within integrated
STEM. I ndeed, Fitzallen (2015) suggests that
di sciplined sets it up in a suppondungag rol e
the discipline, in which teachers view mathematics as a support for teaching science and
engineering within integrated STEM curricula (8eret al., 2023). Designing and
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implementing authentic interdisciplinary mathematics experiences is challenging work.

Teachers have reportedly struggled to incorporate meaningful interdisciplinary mathematics

in ways that challenge and extend mathematical thinking (Tytler et al., 20283t, teachers

have identified mathematics as the most challenging discipline to integrate (Arnone &

Hanuscin, 2018). A recent US study of over 2000 integrated STEM observations found that,

when mathematics content was present in a task, it was ggradriav cognitive demand

(Forde et al., 2023). Given the recent changes to our curriculum landscape, we need to
prepare tomorrowbs teachers for the challeng
al . (2023) not e, nbtardisiplicaryfegnindg dependsprithenar y wi t
imagination and thoroughness of planners of STEM projects who are dedicated to integrating
mat hemati cs into projects in ways that engag

Methodology

This paper reports on a series of integrated STEM tasks facilitated in fifth and sixth
classes as part of a larger action research inquiry into teacher learning for STEM education
during ITE. Participants were two consecutive cohorts of preservice te@eBdis) (cohort
1, n=30 and cohort 2, n=28) undertaking a mathematics education specialism as part of their
undergraduate programme. Each intervention comprisedhseéR, 6credit module in Year
3. STEM task design and the facilitation of these lessoasthrentic classroom settings were
central to both modules. In the first iteration of the module, cohort 1 designed and facilitated
five individual STEM workshops centred around engineering design tasks (such as designing
a rollercoaster, detailed in Fitapick et al., 2024). In line with our action research approach,
we aimed to be responsive in our teaching by capitalising on the successes and redesigning to
address the shortcomings of the previous iteration. As findings from cohort 1 highlighted the
ea® in which mathematics became silenced in these classroom STEM tasks, the second
iteration sought to foreground mathematics within integrated STEM. In the second module,
cohort 2 designed and facilitated a statistiosussed STEM unit, comprising fivecgeential
lessons based on the plight of the honeybee (detailed in Leavy et al., 2025). Data generation
methods included p#post intervention surveys, field notes, ptesiching focus groups, and
reflective journal entries. A grounded approach to analyasadopted. All ethical
considerations were adhered to.

Findings
Cohort 1: Mathify -ing STEM

Participants in the first iteration of the module reported initial confidence in their
abilities as mathematics teachers and learners. However, as a teacher educator, | made
assumptions about the ease with which the PSTs would apply this disciplinarngégewand
skills developed in their discrete disciplinary modules to more integrated settings. While
findings suggest that the five desigased STEM tasks were successful in promoting STEM
learning (most notably science, engineering artic2htury skill3, they failed to leverage
authentic, agappropriate, challenging mathematics learning one would expect to find in the
senior classes. Furthermore, the PSTs in cohort 1 struggled to recognise the incidental and
unambitious nature of the mathematics wittiea task and required significant support from
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the teacher educators in retrospectively identifying opportunities to support and promote
mathematics within these tasks. By placing an emphasis on engineering design and practices
(the discipline that PSTs were least familiar with and reported leastleané in), | shifted

my gaze from mathematics and failed to sufficiently support the PSTs in identifying
meaningful opportunities for rich mathematics teaching and learning. The task design lacked
specific curriculurbased mathematics learning outcomesaretiooked the importance of
incorporating task criteria and parameters that specifically stimulated mathematics thinking
and reasoning. Through careful scaffolding and prompting duringtgashing discussions

and subsequent tutorial work, the PSTs veengported in incorporating appropriate and
meaningful mathematics into these integrated STEM lessons, as well as recognise
opportunities to build upon discrete mathematics lessons to develop STEM inquiry cycles.

Cohort 2: STEMify -ing mathematics

The second iteration of this module turned this idddathifyinga STEM lesson on
its head and instead soughtSOEMifymathematics. In recognising how easily the M in
STEM fell silent (Shaughnessy, 2013), the second intervention attempted to foreground
mathematics within a STEM inquiry cycle. Situated within a rich STEM context (local
honeybee data), statistics was thetra discipline and the starting point in planning the
STEM unit. With one eye firmly on the data at all times, PSTs were supporteghiting a
five-lesson STEM inquiry around a societally relevant dataset. The authenticorézl
problem (colony collapse) drove the statistical analysis and engaged students in age
appropriate, challenging statistical reasoning. CODAP (Common OnéteeAhalysis
Platform) was utilised to carry the procedural load that often impedes advancement, in turn
freeing up instructional time to engage in cognitively challenging tasks. PSTs scaffolded the
childrenbds anal ysi s of ienslecsd byesensotsintoeal set (b
hives) through the exploration of landmarks and measures of centre. They challenged them to
compare data and explore relationships between variables, and supportedonégrer
thinking by encouraging children to drawtalinformed conclusions. Furthermore, close links
and interdependence between the disciplines of science, technology and mathematics were
evident. The science content provided necessary background information needed to engage
meaningfully with the data bgeveloping an understanding of the honeybee and highlighting
the characteristics of a healthy hive. Meanwhile, technology fostered interest in, and
supported analysis of the data, while the data itself raised interest in the innovate technologies
that captired it. This unit, therefore, provides an example of mathemegitsed STEM, that
promotes rich disciplinary learning, while also advancing other STEM literacies.

Conclusion

This study supports the findings of previous studies in which mathematics succumbed
to a service role, while serving as an example of possibilities for maintaining the spotlight on
mathematics in integrated STEM tasks. Upholding the disciplinary integnathematics
within integrated STEM demands explicit and intentional planning for mathematics outcomes
from the outset. Given that much of the literature on STEM classroom innovation comes from
the field of science, further evidence of classroom inteagtiforegrounding mathematics in
integrated STEM is greatly needed.
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Data science education for civic engagement and social justice
Aisling Leavy
Mary Immaculate College, Limerick

This paper explores the role of mathematiesnd specifically data sciengeas a tool for
interdisciplinary learning, civic engagement, and social justice in primary and lower

secondary education. Drawing on the-ElddedDataScEd4CiEmroject, it presents a

conceptual framework grounded in situated learning theory and developed through systematic
literature review and iterative collaboration. The framework supports the integration of data
science within STEAM education, promotingstndes 6 capaci ty to criti c:
complex, realorld data. A series of interdisciplinary STEAM scenariosgesigned using
designbased research, demonstrate how statistical reasoning can be mobilised to investigate
issues such as drought, fastfias, and food waste. Leveraging opsetess datasets and

digital tools like CODAP, these scenarios foster data literacy and empower students to use
mathematics for inquiry and civic action. The paper argues that such approaches reposition
mathematics as@owerful tool for understanding and addressing pressing societal challenges.

Keywords:Data science, civic engagement, STEAM
Introduction

Il n t o d ssatubated wiodd:;, the ability to interpret, evaluate, and use data has
become a foundational skill for active citizenship. The rapid proliferation od dérisen by
digital technologies, media platforms, and algorithmic sysbehas transformad how we
engage with information in every domain of life. As a result, data science, broadly defined as
the practice of extracting value from data (Wing, 2019), has emerged not only as a technical
field but as a powerful lens through which to understantblamidress societal challenges such
as climate change, public health, and social inequality (Tanaka et al., 2022). While democratic
societies place high value on open and accessible information, the ability to navigate the
increasingly complex and dynamidormation landscape is not yet widely developed. The
COVID-19 pandemic exposed this gap with stark clarity: making sense of data related to
infection rates, risk levels, and vaccine efficacy became a matter of daily concern for citizens
across the globélowever, evidence suggests that many young people lack the capacity to
critically interpret relatively straightforward datasets (Konold et al., 2015), struggle to
evaluate the credibility of scientific and political information (Kahne & Bowyer, 2017) and
fail to detect bias in online sources (Wineburg et al., 2016).

The EUfunded projecDataScEd4CiEa& Data Science Education in STEAM for
Civic Engagement and Social Justjbéps://datasc4ed.euc.ac.cy/] responds directly to these
concerns. It seeks to embed data science within primary and$ewendary education in
ways that promote critical engagement, interdisciplinary inquiry, and democratic
participation. Framed arodn t he i de e& mpfowedarneants el fi t vi ews
education as a means of enabling young people to act as informed and thoughtfultoantribu
to society. Recent studies suggest that primary children can engage with complex, messy
datasets in ways that foster curiosity, critical thinking, and civic awareness (Leavy et al.,
2024; Makar et al., 2023). When embedded in meaningful curriculsextendata science
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serves as a bridge across STEAM disciplines, supporting the development of statistical
reasoning and active citizenship.

Method

The DataScEd4CiEmronceptual framework was developed through a systematic
process that drew from existing research and educational practice across multiple disciplines.
The first phase involved the targeted identification and analysis of 35 frameworks related to
data sciece education, STEAM education, statistical investigative cycles, and integrated
STEM. This analysis aimed to uncover common components and recurring principles that
could inform the foundation of a scientifically grounded framework. Fatguhis, a
comprehensive scoping review was conducted to investigate five core thematic areas central
to the project: civic engagement and active citizenship, social justice in education, STEAM
learning in connection with social justice issues, data seigneducation, and data practices
in education. Systematic searches across academic databases (including Web of Science,
ERIC, and ScienceDirect), grey literature, and key journals yielded 231 relevant sources,
encompassing research articles, nationatpaocuments, and curriculum frameworks.

Project partners engaged in focused reviews of literature aligned with each of the five
components. Their task was to clarify definitions, establish a rationale for inclusion, explore
examples of implementation in educational settings, extract pedagpgicaples, and
identify illustrative datasets and civic issues. Following four iterative cycles of reflection and
refinement, the researchers critically evaluated the coherence and utility of the emerging
framework, ensuring its relevance to both educatitheory and classroom practice. The
resulting conceptual framework integrates the identified components into a coherent structure
to guide data science education for civic engagement and social justice in primary and lower
secondary education (see figL).

