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ALM30 Chairs Introduction 
 

By Diane Dalby (ALM Chair) 
ALM30 was a special event since it marked an important milestone for Adults Learning 
Mathematics, of being nominally the thirtieth annual conference. The conference theme 
“Numeracy Theory and Practice in a Changing World” was an apt reminder of the ongoing need 
to respond to the changing numeracy demands of the environment in which we live and work, 
whilst also prompting reflections on the changes we have all witnessed during our personal 
engagement with adult numeracy as learners, educators or researchers.  

 We were delighted to return to Limerick, Ireland, for ALM30 where two previous 
conferences had been held in 1997 (ALM4) and 2007 (ALM14). Revisiting the university for a 
third conference brought a sense of change over time, especially when recalling the theme for 
ALM14 of “The Changing Face of Adults Mathematics Education: Learning from the Past, 
Planning for the Future”. The inclusion of papers for ALM14 about using multimedia tools for 
learning numeracy, the integration of ICT into adult numeracy teaching, the use of blended 
learning and peer coaching might indicate that little has changed in the last 16 years, although our 
experiences would perhaps indicate otherwise. One paper from ALM14, entitled “Not learning 
from the past means no chance of planning” captured a pertinent point for today as well, about 
the need to not just reflect on our experiences but to learn from them.  

A brief glance backwards would suggest significant differences in the way we live our 
lives today compared to 2007 and to the numeracy skills required by adults, not to mention 
changes in the tools we might use for teaching and learning. Increased usage of electronic devices 
such as the iPad and Smartphones since 2007, for example, provide new opportunities for teachers 
but also present challenges for our own professional development since new tools require 
adaptations to established pedagogies and often new technological skills.  

The expansion of technology between 2007 and 2023 through video-streaming, podcasts, 
social media and artificial intelligence has affected many aspects of our work and personal lives 
but the changes are gradual and sometimes imperceptible until we look back over time. The 
opportunity to pause, reflect and learn at conferences such as ALM30 is always valuable. Another 
key area of change has been a raised awareness of global issues such as the health-related effects 
of processed foods, climate change and sustainability. These provide new contexts for the use of 
numeracy inside and outside the classroom but take time to explore and apply into our practice. 

At ALM30, we discussed the impact of such changes in various ways. Our keynote 
speakers opened important debates about “Why adult numeracy matters for active citizenship” 
(Merrilyn Goos) in a world that is continually changing, and we were encouraged to consider the 
challenges and opportunities for adult numeracy in a digital world (Elaine Cohalan). The problem 
of mathematics anxiety, a long-standing concern for many adults and their teachers, was not 
forgotten, and Maria Ryan led us in an exploration of the impact on adults’ mathematical journeys, 
whilst Hamsa Venkat reminded us of the issues that can emerge for primary pre-service teachers 
with STEM.  

Varied presentations and workshops by other presenters allowed us space to explore 
many aspects of numeracy in a changing world and exchange ideas. I would like to thank every 
one of the presenters who prepared and led these sessions, and all the participants who contributed 
to the discussions. These proceedings add new voices to the debate about the numeracy demands 
of a changing world, serving to make us better equipped as educators and researchers to make our 
own unique contributions to the development of numeracy theory and practice.  
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Adults Learning Mathematics – A Research Forum 
 
ALM was formally established in 1994 with the aim to promote the learning of 

mathematics by adults through an international forum which brings together those engaged and 
interested in research and developments in the field of adult mathematics teaching and learning. 

As Diana Coben (1994), the first Chair of ALM explained: Within ALM we understand 
the term ‘mathematics’ to include numeracy. 

Over the last 30 years ALM members, practitioners and researchers have contributed to 
a vast archive of articles, videos and conference papers, available on this website, that explore 
ways to understand how adults’ learn mathematics and how that knowledge is utilised through 
the lived experience. The increasing importance of this work is reflected in the growing 
international collaboration and influence of ALM members in response to what Hoogland and 
Díez- Palomar (2022) identify as an increasingly mathematised society. A society where adults 
must respond to the rapidly changing economic, social, environmental, and technological 
demands placed on them and make numerate decisions that impact on their lives. Yet still many 
citizens lack the numeracy competencies to enable them to fully participate (Gal, Grotlüschen, 
Tout & Kaiser, 2020; Hoogland & Díez-Palomar, 2022; Yasukawa, Rogers, Jackson, & Street, 
2018). Indeed, few adults trust numbers enough to deal with, let alone challenge, a world in which 
fake-news can flourish (Kelly, B.; Díez-Palomar, J.; Faulkner, F.; Hoogland, K., 2022). These 
factors point to the profound implications for the way in which numerical skills are taught and 
learnt in adult education programmes. 

References 
Coben, D. (1994). Preface and content. Proceedings of the International Conference of Adults Learning 

Mathematics (ALM) 1, 11-17. 
Gal, I., Grotlüschen, A., Tout, D., & Kaiser, G. (2020). Numeracy, adult education, and vulnerable adults: 

A critical view of a neglected field. ZDM,52(3), 377-394. https://doi.org/10.1007/s11858-020-01155-
9 

Kees Hoogland, Javier Díez-Palomar. The Mathematisation of society: rethinking basic skills for adults. 
Twelfth Congress of the European Society for Research in Mathematics Education (CERME12), Feb 
2022, Bozen-Bolzano, Italy. (hal-03745525) 

Kelly, B.; Díez-Palomar, J.; Faulkner, F.; Hoogland, K. (2022). Introduction to TWG07 Adult Mathematics 
Education. Twelfth Congress of the European Society for Research in Mathematics Education 
(CERME12), Feb 2022, Bozen-Bolzano, Italy. 

Yasukawa, K., Rogers, A., Jackson, K., & Street, B. V. (2018). Numeracy as social practice: global and 
local perspectives. Routledge. https://doi.org/10.4324/9781315269474 

 
Charitable Status 

ALM is a Registered Charity (1079462) and a Company Limited by Guarantee (Company 
Number: 3901346). The company address is: 26 Tennyson Road, London NW6 7SA, UK. 

Aims of ALM 

ALM’s aims are to promote the advancement of education by supporting the establishment and 
development of an international research forum for adult mathematics and numeracy by: 

• Encouraging research into adults learning mathematics at all levels and disseminating the 
results of this research for the public benefit. 

https://doi.org/10.4324/9781315269474
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• Promoting and sharing knowledge, awareness and understanding of adults learning 
mathematics at all levels, to encourage the development of the teaching of mathematics 
to adults at all levels for the public benefit. 

ALM’s vision is to be a catalyst for the development and dissemination of theory, research and 
best practices in the learning of mathematics by adults, and to provide an international identity 
for the profession through an international conference that helps to promote and share knowledge 
of adults’ mathematics teaching and learning for the public benefit. 

ALM Website and Activities 

ALM members work in a variety of educational settings, as practitioners and researchers, to 
improve the teaching and learning of mathematics at all levels. 

On the ALM website, you will also find information about ALM, our annual conference, 
conference proceedings, Adults Learning Mathematics – International Journal (ALM- IJ) series, 
links to virtual seminars and the ALM Youtube channel. You can also join ALM through the 
members page and keep up to date with activities about our organisation and others through the 
ALM bulletin. 

ALM holds an international conference each year at which members and delegates share their 
work and meet each other in an academic but informal environment. The conference enables an 
international network to reflect on practice and research, fostering links between teachers, and 
encouraging good practice in curriculum design and delivery using teaching and learning 
strategies from all over the world. 

ALM does not foster one theoretical framework, but encourages discussion on research methods 
and findings from multiple frameworks. ALM produces and disseminates Conference 
Proceedings, a peer reviewed journal Adults Learning Mathematics – International Journal 
(ALM- IJ) and for the last three years has hosted a series of key note speakers producing a series 
of Virtual Seminars on a wide variety of subjects, which can also be found on the ALM Youtube 
Channel. 

ALM supports the development of specialist interest groups such as the Maths in Prisons topic 
group and is building networks with sister organisations in other countries such as the practitioner 
based Adult Numeracy Network (ANN) in the United States. 

Board of Trustees 

ALM is managed by a Board of Trustees elected by the members at the Annual General Meeting 
(AGM), which is held at the annual international conference. 

ALM Officers and Trustees 2021 - 2022 

• Chair (and Trustee): Beth Kelly (UK) 

• Secretary (and Trustee): Catherine Byrne (Ireland) 

• Membership Secretary (and Trustee): Lisanne Heilmann (Germany) 

• Treasurer (and Trustee): Diane Dalby (UK) 

Trustees 2021 - 2022 

• Charlotte Arkenback, vice Chairperson (Sweden) 

• Javier Díez-Palomar (Spain) 

• Lynda Ginsburg (USA) 
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• Kees Hoogland (The Netherlands) 

• Linda Jarlskog (Sweden) 

• David Kaye (UK) 

• Judy Larsen (Canada) 

• Lena Lindenskov (Denmark) 

Honorary Trustees 

• Prof. Dr. Diana Coben, National Centre of Literacy and Numeracy for Adults and 
University of Waikato (New Zealand) 

• Dr. Gail FitzSimons, Monash University (Melbourne, Australia) 

• Dr. Marj Horne, Australian Catholic University (Melbourne, Australia) 

• Lisbeth Lindberg, Göteborg University (Göteborg, Sweden) 

• Prof. Dr. Juergen Maasz, University of Linz (Linz, Austria) 

• Dr. Terry Maguire, Director, National Forum for the Enhancement of Teaching and 
Learning in Higher Education (Ireland) 

• Prof. John O’Donoghue, University of Limerick (Limerick, Ireland) 

• Dr. Katherine Safford-Ramus, Saint Peter’s College (Jersey City, NJ, USA) 

• Dr. Alison Tomlin, Kings College, London (UK) 

• Dr. Mieke van Groenestijn, HU University of Applied Sciences Utrecht (Utrecht, 
Netherlands) 
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Welcome to Limerick 
 

By Niamh O’Meara (ALM30 Chair) 

 
As the Chair of ALM30, I was delighted to welcome all delegates to the University of Limerick, 
Ireland. 30 years on from the very first ALM conference which took place in Birmingham it was 
an honour to see this annual conference return to the island of Ireland for the sixth time, and to 
Limerick for the third time. The three day event involved a variety of key note addresses, paper 
presentations and workshops in addition to a fantastic social schedule.  

The theme for ALM30 was Numeracy Theory and Practice in a Changing World. The 
ALM30 programme committee were keen to ensure a broad focus that would allow us to consider 
the role of numeracy when responding to changes and challenges that society faced in recent 
years. We felt that this theme facilitated this. Under this theme, ALM30 involved four keynote 
presentations; 20 paper presentations; eight workshops and a round table discussion with past and 
present ALM chairs. The work/projects reported on at ALM30 were conducted across 11 different 
countries in 3 different continents, so this conference really did have an international feel to it. 
The following word cloud outlines many of the issues discussed at ALM30.  

 
Figure 1. ALM30 Overview of Topics of Discussion 

 
I hope this book of proceedings will shed some further light on these issues and highlight 

the critical role of numeracy in today’s world.  
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Conference Theme – Numeracy Theory and Practice in a Changing 
World 

 
According to SOLAS (2021: 26), the Irish State agency tasked with building a world class Further 
Education and Training (FET) sector, “mathematics is the study of abstract patterns and 
structures, while numeracy is concerned with contexts in which a person will use mathematical 
knowledge in everyday life.” Both the mathematical and numeracy demands for adult learners 
have changed in light of recent developments in many different aspects of our lives, ranging from 
evolving school curricula, the onset of an unprecedented pandemic, the move towards a 
technology-drenched society and civil unrest in many countries. In light of this, the Programme 
Committee for ALM30 believed that it would be timely to consider the impact that these events, 
and others, have had on the numeracy needs of the adult population. 

This broad theme enabled participants to consider numeracy in a wide array of contexts, 
including but not limited to: Numeracy in a Digital Era, Numeracy in a Sustainable, Healthy, and 
Peaceful Global Environment, Numeracy in Prison, Numeracy Teaching and Learning across all 
Educational Sectors, Changing Numeracy Policies, Numeracy and the Arts, and Issues in 
Numeracy Education for Adult Learners in the 21st Century and Beyond. 
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Programme and Local Organising Committee 
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Programme 
Monday July 3rd 

Time  

08:45 – 09:30 Registration 

09:30 – 10:00 Conference Opening 

10:00 – 10:45 
Keynote Presentation 1: Professor Merrilyn Goos 

Why adult numeracy matters for active citizenship 

10:45 – 11:15 Tea/Coffee 

11:15 – 12:30 

Paper Presentations 1 

Session 1A 

Healthcare numeracy: An insider-
inductive approach to vocational 
education in nursing and beyond: 
Diana Coben  

 

Centering Adult Numeracy Discourse: 
Foundations for Change: Joy 
Zimmerman 

 

Numeracy and awareness: Lena 
Lindenskov 

  

Session 1B 

Reading and understanding 
percentages in a critical way: Javier 
Diez-Palomer  

 

 

Numeracy Tutors’ Needs for 
Professional Development Materials 
in Adult Education: Emre Bilgin 

 

A review of research on teacher 
training and professional development 
of mathematics teachers in vocational 
education: Trude Sundtjønn 

12:30 – 13:15 Lunch 

13:15 – 14:30 

Paper Presentations 2 

Session 2A 

Pre-service teachers’ numeracy 
capabilities: Kathy O’Sullivan et al. 

 

Enablers and Barriers: An 
investigation into students’ thoughts 
when engaging with procedural and 
problem-solving tasks in mathematics: 
Lauren Matthews et al. 

 

In what ways did adult learners (19+) 
on GCSE mathematics courses in an 
English FE college change their 
perceptions about mathematics and 
examinations: provisional findings: 
Jenny Stacey 

Session 2B 

Using ALM research in 'Multiply' - a 
UK government initiative: David Kaye 
& Beth Kelly 

 

Numeracy course “Numbers for Life” 
at McMaster University – Research 
into its effectiveness, and quality 
numeracy tasks: Andrijana Burazin 
et al. 

 

An Evaluation of a Summer 
Mathematics Bridging Course for 
Mature Students: Peter Mulligan & 
Ciarán Mac an Bhaird 

14:30 – 15:00 Tea/Coffee 
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15:05 – 16:00 

Workshops 1 

Workshop 1A 

Demonstrating the use 
of Digital Tools in the 
Blended Instruction of 
Mature Students:  
Pádhraic O'Hanrahan 

 

Workshop 1B 

An Altered Landscape - 
Effects of the Pandemic 
on Adult Mathematics 
Instruction: Katherine 
Safford-Ramus 

Workshop 1C 

Quality Numeracy Tasks: 
Stress test of a Rubric for 
Teachers and 

Designers: Taras Gula & 
Miroslav Lovric 

 

16:00 – 17:00 ALM, ICME and CERME: How can we develop these links 

Tuesday July 4th 
09:00 – 09:30 Tea/Coffee 

09:30 – 10:15 
Keynote Presentation 2: Professor Hamsa Vemkat 

Primary pre-service teachers’ STEM project learning reflections 

10:15 – 11:30 

Paper Presentations 3 
Session 3A 

Using a Whole College 
Approach to connect 
mathematics and 
vocationally related 
numeracy skills: Diane 
Dalby 

 
Maths in Prison: 
Numeracy education for 
incarcerated adult 
learners: Kees 
Hoogland & Rosa 
Alberto  

 
Evaluating the use of 
Interactive Video for the 
Online Learning 
component of a Blended 
Learning Service 
Mathematics Module: 
Seamus Ryan et al. 

Session 3B 
Adults Learning 
Mathematics through Role-
Playing Computer Games: 
Evgenia Anagnostopoulou 

 
Exploring mathematics 
anxiety and potential 
associated environmental 
antecedents amongst a 
group of adult learners: 
Adrian O’Hanlon  

 
Maths in Prison - ALM 
Topic Group: Catherine 
Byrne 

Session 3C 
Underutilization of 
numeracy skills: A 
comparison between 
natives and migrants: 
Tina Dulam et al.  