Framing Data Science Education within STEAM and Society

The DataScEd4CiEmronceptual framework is grounded in situated learning theory,
which emphasises authentic, socially embedded learning experiences. It positions data science
not only as a technical skillset but as a tool for exploringweald, interdisciplinary
problemg particularly those connected to civic life and social justice. Through engagement
with complex, large, and often messy datasets using innovative digital tools, students are
supported in developing core STEAM competencies alongside broader critical ghamkin
problemsolving skills. At the heart of the framework is the recognition of data science as
inherently interdisciplinary, intersecting with science, technology, engineering, the arts, and
mathematics. This intersectionality enables learners to taesciance techniques to address
authentic societal challenges that require insights from multiple domains. While data science
is typically introduced at later stages of education or in adult leafDetgScEd4CiEn
explicitly seeks to build data literaésom an early age, highlighting its relevance and
accessibility for primary and lowesecondary students.

The visual representation of the framewor
(Figure 1) reinforces the collaborative and
Conceptual Framework inclusive ethos of data science education.

Figure 1
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CIVIC ENGAGEMENT

-

The image of people working together
reflects the framew
participation, dialogue, and shared inquiry
In this model, data science is not just a se
computational tool it is a means for
young learners to engage as thoughtful,
TS0 critical, and active citizens. In equipping
) students with the capacity to interpret and
act on data, schools can help foster the ne
generation of engaged leaders and inform

' \LA decisionmakers (Witte et al., 2025).

The conceptual framework informs the development of professional development and
curricular materials shaping both content and pedagogical approaches, ensuring alignment
with the project's interdisciplinary and ethical focus. It also guides the desigieaiG
Scenariod interdisciplinary teaching units rooted in authentic,-kgaild contexts. These

scenarios provide practical examples of how

classrooms and serve as resources for teachers, teacher educatitserastdkeholders
seeking to embed data science education in meaningful, socially engaged ways.

STEAM Scenarios: Interdisciplinary Inquiry through Data

To support the application of tixataScEd4CiEdramework, a series of
interdisciplinary STEAM scenarios are being developed using a dieaggd research

approach. This iterative methodology enables the refinement of each scenario through cycles

of classroom implementation, teacher feedback, and sisaf/student engagement and

learning outcomes. The scenarios are designed to be both pedagogically sound and socially
meaningful, offering rich contexts for the integration of mathematics and data scieeak in
world inquiry. A central feature of these scenarios is the use of publicly available big data
sources from platforms such as Werld Bank (e.g.,Poverty headcount ratjpand

Gapminder (on health, economics, and development, https://www.gapminder.org/) to ground
student investigations in authentic-igpdate global and local issues. These sources provide
students with opportunities to engage in real data exploration using CODAPah digi
environment that supports visualisation, filtering, and statistical interrogation of large data.

Current scenarios being piloted include onelmyught, where students explore local
water scarcity through environmental and usage tedafashion in which students
interrogate global industry datato@shWh at i1 s t he t r utheexprstion o f
of economic disparities and social justicéhrough data analysandfood waste where
students analyse peapita waste data across Europe to explore the impacts of dietary habits.
Each scenario challenges students to pose questions, exjteragpand develop arguments
using data fostering both mathematical proficiency and critical civic awareness. These
scenarios exemplify how mathematics, as part of an interdisciplinary inquiry process, can
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empower students to understand and respond to complex societal challenges. Strategic use of
open, realworld data provides opportunities to see maths as relevant and transformative.

Conclusion

This paper highlights the potential of data science education, grounded in civic
engagement and social justice, to transform how mathematics is taught and experienced. The
conceptual framework and its application in realrld STEAM scenarios, supports dants
in developing statistical reasoning and data literacy while engaging meaningfully with
complex societal issues. In doing so, mathematics becomes a tool not only for analysis, but
for informed action and responsible citizenship.
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Beyond the sums: Integrating mathematics and computational thinking in
primary education

Claire Carroll
Mary Immaculate College, Limerick

The final paper considers the intersection of mathematics and computational thinking in light
of the rollout of the new primary STEM curriculum in Ireland (September 2025). It presents
findings from a terweek Scratch programming initiative involving statein third, fifth, and

sixth class, designed to develop computational thinking through creative coding. The paper
analyses studentsd | earning across Brennan a
computational thinking: concepts, practices, and petisgsc While students showed strong
conceptual understanding in areas such as synchronisation and parallelism, challenges
remained in areas like conditional loops and variable initialisation. Through thick description
of classroom experiences, the studyhights the pedagogical approaches that supported
student learning including scaffolding, project design, and peer interaétiand proposes a
refined framework for computational thinking in primary education. The paper also
emphasises how computationaht#ting can be a fertile context for deep mathematical

learning when pedagogically framed with intention.

Keywords:Primary Mathematics education, computational thinking, programming
Introduction

Over the past decade, the world has witnessed unprecedented technological evolution,
fundamentally reshaping how societies interact, work, and learn. As emerging technologies
increasingly permeate all facets of life and work, there has been a growingtingéor
education systems to adapt, ensuring learners are equipped with the skills necessary for a
digitally driven future (NCCA, 2024). In response, the Irish education system has initiated
significant reforms, most notably by formally incorporating $TEcience, Technology,

Engineering and Mathematics) as a distinct curricular area withiarthrary Curriculum
Framework(NCCA, 2023). The draft specification was published in March 2024, and the
introduction of the finalised STEM curriculum is set to commence from the 2025/2026 school

year. The STEM curriculum (NCCA, 2024) provides a dedicated space for digital learning,
facilitating a more comprehensive exploration of programming concepts and computational
thinking methodologies, which have been toftrefront of discussions to capture and define

new ways of thinking that are increasingly i
digital | earnero6é, was identified as a key <co
subjects of the primargchool curriculum (NCCA, 2024).

Computational thinking rose to prominence in 2006 when Jeanette Wing wrote a
seminal article advocating for its inclusion in education curricula worldwide (Wing, 2006).
Computational thinking draws on the fundamentals of computer science, applying problem
solving processes in a way that allows computers to assist us (NCCA, 2024). Several
researchers have highlighted the challenges in capturing the complex, multidimensional
nature of computational thinking (Lye & Koh, 2014; Kafai & Burke, 2013). In defining
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computational thinking for the Irish context, Millwood et @O018) identified three distinct

aspects of computational thinking; knowledge (cognitive), craft (kinaesthetic) and character
(affective). These three domains of competen
(2012) framework for studying and assagstomputational thinking development.

Computational concepts represent the cognitive component. These are the concepts that
designers employ as they program. Computational practices represkmabsthetic

component. These are the design practices designers develop while working with these

concepts. Computational perspectives represent the affective component. These are the views
that designers form about the role of technology in the woddfair relationship to it. In the

new primary STEM curriculum, programming has been promoted as a medium to build
studentsdé computational thinking skills, par
(NCCA, 2024). Initial efforts focussed on embedy computational thinking and

programming in the new primary mathematics curriculum (NCCA 2018). However, while
recognising the intrinsic connection between mathematics and these concepts, it was deemed
more appropriate to integrate these concepts attrtessurriculum rather than framing them

as merely a mathematical discipline.

Methodology

This paper reports on the findings of a-teeek Scratch programming initiative
conducted in an alyirls primary school in the South of Ireland. An instrumental case study
approach was adopted to provide insights into how computational thinking canebepeéev
within formal primary school settings. The participants were setyen students from third
(n=23), fifth (n=21) and sixth (n=23) class. The majority of students had little to no
programming experience, and they worked in pairs or threes on t@mrming activities.
The first five weeks focussed on developing
the next four weeks there was no explicit instruction, instead, a learning on demand model
(Kafai & Ching, 2001) was adopted as they student&ebon creating their seffirected
projects. In the final week the students worked on debugging projects designed to encourage
the use of specific programming concepts. Various data collection methods were adopted to
capture the multidimensional naturecomputational thinking, including artefact analysis,
artefactbased i nterviews, questionnaires and an ¢
(2012) three computational thinking dimensions (concepts, practices and perspectives) were
used to interpret thdata, before deductive and inductive analyses were adopted to
conceptualise the nature of the dimensions. The verification of a code required that it be
evidenced across five or more participants/groups and two or more data sources. Following
analysis, omputational thinking was conceptualised in accordance with the revised
framework presented in Table 1.
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Table 1

Computational Thinking Framework (adapted from Brennan and Resnick 2012)

Synchronisation
Parallelismm
Thinking Logically
User Interactivity
Computational Concepts Flow Control
Abstraction
e Attribute Variables
e DProgrammer Declared Variables
Abstracting and Modularising
Computational Practices Experimenting and Iterating
Testing and Debugging
Reusing and Remixing
Expressing
Connecting
Questioning
Motivation to Engage

Data

Computational Perspectives

Findings
Computational Thinking

Dr. Scratch, the automated project anal ys
final projects and assign a programming score. Each computational thinking concept is given
a score between®, depending on the competence demonstrated in the prdjectin@ings
indicated that, on average, the students best understood synchronization and parallelism,
demonstrating proficient use of both concepts. Flow control, user interactivity and data
representation scored slightly lower and were evaluated as gawgldhe lowest scores
were achieved in abstraction and logical thinking, with students only demonstrating a basic
proficiency with respect to these concepts. Abstraction was not included as a concept in
Brennan and Resni ck 6s ompatatibnal)xhinking,mwt éupgng thia | i s at i
research, the potential for abstraction concept development afforded by Scratch became
evident. In addition, this research advocates for a separation of data into variables declared by
the programmer and attribute iadrles. This recommendation is derived from the particular
difficulty that students displayed in comprehending attribute variable initialisation.

The findings of this study illustrate that students engaged in all four computational
practices included in the Brennan and Resnick (2012) framework, abstracting and
modularising, experimenting and iterating, testing and debugging, and reusing and remixing
The data indicated that these practices were often inextricably linked with students frequently
engaging in two or more practices simultaneously. This was particularly evident for the first
three practices. The poor broadband connectivity in the satwtdjled the opportunities for
students to engage in reusing and remixing by restricting their access to the global Scratch
community. Hence, this practice was not as prevalent as has been reported in previous studies.
The exploration of how students eggan these practices, provided insights into several
pedagogical factors which positively impacted practice development. These included, the use
of storyboards, the i mplementation of d&égalle
suitability of Seatch as a programming language for novice programmers. The immediate

Claire Carroh268



S. Nic Mhuiri, L. Harbison & MRyan(Eds.). Proceedings of the Tenth Conference on Research in Mathematics Education
in Ireland (MEI 10)

feedback provided by Scratch and being able to trial the function of certain blocks within the
command palette were particularly helpful in encouraging students to experiment and iterate,
test and debug, and reuse and remix.

Students welcomed the opportunity to explore the creative affordances of the Scratch
programming environment. The wide walls of Scratch ensured that the students felt they
could express themselves in meaningful ways, with abundant choice (project types,
backdrops, sprites), ability to incorporate their personal interests (importing favourite songs
and images) and explore their creative talents (composing images and sounds). The students
were also positive about thefopobdbeothaitsofBobe
Resnick, 2012). They recognised the benefits from working as part of a group, while also
acknowledging that their intended audience, their peers, became a central consideration for
them during the design process. Upon completidh@programming initiative, students held
varying perspectives on their relationship with technology from a functional perspective to an
exploratory perspective all the way through to an empowered perspective. This illustrates that
while programminginseéhol s wondt necessarily make all s
does encourage them to consider and develop
the aforementioned perspectives captured stu
learning pogramming, something which came across strongly in the data. Therefore, it is
proposed that an additional dimension, motivation to engage, be added to the dimensions
already included in computational perspectiywv

Mathematical Insights

This research offered insights into how s
times impede the development of their computational thinking, while also highlighting
instances where both mathematical proficiency and computational thinking could be
develged simultaneously. The logic concept was the computational concept for which the
final projects in this study achieved the lowest scores. The inclusion of logical operators in
Scratch requires an understanding of inequalities, and without direct irmtrootie of the
students were able to successfully build a script incorporating this concept. A solid
understanding of coordinates and negative numbers is essential for effective programming in
Scratch, as it enables students to accurately position, mu/@nanate sprites within the
two-dimensional stage environment. Both mathematical concepts are considered to be more
challenging concepts and are not introduced in the curriculum until stage 4 (fifth and sixth
class). However, despite not having previgusicountered coordinate geometry or negative
numbers, the thirdlass students readily grasped these concepts within the context of Scratch.
This illustrates that programming can provide valuable opportunities to explore mathematics
concepts in a meaningffway.

Conclusion

This paper explored the development of each of the concepts, practices and
perspectives conceptualised in the Brennan and Resnick (2012) framework. The data provided
evidence of additional computational concepts and perspectives that were not incliged in t
conceptualisation. Throughout this research the close associations between programming,
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computational thinking and mathematics were reinforced. As work continues on the
development of learning trajectories for technology, it is important to consider mathematical
concepts that students will encounter when developing their understanding oftabomal
concepts.
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Symposium

Understanding and Enhancing Mathematical Knowledge for Teaching in
South African Primary Education: Research in Progress

Primary education in South Africa faces persistent challenges. The majdagrodrs fail to

meet graddevel expectations in early mathematics and teachers appear to lack the
pedagogical tools necessary to bridge the gap. This symposium presents interim findings of a
Research Ireland funded project aiming to enhance the matbahkabwledge for teaching

(MKT) of South African primary teachers.

Three papers which examine different facets of MKT will be presented. These papers draw on
baseline data collected from teachers participating in ansafterol mathematics programme
across four South African provinces. Professional development to stippaifterschool
programme involves innovative WhatsAppsed professional learning in addition te in

person training sessions. The findings reported in this symposium arise from data gathered
through pretests focused on foundational number operations/aied-based tasks which

asked teachers to comment on a range of instructional explanations.

The international research team presenting in this symposium brings together diverse
perspectives on mathematics education and professional learning. While rooted in the South
African context, the findings have relevance for teacher education more biatifically
for mathematics teaching in multilingual contexts, and for professional development in under
resourced and remote learning environm&rdkallenges shared across many global
education systems.
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Clustered Profiles of Primary SchoolT eacher s6 Mat hemati ca!

Insights from a South African Study

Angel Mukuka Aisling Twohill & Paul Grimes
CASTelL, Dublin City University

The Common Content Knowledge (CCK) domain of Mathematical Knowledge for Teaching

is an essential component of the knowledge required to teach mathematics (Ball et al., 2008).

An NGO-led project in South Africa recruits practising teachers to teach insziteol

mathematics clubs and provides them v@tmtinuousProfessional Development (CPD)

delivered through a WhatsApp platform. Seeking to evaluate the impact of the CPD on the
teachersé CCK, a |l ongitudinal studypretess est a
datacollectedfrom 121primary school teachgrCluster analysis was used to identify distinct
performance profiles. These preliminary insights highlight variations in teacher knowledge

that could inform the design of differentiated support strategies in subsequent professional
development sessions

Keywords:MKT, assessment of teacher knowledge, CCK
Background and context

Mathematical Knowledge for Teaching (MKT) has long been established as a
productive framework for understanding the specialised knowledge required by teachers for
the effective teaching of mathematics. Building upon Shuiméi®86) categories stibject
matter knowledge (SMK) angedagogical content knowledge (PCK), Bzlhl.(2008)
articulated MKT as a domaispecific form of professional knowledge, distinct from both
general mathematical knowledge and general pedagogical knowlgtide.Shulman also
introduced Curricular Knowledge as a third dimension, our study focuses specifically on
SMK and PCK due to their direct relevance to the MKT framewbinke MKT framework
emphasises the unique cognitive demands placed on teachers as they navigate the
complexities of classroom mathematics.

An essential and foundational element of MKT is Common Content Knowledge
(CCK), which Ball et al. (2008) identified as a component of Subject Matter Knowledge
(SMK). CCK refers to the general mathematical knowledge used by apyactesing
mathematics, distinct from Specialisedntent Knowledge (SCK) and Horiz@ontent
Knowledge, which focus on deeper disciplinary understanding and connections. In the context
of this study, participants must demonstrate CCK by accurately solving addition and
subtractiorproblems

In South Africalimited teacher mathematical knowledge is widely acknowledged as a
key barrier to primary school mathematics suc€€aglor, 2021). Continuous Professional
Development (CPD) interventions are common and are often fundedrbovernmental
OrganisationsNGOs9. A number of these interventions are adoptimgsearckinformed
approach, which ibeginning to show positive effects (Taylor, 2021). One such intervention
is a professional development programme facilitated threungfterschoolmathematics
club programme (Bowie et al., 2022). Tir@grammeunsafterschoolmathematics classes
for children(aged 1612) in gradest and 5across South Africa. THeacheron the
programme are qualifiegnd practisindeachersbut on the programm#)ey may be teaching
children who attend grade other than the grade of the claasthetypically teach.
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This paper reports results fromapree st of t he teachersd CCK,

preliminary data collection in a longitudinal project aimed at designing interventions to
support teachers in improving their MKT and informing future CR®such, the study
described in this paper aims to answer the followesgarclguestions:

1. What CCK do teachers participating in an a&ehool mathematics club
programme demonstrate on a baseline assessment focusing on addition and
subtraction?

2. How is the distri butchamacerigedicrosseacher s o
performance clusters within the cohort?

Methods

This paper presents preliminary findings from a larger study exploring experiences
and MKT-related progressions among tutors participating in a CPD. Building on a pilot by
Bowie et al. (2025), it reports on prest scores from 121 primary school teaclaersss four
provinces: Free State, Gauteng, KwaZhlatal, and Western Cape. As mentioned earlier, all
teachers in the sample are involved in teaching Grade 4 or 5 witrsaitpgrogramme,
although they may teach different grades and subjects in tgaiareschool assignments.

The assessment measured teaé@@K in addition and subtraction, including
number and word sentences and connections with representations. Test items were aligned
with the early grade mathematics curriculum of the South African Education System and
validated through an exploratory piktudy (Bowie et al., 2025) to ensure relevance to
classroom instruction. The test was administered via pandipaper before trainingThe
test consisted of nine questions, with a number ofgadstions in each questi¢see Figure 1
for samples of test items). Items were scored as either correct or incorrect, with a maximum
score 0of48. Nonetheless, upstionninewas not assessed solely on the basis of correctness, as
it required qualitative insights. It was scored out of four marks: one mark was awarded for
providing only an answer with no calculations; two marks for a response that included a
visual or symboligepresentation; three marks for clearly articulating the steps taken to arrive
at the answer; and four marks demonstrating all three elements along with a rationale
explaining why the chosen method is effective.

Cluster analysis using thetde ans mo d e |l -soarceJnachiRéaming p e n
tool identified three performance groups: low, moderate, and high. The boundaries for these
clusters were determined by the algorithm, rather than predefined threshigkisthis
automated clustering process, significance testing was unnecessary, as distinct groupings are
an inherent outcome of the methadlditionally, itemlevel analysis examined variations in
CCK between clusters, informing potential support needs in futaireng. Figure 1
illustrates sample itenmedministered to teachers.

Figure 1
Sample items from the ptest assessment
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Question 6: Circle the number sentence that represents the word problem +Question 3: True or False
+Noi‘e: You do not need to provide the numerical answer to the question Statement TorE
Word problem ] .

a
Zinhle has 51 sweets. Thatis 18 more |51-18=0] | 51+18=0 | ) 7is2mofethans

sweets than Thapelo has. How many b) 5is2lessthan7
sweets does Thapelo have?