 
Mathematics for 
Global Citizenship: 
Benjamin Mallon & 
Aisling Twohill 

11:35 – 12:30 

Workshops 2 
Workshop 2A 

The Art of Looking at 
Public Art and 
Architecture with 
Mathematical Eyes: 
Linda Jarlskog 

 

Workshop 2B 
The Language of 
Submission: Exploring 
Mathematics Language 
Learning with Carceral 
Students’ Funds of 
Knowledge and Funds of 
Identity: Tatiana 
Harrison 

Workshop 2C 
Cognitively Guided 
Instruction for Adult 
Learners: Joy 
Zimmerman  

 

12:30 – 13:30 Lunch 
13:30 – 14:15 Keynote Presentation 3: Dr Maria Ryan 



Numeracy Theory and Practice in a Changing World 

 18 

‘Travelling a Rocky Road’ – Insights into the impact of mathematics anxiety on 
adults’ mathematics journeys and how this can inform practice. 

14:15 – 14:45 Tea/Coffee 

14:50 – 15:45 

Workshops 3 
Workshop 3A 

Numeracy and Financial Problems: A 
Literature Review and the 
Development of a Numeracy Indicator 
Tool: Marieke Bor - de Vries et al.  

Workshop 3B 
Teaching maths in an Australian 
prison through a trauma-informed 
lens: Sarah Howe 

15:45 – 17:15 ALM AGM 
Wednesday July 5th 

10:00 – 10:45 
Keynote Presentation 4: Ms Elaine Cohalan  

Adult Numeracy in a Digital World: Challenges and Opportunities 
10:45 – 11:15 Tea/Coffee 
11:15 – 12:45 Round Table Discussion with former ALM Chairs 
12:45 – 13:15 Conference Close 
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Keynote Sessions 
 

Adult Numeracy in a Digital World: Challenges and Opportunities  
 

Elain Cohalan  
National Adult Literacy Agency  

Ireland  
 

Keywords: Ireland, numeracy, policy, research, awareness, provision 

 

In Ireland, 1 in 4 adults struggle with everyday maths such as working out a discount or dividing 
up a bill. Ireland ranks 18th out of 24th in numeracy skills across OECD countries. Adults with 
unmet numeracy needs are more likely to be unemployed, to report poor health and to believe that 
they have little impact on political processes. This has devastating consequences for people, 
families, communities and the economy. The National Adult Literacy Agency, NALA, has, since 
1980, worked towards addressing this challenge through an evidence informed, learner centred 
approach. NALA defines numeracy as a life skill that gives adults ‘the confidence to manage the 
mathematical demands of real-life situations. This presentation outlines the challenge of adult 
unmet numeracy needs in Ireland, NALA’s response in terms of research, awareness, provision 
and policy and the opportunities for addressing the ongoing challenge. We delve into best practice 
guidelines for numeracy provision, the implications of current research in numeracy and financial 
literacy as well, give an overview of NALA’s provision and impact in this area. 
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Why Adult Numeracy Matters for Active Citizenship 
 

Merrilyn Goos 
University of the Sunshine Coast  

Australia 
University of Limerick  

Ireland 
The University of Queensland  

Australia 
 

Keywords: Adult numeracy, citizenship, adult education 

 

International research on policy and practice in adult numeracy endorses the critical importance 
of numeracy for active citizenship, individual life chances, and the social and economic health of 
nations. Adults who struggle with numeracy earn less income, have more trouble finding 
employment, and experience poorer physical and mental health than people with higher numeracy 
skills (Carpentieri et al., 2010; Grotlüschen et al., 2019; Parsons & Bynner, 2005). Numeracy 
competence is also required for active participation in society, for example, in accessing and 
interpreting health information and financial advice and engaging with social and political issues 
that rely on quantitative or statistical data (Angermeier & Ansen, 2020; Heilmann, 2020). 
Provision of adult numeracy support is therefore a priority for addressing economic and social 
disadvantage and for promoting active citizenship.  

One of the central aims of adult education policy in many countries is to develop active 
citizenship, enabling access to and participation in civic and social life as well as the capacity for 
critical engagement with democratic processes (European Association for the Education of 
Adults, 2019). In particular, adult literacy policies often make implicit or explicit claims about 
the importance of numeracy for active and informed participation in modern society (e.g., 
Government of Ireland, 2021; National Adult Literacy Agency, 2017; Parliament of the 
Commonwealth of Australia, 2022). However, despite active citizenship being identified by the 
European Commission (2016) as one of eight key competences for lifelong learning, its New 
Skills Agenda for Europe report highlights that more must be done to ensure that competencies 
such as citizenship have an established place in education systems. Thus, while international and 
national policies claim there are links between numeracy, adult education, and citizenship, the 
nature of these connections remains unclear and little guidance is available on how to design adult 
numeracy programs that promote active citizenship. 

This presentation draws on a recent study of adult numeracy provision in the Republic of 
Ireland to illuminate how the proposed connections between numeracy and active citizenship 
might work in practice (Goos et al., 2023). Analysis of 45 interviews with adult education 
providers, adult numeracy tutors, and adult numeracy learners found that numeracy programs 
supported active citizenship in the economic, social, and community spheres, by (i) enhancing 
financial literacy and preparing adults for employment; (ii) fostering individual empowerment, 
family learning and social inclusion; and (iii) enabling civic engagement. The findings lead to 
recommendations for further research and policy development in several areas. For example, 
since numeracy is largely invisible in many of the informal and non-formal learning contexts of 
adult education, a research-based audit of numeracy activity within adult education programs 
would provide a richer understanding of the opportunities they offer for numeracy development. 
This information could then be connected with system-level outcomes related to citizenship, such 
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as national data sets documenting employment, participation in volunteering activities, and 
having high levels of political efficacy. Such a system-level analysis might also motivate policy-
makers to give more detailed consideration to what they mean by “citizenship” when this concept 
is invoked in adult education policy documents. 
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Overview 

Adult learners make a solid contribution to their programme of study, bringing collective real-
world experiences to their new learning situation. However, since many undergraduate 
programmes have mathematical content, this may give rise to mathematics anxiety on the part of 
the adult learner. A combination of factors contribute to mathematics anxiety, and mathematics 
anxiety in turn impacts negatively on the learner’s working memory, performance and confidence 
in mathematics, as well as adversely influencing subject choices and prospective career paths 
(Safford-Ramus, 2008). While the present context for mathematics typically provides the trigger 
for the student’s mathematics anxiety, it is frequently a past experience that is at the root of their 
apprehension (Ryan et al., 2023). To understand the nature of the learner’s experiences with 
mathematics it is necessary to revisit and reflect on particular times in a student’s life where they 
engaged with mathematics. In this way, the student’s mathematics journey as portrayed through 
their mathematics life story helps to elucidate the course and development of their anxiety towards 
mathematics (Coben & Thumpston, 1995). 

Understanding the impact of what has been experienced along the mathematics journey 
can help both adult learners and mathematics practitioners to comprehend the significance of the 
effects of mathematics anxiety and can facilitate a supportive learning context (Witherell & 
Noddings, 1991) for adult learners to overcome their difficulties around mathematics learning. In 
this way, the experiences that punctuated the learner’s mathematics journey to get to the present 
contributes to the understanding of mathematics anxiety from the learner’s perspective. 

The process of finding out the mathematics stories of adult learners affords them the space 
to talk about what they have experienced in respect of their mathematics journey. This opportunity 
is particularly beneficial to those who have had negative experiences with mathematics and who 
have not had the opportunity to talk about these before (Atkinson, 1998). In telling their 
mathematics story, the narrator becomes the teacher, and the listener becomes the learner; in this 
regard, the mathematics practitioner-researcher can gain valuable information on their students to 
help them better understand (Goodson & Sikes, 2001) their students’ dispositions towards 
mathematics. Further, affording the prospective adult learner the opportunity to revisit their 
mathematics life story may provide a constructive way of helping them to choose an appropriate 
course of study. With this backdrop, the presentation provides an insight into the use of 
mathematics life story to elicit accounts of engagement with mathematics to further the 
understanding of mathematics anxiety and use that knowledge to inform the teaching and learning 
of mathematics. 
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The most recent iteration of the Primary Curriculum in Ireland places extensive focus on 
integrated approaches to curriculum and teaching. STEM is one of six curriculum areas within 
this curriculum. In its wake, initiatives are underway in a number of universities to explore ways 
of providing students in initial teacher education (ITE) with experiences that might help them to 
incorporate some integrated STEM project working alongside their STEM subject teaching. Many 
of these initiatives have worked within subject areas to try and enhance more integrated multi-
disciplinary learning. At DCU, we are looking at an alternative 'distributed expertise' model that 
brings together ITE specialists in Mathematics, Science and Digital Learning to work on an 
integrated STEM project. This approach seeks to address some of the critiques of variation in the 
nature of integrated STEM projects, with teachers tending to lean projects towards the disciplinary 
frames that they are most confident and comfortable with. 

In this presentation, I share details on students' reflections on their experiences within an 
integrated STEM project based on the theme of energy sources, storage and distribution. I focus 
particularly on differences in the nature of the experiences commented on by Mathematics, 
Science and Digital Learning specialists, and reflect on what these reflections suggest for the 
viability of the distributed expertise model. 
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Overview 

Game-Based Learning (GBL) refers to a contemporary learning technique that promotes active 
learning, practice, and instant feedback by introducing gaming components in the curriculum of 
a subject (Takeuchi and Vaala, 2014). This paper involves Digital Role-Playing Games (DRPGs) 
in particular, due to their immersive aspect, critical thinking content, and learning motivation 
components (Chen and Wu, 2021). Educational DRPGs have significantly expanded in recent 
years and have been introduced in many disciplines, nevertheless there are currently none 
available for the learning of higher-level maths (Anagnostopoulou, 2021). In a workshop of 
ALM26, Anagnostopoulou and Olivotos (2019a) presented an attempt of using the RPGs quest 
structure to embed mathematics for enhancing adult learning. The results of the workshop 
informed as well as encouraged the development of a DRPG, as part of a PhD research, which 
would cover the identified gap in immersive higher maths games.  

The game was developed using the UNITY engine. The gameplay follows intrinsic 
motivation of learning theories (Malone and Lepper, 1987) and takes place in a fantasy virtual 
world, which the player can access by controlling an in-game character, following a narrative, 
and completing tasks related to the storyline. The learning content was chosen to be the rules of 
derivatives and was designed by making use of concreteness fading theories (Fyfe, et al., 2014) 
where mathematics was gradually introduced within six mechanics, starting from concrete shapes, 
progressively evolving to abstract functions. The techniques were intrinsically incorporated in 
direct relation to the storyline of the RPG, as an integrated flow experience is required, where the 
educational content is smoothly blended into the game mechanics in a way that does not interrupt 
or diminish the player’s experience (Habgood, 2007).  

The game was then tested to determine its effectiveness in relation to the knowledge and 
understanding of the maths content as well as the engagement and motivation it provides. For the 
experiment, 148 adult learners of various mathematical background knowledge and gaming 
experience were recruited. Before playing the game, the participants completed a pre-
questionnaire and test, through which their mathematical and gaming backgrounds were assessed. 
Then, they were asked to play the game, either individually or with friends at adjacent computers, 
and were observed by the researcher without any interference. After playing the game, the 
participants completed a post-questionnaire and test, where their accumulated mathematical 
knowledge stemming from the game was assessed, along with their feedback concerning features 
of the game, enjoyment, and preferences of the gameplay.  

Data collected and analysed using SPSS, yielded positive results regarding game 
usability, functionality, and effectiveness. The results suggest that the method was effective and 
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serious learning took place. Knowledge and understanding were significantly increased by 
playing the game. There was a statistically significant increase in maths scores after playing the 
game. The effect size was large for the participants with low to medium maths skills, whilst the 
effect on those with high maths skills was small. Learners not only were able to acquire higher 
mathematics skills through playing the game, but they did so in an enjoyable way. Engagement 
and motivation were evident via observations. The players reported in their feedback that they 
found the game fun and an engaging way to learn maths. 

The results revealed that higher maths can indeed be incorporated in an immersive game 
without impeding the fun. As the first prototype of 2019 informed developments and led to the 
success of the current game, further feedback received can take this game to the next level and 
open avenues for further research. The next step in the researcher’s plan is comparing the gains 
and effectiveness of learning derivatives through this RPG against a control group, which will be 
taught the same topic under a normal class setting. Various STEM subjects, particularly 
mathematics at higher level, encounter a difficulty in implementing a curriculum that would 
deviate from the traditional teaching methods, leaving learners feeling more disconnected and 
less associated with maths’ concepts than with other disciplines. The current research 
demonstrated contemporary fun ways of including mathematics in an RPG environment, which 
should be taken advantage of to reform an educational system that has been constantly criticised 
for not being consistent with the advancements of the 21st century, despite the many pedagogical 
theories, technological innovations and contemporary society needs Mitra (2014). 
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Overview 

Necessary skills in daily and professional life, and correspondingly, the needs of society have 
changed significantly in the 21st Century compared to previous decades and centuries in line with 
the developments in technology and changes in the way information is collected, shared, and used 
by people. The presumed 21st Century skills such as “collaborative problem solving, complex 
problem solving, creativity, and digital and information literacy” (p.245) have become important 
not only for their instruction but also for their assessment processes in education (Geisinger, 
2016). It could be argued that many important skills needed in our daily modern life could be 
associated to numeracy skills and numerate behaviour (Hoogland & Díez-Palomar, 2022). 
Because of this, teaching mathematics to adult learners and increasing adults’ numeracy skills is 
important as a part of life-long learning process. Self-developments of individuals in this realm 
could affect the quality of not only their daily life, but also their professional life. Certainly, the 
quality of the education adults receive could be an effective factor for their achievement. 

In line with the importance of numeracy skills in adult education, an Erasmus+ project 
named “Numeracy in Practice”, co-funded by the European Union, is being carried out between 
2022 and 2024 by collaboration between 11 partners from different countries. The project is the 
successor of another Erasmus+ project which focused on creating a Common European Numeracy 
Framework between 2018 and 2021 (Hoogland & Díez-Palomar, 2022). Increasing the awareness 
of the public on the importance of numeracy in daily and professional life, working on the quality 
and quantity of numeracy related courses and materials, and dealing with the professional 
development of the staff who are responsible for numeracy teaching and learning are among the 
objectives of “Numeracy in Practice” Erasmus+ project. 

Despite the importance of adults’ numeracy skills in their life, and the effect of the quality 
of teaching and learning processes on the skills, professional development for tutors working with 
adults is provided extensively only in a few countries (Maguire & O’Donoghue, 2005; Johnston, 
2008). Even though the situation changes from country to country, in addition to other 
interconnected challenges such as temporary or part-time employment in adult numeracy 
education in some countries, professional development of the practitioners and their needs 
requires more attention and interest (Mackay et al., 2006; Smith & Gillespie, 2007; Johnston, 
2008; Adult Literacy Organisation Association, 2022; Prendergast et al., 2023). 

In the Turkish context, the Ministry of National Education (MoNE) is responsible for 
adult education. The education system is highly centralised, and considering the number of 
institutions and actors involved in it, it is quite large. Even though teacher training, teacher 
competencies and qualifications are among the priorities of the MoNE, and there are activities for 
professional development of teachers, professional development materials for the tutors in adult 
education is not on the agenda of the Ministry (Kılıç & Güven, 2016). This could be an 



Numeracy Theory and Practice in a Changing World 

 30 

advancement component if produced and applied properly, in addition to further development of 
textbooks and teaching materials in adult education. According to the results of “The Survey of 
Adult Skills, a product of the OECD Programme for the International Assessment of Adult 
Competencies (PIAAC)” in which numeracy is one of the three skills addressed, adults in Türkiye 
demonstrated significantly below the average numeracy scores compared to other participating 
OECD countries (OECD, 2016, p.1). For this reason, professional development of tutors and 
developing such materials could be important and become a contributing factor in closing this 
gap in addition to other complex solutions in the field.  