Maria has 51 sweets. Thatis 18less  |51-18=0 |51+18=0] C) 7islargerthan 5 by 2
sweets than Busi has. How many .

sweets does Busi have? d) 2 more than 7 is 5

Shelton has 18 less sweets than Lindo. | 51=-18 =0 51+18=0
Lindo has 51 sweets. How many

sweets does Shelton have? f) 7 is smallerthan 2 by 5

e) 2and5moreis?

Question 1: Fill in the gaps

Question 9: a) 80+7=____ f) ___-23=14
Learner: “Teacher please help me | am stuck with this question” b) +4 =60 g) 53-27=__
0-23=14 c) =47-9 h) 26+ =33
Show how you would help this learner. d) 30=37- i) 304 - 145 =
e) 26+74= j) 296+348=

Results
Scores achieved and distribution by participant

The overall score distribution (M = 67.2, SD = 15.2) of the 121 primary school
teachers revealed a wide range of performance, ranging from 25 to 93.8. This suggests a
significant wvariation in participant20 mat he
illustrates this variability, with noticeable clustering around the-toHldigh score range,
alongside a spread of lowperforming individuals.

Figure 2
Overall score distribution
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No significant differences were observed across provinces, grades taught, their role or
teaching experience in the programmenmi€ans clustering analysis was used to gain further
insights into variations in performance, resulting in three performancedtsalescriptive
statistics and the cwiff points associated with each of the three clusters (low, moderate, and
high) are given in Table 1.
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Table 1.
Descriptive statistics by clusters

Cluster N Mean Std. Deviation Minimum Maximum
Low 34 48.4 7.19 25.0 56.3
Moderate 44 65.9 4.85 58.3 72.9
High 43 83.6 5.29 75.0 93.8

Based on the information displayed in Table 1, it is evident that the three clusters vary
in size, with the lowperforming cluster (n = 34) being the smallest, followed by the-high
performing (n = 43) and then the moderp&zforming (n = 44) clusters. Tis¢andardised
cluster means confirm a clear separation: Thepeworming cluster-1.25) is far below
zero, the moderatperforming cluster-0.091) is close to zero, and the higérforming
cluster (1.08) is well above zero. The explained proportiomthin-cluster heterogeneity
suggests that the leperforming cluster has the highest internal variation, while the moderate
cluster is the most homogeneous, as displayed in Figure 3.

Figure 3
Score distribution within clusters
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Cluster

Scores achieved and distribution by participant

ltem-by-item analysis revealed that higlerforming teachers exhibited notable
procedural fluency in addition and subtraction tasks. On average, they consistently recognised
number relationships, interpreted comparative phrasing accurately, and navejateeinb
symbolic and visual representations, such asgmtiwhole structures and number lines. In
contrast, lowperforming teachers struggled with borrowing, frequently misapplied operations
in structured number sentences, and often misinterpreted corhparv e | anguage (
thanéebyo, 18 | ess sweets thanéo). This in
knowledge. For instance, in Question 1 (see Figure 1 above), 55.8% qdenfghming
teachers achieved full marks (10/10), comparechtp 8.8% of the lowperforming group
who achieved this. On Item 1(i) (304L45), common errors among low performers, such as
answers like 259 or 169, suggested confusion with place value and regrouping procedures.

e.
di

Questions 3 and 6 (see Figure 1 above) reveal sensitivity to mathematical language as
a key distinguishing factor. I tems with unfa
than...byodo) were generally c¢hadpdrfeemmgi ng, and
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participants. In I'tem 3(f) (A7 is smaller th
incorrectly, 58.1% of whom came from the lp&rforming group. Similarly, in Item 6.2

(AMaria has 51 sweets. Th anty33participahts (2385 s weet
answered correctly, with most correct responses coming froraeidarming =26) and
moderateperforming (=6) clusters, while just one leperforming participant succeeded.

Conversely, 32 out of 33 loywerforming participants misinterpretéhe problem, often
associating Al esso with subtr acompamtve whi ch r
contextdepicted in the problem.

Moderate performers appear to be at a transitional stage in developing connected
understanding. While not as conceptually grounded as the high performers, they possess
foundational strengths, particularly in routine tasks, and show early signs of undiagstan
number structures. However, they were less consistent and struggled to explain or justify their
methods. Importantly, it should be noted that not all fugiforming teachers displayed
consistently welconnected understanding, which may suggeststhang procedural
performance did not equate to conceptual depth.

Overall, a notable pattern emerged: while many teachers were able to perform
procedures correctly, very few could explain or justify their methods when prompted. The
data revealed a heavy reliance on rote procedural knowledge, with limited evidence of
coneptual understanding. For instance, in Question 1, where participants were only required
to provide +128=14,dMowefi2]l (899%) produced the correct response.
However, when asked in Question 9 to explain how they would assist a Is@anggling
with the same problem, only four participants (3.3%) provided a justification that included a
clear rationale. Over 60% of participants did not attempt to explain their reasoning at all.

Discussion

The participants in this research were drawn from a mathematics programme that
seeks to providafterschoolmathematics classes for children, while simultaneously
supporting the teaching of mathematics andd6& of the teachers who take part. As such,
the purpose of answering the research question lies in the potential of the analysis to support
targeted and relevant CPD for these teachers. The analysis presented in this paper
demonstrates a need for CREhich is highly differentiated, as a eezefits-all approach
would be inappropriate given the breadth of the distribution and the differences between the
clustersThe cluster analysis revealed distinct performance brackets, witpddarming
teachers requiring specific support in place value understanding, whikpdrifyitming
teachers demonstrated some level of procedural fluency but not necessarily deegy@uabnc
understanding. This variation in performance
instrumental and relational understargdiMany teachers in the study appear to rely on
instrumental understanding, where they apply rules without necessarily grasping the
underlying concepts (Kinach, 2002). This is particularly evident in the error analysis, where
procedural fluency was observdulit conceptual reasoning, such as interpreting comparative
phrasing in word problems, as well as justifying their reasoning, was often lacking.

The findings indicate that CPD should not only focus on producing a correct answer
but also on justifying why particular methods or strategies work. Ball et al. (2008) highlight
the necessity for teachers to fully understand how procedures work, enbhbhmgpt explain
methods accurately and select appropriate representations. Given the challenges observed in
interpreting comparative language in word problems, future CPD efforts should also consider
l i nguistic factors t hadnveyraaghematicg eonceptst eac her s 6
effectively. By addressing these gaps, CPD can move teachers beyond instrumental
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understanding, fostering relational understanding that enhances their ability to support
learners in developing both procedural fluency and conceptual depth.
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Negotiating mathematical norms: Teacher perspectives on explanation

Lynn Bowig, >Carien GroenewaldCorin Mathews
tUniversity of WitwatersrandOLICO Mathematics Education,

This paper reports on a task from a dedigsed research project investigating a hybrid
WhatsAppbased mathematical knowledge for teaching (MKT) course for South African

primary teachers working in an aftethool mathematics programme. Teachers evaluated

di fferent expl a8t izodst.forA golowinWegdl anal ysi s
justifications for their preferences suggests difference between the sociomathematical norms

of the course designers and most of the teachers. Whilst the course desdynt

explanations with clear mathematical justifications, the teachers tended to prioritise simplicity

and correct procedures.

Keywords:Mathematical knowledge for teaching, sociomathematical norms,
explanations

Introduction

The research reported on in this paper forms part of a larger dessgd research
project in which we seek to design, i mpl emen
in a hybrid WhatsApybased course. This course was aimed at supporting a cokeatbers
teaching on an afteschool mathematics programme working with grade 4 and 5 learners in
South Africa. Research shows that primary school mathematics teachers in South Africa
display poor content knowledge (Taylor, 202The course thus focas on the development
of the teachersdé mat hemati cal knowl edge for
knowledge and knowledge of how to present mathematical ideas in coheremtpnveltted
and responsive ways.

The research was sparked by an interaction, reflected in the vignette below, between a
training facilitator and one of the teachers during aperson training session conducted
during the initial pilot of the course. Teachers were discussing how thdg tvelp learners
figure out what number shouil28=1g.0 i n the empt

Teacher: | would tell them to work out 4 and 3is 7, 2 tens and 1 ten is 3 tens so
the answer is 37.

Facilitator: OK. And i f the | earner asks you why
Teacher: Because adding the units and adding the tens is easier

Facilitator:  No, | mean if the learner wants to know why you are adding

Teacher: Because you need to add to get the right answer

Facilitator: But why does adding get the right answer?

Teacher (turning to fellow teachers, looking perplexed)Cultural differences!

This exchange was one of the experiences in the initial pilot that suggested that the
course designers and teachers might not share mathematical and pedagogical norms and
motivated a need to understand the norms that teachers bring to the course. Mbaiison
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(2021) argue that sociomathematical norms and their effect on the learning of early number
have been largely unexplored in South Africa. Their sisdle study indicated that close
attention to building desired sociomathematical norms in learners haiwgesiects on

| earner so pr og IMassswdy,like mech of theswork annsbcemathematical
norms, was done in classrooms and investigated ticeeation of norms between learners

and teachers. Some studies in the international contextinaesl their attention to
sociomathematical norms of teachers and their construction in teacher education (McNeal &
Simon, 2000, @ven & Dede, 2017). However, we could not find work that specifically

looked at the sociomathematical norms of teachers in the South African context. This
suggested it would be fruitful to investigate this and led to our research question:

What norms do the pattern of teachersod re
mathematical problem suggest and how do they compare with those of the course designers?

In this paper we present the findings from a task designed to elicit information about
the mathematical and pedagogical norms valued by the teachers on the course and consider
the implications of this for course design.