With this aim in mind and for the development process of such materials as part of  the 
“Numeracy in Practice” Erasmus+ project mentioned above, a survey was conducted to find out 
the opinions of teachers on professional development materials in Tekirdağ, which is a province 
in the European part of Türkiye. The research study was descriptive in nature. A mixed method 
approach was used by combining qualitative and quantitative data in the data collection 
instrument and data analysis. Participants included 225 teachers and school administrators. 
Among the participants, 87 were math teachers, and 20 participants worked as a teacher to 
increase numerical skills or competences of learners in the field of adult education.  

According to results from the study, “support for technology”, “technological and other 
appropriate materials”, “skills to increase motivation in the lesson”, and “appropriate classroom 
environment” were some of the mentioned needs of the teachers in general. “Digital competencies 
and technology use”, “teaching and learning strategies”, and “social interaction/communication” 
were the most chosen options among others by the participants as the most important topics to 
include in the professional development materials. This result indicated similarity with a needs 
analysis of tutors’ which found out their need for development in terms of “Information and 
Communication Technology (ICT) skills”, “digital technology” and “pedagogical competencies” 
in a study conducted with adult numeracy practitioners in Ireland (Prendergast et al., 2023, p.7). 
In addition to this result, in the current study “concrete examples of the use of mathematics in 
daily life”, “sample daily life problems” and “simple to difficult content” were among the 
mentioned expressions by the teachers defining professional development materials which 
basically focused on teaching and learning materials. Further important details and insights from 
the results will be shared and discussed in the presentation which could shed light on teachers’ 
understanding of professional development for numeracy instruction. As a small part of an 
international project, the results of this research study may contribute to the preparation of 
professional development materials for tutors who work with adult learners.  

Supporting information 

The Erasmus+ Project “Numeracy in Practice” (2021-1-NL01-KA220-ADU-000026292) is 
funded by the European Union. Views and opinions expressed are however those of the author(s) 
only and do not necessarily reflect those of the European Union or the European Education and 
Culture Executive Agency (EACEA). Neither the European Union nor EACEA can be held 
responsible for them. 
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Abstract 

In collaboration, we created a numeracy course “Numbers for Life” at McMaster University, 
which has been taught by one of the co-authors. In this course students explore ways to reason 
with numbers in a variety of contexts important not only for their individual lives and their 
community, but broader - it helps them understand the world they live in, and the challenges they 
will face. To answer the important questions about the effectiveness of the course instruction, i.e., 
about students’ learning and their development of quantitative reasoning skills, we designed a 
two-year research project, for which we secured government funding. We combined quantitative 
and qualitative data analysis methods to assess the gains in student learning and skills 
development using a number of instruments, including pre-test and post-test surveys, class 
activities, course assessments and teaching evaluations. Central to both teaching the course and 
researching its effectiveness is the development and the use of numeracy tasks, which we 
conceptualized by modifying the Define-Abstract-Compute-Interpret computational thinking 
model (Wolfram, 2016). Our research shows that the course instruction improves one’s numeracy 
knowledge and skills; we detected improvements in all areas, except in the communication of 
results. 

Keywords: numeracy, assessment, teaching numeracy, effectiveness of teaching, numeracy task 

 

Introduction 

The “Numbers for Life” course at McMaster University has been designed to address the lack of 
numeracy knowledge and skills among university students. This course, which is not a required 
course for graduation from any program, has been taught since 2017 with a typical enrollment 
between 400 and 600 students per year. Its population is diverse, ranging from the life sciences 
and engineering students, to business and economics majors, to students in the humanities and 
social sciences. The size of the course suggests that there is a large demand for numeracy 
education, as many students feel that the knowledge and skills that the course offers are valuable 
to them.  

 Numeracy has been viewed, for instance by our local government (Ontario, Canada), as 
an essential employability skill. The importance of the development of numeracy knowledge and 
skills among students, as well as adults, has been recognized (Dingwall, 2000; Geiger et al., 2015; 
National Numeracy, 2019). However, how to teach numeracy remains a challenge that has been 
addressed by – in our view, still insufficient – research and debate. Geiger at al. (2011) wrote: 
“… far less is known about how teachers [of numeracy] learn about, appropriate and then create 
effective mathematics teaching practices.”  

 The “Numbers for Life” classroom activities support the view that numeracy is about a 
particular real-life situation, and focus on numeracy tasks. As this course is a university level 
course, these tasks include financial numeracy (managing debt, interest, inflation, lottery, 
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cryptocurrencies, etc.), social situations (income inequity, GDP, unemployment, human 
development index), human population, climate change, and so on.  

Research 

Our research into the effectiveness of the “Numbers for Life” course was funded by the Ontario 
government. The primary objective was to determine to what extent the teaching of the course 
contributes to an improvement in students’ learning of numeracy and the development of 
numeracy skills. Specifically, the questions that guided our research are: 

(R1) To what extent does the course “Numbers for life” develop students' numeracy skills? 

(a) How has students’ ability to understand numbers (e.g., absolute and relative 
size, patterns) and work with numeric information (e.g., approximate, estimate, 
scale, visualize) changed after completing the course? 

(b) How has students’ ability to use logical reasoning (such as understanding and 
creating cause and effect arguments) and recognising logical fallacies changed 
after completing the course? 

(c) How has students’ ability to engage with multiple step-problems which require 
quantitative reasoning changed after completing the course? 

(d) Are students able to better communicate their answers to quantitative reasoning 
problems and questions after completing the course? 

(R2) To what extent are numeracy skills retained a year after the course is complete? 

We collected an extensive amount of data, in order to be able to better position ourselves 
to draw reliable conclusions. To ensure robustness, we surveyed two cohorts of students. The data 
collected includes: 

• Pre-test and post-test surveys [collected twice, in Fall 2021 and Fall 2022]; pre-
tests were administered at the start of the semester, with the post-test following 
eleven week later, and the end of the semester 

• Semi-structured interviews with a small sample of students [conducted twice, 
Winter 2022, Winter 2023] 

About two thirds of the students gave consent for their data to be used in this research 
(384/592 in the Fall 2021 cohort and 304/399 in the Fall 2022 cohort).  

Central to both teaching the course and researching its effectiveness are the development 
and the use of quality numeracy tasks. As a framework to conceptualize such tasks, we decided 
to adopt the Define-Abstract-Compute-Interpret computational thinking model (Wolfram, 2016), 
due to its simplicity and the fact that it best outlines the actions that are constituent parts of a 
numeracy task. The transfer from the abstract (as done in a math classroom) to the concrete 
(numeracy; math in the real world) is the key feature of a quality numeracy task; i.e., it is about 
linking concrete quantitative situations to abstract mathematics (at a high school level, such as 
arithmetic). 

Results and Discussion 

Our most important conclusion, evidenced through comparing the gains in learning and skills 
from the pre-test to post-test, is that numeracy instruction in the university-level course “Numbers 
for Life” works, in that it improves one’s numeracy knowledge and skills. This improvement is 
most pronounced (no surprise) among the students who came into the course with weak 
background preparation, as captured by our pre-test.  
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We were able to detect improvements in students’ ability to understand numbers, ability 
to use logical reasoning and ability to engage with multiple step-problems which require 
quantitative reasoning. One skills area where we were not able to detect improvement is 
communication (explaining what a numeric answer represents, creating a narrative about a 
situation involving numbers, etc.).  

The main challenge we encountered in our post-test to pre-test comparisons is that 
students were very likely not as serious in their approach to completing their post-test as they 
were in completing a pre-test. This fact, and a general fatigue that they routinely experience (post-
test was administered a few days before the start of the exams) skewed students’ responses to a 
point where a direct pre-test to post-test comparison did not make sense. Once we normalized the 
scores, the post-test scores show improvement over the pre-test. 

Another important aspect of learning numeracy is the awareness of framing, i.e., of the 
ways in which numeric information is, or can be, presented. Replying to “What will you 
remember five years from now,” students said they will remember to read “fine print,” especially 
when having to sign a financial document, such as a loan or a mortgage. The understanding that 
in real life numbers never come in their abstract form but always in context (and thus require 
particular attention) is a truly valuable lesson. 

In terms of retention, the vast majority of students said that they will remember some 
concepts from financial mathematics, due to their importance in their present life, and in the 
future. We did not focus our attention to analyzing the frequencies of specific topics, or the details 
in student’s responses, but probing this further would be worth it. 

Our findings suggest a possible modification of teaching mathematics content in high 
school (and elementary grades as well!), by focusing more on meaningful, quality numeracy tasks, 
and learning, for instance, about numbers and number sense by working on such tasks. Working 
on meaningful problems (open ended or not, truly authentic and real-life or not) enhances learning 
mathematics at all levels (Hendriana, Johanto, & Sumarmo, 2018; Nunokawa, 2005; Căprioara, 
2015; Cifarelli & Cai, 2005). 

The fact that students with a weaker background learned more, shows that with 
appropriate content and approach (well-designed numeracy tasks) we can bring these students 
“up to speed” in their learning. By replacing traditional mathematics content (calculus) with 
numeracy for these students, we have confidence that they will not only learn more math, but 
once they get through the numeracy course, they might feel motivated and encouraged to take 
more math courses. 
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Overview 

ALM has offered a forum to Topic Groups in specialist interest areas at different times in its 
history. This gives a forum for members, including researchers and practitioners, to confer and 
collaborate on specific issues. ALM conferences have featured presenters on Maths in the secure 
estate and other carceral settings over the years. 

The Maths in Prison Topic Group emerged during the Covid-19 lockdown in 2020, when 
the annual ALM conference planned for Vancouver had to be cancelled. A series of virtual 
seminars were planned in place of the conference, to develop innovative ways to support adult 
maths learning in a challenging time.  

The rationale for the first event was to showcase responses from adult Maths educators 
in different contexts in Ireland, Northern Ireland and England, including teacher training, family 
Maths learning, young people learning in a training context and Maths learning in prisons. The 
first virtual seminar was planned to coincide with Maths Week Ireland1, in October 2020.This 
all-Ireland annual event marks a Eureka moment on 16th October 1843 when William Rowan 
Hamilton discovered quaternion algebra, and scratched the formula on a canal bridge.  

This virtual seminar opened up Maths in prison to a wide geographical audience, and a 
group was formed from interested participants which met for a series of online discussions. 
Participants discussed a range of topics, including their practices, curriculum, shared interests, 
cultural challenges and ethical dilemmas. We followed with two more virtual seminars on this 
topic, and Maths initiatives were showcased from prisons in Sweden, Australia, Netherlands, the 
USA and Poland. 

The group has taken part in virtual conferences including CERME, the Australian 
Correctional Education Association (ACEA), ALM 28 and face to face at ALM 30. 

In future, we hope to reflect on topics including trauma informed Maths education, the 
potential positive impact of Maths on mental health, professional development for teachers, funds 
of knowledge in Maths, digital innovations, and the need for further research. 

We look forward to future developments as we feel that this will help to meet the needs 
of vulnerable students in prisons in different countries. They need access to Maths education, 
numeracy and literacy, and digital literacy so they are not further disadvantaged. Digital initiatives 
can offer education to those who do not have access to face to face classes. Many incarcerated 
people have fallen out of the education system at a young age, without qualifications. There is a 
positive social impact in reintegrating these students, and maths for adults in prison can be a 

 
1 https://www.mathsweek.ie/2022/ 
 

https://www.mathsweek.ie/2022/
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gateway to further education.  We see this presentation as an opportunity to share our journey so 
far and invite others to collaborate with us into the future.   
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Overview 

We outline our translational research in healthcare numeracy and discuss its relevance for adults 
learning mathematics in other vocational contexts. Our core interdisciplinary team comprises 
specialists in nursing, numeracy and mathematics education and psychometrics. We integrate 
emic (insider) and etic (outsider/observer) perspectives to understand and analyse the nature of 
vocational practice in nursing and determine what represents numeracy competence in that 
context. We have developed a competence model together with a comprehensive Healthcare 
Mathematics and Numeracy taxonomy and an associated learning support framework and 
assessments. 

Why do we need this study?  

There is a need for a study of this nature because: 

• mathematics is embedded in nursing and healthcare in ways that may not be obvious to 
an observer and may be taken for granted by a competent practitioner. Much of the 
mathematical content of nursing – operationalised as healthcare numeracy – becomes 
invisible. The scope and content of healthcare numeracy needs to be identified, along 
with the best way to support nurses and nursing students to acquire and maintain it. 

• nursing is a safety-critical profession in which patient safety is paramount; errors may 
harm patients and end nursing careers. 

• nursing is a regulated profession in most countries and numeracy is a key factor for entry. 

• the study may inform and serve as a model for work with adults learning mathematics in 
other vocational areas. 

Our competence model, taxonomy and associated assessments 

Our competence model has three core components – conceptual, calculation, and technical 
measurement. We originally conceptualised this in relation to medication dosage calculation 
problem solving. All three sub-elements must be practised concomitantly to achieve a correct 
dosage or rate solution. An error in one or more of the sub-elements results in a medication dosage 
error in clinical nursing practice (Coben & Weeks, 2014; Weeks et al., 2013). We developed the 
model as members of the National Health Service (NHS) Education for Scotland interdisciplinary 
Expert Numeracy Reference Group, building on earlier work by members of the group (Coben et 
al. 2010). We have developed this model further through our taxonomy and associated 
assessments. For the first time our taxonomy identifies and classifies the core healthcare 
mathematics and numeracy needed for the safe nursing practice of 60 common nursing 
competencies, procedures and processes in relation to 20 core cross-cutting mathematics and 
healthcare numeracy knowledge and skills domains. On this basis we have developed an authentic 
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Healthcare Numeracy Assessment, Numeracy Performance Fingerprint and education and 
learning support framework for nursing students and registered nurses (Weeks et al., 2022). 

Our approach 

We take an emic perspective and inductive approach to identify the professional knowledge, skills 
and ethical insights and practices that combine in the competent practice of numeracy in nursing. 
Inductive methods such as observation are associated with theory and model generation. They are 
appropriate where there is a need to understand specific aspects of a problem or issue which may 
be unclear. In highly regulated, safety-critical professions like nursing, professional competencies 
are determined by a regulatory body, often by reference to a secondary mathematics education 
qualification. The exact nature of professional competencies in a healthcare context may be 
determined via emic analysis, informed and cross-referenced with an appropriate etic analysis. 
This involves determining what mathematics and numeracy underpins the safe practice of 
professional competencies. Using translational research, we have translated our taxonomy of 20 
core healthcare numeracy skills into an authentic, evidence-based education model. The model 
supports competence development, integration and application of the numeracy skills, in a 
combination and sequence that is unique to each clinical nursing procedure. 

Model-testing 

Hypothetico-deductive approaches can be used to test the validity of the generated models and 
we have already conducted some early-stage validation research. Model-generation falls under 
the Definitional stage of the three-stage validation process (Rowe & Mahar, 2006). At the 
Confirmatory stage, the measurement model (typically represented by some form of numeracy 
assessment) is tested by analysis of content-related validity evidence collected from an 
independent expert panel. The model’s internal structure may be evaluated via internal 
consistency correlations, or through more rigorous empirical testing via exploratory or 
confirmatory factor analysis. The model’s external construct validity may be tested via known-
differences methods, and convergent and discriminant validity may be established via multitrait, 
multimethod matrix methodologies. At the most advanced level (Theory-Testing stage), the 
model’s place within the overall vocational context may be tested via structural equation 
modelling to test the nomological network representing multiple facets of the vocation of nursing. 

Could our approach work in other areas of vocational education? 

Our approach contrasts with the exclusively etic approach commonly used in vocational 
mathematics education, where teaching is often based on a secondary mathematics curriculum, 
or one borrowed from another occupation (FitzSimons, 2014). We believe this is at the root of 
issues that adults encounter when learning and applying mathematics in vocational contexts. Our 
primary and translational research process could be adapted to other vocational contexts. The 
model is most suitable for adaptation to vocations that have a clear and critical numeracy 
component. Numeracy is infused in all walks of life and vocations but it is a greater component 
of, and more critical to, some vocational contexts than to others. Examples include engineering, 
accountancy, and many scientific and technical disciplines. In order to apply a similar process to 
that used in our line of investigation, a multi-disciplinary team would be assembled, ideally 
containing vocational experts and numeracy experts. Using inductive processes, a survey of the 
universe of vocational skills would be conducted. The vocational and numeracy experts would 
review evidence from regulatory frameworks, academic curricula, and prior research to identify 
(a) the range of required vocational skills and (b) the range of embedded numeracy skills. The 
process may be more straightforward and conclusive in vocations where consensus exists among 
regulatory and professional bodies as to the universe of skills required for competent professional 
performance. Ideally, there would be comprehensive documentation of the universe of skills, and 
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entry to the vocational profession would be determined by a regulatory body via licensure or 
registration. 
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Overview 

The Whole College Approach (WCA) programme was developed to guide Further Education (FE) 
colleges in England through organisational change processes aimed at improving student 
achievement in mathematics. Interim findings from a two-year research project (2021-23) of the 
WCA programme in 16 FE colleges evidenced its effectiveness in facilitating organisational 
change and indicate that the development of new interdepartmental mathematics-focussed 
communities of practice is a key factor.  

FE colleges are the main providers of vocational education in England and are typically 
large and complex organisations. The development of numeracy skills is naturally embedded into 
vocational learning, but government policy also requires 16-18 year old students to attend separate 
mathematics classes to repeat the General Certificate of Secondary Education (GCSE) 
mathematics examination if they have failed to achieve a specified minimum standard in school. 
Numeracy skills within vocational learning are rarely assessed formally, whilst mathematics is 
examined formally and taught by mathematics specialists. The separation of mathematics from 
vocational learning is evidenced at multiple levels in these organizations (Dalby and Noyes, 
2015), and, as a result, students often perceive mathematics to be remote from their vocational 
program, which can lead to poor motivation and engagement. 

The relationship between numeracy and mathematics has been the subject of much debate 
(Coben, 2006). In this study, we focus on numeracy as an application of knowledge in familiar 
contexts such as life situations or vocational settings. In contrast, mathematics is viewed as 
involving a wider range of concepts with less emphasis on real-life application. Although many 
studies have examined the use of numeracy in the workplace (see FitzSimons, 2013), the 
situatedness of learning (Lave & Wenger, 1991) and difficulty of knowledge transfer between 
different social contexts remain key issues for mathematics and vocational teachers in FE 
colleges. 

The WCA programme utilises a framework of key theoretical concepts (contextual, 
holistic, interconnected, multidimensional, evaluative) derived from studies of organisational 
change and  systems-thinking to help colleges analyse issues with their mathematics provision 
and develop appropriate, context-specific strategies. These concepts underpin a structured process 
involving the use of self-assessment tools through which colleges explore, design and implement 
interventions, guided by an external expert. 

A common focus for colleges has been on interventions to develop stronger connections 
between vocational numeracy and GCSE mathematics. Central to the WCA process is the 
formation of a cross-college team with representation from multiple levels of the organisation, to 
lead the design of the college intervention. By involving both mathematics and vocational 
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teachers, alongside mathematics and vocational managers and at least one senior leader, the WCA 
avoids the weaknesses of a ‘top down’ approach (Pollack & Pollack, 2015) and enables a holistic 
view of the issues (Kondra and Hurst, 2009) through collective meaning-making. 

We examine how WCA teams developed over time and formed new communities of 
practice that straddled traditional silo structures. In our analysis we take Wenger’s (1999) view 
that participation in a community of practice and identity are closely linked, which leads us to 
two research questions: 

• What effect does participation in such communities of practice have on mathematics 
teachers’ professional identities? 

• How might these communities of practice support the development of stronger 
curriculum links between vocational and mathematics learning? 

The research was carried out using a mixed methods approach designed to generate both 
quantitative and qualitative data at intervals throughout the WCA project. A case study approach 
was adopted, with a particular focus on four main cases of contrasting colleges using data from 
individual interviews (27) with WCA team members, college reports, and field notes. Interviews 
were transcribed and analysed using NVivo. An iterative process of coding was implemented to 
identify themes that were then used in cross-case analysis. This analysis also incorporated data 
from wider surveys (2) and focus groups (2) and additional short case studies (12) based on 
college reports and field notes. 

The findings show how WCA teams in several cases developed into strong interdepartmental 
communities of practice where a shared aim to improve mathematics learning for students 
encouraged wider exploration into how vocational and mathematics teachers could support each 
other. Although still belonging to their own vocational or mathematics professional communities 
of practice, these new communities cut across traditional boundaries between mathematics and 
vocational practices. By fostering a culture of openness, collaboration, and mutual respect in their 
discussions, WCA teams developed a better understanding of issues such as student motivation 
and engagement with mathematics. Activities such as visiting each other’s classrooms (or 
workshops) allowed similarities and differences between numeracy in a specific vocational 
context and GCSE mathematics to be identified, which led to simple practical strategies to 
strengthen curriculum connections and synchronise learning more effectively. Vocational and 
mathematics teachers also worked together during college open days and introductory events, 
collaborated about student issues such as attendance, and planned joint events. 

Mathematics teachers were placed into different roles and settings in some of the 
interventions, such as being an observer in a vocational workshop or simply acting as an 
additional teacher rather than a mathematics specialist. In these situations, students began to see 
their mathematics teachers as less remote and more connected to their vocational programme, 
which had a positive impact on their engagement. There were shifts in identity for some 
mathematics teachers towards being a teacher (of mathematics) in vocational education rather 
than an isolated mathematics specialist. These changes were accompanied by an increased 
vocational sensitivity in the way mathematics was organised and taught that emphasised the 
relevance of the subject to students.  

This research evidences the empowering effect of the WCA programme on mathematics and 
vocational staff as they worked collaboratively across traditional boundaries in these 
interdepartmental communities of practice to improve students’ learning experiences and 
outcomes. The emphasis of this WCA in England has been on mathematics, due to low 
achievement nationally for students retaking the GCSE examination. There are however clear 
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indications that the principles underpinning this WCA programme are applicable more widely as 
a means of supporting organisational changes to improve other areas of student learning. 
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Overview 

Percentages are a significant component in our lives that have often been misused (Crowe, 2010). 
Adults can find percentages in many different everyday situations: to describe relative sizes (e.g. 
a candidate that got 50% more votes than another one), to make constant-whole calculations (e.g. 
a 25% discount of 20 EUR is x, or a label indicating the original prize and the result of a 25% of 
discount; etc.), or to make varying-whole calculations (e.g. find 10% of 30% of a quantity). 
However, using percentages is not always easy. This paper addresses the following research 
question: can dialogic mathematics gatherings [DMGs] allow participants to identify, discuss, and 
improve their use and understanding of percentages in everyday situations? 

Background of the study 

Previous literature in the field has reported different types of difficulties in using percentages 
because of (a) the complexity of the mathematical content, (b) the different types of relationships 
that percentages can describe, and (c) the language challenges in dealing with word problems with 
percentages because the relevant mathematical relations are often invisible in the current everyday 
language (Lestiana, 2021; Reinup, 2010). According to previous research, when some adults deal 
with percentages, they base their decisions on their subjective intuition rather than on reasoning 
based on the quantitative information provided (Coben, O’Donoghue, & FitzSimons, 2000; Evans 
& Ruane, 2019; Gal, 2002). This fact can be a barrier for adults to make thoughtful and informed 
decisions in a society in which quantitative information is more and more “embedded” in every 
day “expert systems” (Giddens, 1992). Thus, in this paper we discuss whether participating in the 
‘Dialogic Mathematics Gatherings’ may (or may not) allow participants to identify, discuss, and 
improve their use and understanding of percentages, as well as change their subjective perception 
of them and their ability to participate in society fully. 

Methods 

This paper uses qualitative methods to report a case study (Merriam, 1998). We recorded all the 
sessions conducted in a DMG run at La Verneda – Sant Martí adult school. A communicative 
methodological approach was adopted (Garcia-Carrion, et al. 2020) to analyse the data to answer 
the research question. The communicative approach draws on the interactions between the 
participants in the study. Dialogue in all its forms is a means to know and try to understand 
people’s higher cognitive processes (knowing, understanding, critical thinking, etc.). Data was 
collected in the natural conversations that occurred in the DMG meetings. We conducted 
discourse analysis to answer the research question (Gee, 2004). Drawing on the communicative 
methodology, we looked for transformative and exclusionary aspects of participants’ discourse. 

In terms of coding, researchers used the following coding scheme: 
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Table 1. Coding scheme 

 Understanding percentages Using percentages 
Transformative 1 2 
Exclusionary 3 4 

Main Findings 

We found that participants were aware of using percentages in familiar situations (e.g. at the 
supermarket). Still, when quantities were not “friendly numbers” (50%, double, half, etc.), they 
tended to trust their subjective intuition rather than make the calculations to evaluate the 
percentages. Some adults used “expert systems” (calculators in cell phones) to make the 
calculations. Egalitarian dialogue fostered participants to examine the situations and improve their 
understanding. Data also confirmed that contextualisation made it easier for participants in this 
study to understand percentages. 

Discussion 

Mathematics always occurs in a context related to aspects of everyday life (work, home, family, 
health, etc.). From a pragmatist point of view, “contexts” can be intra-mathematical or extra-
mathematical. Contexts allow connections to be made between different mathematical objects 
with each other and allow mathematics to be connected to everyday life situations (NCTM, 2000). 
In our case, percentages are placed in the extra-mathematical context. Previous research in ALM 
suggests that adults prefer extra-mathematical contexts related to everyday life. As Freire (1982) 
already reported, the key to teaching adults to read and write lies in generative words, which make 
sense to adults, and that form part of their daily lives. The evidence we have collected in the case 
of the women participating in the DMG suggests that everyday situations generate the conditions 
for learning through egalitarian dialogue (Díez-Palomar, 2020).  

Contribution 

One of the contributions we have seen is that, as a rule, women who participate in the DMG use 
their “intuition” when it comes to mathematical information, such as percentages. For instance, 
when buying a product that is on sale, you trust the person who put up the sign with the price, and 
only if the amount is higher than expected, then you think about it and maybe make the 
calculations (or do an estimation). This result suggests that number sense is crucial for living in a 
society like ours; thus, spaces such as the DMGs can contribute significantly towards fostering 
proficiency in number sense. Evidence from the DMG sessions suggests that some participants 
fostered the understanding of the rest of the participants by sharing their explanations (using 
validity claims). Including diverse voices (perspectives, backgrounds) can engage others and 
make understanding percentages easier. 
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Overview 

The European Commission (2022) aims to empower workers to have the right set of skills for 
success in the labour market and proposes to boost lifelong learning through matching, training 
and upskilling.  Research shows that that the numeracy skills of migrants are more often 
underutilized than that of natives (Belmonte et al., 2020; Bonfanti & Xenogiani, 2014; Pivorova 
& Powers, 2022). Migrants are more likely to hold jobs that require less education or lower skills 
proficiency than what they actually possess; in other words migrants tend to be overmatched or 
underutilized more often than natives. 

Two main theoretical frameworks to explain this phenomenon are the human capital 
theory and the signaling theory (Belmonte et al., 2020). The general idea of these theories is 
foreign diplomas may have a lower pay-off than local diplomas because of the lower quality of 
foreign education, or the quality is perceived to be lower, or because the possessed qualification 
is not entirely transferable.   

Could non-formal education play a role in decreasing the overmatch of workers’ 
numeracy skills? Krupar et al. (2017) found that in Canada, migrants who participated in non-
formal education had higher numeracy outcomes. In the current study, we assess whether migrants 
who participate in non-formal education are less likely to be underutilized.   

Data from the International Programme for International Assessment of Adult 
Competencies (PIAAC) allows us to 1) assess the incidence of numeracy skills overmatch in the 
workplace, 2) identify the role of foreign education in being underutilized in numeracy skills, and 
3) study whether training can decrease overmatching.  

The PIAAC dataset is based on an international comparable survey called the Survey of 
Adult Skills. In addition to a number of background characteristics of adults, it measures their 
proficiency in numeracy, literacy and digital skills. In this study, we focus on migrant and native 
workers who live in the European Union. Our working sample contains 45,043 individuals 
(including 4,430 migrants), who live and work in one of the 18 EU countries for which there is 
data.  

Being underutilized in numeracy skills is measured in conformity with the method of 
Allen et al. (2013).They measured skills mismatch by comparing numeracy skills used at work 
and one’s own numeracy skills level. Numeracy use at work is measured by taking the average of 
6 items in the survey: how often do you 1) calculate costs, 2) calculate fractions or percentages, 
3) use a calculator, 4) prepare charts graphs or tables, 5) use simple algebra or formulas, and 6) 
use advanced math or statistics. Numeracy proficiency is based on a test in the survey that 
measures the ability to use and interpret mathematical information that are relevant in daily life. 
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The numeracy proficiency is a score that can range between 0 and 500 points. Finally, Allen et 
al. (2013) treated numeracy use and proficiency as scale variables and standardized their values 
into a z-score.  

Following their method, we characterize an individual as being underutilized if the 
difference between standardized skills proficiency and the standardized mean skills use at work 
is greater than 1. This variable “being underutilized” is our dependent variable. Since this a binary 
variable, we make use of the logistic regression method and control for a number of background 
variables such as age, education, and language. The main independent variables are: 1) whether 
or not someone is a migrant, 2) if foreign education was obtained, 3) if on the job training or any 
other form of training was obtained. We estimated three models.  

In the first model we regress being underutilized on being a migrant, having a foreign 
education, and the interaction between being a migrant and foreign education. Our results confirm 
that migrants are more likely to be underutilized in numeracy skills than natives. The incidence 
of being underutilized is 22% for natives and 29% for migrants.  

The association between having a foreign education and being underutilized was not 
significant and neither was the effect of the interaction term (being a migrant and having a foreign 
diploma). This may be due to the fact that almost all the migrants in our sample have a foreign 
education. Therefore to capture the effect of foreign education, the migrant variable and 
interaction term were left out in the second model. The estimation shows that having a foreign 
non-Western education is significantly and positively associated with being underutilized in 
numeracy skills. This finding supports the signaling theory that foreign diploma’s might be 
perceived to be of lower quality.  

In the third model we restrict the sample to migrants only and regress being underutilized 
on whether the respondent took any form of non-formal education and on the control variables. 
Non-formal education is defined as taking either on-the-job training, open-or distance education, 
seminars or workshops, or private lessons during the past 12 months. Our results show that as 
expected, taking any form of non-formal education is negatively associated with being 
underutilized. This conclusion is confirmed when we separately look at the role of on-the-job 
training in the last 12 months. Furthermore, in a simple cross tabulation, we find that the 
probability of taking on the job training was higher for individuals who took the proficiency test 
in the same language spoken foremost at home. Taking non-formal-education in a foreign country 
is only useful if it’s in the preferred language of communication.    

The empirical results show that migrant workers who took any form of non-formal-
education were less likely to be underutilized in numeracy skills than migrants workers who did 
not take any non-formal-education. Although this is not a causal effect, our findings suggests that 
to ease labour market integration, non-formal-education for migrants should be encouraged. 
Further research to address the causality of the relationship is needed. 

References  
Allen, J. P., Levels, M., & Van der Velden, R. K. W. (2013). Skill mismatch and skill use in developed 

countries: Evidence from the PIAAC study (No. 17), Maastricht University: Research Centre for 
Education and the Labour Market (ROA). 

Belmonte, M., Grubanov-Boskovic, S., & Mazza, J. (2020). Foreign degrees, region of birth and under-
utilisation of tertiary education in the EU, Luxembourg: Publications Office of the European Union.  

Bonfanti, S. & T. Xenogiani (2014). Migrants' skills: Use, mismatch and labour market outcomes – A first 
exploration of the International Survey of Adult Skills (PIAAC). In Matching Economic Migration 
with Labour Market Needs. Paris: OECD Publishing, 249-314. 

European Commission (2022). Commission kick-starts work on the European Year of Skills. European 
Commission.  https://ec.europa.eu/commission/presscorner/detail/en/ip_22_6086   



 

 49 

Krupar, A., Horvatek, R., & Byun, S. Y. (2017). Does nonformal education matter? Nonformal education, 
immigration, and skills in Canada, Adult Education Quarterly, 67(3), 186-208. 