Literature on sociomathematical norms

Yackel & Cobb (1996) explain that sociomathematical norms are the shared
standards and expectations within a classroom that guide mathematical activity. Through the
analysis of video recordings of classroom episodes taken over the course of a yeaond a sec
grade classroom they show how these norms are interactively developed through classroom
discourse and influence how students engage in mathematical reasoning and argumentation.
Much of the literature contrasts norms in traditional versus retoremtal classrooms (see,
for example, McNeal & Simon, 2000, McClain & Cobb, 2001, Cobb et al., 1992). Cobb et al.
(1992) use their analysis of two elementary school mathematics classes to argue that in reform
contexts, norms favour explanations involving actionsnathematical objects rather than
procedural instructions alone. Kang & Kim (2016) observed 13 sessions of a grade 4
mathematics class and interviewed both the teacher and students in that class. In their analysis
t hey consi der ed baouhtle ndtueeafortataematios atdalbout ehé ratura of
mathematical teaching and learning and investigated the link between these and the
sociomathematical norms constructed in the class. They used this analysis to argue that the
t eacher 6s iomglniluenteson theacdnteat ansl methods they presented to the class
and thus on the sociomathematical norms that were created. In both these studies the
understanding of what constitutes an acceptable mathematical explanation is seen as a key
sociomatheratical norm. Cobb et al. (1992) showed that in the ingo@ayed classroom in
their study, students evolved from evaluating mathematical explanations on the basis of social
status of the explainer to examining the actions on mathematical objects inldreagzps.

The explanations became more conceptual rather than calculational and ultimately students
became aware of the need to make their explanation understandable to others.

Sociomathematical norms are forged and continuously adapted in the classroom
interaction between the teacher and learners. In the context of a largely remote MKT course
for teachers the opportunities for dialogue are limited which makes negotiating sbiarsd
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difficult. The teachers are active participants in other arenas (e.g. their own classrooms,

official Education Department structures) in which, possibly competing, sociomathematical

norms are being constructed. In addition, they bring with them expeonénce

sociomathematical norms constructed in the classrooms in which they were learners or pre

service teachers which can have strong and-lasiing effects on their beliefs (Westaway &
Graven, 2019). Understanding the norms that the teachers bring tutse s an important
initial step in ensuring we do not end up with incommensurable discourses.

Methodology

The teachers involved in the MKT course teach across 16 schools located in four
different provinces of South Africa. Only two days ofperson training are possible per year
and so the ongoing support of the teachers is delivered via weekly videos zzes qui
delivered via WhatsApplo investigate the research questions, we focused on the
mathematical problem from the vigneti#ow would you help a learner who is stuck trying to

figure out what number need323t=d4?Yereated t h e

e m

four brief #Atalking hando videos each model |
explanations were purposefully created to reflect different underlying mathematical norms.

This paper focuses on three of the videos, summarised in Table 1.

Teachers viewed each video and were asked whether they liked the explanation, and

why. After watching all the videos, they were asked which explanation(s) they would use in

their classroom, and whether there were any they would not use, and why. Tihnagask

completed at the #person training session at the start of the 2025 school year. A total of 76

teachers consented to having their responses analysed. We first counted the number of
teachers who like or disliked each video and then conducted a groumalgdis of the

reasons given, through iterative coding. In doing the grounded analysis, we initially provided
g.

afaceval ue summary code for each reason e.

A

i's happeningo. Ther e aldptdeaateddcodes tagéthet ahdeprovided e ar ¢
a descriptor indicating t hS$tatestha éxplanationns cr i t er

clear/ straightforward/ qui ck -archingbodeswereot her

crosschecked by the other twesearchers and were refined and improved in that process.
Table 1

Description of the explanati olni3gyldven t o

Video A: Teacher illustrates on number line that we start at the "

unknown and jump back 23 to get to 14. She uses that illustratic __.— .

to show we can calculate the unknown by jumping forward 23 1 !

steps from 14 and then does that calculation by saying 14 plus 20 is 34 and then plus 3 i

Video B: Teacher just states that to get the answer we need to add. She then writes 23 +
says 23 plus ten is 33 plus another 4 is 37.

Video C: Teacher states that we can use a number line to help us and we ran
start at 37 and jump back 23. She shows a jump back of 20 to 17 and tl 1{"31:;
jump back of 3 to 14 and concludes that what goes in the empty box is 3.

37
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The mathematical and pedagogical norms privileged by the course designers would
suggest that video A is a good explanation in that it uses a relevant mathematical model (the
number line) to justify why adding would be the appropriate operation to usettegmrrect
answer and then illustrates an efficient procedure to calculate the answer. Video B would be
seen as an inadequate explanation as it contains no justification for adding and thus, although
of fering a correct proeasone,vioéweofs mafiheimea
risk of overgeneralisation to cases where addition might not be the correct operation. Video C
would be seen as a bad explanation (orexplanation) in that it starts with the answer and
thus offers no method fayetting to the answer.

Findings and discussion

Table 2 indicates the number of teachers who liked each video, the videos they felt
would be best to use in their classes and those they would not use in their class.

Table 2

Teachersodé evaluation of the explanations pro

The number of teachers who Video A Video B Video C
Liked the explanation 62 64 40
Did not like the explanation 14 11 33
Would be best to use in your class 36 41 28
Would not use in your class 15 11 35

Note:2Someteachers did not state whether or not they like video B or video C. Some teachers chose more than
one video as giving the best explanation and some teachers said there were no explanation they would not use.

In contrast to the course designers, the explanations in videos A and B seemed to be
more or less equally popular with the teachers. Along with the course designers, 33 teachers
did not like the explanation in video C and 35 said they would not usengiimnctass.
However more than half the teachers liked video C and more than a third of the teachers
considered it would be best to use in their class. In addition, of those who did not like the
explanation, only 20 provided some indication that startiitiy thhe answer was problematic.
The remaining 13 who did not | ike the expl an
explanation is | ong therefore only a few wil

The divergence between what the course designers see as a good mathematical
explanation and what the teachers viewed as a good mathematical explanation raises the
guestion: what key themes emerged from the coding of the reasons teachers gave for liking an
explanation? In the grounded analysis of reasons teachers gave for liking the explanation four
key categories emerged.

Table 3

Four key reasons teachers gave for liking an explanation

Video A B C
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States that explanation is clear/straightforward/quick with no otherre 19 21 5
given.

Likes the fact that one just adds the two numbers to get the solution 4 26 O

Likes that a number line or visual representation is used 22 0 12

Likes the fact that the numbers are broken down into tens and onest 4 10 17
the calculation

Teachers appreciated clarity and simplicity, for example praising explanations for

being fishort and easy for | earners to unders
the answero. Although clarity anaedbytmepl icity

course designers, it would not be considered sufficient for a good explanation. 21 teachers
like the explanation in video B for this reason and a further 26 appreciated the simplicity of

just adding to get t he eayasdwsenple tovexpldn todetiraerse me n t

I think | earners will enjoy it. Learners

that the majority of the teachers value procedural clarity and simplicity over justification. This

wi |

appreciatonofta ease or speed contrasts with Cobb e

towards privileging a mathematical basis for an acceptable mathematical explanation.

The number line in video A is used as a model to help think about the mathematical

problem and understand the operation needed to get to the answer. 22 of the teachers liked the

use of the number line, but their justifications were stated more as a ggm@etiation of
the use of number | ines (e.g. ANumber | i

nes

probl emso) than as model of the problem situ

For a proportion of the teachers their focus on the explanation was on the calculation

method and in particular on the fact that it was made easier by breaking down the 23 into tens

and ones, thus valuing the procedural calculation over the mathemattcgity of the

solution. Again, this is in direct contrast

valuing the conceptual over the calculational in mathematical explanations suggesting a
strong divergence between the sociomathematical northe ééachers and those the course
designers would have anticipated the teachers having.

Conclusion

This analysis suggests a mismatch between the norms of the course designers and
those of most of the participating teachers. While both groups value clarity and efficient
calculation, the course designers emphasize seakeng and justification whereaseth
teachers prioritize straightforward procedures to get to the solution and have a focus on the
calculation strategies. The challenge for the course design is to consider how to open a
dialogic space for exploration of these norms and to create the ptysbideveloping

shared sociomathematical norms in the context of a course that is almost entirely remote. In

the current iteration of the course we will be trialling using the themes that have emerged
from this research to present video vignettes wheneicking the debates that might happen
about the norms in an-person setting and creating tasks that surface different norms and
offer opportunities to reflect on them.
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Adapting instrumental and relational descriptors to study comments on
instructional explanations in early mathematics

Hamsa VenkatAngel Mukuka, Sitin Nic Mhuir Lorraine Harbison
CASTelL, Dublin City University

I n this paper, we share details of our proce
knowl edged indicators, developed for conside
middle and highegrade mathematics in the United States of America, tg sathematics

instructional explanations in South Africa. We detail the thinking and the literature underlying

our adaptations based on a dataset that cons
comments on instructional explanations as part osallvee assessment of their mathematical
knowledge for teaching. Examples of teacher comments from our dataset are then coded and
commented on using our adapted descriptors. Our hope is to develop these descriptors into a
model that can be used to underdtme gap seen in broader South African data between

teachers of early grade mathematics who can solve the problems they teach themselves, while
leaving the majority of children unable to meet grile! curricular expectations.

Keywords:Instrumental/relational knowledge, subject matter knowledge, pedagogical
content knowledge, instructional explanations

Background

At primary level, much more attention has been given to mathematical and
pedagogical content knowledge from the middle grades onwards in comparison to the early
grades. In contexts where the majority of students meet early-lgnagleexpectations, this
def erral of attention is understandabl e. Howe
mar gi nal i Bwhdréthearajarity ®fchildren in the early grades fail to meet core
gradelevel outcomes. Spaull et al. (2022) found that by the end of Gréalged 67), just
31% of learners in the Eastern Cape province were able to subtractdgigieimbers, with
even lower proficiency levels reported in Limpopo province. Schollar (2008) found that a
significant percentage of Grade 5 and 7 learneitgaligéd on unitcounting, demonstrating
that weak early numeracy skills persist into later grades and hinder mathematical progression.