Pivovarova, M., & Powers, J. M. (2022). Do immigrants experience labor market mismatch? New evidence 
from the US PIAAC, Large-scale Assessments in Education, 10(1), 1-23. 

  



Numeracy Theory and Practice in a Changing World 

 50 

Maths in Prison: Numeracy education for incarcerated adult learners 
 

Kees Hoogland and Rosa Alberto 
HU University of Applied Sciences Utrecht 

The Netherlands 
 

Key words: numeracy; prison education; lesson materials; animated video clips  

 

Introduction 

In this paper we report on an Erasmus+ project Maths in Prison on the design and try-out of a 
numeracy course for incarcerated adult learners in Poland. Numeracy, literacy and digital skills 
are considered the most important competencies to participate adequately in our number-drenched 
society. Especially numeracy is of increasing importance as a competency to deal with our 
“mathematised” society (Hoogland and Stoker 2021, Hoogland and Díez-Palomar 2022). In 
prison education, the main goal is to work towards qualification, but there are also goals regarding 
personal growth and social rehabilitation. See for instance Byrne and Carr (2015),  Creese (2016), 
and Reder (2020). The assumption is that improving the quality of numerate behaviour will better 
prepare inmates for inclusion in society. However, many incarcerated adults have negative 
memories of learning mathematics at school and consequently doubt their ability to further 
develop this competency. This makes teaching in prison schools complex. 

The goals of the course and the developed materials are to foster the quality of numerate 
beaviour of this target group, while taking into account their school experiences and the aims for 
functional use. This target group at this moment has hardly access to such provisions. The projet 
was a cooperation between the NGO “Busola” from Plock, Poland, which provides and supports 
education in Polish prisons and HU University of Applied Sciences Utrecht, The Netherlands, 
which houses the research group on Mathematical and Analytical Competences of Professionals. 
This research group is involved in a plethora of local, national and international projects on the 
development of numeracy education.  

Design 

We started the project by establishing the scope and content of the desired lesson materials in a 
two-day workshop in the Netherlands. After establishing these, the Polish partners designed the 
educational materials. This set of materials aimed at enhancing functional mathematical skills 
among adult prisoners in Polish prisons and was therefore tailor-made to these participants. The 
design principles for the material were inspired by the Common European Numeracy Framework, 
developed in a previous eponymous Erasmus+-project (Hoogland and Van Groenestijn 2021). 
This framework emphasizes that the quality of numerate behaviour is always a combination of 
lower order calculations skills, relevant contexts, higher order skills, like interpreting, reasoning, 
and problem solving, and dispositions. In the material these aspects were addressed by making 
the context of the mathematics closely connected to the real world, to present the material not 
only in a textbook form, but also in the form of PowerPoints and videoclips with animated 
introductions and explanations of practical and functional mathematical concepts.  

The 15-unit course was developed focusing on real-life numeracy situations, such as 
purchasing products, measuring sizes and calculating discounts. The complete set addressed the 
following topics: 

1. Meaurement and units 
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2. How to measure it - length 

3. How to measure it - volume 

4. Solids 

5. Maps 

6. Area 

7. Fractions 

8. Percentages 

9. How to calculate it...? Multiplication. 

10. How to calculate it...? Division 

11. Negative numbers 

12. Rectangle area 

13. Triangle area 

14. Circle area 

15. Orientation in 2D and 3D 

The material was developed by the Polish partner organisation Busola and experienced Polish 
math teachers with extensive experience with the target group.The material was inspired by a 
previous set of learning materials developed by the Dutch partners, which is called ffRekenen 
[roughly translated: Better Learn Numeracy] (Hoogland and IJzerman 2013) of which we hope to 
present an English translation later this year. 

Professional development and try-out 

In addition to designing and trying-out the learning materials, the project also focused on the 
professional development of the teachers involved. In the two-day workshop preceeding the 
tryout, we discussed what might be an approprate approach with this new material, taking 
intoaccount all the constraints of a prison environment. The animated videoclips and animated 
PowerPoints could be studied independently by the learners using the internal videosystem of the 
prison facility. For obvious reasons this system has no outside connections to the internet. 

For the live classroom meetings, the teachers agreed to engage as much as possible in 
conversations about the topics and content presented, and about the learners’ previous 
experiences, rather than to instruct. The idea was to create a classroom climate in which 
mathematics revolves around ordinary everyday things and that becoming better acquainted with 
such content can be beneficial directly in daily life, now or in the future.  

Evaluation 

To get a first impression of the effect of the units, the Dutch partners conducted interviews with 
the incarcerated adults, the designers, and the teachers about the level and quality of the material, 
whether it could be a valuable tool for the teacher, the needs for adjustments to the material, and 
generalizability to comparable groups in other prisons. During the interviews we noticed there 
was an overall appreciation of the material’s format. Although incarcerated adults are not required 
to study in prison, they gladly took the opportunity to learn math. Some inmates found the material 
fairly simple, others found it difficult. Yet all reported felt they were attracted to the material and 
their confidence increased. After taking the course the learners described the relevance of 
numeracy in a broad way, linking it to everyday life, including work, finances and family 
situation. These interviews were corroborated by some simple tests on level (pre- and post-
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course), and disposition (confidence, importance, joy).  The instrument was ad-hoc and quite 
simple, so it can be seen more as an exploratory research. 

Conclusion 

The concrete objective of the project was to provide the target group with tailor-made education. 
The courses and the materials developed can be instrumental to the inclusion of the target group 
in our mathematised society and contribute to their rehabilitation proces. We expect that the 
project leads to an improvement of the mathematics/numeracy education to the inmates at the 
Polish prison system and that the materials will be implemented sustainably. Also we envision a 
further strengthening the professional development of involved teachers. The aim is that the 
products can be used for a longer time and can be disseminated, with tailor-made adaptations and 
after translation, across Europe as an example for institutes which are involved in similar 
educational environments. 

Supporting information 

The activities described in this paper were co-funded by the Earsmus+ programme of the 
European Union. They were part of the project Maths in Prison which was carried out between 
1st March 2022 and 28th February 2023 under project number 2021-2-NL01-KA210-ADU-
000048230 
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Introduction 

This presentation will report on the summary of significant research on adults learning 
mathematics and numeracy the authors have presented to the Sector Advisory Group on the 
implementation of the Multiply Programme in the UK. 

The Multiply Programme is a government initiative aimed at increasing the levels of 
functional numeracy in the adult population. The campaign has a regional focus requiring local 
councils to bid for funding to support initiatives delivered through colleges and other education 
providers. It is also funding a national database to identify learning ‘interventions’ available. The 
Multiply Investment Prospectus (2022) states the government wants “local areas to invest to boost 
people’s ability to use maths in their daily life, at home and work” (p3). In the second year they 
aim to run a limited number of Random Controlled Trials (RCTs) in evidence building exercises. 
The funding is £559 million spread over three years (2022-2025) and is the first government led 
numeracy initiative aimed at adults in the UK for over 10 years.  

The Presentation 

During the presentation the authors emphasised the research carried out over 30 years in the field 
of adults learning mathematics. The work was presented under six headings: 

• Exploring Adult Numeracy 

• Lived Experience 

• Numeracy – Maths in Context 

• Personal and Social Barriers,  

• Positive Learning Environments 

• Professional Development 

Exploring Adult Numeracy 

Extensive work has been undertaken examining the meaning of numeracy and the significance of 
this on teaching and research. Discussions began with reference to the at homeness with numbers 
(Crowther, 1959; Cockroft, 1982) moving through a discussion about a ‘small’ or a ‘big’ 
definition of numeracy (Kaye, 2003) to include notions of cognition, dynamism, decisions and 
social and cultural contexts. (Gal et al.,2020) and Hoogland et al.’s (2022)  Common European 
Numeracy Framework.  

Lived Experience 

Related to adult experiences of numeracy in their everyday lives, rather than a curriculum  in the 
mathematics classroom. As ambassadors for ALM we emphasised the huge range of virtual 
presentations ALM has produced, available on our YouTube channel. Including  a broad range of 
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thinking involving Numerate environments (Yasukawa, 2020), Civic Statistics (Gal, 2022) and 
Democracy (Lindenskov, 2022). As well as keynote speeches such as Numeracy, vulnerability, 
ethics and social justice (Knijnik, 2021) and Climate change in the mathematics and numeracy 
classroom (Budd, 2022). 

Numeracy – Maths in Context 

There are many contexts but we highlighted the complexity of situations where numeracy is 
embedded in informal practices; reflecting social practices that are culturally and historically 
situated such as economic and life-related  motivations to learn . (FitzSimons, 2013; Keogh, J., 
Maguire & O’Donoghue, 2018; Kelly, 2019). 

Teaching in prisons, is one unique context with a need to support  dialogue between 
people teaching and researching on a global scale. (Byrne & Carr, 2015; Byrne & Harrison,  
2022). Health provides many examples in contexts where the numeracy decisions are high stakes, 
identifying the mathematical demands of the safety-critical workplace including medication 
dosage calculations. (Coben et al., 2008; Coben & Weeks, 2014). Financial literacy focuses on 
the learner needs of working with families with over-indebtedness in a world of complex financial 
products, including using digital tools safely (Curdt, Schreiber-Barsch, & Angermeier, 2022; 
Kelly, 2022).  The influence of digital technology and numeracy has started discussions on the 
pressures and tensions when teaching, learning and assessing mathematics in this 
context. (Hoogland & Tout, 2018; Clark-Wilson, Robutti & Thomas, 2020). Family learning, 
identifies the support parents need to teach (pedagogy) their children as well as what (curriculum 
content). Building on families as ‘funds of knowledge’ for mathematical content development 
enables teaching two generations at the same time. (Civil, 1999, Carpentieri at al., 2011; Ashton, 
2013;  Kelly et al., 2021)  

Personal and Social barriers 

Recognises the emotional aspects of reengaging with learning mathematics which can require 
overcoming anxiety (Tobias, 1980) related to negative memories of early learning experiences. 
Progression can lead to feeling empowered by positive experiences. Evidence shows experiencing 
a supportive learning environment, often in less formal settings, with more collaborative learning 
involving peer support and open discussion reduces the anxiety. Research also recognises 
motivation to overcome anxieties can be influenced by life experiences -through family, 
colleagues, work or career prospects (Schorr & Goldin, 2008; Boaler, 2016; Kelly, 2017; Dalby, 
2021).  

Positive Learning Environments 

The adult learning environment will be meaningful if the pedagogy raises questions about how 
the students produce meaning and how they become engaged in particular learning situations 
(Benn, 2004). Students’ backgrounds, prior experiences and aspirations in the design of the 
learning environment requires adapting teaching approaches in multiple ways to respond to 
students’ varying needs. (Noyes & Dalby, 2020). 

Professional Development 

Linking policy to practice is key when reviewing professional development to meeting the needs 
of a diverse teacher workforce and learners. (Noyes & Dalby, 2020). ‘Numeracy Meets’ provides 
one innovative model of professional development and networking for adult numeracy 
practitioners, developing communities of practice (collaborative, non- formal or informal) 
(Prendergast et al., 2022). The ‘Numeracy Carousel’ also provides an alternative self-assessment 
environment which is relaxed, collaborative and inter-active and involving groupwork, peer 
support, discussion and self reflection which is in contrast to pen and paper or on-line tests which 
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are formal, private and silent..  (Swan, 2006, Kaye, 2007, Kaye & Kelly, 2014) Resources that 
are future-oriented’ need to be developed that encourage collaborative learning, in different 
contexts and problem solving , including image-rich problems that are multifaceted. (Hoogland 
et al., 2018)  

Conclusion 

The main aims of the presentation at ALM30 is to celebrate the rich and diverse work undertaken 
to date by members of the community, but also to identify important aspects that may have been 
missed so that a more complete picture of the breadth and depth of the world of adults learning 
mathematics may be more better understood.  
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Abstract 

This presentation at ALM30 concerned possible lexical expressions to a paradigm shift for adult 
numeracy and adult mathematics education research. As stated by David Kaye (2022,) Thomas 
Kuhn’s theory is central for discussions on paradigm shift. A certain part of adult general 
education in Denmark is used as a case, termed Preparatory Adult Education, PAE-Mathematics 
(In Danish: Forberedende Voksenundervisning, FVU-matematik). Two lexical expressions are 
sketched: mathematical awareness and contexts for participation.   
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What constitutes adult numeracy/mathematics? 

One of my main research interests concerns philosophical questions of what constitutes adult 
numeracy and how research therein differ from mathematics education research. As described by 
Kaye (2022) the term numeracy has been given several interpretations. In my interpretation adult 
numeracy is in ALM for instance seen as social practice where you engage with phenomena like 
sizes, magnitudes, volumes, certain shapes risks, and their symbolizations (Yasukawa et al., 
2018), while for instance Steen (1999) saw numeracy as involvement with so-called deep 
mathematical ideas, e.g., dimension, quantity, uncertainty, shape, change, symmetry, and 
visualization. These differences inspire me to join Kaye’s proposal for following Thomas Kuhn 
to form a new paradigm of education research in adult numeracy to let it stand for itself outside 
of the field of mathematics education research. For Kuhn, a paradigm shift  

is a reconstruction of the field from new fundamentals, a reconstruction that 
changes some of the field’s most elementary theoretical generalizations as 
well as many of its paradigm methods and applications. (Kuhn, 1962, p. 84)  

As part of a reconstruction, Kaye’s proposal will require other lexical expressions and models 
than used in common mathematics education research. Kaye (2022) underlines that discussion on 
the ‘numerate’ starting by Cockcroft (1982) has been taking place ever since. Cockcroft pointed 
at two attributes that ought to be possessed, while computation skills are insufficient:  

We would wish the word ‘numerate’ to imply the possession of two attributes. 
The first of these is an ‘at-homeness with numbers and an ability to make use 
of mathematical skills. (…) The second is an ability to have some appreciation 
and understanding of information which is presented in mathematical terms, 
for instance in graphs, charts or tables or by reference to percentage increase 
or decrease. (…) Our concern is that those who set out to make their pupils 
‘numerate’ should pay attention to the wider aspects of numeracy and not be 
content merely to develop the skill of computation. (Cockcroft 1982 para.39 
p. 11) 

So, what is meant by at-homeness with numbers and an ability to make use of mathematical skills 
and by appreciation and understanding of information which is presented in mathematical terms? 
Like Cockcroft I find this is at the core, and therefore must be lexically expressed and exemplified 
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in a possible new paradigm in a Kuhnian sense. Certainly, the complexity of defining numeracy 
in a new paradigm shows up when it comes to testing (Jablonka, 2015), but for now, I do not go 
into this.  

The case: A Danish curriculum for adult mathematics 

One other of my main research interests concerns public numeracy/mathematics courses for adults 
in Denmark. Since 2001, the most elementary levels of mathematics in general adult education 
have been organized under the heading of Preparatory adult education, PAE (in Danish: 
Forberedende voksenundervisning, FVU). Teenagers under 18 years of age may participate only 
if they also participate in adult vocational training or in a company-addressed program or 
participate in training in institutions run by the Ministry of Justice (e.g., prisons). PAE’s aims 
include active participation in society. PAE aims to enable adults to improve and supplement their 
basic skills in number skills, arithmetic, and basic mathematical concepts related to qualifying for 
further education and active participation in all aspects of society. Participants receive a certificate 
after passing a national digital exam. (Ministry of Education, 2017). 

The PAE curriculum 2001 was inspired by the two-pronged general definition of numeracy that 
Tine Wedege and I formulated: 

Numeracy consists of functional mathematical skills and understanding that 
in principle all people need to have. 

Numeracy changes in time and space along with social change and 
technological development. (Lindenskov & Wedege, 2001) 

The official aim of PAE mathematics is: 

assuring participants, the opportunity to recognize, improve, and supplement 
their functional arithmetic and mathematical skills. The program improves the 
participants’ ability to oversee, handle, and produce math-containing data and 
materials. The goal is described as improving participants’ numeracy, which 
consists of the functional mathematical skills and understanding that, in 
principle, all citizens need (Lindenskov & Wedege, 2001). Participants’ 
individual, working methods for calculation and problem solving should be 
used and in evidence in the programme’s teaching lessons (Ministry of 
Education, 2017).   

PAE consists of two stages. PAE Stage 1 – Figures and quantity has a duration of minimum 30 
hours and maximum 60 hours. The aim is: 

that participants develop their numeracy by clarifying, improving and 
supplementing their number sense and functional arithmetic for everyday 
practical use and personal organization. The education is to ensure participants 
the possibility of developing their mathematical awareness to overview, 
process, evaluate, and produce math-containing information and materials, as 
well as being able to communicate about these things. 

PAE Stage 2 - Patterns and Connections has a duration of minimum 45 hours and maximum 60 
hours. It includes also Form, Dimension, Data and Chance. The aim is:  

that participants further develop their functional skills to interpret, produce 
and reflect numerical, statistical and graphical information as well as the 
ability to communicate this knowledge. The teaching ensures the participants 
the possibility of further developing their mathematical awareness for instance 
as preparing for possible further education.  



Numeracy Theory and Practice in a Changing World 

 58 

Method and findings 

The chosen method I have used is a literature study about PAE official documents as a case. The 
above-mentioned quotations are all found in PAE official documents. The text analyses of official 
documents point towards two lexical expressions:  

One expression is context. In the Danish PAE this phrase is included: contexts for active 
participation in all aspects of society. I do think that for a new paradigm, new expressions is 
needed to characterize context. I think that in general mathematics education research, it is 
common to see mathematics as without any contexts. Contexts are only looked at, when it comes 
to applications of mathematics and mathematical modelling. Too, I think that in much adult 
mathematics/numeracy research, numeracy is seen as what mathematical knowledge is needed or 
what a person will use in everyday life situations. This is, in my view, too narrow. I fear ‘what a 
person needs or will use’ gives too individualistic connotations and invites for interpretating 
everyday issues as consumer issues. Instead, I suggest presenting numeracy within broader 
contexts than everyday life. I suggest including the phrase from PAE: contexts for active 
participation in all aspects of society.  

Another expression is awareness. In the Danish PAE the expression awareness is a key 
expression. The official documents say that adult education is a claim and an offer that everyday 
life can function better if you sharpen your awareness towards sizes, forms, connections, risks, 
and their symbolizations. In addition, it is said that visibility and a conscious attitude towards 
everyday numeracy content is an important source of interest and engagement, both in decision 
to participate in education, and once education starts.  

Awareness processes in PAE are presented with three key phases (Lindenskov, 2004): A. 
sensing (perceive, detect and make sense of) existing phenomena. B. some kind of processing of 
what is sensed. C. constructing something new, not yet existing. For instance, with a news story 
as an example of a phenomenon, awareness towards a written, oral or video-recorded news story 
consists of A. sensing numerical and graphical information (i.e., information of magnitudes, 
amounts, volumes, shapes, and their symbolizations). B. processing the information (i.e., prolong, 
shorten, compare, prioritize etc.). C. Constructing (i.e., communicate information differently or 
change information into the utopia you and your fellows aspire to). 

Conclusion 

I conclude that it its worthful to investigate further the construct ‘context’ and the construct 
‘mathematical awareness’ as lexical expressions for a possible new paradigm. 
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Introduction 

Access to information is recognised as a human right (Article 17, UNCRC 1990; Article 19, 
UDHR 1948), and increasingly as a key element of active citizenship. In the era of big data, 
important information on matters of local and global significance is presented increasingly in 
quantitative and statistical terms. In order to build peaceful and sustainable societies, attention 
must be paid to the mathematical literacy of all people, regardless of age and educational 
attainment.  

Greer and Mukhopadhyay (2012) highlight how mathematics is persistently a vehicle for 
inclusion in and exclusion from decision making across many facets of society. Where citizens 
do not have access to robust mathematical literacy, opportunities to unpick societal structures and 
power-dynamics remain obscure and inaccessible. Equally, research findings make clear that 
under-achievement in mathematics, and low levels of mathematical literacy, are manifested in 
constrained career prospects, less community involvement and a reduced capacity to support 
family members in avoiding similar undesirable outcomes (Goos et al., 2023). Furthermore, the 
existence of groups within society who are marginalised mathematically facilitates the 
perpetuation of the status quo, as those who are impacted most by political and societal injustice 
are also those without the tools to analyse and expose injustices (Tate, 2013).  

Whilst not all elements of traditional mathematics curricula are equally relevant to active 
citizenship, the need for critical literacy as a foundation for transformative citizenship education 
is recognised. For example, Global Citizenship Education (GCE) seeks to support learners across 
different domains, including the cognitive, through the development of knowledge and thinking 
skills required to better understand the complexities of the world around us (UNESCO 2015). 
There is a small but increasing recognition of the importance of maths education in supporting 
GCE (Evans 2018) and similarly social justice-oriented education approaches (Aguilar and 
Zavaleta 2012). However, there is also recognition that certain approaches to GCE are derived 
from a perspective which prioritises the preparation of learners for employment within a global 
marketplace (Hartung 2017), which echoes similar criticisms of particular conceptualisations of 
maths education (Valero 2017).  

In this presentation, we unpack the intersections between mathematics and citizenship, 
exploring the points of contrast and areas of tension between different conceptualisations of 
Mathematics Education and Global Citizenship Education. Cognisant of Le Roux and Swanson’s 
(2021) note of caution regarding acritical analyses of the relationship between maths education 
and GCE, we draw on the concepts of critical mathematics literacy, and the processes of 
mathematics, as defined by Skovsmoze (2020), in tandem with the scholarship concerning critical 
approaches to Global Citizenship Education (for example, Andreotti 2006), which are concerned 
with nurturing critical values, perspectives and skills to reflect on our positions, power and 
relationships in relation to unequal global systems, and to take action accordingly. We consider 
the key theoretical criticisms of particular approaches to maths education and GCE, before 
drawing together these key overlapping concepts and presenting a framework of transformative 
Mathematics for Global Citizenship, with particular focus on adult learners. 
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A new second-level mathematics curriculum was introduced into schools across Ireland between 
2008 and 2015 (Cunningham, Close & Shiel, 2016). This new mathematics curriculum placed an 
emphasis on deep conceptual understanding and problem solving in real life contexts 
(Cunningham, Close & Shiel, 2016), replacing a curriculum where rote learning and procedural 
skills were the focus (Faulkner et al., 2021). 

In a recent study, Faulkner et al. (2021) examined students’ performance after the 
introduction of these curriculum changes by developing a diagnostic test which was used to 
examine and compare students procedural and problem-solving skills on entry to third level 
education. The diagnostic test was divided into two sections, section A which contains the 
procedural questions and section B which contains the problem-solving questions. The questions 
from each section were paired to mirror each other in terms of the mathematical concepts they are 
testing to compare students’ performance from each section (Faulkner et al., 2021).  It was found 
that students performed statistically lower in section B than section A, highlighting the 
statistically lower performance in problem solving skills when compared to procedural skills of 
incoming undergraduate students (Faulkner et al., 2021). This recent work therefore called for a 
qualitative investigation into what challenges students may be having, when they engage with 
both procedural and problem-solving questions in mathematics.  

The overall research project aims to carry out such an investigation using the above 
diagnostic test along with a ‘think-aloud’ protocol while also continuing to collect yearly 
quantitative data. This paper will provide a review of literature surrounding the ‘think-aloud’ 
protocol followed by a discussion of insights regarding using the protocol that were gained from 
pilot interviews conducted this year with third-level students. Of the five interviews conducted, 
two students (A & B) attempted questions from the diagnostic test outlined above while a further 
three students (C, D & E) attempted questions from an algebra based key skills test (Majoram et 
al., 2008). 

The ‘think-aloud’ protocol involves students verbalising their thoughts while engaging 
with a given task, allowing us to access what is happening in the student’s short-term memory 
(Cowan, 2019; Ericsson, 2003). This can provide information on how the students approach 
different problems such as whether a student is comparing the problem with previous solutions 
they have encountered or if they are following a sequential reasoning method step by step (Cowan, 
2019; Smagorinsky, 1989).  

During the interview, if a student stops verbalising their thoughts, it is important that the 
interviewer avoids using prompts which influence the students cognitive processing (Pepper et 
al., 2018; Greene, Robertson & Costa, 2011). Prompts such as ‘think-aloud’ or ‘keep talking’ 
should be used rather than prompts like ‘tell me what you are thinking’ as this is more likely to 
generate explanation (Pepper et al., 2018; Ericsson & Simon, 1993). It is suggested that the 
interviewer observe and keep a note of the students’ verbalisations, in particular, any points that 
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need to be clarified or expanded on (Cowan, 2019). Willis (2004) suggested using a retrospective 
probe such as ‘It seemed like you paused for a while on this question; could you remember what 
you were thinking?’ (Pepper et al., 2018, p.5).  However, this relies on the students recall of the 
information (Pepper et al., 2018; Willis, 2005).  

Outlined below are findings from two studies which include a focus on the experience 
and reflection of students who participated in ‘think-aloud’ interviews.  

Cowan (2019) asked second-year structural mechanics students to verbalise their 
thoughts as they worked on a problem. Some of the findings show: 

• Students can be cautious about disclosing their inadequacies to their teachers, particularly 
using a different method than the one they were taught in class. 

• Students can jump forward several steps when solving a problem and then justify what 
they did afterwards which can cause inaccurate results. 

Nielsen et al. (2002) asked graduate students in Informatics to reflect on their experience 
after thinking aloud and the students complained that:  

• they were thinking faster than they could verbalise their thoughts. 

• their thoughts were much more complex than what they could describe verbally. 

• thinking aloud interfered with the task they were completing. 

Below is a discussion of some insights gained regarding using the protocol from pilot 
interviews.   

During the interviews, I observed and kept a note of anything I needed students to clarify 
at the end of the interview. When I revisited question 1 with Student E (see figure 1), asking the 
student to try the “question again without using decimals”, the student became confused and 
started using methods from questions later in the interview. This has prompted the consideration 
of using retrospective probes after each question while the information is still fresh in the student’s 
mind. 

 

Figure 1: Student E’s workings for question 1. 

Students were asked about their experience of thinking aloud and the initial findings echoed the 
research evidenced by Cowan (2019) and Neilsen et al. (2002).  

The following was observed in terms of issues identified by Cowan (2019). With regards 
to students being cautious about disclosing their inadequacies to their teachers, Student E said, 
“counting on my fingers, I didn’t want to type it into the calculator, but I look even stupider now” 
and “I should know what I’m doing which is kind of concerning at this stage”. Additionally, while 
students didn’t jump forward several steps and justify what they did afterwards, Student A 
explained how to do section A, question 1 and then proceeded to do the question, they stated “I 
would just add up the number of cars sold and then divide by the number of months which is so 
it’s plus, plus divided by…yeah”. Student A wrote down more information than what they said 
out loud (see figure 2).  
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Figure 2: Student A's workings for section A question 1. 
All three issues highlighted by students from the Nielsen et al. (2002) study were observed in the 
interviews. With regards to the first point, Student C commented “while I’m talking out loud I’m 
slowing down my thought process by a significant amount” and in terms the second point, Student 
A said “I know what I kinda want to do but…it’s kinda hard to explain what I’m doing while I’m 
doing it”. In terms of whether thinking aloud interfered with the task they were completing 
Student C stated, “It was significantly more difficult to do these questions while talking out loud” 
whilst in contrast, Student B stated “it was fine, it was completely fine”. 

As outlined above there are some limitations for the ‘think-aloud’ protocol, however these 
interviews can provide us with an insight into how students think and feel while they engage with 
both procedural and problem-solving questions (Monaghan, 2005). Next year, diagnostic tests 
will be distributed across a range of first-year third-level modules to collect quantitative data and 
students from these modules will be asked to participate in ‘think-aloud’ interviews.  
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This abstract is for a presentation which summarises a study, published in full (Mac an Bhaird et 
al., 2022), of a course at Maynooth University for mature student applicants, known as the 
Summer Mathematics Course (SMC). The SMC serves a dual purpose. First, it acts as a refresher 
of fundamental mathematical skills, and second, for some, the summative assessments form part 
of the screening process to determine if their mathematics is of a sufficient level to make the move 
to higher education. Alternatives courses, such as the one-year pre-degree Certificate in Science, 
are available for those that fail the summative assessment.  

To allow for a more general introduction to the institution, students are brought on a tour 
of the historic Russell Library and the National Science and Ecclesiology Museum, both located 
on campus. Guest speakers from other departments in the Faculty of Science and Engineering are 
also invited to give accessible talks. 

In this presentation we will briefly outline the contents and structure of the SMC and 
focus on the results of feedback obtained through an online survey of past participants gathered 
over nine years up to 2020. Analysis indicates that the SMC is effective for building the 
mathematical fluency and confidence of participants, and furthermore, they benefit from gaining 
a familiarity with the campus, as well as making social connections with their peers.  

Since 2020, delivery of the SMC has moved to a hybrid model, mostly due to COVID-
19. We will provide details of this new course interface, reflect on increased student engagement 
and completion rates and present additional student feedback.  
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Overview 

The Further Education and Training (FET) sector has often been referred as the ‘Cinderella’ sector 
of the Irish education system. It is often overlooked and undervalued, mainly due to its fragmented 
provision, as well as an unclear and diverse identity.  McGuinness et al. (2019) found that FET 
provisions were poorly connected to labour market needs and often seen as a second-best option 
in the eyes of both school leavers and parents compared to higher education entry. Another 
concern for the FET sector in Ireland is the high level of inadequacy of numeracy. For example, 
O Donoghue (2018, p.55) states “The pool of adults with inadequate numeracy has held 
stubbornly at 25% of the adult population for two decades”.   

Adult numeracy in Ireland, is generally targeted at those who have limited or significant 
challenges in learning mathematics in a traditional setting (Goos et al., 2023). These challenges 
typically affect older adults who have experienced interruptions or dropped out from school (Goos 
et al, 2023). Goos et al. (2023) argue the necessity of adult numeracy support as a measure in 
addressing economic and social disadvantage, and perhaps social capital.  There is also a positive 
correleation between lower subjective numeracy and high levels of mathematics anxiety (Rolison 
et al., 2016; Silk & Parrott, 2014). 

Mathematics anxiety affects learners at all levels of the education system (Dowker, Sarkar 
& Looi, 2016), including Further Education (Betz, 1978; Boaler, 2016). Indeed, the concept of 
mathematics anxiety is prevalent in research in order to understand the fear and anxiety that 
learners exhibit in dealing with mathematics. The vast majority of research in mathematics 
anxiety has focused on primary school, post primary school and higher education, where FET has 
been ignored to a significant extent.  

Whilst, the importance of mathematics and numeracy is well documented, there are 
causes for concern. For example, the ‘adult literacy for life- a 10–year adult literacy, numeracy 
and digital literacy strategy’ (2021) outlined a number of objectives including the reduction of the 
number of adults in Ireland with unmet numeracy needs from 25% to 12%. If this objective is to 
be met, then it is important to consider all barriers to mathematics and numeracy, including 
mathematics anxiety among adult learners in FET.  

The study comprised of a sequential mixed method approach, the quantitative element 
was a MAS UK (Mathematics Anxiety Scale) questionnaire (n=15), and the qualitative element 
was a mathematics life story interview (n=8). The findings show that mathematics anxiety existed 
at varying levels among these mature students, and that there are significant environmental 
antecedents that contribute to the level of anxiety experienced.  
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It is well found that teaching methods in mathematics can result in mathematics anxiety for 
learners (Wilbert, 2008; Ashcraft, 2002; Hellum, 2010). Teachers of mathematics in FET need to 
be aware of these consequences and incorporate alternative approaches to teaching mathematics 
if mathematics anxiety is to be addressed. Within this study, it was found that teaching methods 
were a significant environmental antecedent for mathematics anxiety even with the varying ages 
of adult learners and the jurisdictions where learners were taught, including the use of traditional 
teaching methods.  Indeed, teaching methods was the dominant theme that emerged from the 
thematic analysis. Specifically, the use of traditional teaching methods and how this contributed 
towards learners’ mathematics anxiety. This is supported with existing literature where it has been 
found that traditional teaching methods do not work for adult learners who have had negative 
experiences in mathematics (Boaler, 2010; Haylock, 2018; Klinger, 2011; Mutodi, 2014; Delikta 
& Stojkovska, 2019).   