While testing of teachersd mat hemati cal k
focus on the middle grades and beyond, classroom observation studies have noted that early
grades6 teachers can, in most casewsandol ve t
particularly so with number problems in theQ0 range that predominate in Grades 1 and 2.
Nonet heless, these studies highlight issues

explanations for learners, leading to gaps in coherence aedstanding. Prior research has
documented specific challenges, such as the mixing of given and unknown quantities
(Mathews, 2021) and difficulties in effectively coordinating instructional explanations with
representations (Venkat & Askew, 2018).

Bowie et al. (2022), in recognising that poor number sense irdaigbol learners was
limiting their ability to engage with mathematics, shifted their attention to primary schools
and building | earnersd facil i hg Evidentelarisingu mber
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from the subsequent intervention study pointed to the acute need to improve models for
supporting and studying early mathematics instruction.

Methods

One route into doing this is to consider instructional explanations linked to early
mathematical tasks. In this paper, we use data gathered within a baseline assessment that was
set as part of an intervention project that seeks to improve primary téachena t he mat i c al
pedagogical content knowledge linked to the early mathematics that these teachers are
focused on as part of an afghool Maths Clubs programme. This baseline assessment
included early mathematics problems and tasks with a more pedatag, for example,
moving between number or word problems and models of these problem situations in number
lines and parpartwhole diagrams, diagrams widely described as particularly useful for
supporting early number problem solving (Beishuizen319%n, 2012). One baseline
assessment task was focused on teachersodo res
di fferent explanation IinTeacspensepteasesheldp
with this question: _1 2 3 = THe«ideas consisted of the following responses:

0 Video 1: The teacher starts by using the known numbers (23 and

14), trying subtraction first: 23 | 14 = 9. She tests this: 9 | 23
14, so it is incorrect. Then she tries addition: 23 + 14 = 37.
Testing this: 37 I 23 = 14 works. The teacher emphasises usin g

what you know, trying a method, and checking the result.

0 Video 2: The teacher uses a number line and plots a box (mystery number) on the
right. She explains that subtraction means jumping backward, and-&8jusmp
lands on 14. To find the mystery number, she starts at 14 and jumps forward 23,
reaching 37. Sihconcludes that the mystery number is 37 and places it in the box.

0 Video 3: The teacher states that such problems are easy because you just need to add
the numbers: 23 + 14 = 37. This is confirmed by checkingj: 37 = 14. The teacher
reinforces this as a general rule: if you see a question like this, just add the sxumber

0 Video 4: The teacher uses a number line but starts at 37, the unknown. She explains
subtraction as jumping back: 37220 = 17, then 17 3 = 14. So, jumping back 23
from 37 lands on 14, confirming that 37 goes in the box.

Videos 1, 3, and 4 were based on explanat
explanations from the pilot rollout of the mathematical knowledge for teaching course in this
project in 2024. After viewing each video, participants were asked tabedichether they
liked it, would use it in class, or would avoid it, and to give reasons for their choices.

Studying Instructional Explanations

With the data in, the research team started to explore routes into understanding the
comments offered in response to each video clip in terms of what the teacher valued or
emphasised mathematically. At this point, we dipped into the literature on imstaict
explanations to understand concepts developed in earlier studies that we could use. A key
mo d e | of interest was Kinachdés (2002) presen
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could feature within instructional explanat.
model focused on levels of subjenatter understanding, which was originally proposed by
Perkins and Simmons (1988). Kinach distinguishes between instrumedtalational

understandings, drawing on Skempods (1978) <co
6contentd6 frame aligns with instrument al und
procedural explanations that emphasise algorithms, voegbalad rote skills, and are linked

by Kinach to traditional school |l earning of
Oprobbkemingd, and Oepistemicbdé frames are ass

reflecting deeper conceptual reasonstgategic thinking, and consideration of disciplinary
warrants for certain actions, with all of these latter categories seen as important parts of
pedagogic content knowledge and teaching that extends beyond communicating procedures.
Ki nachdos dfésse framgs bfikrmwlexdge in the paper are brief (see table 1). They
are also applied to higher level mathematics contéim¢ addition and subtraction of negative
numbers in her paper, with Perkins and Simmons earlier work developing the original
corcepts at higher levels also and looking across mathematics, science, and computing.

Table 1

Kinachds Frames of Knowledge Descriptors

Frame Kinachds description

Content  Algorithms, vocabulary, facts, and rote skills that is usually taught in schc

Concept Knowledge about and experience with the generalized ideas that define,
bound, and guide inquiry in a discipline

Problem General and domaispecific strategies and heuristic schemas for monitorir

solving onebdbs own thinking

Epistemi Warrants for evidence in a discipline
c

These concepts appeared useful to us as routes into considering the extent to which
our teacher group, the majority (87.5%) of whom were able to answer the same item correctly
in an earlier section of the test, would reflect the content frame that Kieachlzed as
prevalent amongst the pservice teachers in her study. To do this though, we needed to
develop descriptors better suited to the much simpler mathematics of the task at hand, but
retaining the echoes of Kiswnfadhe métrematicalnegainng acr

In the next section, we present our initial thinking about adapted descriptors and the
thought processes that fed into their constitution. We then go on to share some illustrative
examples of each of our adapted categories. We comment on some of thiaalantsare
seeing in the South African dataset, drawn f
which, for the majority, is not their first language, and where problems with coherent
translations of subject matter knowledge into instructioreteready been noted.
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Tailoring Kinachdés Categories to Early Mathe

I n Table 2, we present adapted descriptor
the thinking behind them. Where descriptors are linked to particular video clip instructional
explanations, these are noted.

Table 2
Adapted descriptors

Frame Adapting Kinachds descriptors f ol
Content  Algorithms, vocabulary, facts, and rote skills that is usually taught in schc

Valuing the communication of the steps or sequence of steps needed to ¢
the problem.

Concept Knowledge about and experience with the generalised ideas that define,
bound, and guide inquiry in a discipline

Communication of sense of the broader terrain in which the focal task is

located- e.g.:

-knowl edge of the o6reachd of the
23 = 14;

- awareness of examples where the same solution procedure cannot be
applied;

- awareness of how inverse property can feature within solution of this ta
- awareness of working from givens to unknowns gsreeralfeature of
mathematical working.

Problem General and domakspecific strategies and heuristic schemas for monitoril
sovingg oneds own thinking

Metacognitive monitoring of solution process offered in the video clip, e.g

- aware that the missing number in 23 = 14 must be bigger than 23
and 9 in order for the subtraction to be carried out;

- (Video 1): aware that trial and error approach shows why subtracti
the given numbers wonodét worKk

- (Video 2): Aware that reversing direction of travel on number line
leads to missing number 37

- (Video 3): Aware that adding the given numbers follows from
awareness that the missing number must be bigger than 23, as
subtracting given numbers will give a value smaller than 23

- (Video 4): Aware that starting explanation with 37 can only work if
students already know how to produce 37 as the answer

Epistemi Warrants for evidence in a discipline

c Aware of the need for reasons for selections and actions
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A range of literature underpinned our initial devising of adapted indicators. While the
content frame descriptor was |l argely similar
concept frame was applied in terms of awareness of the terrain of tasksteelat@3 = 14,
and of how problersolving procedures play out across this terrain. This thinking drew from
Gol denberg & Masondés (2008) writing on di men
permissible change, in which the reach of procedures acr@ssample space is considered.

Inthe problers ol vi ng frame, we foll owed Kinachos
schemas and setfionitoring to metacognitive awareness (Schoenfeld, 1987) guiding the
problemsolving procedure, ensuring more efficient problestving. In the epistemitame,
Kinachds descriptor was retained, but worded
reasons, or rationales, for selections and actions.

Coding Data Exemplars

In this section, we present and discuss the codes and comments we associated with a
small selection of responses given by teachers in our baseline sample. We found several
instances that contained allusions to particular frames, but with limited spetdicaihd, in
some cases, incorporating mathematical errors or misconceptions. These examples are marked
with an asterisk to denote problematic or partial presence of that frame in Table 3.

Table 3

Coding ResponsésExamples and Commentary

Teache Video #/response Code/Commentary
r code
G35 V1i: o6showed or Problemsolving:

number we're looking for is
bigger than 9. Learners will see
that they have to add two
numbers to get a number bigge
than the one p

Focus is on the specific example, with a
vantage point on what the trdahderror
procedure does offer: visible evidence that
subtraction did not work, and thus, leading
into the need to add the given numbers

G18 V2. O6easy to d Content:

just add given Focus is solely on the calculation to be

carried out.

WC18 V3: O6The t eac h Epistemic:
explain why the learner should
add. Thus, not teaching the
concept/skill. Would the learnel
know when to apply this rule?
What i f the op

Focuses on the absence of a rationale for
adding the given numbers. There are hints
here that the teacher is aware of examples
where adding the gi
but this is not communicated explicitly, so v
have not added the concept frame here.
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KZN2 V4: o061t does n Concept
We need to use the numbers tt The
are given to us, so 37 was not
given. So, what will | tell a
learner about 37, when he/she
asks where | got it from? This
explanation will definitely
confuse | earne

6need to use nu
stated here in general terms and then folloy
with the specifics from the task.

F10 V1: Ol t cl ear s Content
whether we should use the san

_ ) Focus is on the steps to calculate missing
sign to find t

val ue, but wh at 6i t

Conclusion

Our initial sense is that our adaptation of frames is potentially useful. However, the
fragmented nature of some of the responses means that there is likely more work to do to
produce a robust and distinct set of descriptors that we can use to studiaeeat. @@ur goal
then is to see if we can develop our adapted indicators into a model that is robust enough for
us to use to get insight into the profile of knowledge frames that these teachers are drawing on
in their consideration of instructional explaioat. The forward goal is then to understand
whether more robust profiles based on knowledge frames allow us to develop professional
learning content that can address any limitations that we find.
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Doing it by the book: The role of textbooks in Irish primary mathematics
classrooms

Marie Brennan
Drumlease NS, Co. Leitrim

Introduction

Concerns about student outcomes in mathematics give rise to recommendations about
what to teach in schools and how to teach it. The new Primary Mathematics Curriculum
(NCCA, 2023) identifies five key pedagogical practices as essential to the provisigh of h
quality learner experiences in Mathematics: Fostering productive disposition, using
cognitively challenging tasks, promoting maths talk, emphasising mathematical modelling
and encouraging playfulness. A consideration of the role of textbooks is aksetitis
endeavour because, as many advocates of reform attest, the potential of textbooks in
influencing classroom practice and subsequent student achievement is considerable (Rezat et
al., 2021). Research conducted by Duffy et al. (2022) report taides appear to relinquish
their responsibility for lesson planning to textbooks which provide a routine and time saving
approach to teaching and learning mathematics. The authors further purport that teachers were
found to rely on textbook schemes toamh what happens in mathematics lessons choosing
to talk about mathematics in relation to chapters in textbooks with little or no conceptual
framework for the subject. While textbooks a
introducing students tdé practices and language of the mathematics community, a major
failing of textbooks arises when teachers try to cover all aspects of the text, hindering or
ignoring the application of suitable methodologies for teaching and learning.

Methodology

In Irish primary schools, children are seldom consulted or given the opportunity to
formally express or document their experience of learning in school. The pervasive social lens
through which childrends | ear ni rogsaimsxkede x ami ne
methods design approach across eight primary school classrooms at second (7 and 8 year
olds) and fifth class level (10 and 11 year olds). In this paper, | focus on data drawn from a
series of three observations of mathematics lessons, ¢chidee dr awi ngs and que
and focus group interviews with teachers, children and school leaders.

Findings and Discussion

It should be more the teachers explaining because the text books just give you the
guestionséthey candét answer your question
Eagle, 5th Class, Middle Class).

In the schools that participated in this study, the textbook is a very influential factor in
determining the what, when and how of actual teaching. This research found that learning
mathematics is still largely based on the assumption that it is leaomedftextbook. An
examination of the mathematical tasks and activities encountered by the children in this
research, particularly in the senior classes, found that children worked on routine problems
broken into discrete steps and divorced from theirweald experiences. These tasks served
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to test childrends knowledge and understandi
practice. The teachers in this study found that the textbook provided a routine and time

saving approach to teaching and learning mathematics. Teachers disoasisematics in

relation to chapters in the textbook with little or no conceptual framework for the subject.

Strong adherence to the textbook by four of the eight teachers in this study revealed how
teachers all owed the t elbthdaassioontteachérs presemedd t h e
academic knowledge in the form of the textbook, which was the major pedagogic device.

Chil drenbés drawings and focus groups with <ch
and competence is something only to be ghtheough conscientious application to solitary

written work defined through the directives of the teacher, textbook, worksheet and
whiteboard. Childrenés drawings showed t hat
answer to routine questions aagdks. Strong framing in the majority of mathematics

classrooms manifested itself through repetitive, individually orientated, fast paced, sequenced
tasks at both second and fifth class level. Such strong framing in classrooms provided less
opportunity forselt-directed, independent, flexible learning as the management of selection,
organisation, pacing and timing of knowledge presented to students became more constrained.
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Observing and Documenting Early Mathematical Skills:

Beliefs and Reported Practices of Early Years Professionals

Sara TeuschérChristiane Benz Stephanie Roesgéh

tUniversity of Education Karlsruhe, Germanryniversity of TuebingenHector Research
%Institute of Education Sciences and Psychology, Germany; LEAD Graduate School and
Research Network, University of Tuebingen, Germany

Keywords:Early mathematics, beliefs, reported practice, observing and documenting
Introduction

In order to support sustainable growth in mathematical competences for all children,
early years professionals should support mathematical development in an adaptive way
(Clements & Sarama, 2024). Achieving this requires knowledge of the child's mati@mati
skills, for instance, through observing and documenting. In many countries, early
mathematics education mostly takes place in everyday (play) situations. Therefore, observing
is usually done spontaneously during these everyday activities but mag applied in
specifically designed activities and planned-oneone situation (Benz et al., 2024). As there
are hardly any studies on the perspectives of early years professionals towards observing and
documenting mathematical skills, this study set owamine both beliefs and reported
practices of early years professionals.

Methods

99 German early years professionas93 female n=5 male n=1 diverse) with an
average age of 42 yearsi(=22 yearsmax65 years; 16 years of average work experience)
participated in an online survey evaluating theiaffgctive attitude(ii) instrumental
attitude and (iii) selfefficacytowards observing and documenting as well as (iv) their
reported practicesThe questionnaire was adapted from Yan and Cheng (2015) for the
context of early (mathematical) education. The subsfédetive attitudeddressed early
years professionals' emotions towards observing and documenting (10 items). In the subscale
instrumental attitudes pr of essi onal sé6 views on the perce
documenting were addressed (9 items), while the subselgkfficacytargeted professionals’
perceived ability and contextual conditions for observing and documenting (11 items). For all
three subscales, early years professionals had to indicate their agreemesgtaint & i&ert
scale (i.e., 1=strongly disagreg=strongly agree). The professionatgiorted practicesvere
gauged by two items, one for observing and one for documenting mathematical skills (i.e.,
APl ease estimate, in the past six months, ho
observation/ documentation of childrend6s math
Professionals could choose between 6 response options: 1=never, 2=rarely (on less than 3
days), 3=seldomly (about 5 times), 4=sometimes (every 2 weeks), 5=frequently (once a
week), 6=very frequently (evyday/almost every day).
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Results

Results showed that professionals had an overall posttieetive attitudé¢owards
observing and documentinly1€5.23;SD=.57). This is consistent with results observed for
theirinstrumental attitudéM=5.06;SD=.64), suggesting that they on average agree that
observing and documenting improve the quality of professional support and promote
childrendés | earning. Furthermore, sellesults re
efficacyregarding observing and documenting mathematical skit3(67;SD=.88)
descriptively lower than theaffectiveandinstrumental attitudeAs regardsselfefficacy the
items Al have sufficient supporting materi al
level of approval, while "I can integrate observation/documentation into everyday daycare"”,
and "l have sufficient skills” were rated the highest. This indgthat professionals are
rather confident with respect to their abilities compared to how they perceive and evaluate
contextual conditions. Contrary to their reported attitudes, the descriptive analysis of the two
reported practicest ems r eveal ed, that they observed cl
not frequently over the past six month$=3.61;SD=1.46)1 which means every two weeks
or less for 69% of the professionals. Documentation of the observed competencies occurred
even less ofterM=2.68;SD=1.17) with 72% of professionals indicating that they
documented mathematical competencies about 5 times or even less in the past sixth months.

Discussion

All'in all, the survey revealed a discrepancy between attitudes (affective and
instrumental) and reported practice and highlights a potential gap between belief and actual
implementation with respect to observing and particularly documenting children's
mathematical skills (for similar findings in primary school teachers see Yan and Cheng,
2015). According to t hefficacyeegarding absexwvingopr of essi o
documenting mathematical skills, it is likely that other, external factors, lilkkedmmaterials
are the reason for the less frequent implementation. In further analyses, connections between
possible influencing factors will be examined.
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Curricular Reform: Considering the role of the growth mindset of School leaders,
through the lens of the Primary Mathematics curriculum 2023

Orla Waters
Mary Immaculate College

Introduction

Curricular change involves both structural shifts and changes in mindset. This study
explores whether fostering a growth mindset in curriculum leaders supports the successful
implementation of the Primary Mathematics Curriculum (PMC), (NCCA, 2023),avibcus
on promoting productive disposition. Defined by Dweck (2006) as the belief that abilities
grow through effort and feedback, a growth mindset may help educators view reform as an
opportunity rather than a threat.

Growth Mindset and Productive Disposition

Individuals with a growth mindset show greater ability to cope with change (Dweck,
2006, a trait that can extend to institutional cultures and promote adaptability (Yeager &
Dweck, 2012). Resistance decreases when educators are supported to refleo §0ddga
2006), and responsiveness to feedback is a key feature of gromdled individuals (Kluger
& DeNisi, 1996). Productive disposition, central to the PMC (NCCA, 2023) aligns closely
with growth mindset, encompassing a belief in the value of matie=sn@ad the ability to

I mprove through effort (Kilpatrick et al ., 2
conceptofsele f fi cacy, which Iinks belief in oneos
perseverance.

Planned Study

This doctoral study, guided by Bandurads
and Fullandéds (2007) idea of wvisionary | eader
model a growth mindset can build a culture of trust and openness. Teacher auaodomy
collaboration are key factors. Drawing on the Finnish model, where local curriculum
adaptation boosts engagement (Hargreaves, 2000; Sahlberg, 2011), the study also explores
how | eadership and pedagogy shapeengagemahte nt s o
and mathematical identity (NCCA, 2023).

Challenges and Limitations

While growth mindset offers valuable insights, overreliance can obscure systemic
inequities by placing responsibility on individuals and overlooking institutional barriers
(Brown, 2017; LadsoiBillings, 2014). Sustainable cultural change requires stiesdgrship,
coherent policy, and lortgrm professional learning (Hargreaves & Fullan, 2012); without
these, efforts may remain at the surfémesl (Dweck, 2015). An individualised focus may
also overlook the collaborative, systemic nature of educatotraaige (Yeo & Neal, 2004).