Another theme was Mathematics Test Anxiety, this was prevalent among a number of 
learners in the study.  This included experiences in mathematics text anxiety in primary schools, 
post primary schools, and the Leaving Certificate state examinations.  Analysis of the MAS UK 
questionnaire showed that 50% of participants were ‘very anxious’ when ‘taking a maths exam’.  
However, it’s not just the actual test or evaluation that can give rise to mathematics test anxiety, 
but also the anticipation of being examined that can be lead to significant stress (Hembree, 1990; 
Young et al., 2012). Many learners conveyed this stress and recalled been awake all night, pains 
in their stomach and sweating because of mathematics test anxiety. 

In terms of contribution to the field of numeracy, FET and adult education, there were a 
number of considerations. For example, the potential of understanding the experience of adults 
mathematics anxiety in further education could benefit FET practitioners and provide practical 
findings for learners experiencing mathematics anxiety. Understanding the influence that a 
teacher can have on a learner’s experience of mathematics cannot be underestimated. For 
example, learners identified traditional teaching methods as a negative experience in 
mathematics. Furthermore, the use of assessments is something that needs to be explored, 
particularly the Leaving Certificate examination.  

References   
Ashcraft, M.H. (2002). Math Anxiety: Personal, Educational, and Cognitive Consequences, Current 

Directions in Psychological Science, 11(5), 181-185.  
Boaler, J. (2016). Mathematical Mindsets: Unleashing Students’ Potential Through Creative Math, 

Inspiring Messages and Innovative Teaching, San Francisco: Jossey-Bass. 
Betz, N.E. (1978). Prevalence, Distribution, and Correlates of Math Anxiety in College Students. Journal 

of Counseling Psychology, 25, 441– 448. 
Goos, M., Prendergast, M., O’Meara, N., & O’Sullivan, K. (2023). Supporting adults to become numerate 

citizens: a study of adult numeracy provision in Ireland.  ZDM, 55(5), 995-1008. 
Government of Ireland (2021). Adult literacy for life: A 10-year adult literacy, numeracy and digital 

literacy strategy, Dublin: Adult Literacy for Life.  
Government of Ireland (2023). Towards a New Literacy, Numeracy and Digital Literacy Strategy, Dublin: 

Department of Education.  
Government of Ireland (2023, 20th March). Minister Harris announces €1 million for projects to address 

literacy and digital literacy needs. [Press release]. gov.ie - Minister Harris announces €1 million for 
projects to address literacy and digital literacy needs (www.gov.ie) 

Hellum-Alexander, A. (2010). Effective Teaching Strategies for Alleviating Math Anxiety and Increasing 
Self-Efficacy in Secondary Students, Unpublished Thesis (Master’s), The Evergreen State College. 

Lipnevich, A. A., MacCann, C., Krumm, S., Burrus, J., & Roberts, R. D. (2011). Mathematics attitudes and 
mathematics outcomes of US and Belarusian middle school students. Journal of Educational 
Psychology, 103(1), 105-118.   

https://www.gov.ie/en/press-release/c46cf-1-million-literacy-and-digital-literacy-needs/#:~:text=reduce%20the%20number%20of%20adults,skills%20from%2047%25%20to%2020%25
https://www.gov.ie/en/press-release/c46cf-1-million-literacy-and-digital-literacy-needs/#:~:text=reduce%20the%20number%20of%20adults,skills%20from%2047%25%20to%2020%25


 

 69 

McGuinness, S., Bergin, A., Kelly, E., McCoy, S., Smyth, E., & Whelan, A. (2019). Evaluating Post 
Leaving Certificate Provision in Ireland. The Economic and Social Review, 50(3), 557- 585. 

O Donoghue, J. (2018). Mathematics Education Adult Learners in Ireland. In Safford-Ramus, K.; Maaß, 
J.; Süss-Stepancik, E. (Eds.) Contemporary Research in Adult and Lifelong Learning of Mathematics 
- International Perspectives, ICME 13 Monographs,  Switzerland: Springer, 39-59. 

Rolison JJ, Morsanyi K & O’Connor PA. (2016). Can I count on getting better? Association between math 
anxiety and poorer understanding of medical risk reductions. Medical Decision Making, 36(7), 876-
889 

Silk KJ & Parrott RL. (2014). Math anxiety and exposure to statistics in messages about genetically 
modified foods: effects of numeracy, math self-efficacy, and form of presentation. Journal of Health 
Communications, 19(7), 838–52 

Wilbert, L.T. (2008). High school mathematics teachers' perception of students with math anxiety, 
Unpublished thesis (Ph.D.), Tennessee State University.  



Numeracy Theory and Practice in a Changing World 

 70 

Pre-service teachers’ numeracy capabilities 
 

Kathy O’ Sullivan; Niamh O’ Meara; Merrilyn Goos; Paul Conway 
University of Galway; University of Limerick; University of the Sunshine Coast. 

Ireland 
 

Key words: numeracy competencies; numeracy across the curriculum; mathematical literacy. 

 

Overview 

This research study reports on 204 pre-service teachers’ abilities to complete a number of 
numeracy tasks. The pre-service secondary teachers who participated in this research study were 
enrolled in a Professional Masters of Education (PME) programme in three different universities 
in Ireland, studying a variety of different subjects. The rationale for our research was that 
numeracy capabilities are an essential part of daily life and are important competencies required 
by everyone in order to engage fully in society (Goos et al., 2019). Governments and 
policymakers around the globe have advocated that numeracy is a lifelong skill that students 
should develop in school. In Ireland, the Department of Education and Skills (DES) and the 
Teaching Council of Ireland have specified that all teachers are required to support the 
development of numeracy across the school curriculum (Department of Education and Skills 
[DES], 2011; DES, 2016; Teaching Council of Ireland, 2020). This is in an effort to ensure that 
the young people of Ireland have the necessary numeracy skills required to participate in the ever 
changing society that we live in. Forgasz et al. (2020) argue that pre-service teachers need to 
possess a certain level of numeracy capabilities themselves, prior to teaching numeracy across the 
curriculum. Despite this requirement, there has been little evidence that shows how numerate our 
pre-service teachers are. 

As a method to investigate how numerate pre-service teachers are, we employed an 
explanatory sequential mixed methods design comprising a questionnaire which included seven 
numeracy tasks, some of which were published tasks from PISA and the other numeracy tasks 
were developed specifically for this study. For this paper presentation, the authors chose to focus 
on the quantitative data gathered from the questionnaire. Examples and sample answers provided 
by some of the pre-service teachers are included in this paper presentation, which presents the 
pre-service teachers’ mathematical thinking processes when they completed the numeracy tasks. 
The examples also helped the authors to understand how pre-service teachers attempted to answer 
the tasks and the errors they made which led to incorrect answers. After each question, the pre-
service teachers were asked to indicate how confident they were that their answer was correct. 
Additionally, they were also asked to specify how difficult they found the numeracy question on 
a 5-point Likert scale ranging from Very Easy to Very Difficult. This enabled us to evaluate their 
confidence in completing the numeracy tasks. 

From the initial analysis, 8 (3.9%) pre-service teachers were able to answer all 7 
numeracy tasks correctly. There were 156 (76.5%) pre-service teachers who were able to answer 
3, 4, 5 or 6 numeracy tasks correctly. However, there were still a considerable number of pre-
service teachers, 32 (15.7%), who were only able to answer either 1 or 2 numeracy tasks correctly. 
Finally, 8 (3.9%) pre-service teachers were unable to answer any numeracy task correctly and 
only one of these eight pre-service teachers left each answer blank, which means that 7 pre-service 
teachers attempted to answer the numeracy tasks but answered them all incorrectly. The results 
highlighted that pre-service teachers need to possess an adequate level of numeracy themselves, 
if they are to promote numeracy within their own subject discipline.  



 

 71 

The findings from this research study are consistent with Goos et al.’s (2019) arguments that 
teachers need to recognise the numeracy demands and numeracy opportunities in their subject 
discipline, and also have the necessary numeracy competencies, otherwise they will struggle to 
teach for numeracy learning. It is paramount that pre-service teachers are equipped with the 
necessary mathematical knowledge themselves prior to teaching for numeracy learning, and 
furthermore that they are able to exercise their criticality by recognising if the answer makes sense 
or not. Forgasz et al. (2017) argue that teacher education programmes should consider a 
compulsory unit that pre-service teachers should undertake in order to develop their own personal 
numeracy in a bid to teach for numeracy learning across all subjects. They surmise that this 
compulsory unit is essential if countries are to meet the goal of a numerate society. To conclude, 
it is essential that pre-service teachers are given ample opportunity to develop their own personal 
numeracy competencies which in turn may have a positive impact on the way in which they teach 
numeracy for disciplinary learning. 
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Overview 

This paper is based on research conducted to evaluate the delivery of a service mathematics 
module in a technological university setting using a blended learning approach. Blended learning 
is defined as “the thoughtful integration of classroom face-to-face learning experiences with 
online learning experiences” (Garrison & Kanuka, 2004: 96).  The literature suggests that the 
benefits of blended learning include a superior learning experience in terms of instructional design 
and learner control, as well as increased flexibility for the learner in terms of when and where 
they learn, which has a potential to increase access (Muller and Mildenberger, 2021; Serrano et 
al., 2019). In this instance, some face-to-face learning activities were displaced by online learning 
activities, specifically engaging with interactive videos hosted in the virtual learning environment. 
Instructional videos are widely used for the online component of blended learning and flipped 
classroom initiatives. The videos may be created by third parties such as Khan Academy or can 
be created by the teachers themselves. Instructional videos are useful for transmission of 
knowledge but aside from the ability to “pause and rewind”, the learner experience is essentially 
a passive one. On the other hand, interactive videos “embed interactive learning moments in 
which deep learning can occur for students” (Gedera & Zalipour, 2018: 363) . Interactive videos 
for education have been around since the 1970’s but required specialist computing skills and were 
consequently deployed only for high volume applications where the high cost of producing the 
content could be spread over a greater number of learners. In the last decade, an open-source 
application called H5P has allowed technology novices to develop effective interactive videos 
which can increase learner engagement and motivation. H5P content can be hosted in most of the 
commonly used virtual learning environments (VLE). 

This study evaluates the use of a blended learning approach on a 5 credit business 
mathematics module in an Irish technological university. The blended learning approach was 
comprised of displacing one of four face-to-face classroom hours with approximately 45 minutes 
of interactive video content, to be engaged with in the students’ own time within a week.  The 
video content comprised a mix of concept explanation and problem recitation. The interactions 
challenged the student to solve a problem similar to the recitation. H5P was used to embed 
questions on the video timeline, typically either a multiple-choice type question or a question 
requiring a numeric response. The user had to input a response in order to progress the video. The 
interactive videos themselves were between ten and 25 minutes in length and consisted 
of screencasts of a narrated PowerPoint presentation with dynamic handwritten annotations. 
Interactions appeared approximately every five minutes and required a student response to which 
instant feedback was provided. Given that the interactive videos were hosted in the VLE, data 
was gathered about the frequency and length of engagement with each video and student 
performance with the test questions. This paper will look at the data gathered over a number of 
semesters from the use of interactive videos with a group of first year service mathematics 
students. In addition to the engagement data from the VLE, pre- and post-intervention 
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questionnaires consisting of a mix of Likert scale type and open-ended questions were 
administered online using Microsoft Forms. Face to face interviews were conducted with a subset 
of the participants from each cycle. The student cohort across three action research cycles (n=76) 
included recent school-leavers and mature students. Students' prior mathematical achievement 
was very varied with a sizeable portion displaying symptoms of math anxiety. Initial analysis of 
the data suggests that the students’ response has been very positive. A number reported being 
more engaged with the content because they knew that there were questions “coming up”. They 
appreciated the opportunity to get formative feedback as the video progressed.  

Ultimately, this research evaluates an affordance of blended learning for service maths 
education. In the post-COVID world students are favouring the greater flexibility associated with 
increased online asynchronous learning. In this scenario, it is imperative that online content is 
effective and engaging. Interactive video is not a panacea. But it is a weapon in the battle for 
better online learning. 
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Overview 

GCSE mathematics examinations are usually undertaken by 16-year-olds in schools. It is a marker 
examination for university entrance in conjunction with higher level qualifications, such as A 
levels, or Access to Higher Education (HE) courses. These are often taken by adults on non-
traditional pathways into HE, who have to take GCSE mathematics as well, if they did not achieve 
the required grades in school. This provision is offered in Further Education (FE) colleges, which 
also offer vocational courses to many learners. In England in 2020 over 30,000 adults of 19+ 
years were enrolled for this examination, which is approximately 10% of the total number of 
entrants (UK Government, 2020).  

The rationale for this strand of a qualitative data collection was to fill a gap in our 
knowledge about these adult learners, to investigate whether a larger and more in-depth study 
seems warranted. Whilst much research has been undertaken in FE, this has tended to focus on 
the much larger group of 16 to 18-year-olds (Noyes & Dalby, 2020). Research has also been 
conducted with adults in HE provision experiencing mathematics as part of their university 
provision (Evans, 2000), and with adults on numeracy courses (Griffiths & Stone, 2013), but there 
has been little on adults studying GCSE mathematics in FE. 

In the context of mathematics education, the findings from other research has established 
that older learners were more anxious than younger learners (Jameson & Fusco, 2014; Watts, 
2011), that females were often more anxious than males (Szucs, McLellan, & Dowker, 2017), and 
that those who were being taught mathematics in English, when that was not their first language, 
were at a disadvantage compared to first language English speakers (Kersaint, Thompson, & 
Petkova, 2013; Woolley, 2013).  

As this research employed a mixed methods approach, and has drawn on the ontological 
perspectives of both Critical Realism (Bhaskar, 2020), with its underpinning belief in the 
possibility of change, and Interpretivism (Burgess, Sieminski, & Arthur, 2006), with its roots in 
a perspective of knowledge as socially constructed, it can be described as set within the research 
paradigm of Pragmatism (Tashakkori & Teddlie, 1998). Pragmatism as an approach to research 
acknowledges the existence of an external reality, but that interpretation of that reality is value 
driven, and thus subjective and fallible. However, those interpretations can be viewed objectively 
and used to drive change.  

The data were collected using a questionnaire, based on the nine statement Abbreviated 
Math Anxiety Scale (AMAS) (Hopko et al., 2003), with additions drawn from my own experience 
in classrooms and the findings of the pilot study. These additions included extra questions on 
drawing charts and graphs, calculating percentages and fractions, word-based problems, and 
taking a non-mathematics examination, some of which are unique to this research.  
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Two attitude scales were included for each statement, one for self-efficacy, to enable 
participants to express how confident they felt about their ability (Swan, 2006), and one for how 
anxious they felt. At each stage participants were given the opportunity to comment, and 
interviews were offered to all to allow for expansion of data gained from the questionnaire. The 
responses and comments have been linked to examination grades to establish whether, for these 
participants, self-efficacy, or anxiety matter for examination outcomes.    

Learners self-selected to participate in this research, which indicates a potential for 
volunteer bias (Spiegelhalter, 2019). They were drawn from different classes, teachers, and 
colleges over two academic years; some of these participants were from my own classes. Out of 
the original cohort (n=21) ten came forward to complete a second questionnaire, which allowed 
me to track the changes in their perceptions over the duration of the courses and as the 
examinations approached. 

Out of the ten participants, one identified as male and nine as female, two were 19- to 24-
year-olds, and eight were 25+, one was an LX learner (Dewaele, 2018), and nine were first 
language English speakers.  

The analysis presented for this strand of the research is based on high or low self-efficacy 
and anxiety, as determined by the median value for each from the whole cohort in the first data 
collection. Analysis revealed that for half of the ten participants perceptions were unaltered by 
their experiences in mathematics classrooms; all five expressed relatively low anxiety, and four 
had high self-efficacy. All were female and achieved pass grades in the final examinations. One 
other participant, who also passed, moved from high self-efficacy and anxiety to high self-
efficacy, low anxiety. Another, who also passed, moved from low self-efficacy, high anxiety to 
high self-efficacy, but was still highly anxious. 