This study explores whether curriculum leaders modelling a growth mindset, supported by
aligned policy and CPD can drive local curriculum reform. In the context of the PMC, growth
mindset aligns with promoting productive dispios and learner agency. However, mindset

Orla Waters295



S. Nic Mhuiri, L. Harbison & MRyan(Eds.). Proceedings of the Tenth Conference on Research in Mathematics Education
in Ireland (MEI 10)

alone is not enough; it must be embedded within a wider framework that acknowledges
systemic challenges, resource needs, and school culture complexity.
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Developing capacity for agency: Supportingpres er vi ce t eacher
enactment of thePrimary Mathematics Curriculum

Gréinne Higgins, Sinéad Ruane, Tracy Curran
National Council for Curriculum and Assessment

This paper will explore the role of teacher agency in the redeveloped Primary School
Curriculum, and in particular, within tHerimary Mathematics CurriculurtPMC)

(Department of Education [DE], 2023a). It will provide an overview of agency in recent
curriculum redevelopment and will highlight the role of the Primary Mathematics Toolkit in
assisting t enakingwithirstiieir ave gniqeeicantextstagy enact the PMC.

As part of a workshop session, participants will be invited to examine and discuss the role of
Initial Teacher Education (ITE) providers in developingpre r vi ce t eacher sé ca
develop and demonstrate agency as they navigatritilaé stages of their professional

careers as teachers. Participants will be asked to consider how the current model of school
placement might be reimagined and refined to align with the vision of agency outlined in the
Primary Curriculum FrameworkPCF) (DE, 2023b) and the implications of this vision for
agency in supporting preervice teachers' engagement with school placement, and for
fostering their professional capacity for decisioaking as they begin their teaching careers.

Keywords:Curriculum development, primary mathematics, curriculum enactment,
teacher agency

Introduction

The National Council for Curriculum and Assessment (NCCA), comprising tvaeaty
members, is a statutory body of the Department of Education and Youth. NCCA advises the
Minister for Education and Youth on curriculum and assessment for early childhood
educdion, primary and pogprimary schools, as well as assessment procedures used in
schools and examinations on subjects which are part of the curriculum.

NCCA develops this advice by drawing on four key pillars: research, deliberation,
consultation and networks. Feedback from stakeholders is gathered through rigorous
consultation processes and is deliberated upon in developing curriculum and assessment
advice. The Council is supported by three boards (early childhood and primary, junior cycle
and senior cycle) and a range of development groups that contribute to the development of
specific curriculum specifications and support.

The Primary School Curriculum in Ireland has undergone significant change and
redevelopment in recent years. Th@mary Curriculum FrameworkPCF)(DE, 2023b)
presents the vision, principles and key competencies that underpin the redeveloped
curriculum. Stemming from this is the n@wmary Mathematics CurriculurfPMC) (DE,
2023a) which was published in 2023, with enactment in schools from September 2024. The
PMC is characterised by playful and engaging learning experiences that support and celebrate
the kearning journey and progression of all children in primary and special schools in Ireland.

In developing the PMO\YCCA engaged in an extensive consultation process (NCCA,
2018; NCCA, 2023), drawing on feedback of a wide range of stakeholders. In addition,
developments are underpinned by an extensive body of research, indfadematics in
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early childhood and primary education-8years): Research report no. {Dunphy et al.,
2014) which focuses on the theoretical underpinnings of mathematics education, and
Mathematics in early childhood and primary educatiofi @years): Research report no. 18
(Dooley et al., 2014) which outlines some of the related implications. A background paper
and brief for the development of the PMC was also developed (NCCA, 2016).

This paper provides insights into the significance of the concept of teacher agency
within the PMCand the overarching PCFurthermore, a workshop session will be facilitated
in which participants will have the opportunity to explore the implications of teacher agency
onthepreser vi ce teachersoé initial teacher educat

Teacher agency in the redeveloped curriculum

A key feature of the redeveloped curriculum is the significance and prevalence of
teacher agency. Teacher agency refers to the capacity of teachers to make informed decisions
around learning, teaching and assessment, with such decisions centred orowleilda of
children and their prior learning, strengths, needs and interests (DE, 2023b). In addition,
knowledge of the curriculum and pedagogy contribute to a comprehensive approach to
|l earning, teaching and assessngemrcdntextsilEh due a
2023a; DE, 2023b; Burke & Lehane, 2023; Biesta et al., 2015). Both tharRithe PMC
empower and support teachers and schools to demonstrate agency and flexibility (DE, 2023a;
DE, 2023b).

Agency within a Learning Outcomes based curriculum

Central to teacher agency within the PMC is the inclusion of Learning Outcomes, as
distinct from the more prescriptive learning objectives of the 1999 Primary School
Curriculum (DES, 1999; DE, 2023a). Learning Outcomes are intentionally broad and
flexible, in recognition of the diverse range of learners in primary and special schools. They
provide teachers with the scope to make professional judgements around the kind of learning

experiences that wild!/ best suppold6).dnhhel dr en 6
context of the PMC, Learning Outcomes describe the expected mathematical learning of
children attheend ofatwpe ar st age. For exa®eshm, within

operathens@arning Outcome for Stage 1 (junio
appropriately playful and engaging learning experiences, children should be able to recognise
and understand what happens when qDEantities
2023a, p. 22) and by Stage 4 (fifth and sixtiscdae s ) , chi Il dren shoul d #fAb
make use of a range of operation strategiesbo
empowers teachers to be fAskil ful and agentic
to improved educational atgmes, it is also important that curriculum structures enable this

agency (Manyukhina & Wyse, 2025; Burke & Lehane, 2023). As a mechanism for supporting
teacher agency in enacting the PMC, NCCA have developed the online Primary Mathematics
Toolkit. Theroe of the Tool kit in fostering teacher s
next section.
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Supporting agency through the Primary Mathematics Toolkit

As teachers seek to enact the PMC with agency and through playful and engaging
learning experiences as promoted within the PMC (DE, 2023a), NCCA has developed an
online Toolkit which hosts a range of supports materials and resources that teachers can draw
upon to inform practice and professional decisiweking. The Toolkit is designed to respond
to questions that teachers may pose as they consider the unique learning experiences that are
most relevant to their context, thus providing scope for the dematinstof agency. For
example, in considering the mathematical knowledge that children ought to acquire as they
work towards a particular Learning Outcome, teachers may refer to mathematical concepts,
that are available as part of a suite of support nadgefior each of the fifteen Strand Units of
the PMC (see Figures 1 and 2). These mathematical concepts capture the key ideas that
underpin each Learning Outcome and may serve as a reminder to teachers of essential
mathematical knowledge at each stage.oimsedering what playful and engaging experiences
might look like in the classroom, teachers may explore the Strand Unit support materials
6Suggestions for childrends | earningd (see
educativesuggestionsor teachers, offering supports to draw and build upon in ways that are
meaningful to them, and that can be adapted to best suit the needs of the children in their
class, and their unique school context. The Toolkit is in continued development andias such
well placed to respond to the emerging and evolving needs of schools, teachers and children.

Figure 1

Support Materials for the Strand Unit O0Mea

| Ncea == Primary Mathematics Toolkit

Support Materials: Measuring

Click on a support material below to access information, ideas and suggestions for this Strand Unit.

Measuring

Mathematical Concepts Progression Continua

Figure 2

Mat hemati cal concepts for the Strand Unit
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#[ncca== Primary Mathematics Curriculum

Measuring

Stage 4
n should be able to
.

nal foren problenns.

Figure 3

Suggestions for childrends |l earning for the
'\NCGI!!E Primary Mathematics Toolkit - Support material
* 7%

Goals of the Workshop

It is important that praervice teachers, through the course of their initial teacher
education, are supported to develop a positive sense of self as teachers of Mathematics
(Dooley et al., 2014), as well as the ability and confidence to make profestéaigbns that
serve the mathematical learning needs of the children in their context. The role of teacher
agency is particularly nuanced when it comes tespreice teachers. The PMC recognises
that Ateachers are best edshndstremdthstobthedhddreain mi n e
their classo (DE, 2023a, p.18). However, in
are required for effective agency to truly come to the fore (Burke & Lehane, 2023). These
include the capacity of the individugacher, as well as contextual considerations, such as
school culture and environment (Biesta et al., 2015). Both the former and the latter may
present challenges for pservice teachers as they work towards developing and exercising
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their agency. Often, their knowledge of school context and the prior learning and experiences
of children may be limited, thus impacting their ability or confidence to be agentic in their
teaching.

In this workshop session, participants will be invited to consider the role of ITE
providers in developingpteer vi ce teachersodo capacity for ac
school placement and through their scholarship of teaching as a professiopdrastiwill
be invited to discuss the following: 1) What content and pedagogical knowledge do pre
service teachers need to build during their study and what does this mean in terms of content
that is currently delivered? 2) How might the school placemewlel be reimagined to
provide for greater opportunities and capacity building for agency? 3) How might ITE
providers build capacity for agency in teaching mathematics in the context of early teaching
experiences with the new PMC?

It is envisaged that these discussions will provide a stimulus for continued and
sustained professional conversations within ITE and beyond. Through these conversations,
pre-service teachers can be better supported to promote and support curriculurmendt ag
and importantly, in a way that is responsive to the bespoke context in which they teach whilst
also ensuring the provision of learning experiences that reflect the vision and ambition of the
PMC.

Conclusion

The introduction of the new PMC (DE, 2023a) presents opportunities and possibilities
for ITE providers as they prepare and supporsarwice teachers to enact the curriculum.
Teachers' professional agency plays a crucial role in curriculum enactmiiaty asspond to
the needs of children and the unique contexts of their schools. The workshop discussions
outlined will offer a valuable opportunity to consider how ITE can actively support the
ambition for teacher agency expressed in the PCF (DE, 2028lexa®nining the content,
experiences, and structures that shapespeer vi ce t eachersé professio
can reflect on how agency might be meaningfully developed and sustained from the outset of
teacher preparation. In doing so, this pagms to contribute to ongoing professional
conversations about how existing models of teacher education and professional development
might be refined to better reflect and support the vision for learning, teaching, and
assessment, as set out in the PCF.
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