Two of the participants, one male and one female, who failed the final examinations 
moved from high anxiety to low anxiety, although their self-efficacy varied. The final participant, 
a young female who failed the examination, was the one who would have caused the most concern 
for their teacher if they had been aware of it, moved from high self-efficacy, low anxiety, to low 
self-efficacy, high anxiety. This seems to indicate the presence of examination anxiety for this 
individual, especially as a further review of her individual responses showed that she was equally 
concerned about all examinations, not just those in mathematics. Most of the other participants 
ranked their self-efficacy lower for mathematics examinations compared to others, and their 
anxiety higher.  

In terms of the course content word problems and algebra were ranked equally 
challenging overall, and more challenging than any other aspect of course content, although self-
efficacy on percentages was also relatively low.  

The findings of the data analysis on these ten participants’ responses challenge existing 
stereotypical beliefs about students, as the male who responded here was one of the most anxious 
in the group, one of the younger learners was the most anxious and had the least self-efficacy, and 
the LX participant had the most self-efficacy, the least anxiety and passed. This qualitative 
research aspires to challenge views of these learners, and will argue for a more nuanced approach, 
based on improving our knowledge about learners in adult classrooms.   
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Abstract 

This is the preliminary findings of an integrative literature review about what we know from research 
on the teacher training and professional development of mathematics teachers in vocational education. 
When reviewing the literature, I find that there seems to be little initial teacher training of vocational 
mathematics teachers. There is a diverse field of professional development, however I find little 
connected to formal courses of vocational mathematics teaching. The research on professional 
development often focuses on teacher teams engaging with action research and different forms of 
practitioner research. Much of the research focuses primarily on student learning outcomes, often 
because a driving concern is the need to find ways of engaging the students enrolled in vocational 
programmes, and/or raising achievement. 
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Background and context 

Generally there are three models of vocational education: mainly school-based, dual-track 
apprenticeships (with some time spent in the company and some time spent in school) or company-
based apprenticeships, and often mathematics is taught within these different systems. Mathematics can 
be taught separately from other subjects, integrated into vocational training, or embedded into vocational 
competences in on-the-job learning and training. Here it is often not recognised as mathematics (Hodgen 
et al., 2017). Noyes et al. (2018) found that in the UK, occupations prior to teaching mathematics in 
further education (FE) are diverse, from teaching mathematics in other grades, to teaching other subjects 
or being self-employed. These researchers conclude that there are two main groups of teachers, 
mathematicians who move into teaching the subject in FE, and those with another background who 
decide to teach mathematics, despite a lower level of subject knowledge in mathematics. 

Search strategy 

In their literature overview of numeracy Hoogland and Díez-Palomar (2022) point out that teacher 
training with regards to numeracy is rare, and I want to explore if this is the same in the related field of 
vocational mathematics. This is the preliminary findings of an integrative literature review (Whittemore 
& Knafl, 2005) about what we know from research on the teacher training and professional development 
of the teachers in the field. The articles were identified by searches of combinations of the words 
(mathematics OR numeracy) (vocation* OR workplace) AND (“professional development” OR 
“teacher training”). In addition, I explored relevant references from the identified articles. The literature 
search is still work in progress, so later there will be a more systematic search with clear 
inclusion/exclusion criteria. 

What is known about teacher training and professional development?  

When reviewing the literature, I find that there seems to be little initial teacher training of vocational 
mathematics teachers, and what training exists are different kinds of professional development, however 
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I find little connected to formal courses of vocational mathematics teaching. Generally, we know that 
professional development of teachers takes three main forms: teachers working together within schools 
or wider areas; courses (often) run by external experts; and teachers working as researchers on their own 
(Joubert & Sutherland, 2009). I find that for teachers of vocational mathematics, research on 
professional development often focuses on teacher teams engaging with action research and different 
forms of practitioner research. Much of the research focuses primarily on student learning outcomes, 
often because a driving concern is the need to find ways of engaging the students enrolled on vocational 
programmes, and/or raising achievement.  

Examples of mathematics teachers learning vocational practices from and in partnership with 
vocational teachers can for instance be found in research studies from Sweden (Björklund Boistrup et 
al., 2018; Frejd & Muhrman, 2020; Lindberg & Grevholm, 2011) where participatory action research is 
among the methods for both generating research and doing professional development. There are also 
research studies on vocational teachers who are teamed up with mathematics teachers to learn more 
about mathematics (Gregson & Sturko, 2007; Stone et al., 2008; Sturko & Holyoke, 2009; Sturko & 
Gregson, 2008).  

A UK survey in further education colleges showed that mathematics teachers and managers 
wanted professional development about classroom management, differentiation and how to engage 
students (Noyes et al., 2018). It’s noticeable that mathematics teachers in FE rate classroom management 
and mathematics subject knowledge highly, while they rated understanding of vocational context as a 
less important knowledge for their role as a mathematics teacher.  

What I have seen so far is that research on teacher training and professional development in the 
field of teaching of vocation mathematics is like Hoogland and Díez-Palomar (2022) found in their 
literature study of the field of numeracy, quite rare. I argue in Sundtjønn (2021) that teachers who teach 
mathematics in vocational education programmes need more and different knowledge of mathematics 
than what is required for an upper secondary mathematics course in the general studies. An important 
issue is what the mathematics teachers recognise and understand as mathematics in workplace contexts. 
It can also be the other way around that vocational teachers who know their subject, but need to learn 
how to recognise and showcase the mathematics that is there.  

We know that there is much research on regular teacher education and professional development 
in mathematics, but education of and research on teachers of vocational mathematics seems to be a blind 
spot in mathematics education. There appears to be many unanswered questions in the field: can we 
apply the same considerations of subject knowledge of mathematics that we have developed in research 
on schools to teaching in workplaces, vocational education programmes, and adult education? Is 
research on the kinds of mathematics knowledge teachers need for teaching mathematics transferable to 
teaching mathematics in vocational streams? 
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Abstract 

Researchers suggest that engaging students as active participants in mathematics classroom discussions 
has the potential to develop students’ mathematical identities and promote student learning. Less well 
understood is what this looks like in adult mathematics classrooms. This study examined adult student 
participation in a community adult algebra class. Using digital video recordings, I examined the extent 
to which students explained and engaged with others’ ideas. The results show student participation 
increased over time and the quality of student discourse shifted from general to more detailed 
mathematical talk. 

Keywords: algebra, adult learning, discourse, students’ mathematical thinking 

 
Introduction 

Recent adult education mathematics reform efforts in the United States call for classrooms where 
students can reason and construct mathematical understandings. Adult education classrooms, often 
characterised by teacher-centered pedagogies, self-paced learning materials, deficit narratives, and few 
opportunities for students to interact with one another, provide a unique opportunity to challenge the 
status quo by prioritizing student assets and centering students’ mathematical thinking. 

Learning as a Social Endeavor 

This study adopts the view that learning is not just an individual process; it is a social one. Knowledge 
develops and is constructed through social interaction (Resnick et al., 1991; Vygotsky, 1978). Moreover, 
evidence suggests that student participation in classrooms can promote student learning (Howe & 
Abedin, 2013; Resnick et al., 2015). K-12 researchers have explored the relationship between student 
engagement and the development of skills and understanding for decades and classroom interaction and 
its effects on learning have been well established (Lampert & Cobb, 2003). However, few studies focus 
on how participation impacts adult learning and problem solving. This study aims to add to the growing 
body of literature on adult students’ participation in classroom conversations by presenting a description 
of students’ mathematical thinking through their participation in classroom conversations in an Algebra 
I course. 

Methodology 

The study examines classroom interaction between 12 adult students and their teacher. One adult algebra 
classroom in a community adult school in a large urban area in Southern California was observed for 
ten 90-minute lessons. Six desk-mounted iPod cameras captured all student interaction in small group 
and whole-class structures while an iPad recorded the teacher. Additional data included 20-minute 
student interviews conducted at the end of the trimester and student work. The in-depth qualitative 
analyses focused on classroom engagement of 12 students and the teacher. Data were coded for student 
explanations, student engagement with others’ ideas and teacher moves to support student thinking 
during three time points (Time 1: week three; Time 2: week six; Time 3: week nine). The study addressed 
the following research question: How do adult learners participate in a mathematics classroom 
specifically designed to support student interaction? 
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Analysis of video-recorded observations began with multiple passes through the video data to 
identify beginnings and endings of whole-class segments (independent problem-solving share-out, 
group warm-up, and group problem solving). Whole-class segments were subsequently transcribed and 
parsed into episodes consisting of the related interactions around a particular mathematical strategy or 
idea. The episodes afforded the researcher a smaller grain size by which to capture specific mathematical 
ideas that surfaced in the whole-class context and track how the ideas were taken up by the teacher and 
students in-the-moment and over time. To attend to critical features of student participation based on 
previous theoretical work, each episode was coded for two prespecified types of participation – student 
explanations of their own ideas and students engaging with others’ ideas (Webb et al., 2018a, 2018b, 
2020). Each participation episode followed a student's mathematical idea from inception to conclusion. 
Each episode was coded for explanations and engagement with others' ideas, regardless of duration, and 
attributed to the student author or contributor. Coding all episodes in which students participate across 
the lesson provides a comprehensive picture of how students co-construct knowledge through 
interaction. 

Findings 

The findings show how attending to mathematical details of students’ thinking and teacher support of 
student participation are important for understanding classroom interaction and for shaping conclusions 
about productive classroom dialogue. Participation varied between students across participation 
structures and increased over time. The proportion of students who explained their own ideas (partial or 
full explanation) and engaged with others’ ideas (referenced the details of others’ ideas or extended 
others’ ideas) increased over time (see Figure 1). 

 
Figure 1. Proportion of Student Participation by Type: Time 1, 2, 3 (Note: Explain A/B combines 
complete and partial explanations. EOI (Engage with Others’ Ideas) A/B combines extend and reference 
others’ ideas.) 

The prevalence of detailed explanations and extension of student thinking in Time 3 suggests 
that students participated by making the details of their thinking explicit and challenged, questioned, or 
added on to their peers’ ideas.  

Individual student participation profiles provide evidence that participation is dynamic and 
individualized. In other words, no single profile fits all students. Figure 2 provides a composite of a 
sample of three students’ participation in whole class across three time points. The figure shows all of 
the participation episodes for three of the 12 students and gives a sense of the total number of instances 
of each type and level of participation over time.  
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Figure 2. A Sample of Individual Student Participation Profiles: Time 1, 2, 3. (Note: Explain A: fully-
detailed explanation; Explain B: partially-detailed explanation; EOI A: extends others’ ideas; EOI B: 
references the details of others’ ideas.) 

At the beginning of the course, adult students expressed their anxiety and fear concerning 
algebra. At the end they described the benefits of a classroom focused on student participation: shared 
responsibility – to teach and to learn, a strong classroom community, and “feeling smarter” when 
provided opportunities to explain their own ideas. Despite the high attrition rates in adult education, all 
students who attended beyond the first day of class completed the course. 

Discussion 

This study contributes to our understanding of student participation in the adult education algebra 
classroom. The teacher created space and opportunities for adult students to make sense of and engage 
in the mathematics in different ways over time. Participation over the three time points illustrates the 
variety of contributions made by students and reflects the evolution of how the teacher leverages 
students’ explanations and engagement with others’ ideas to advance the instructional goals of Algebra 
I. 

Participation through engagement with others’ ideas and explanations will not necessarily 
produce productive discourse around mathematical sense-making. The relational nature of participation 
illustrated in the three time points suggests that the variety of ways students participate can be limited 
or promoted by the teacher’s individualized follow-up moves, the nature of the task, and the inconsistent 
or consistent centering of student ideas. That is, the extent to which students explain and engage with 
others’ ideas were successful in revealing students’ developing mathematical thinking was dependent 
upon the teacher creating space for students to share their ideas, expressing and valuing student 
understanding, designing robust problem-solving tasks, and creating a community where students can 
safely take risks. The range of ways the teacher supported student participation created different types 
of participation beyond Initiate-Response-Evaluate pattern typically found in the whole-class context. 
She began to listen more and tell less and found ways to encourage students to elaborate their thinking.  

The shift in participation does not only represent a change in activity and behaviour, but it may 
also involve a transformation of roles and developing new identities – identities linked to new 
knowledge and skill (Wenge, 1998). Studies like this that focus on participation and learning could move 
the field of adult education in a direction that promotes and supports what students can do rather than 
what they cannot do or what prevents them from doing. This shift begins by making mathematical 
thinking explicit and visible. 
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Introduction 

Basic competences, such as literacy, numeracy, and digital competences, are needed in today’s society. 
If you need to pay an invoice, for example, you need to be able to read what the invoice is about, to 
understand the numbers and to have the digital competences to use online banking to pay the invoice. 
Or if you would like to save money on your mobile phone contract, you need to be able to search the 
internet, read the information (including the fine print),  and calculate which option is cheapest. All 
those competences are needed to be financially self-reliant.  

Research in the Netherlands suggests that people with financial problems have more difficulties 
with basic competences than average Dutch people (Madern et al. 2016; Keizer 2018). There are many 
different reasons for over indebtness (Jungmann & Madern 2021), but we do not know how many people 
get into financial problems because of a lack of basic competencies (Madern 2015). Being literate, 
numerate and digitally competent will most likely help to prevent financial problems and are necessary 
to get out and to stay out of problematic debt.  

The numeracy competences needed to be financially self-reliant have different aspects. First, it 
is important to have numeracy knowledge and skills, for example, to be able to calculate spendings. 
Secondly, a person needs to be able to transfer math knowledge learned in school into a financial context, 
like calculating a discount in percentages. Thirdly, beliefs and convictions may play a role: a person 
with math anxiety might not even begin with calculating income or discounts. Finally, higher order skills 
are needed to make financial decisions, for instance, to be able to determine which offers actually save 
money and which ones better to ignore. 

The Common European Numeracy Framework (CENF, see Figure 1) provides an overview of 
aspects that are important for improving the quality of numerate behaviour (Hoogland et al. 2021). 

For people with financial problems these aspects are relevant as well, as they can hinder or help 
to sort their finances. In our research we take the CENF aspects as our starting point. 
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Figure 1. Common European Numeracy Framework: Aspects which improve the quality of numerate 
behavior (Hoogland et al. 2021) 
Research questions 

Our research is focused on finding relationships between the different CENF aspects of numeracy and 
having financial problems. To find relations we will review the literature, discuss with professionals and 
ask people with financial problems themselves. During this workshop we will focus on the first two 
research questions: 

1. Which aspects of numeracy are related to having financial problems according to the 
literature? 

2. How to design a tool to indicate the different aspects of numeracy for an individual 
person?  

Method 

We will answer the first research question through a literature review. In the first part of the workshop 
we will present the preliminary results. We will share the methods used to find and select literature and 
we will present the first conclusions of the literature review.  

In the second part of the workshop we would like to use the expertise of the participants to 
explore answers to the second research question. To be able to research the different aspects of 
numeracy, we need a tool to indicate—or even measure— the different aspects of numeracy. Since such 
a tool does not excist yet, we need to design it ourselves. We would like to ask participants of this 
workshop to advise on the design of such a tool. Which existing tools could be partially used? What 
should a tool look like for a target group who might have difficulties with basic competences? These 
questions will be discussed and input from the participants will be used to find answers to our second 
research question. 
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Abstract 

The development of a rubric for quality numeracy tasks emerged from our struggle with a theoretical 
conundrum. It became clear to us that untangling the numeracy vs mathematics knot was an immensely 
wicked problem requiring an indirect approach. We shifted our perspective from asking ‘What is 
numeracy? What is mathematics?’ to asking what they are about. From that vantage point we see a 
distinction between numeracy and mathematical tasks. Numeracy tasks: about concrete context-centred 
phenomena (use abstract to make sense of concrete). Mathematics tasks: about abstract ideas/objects 
and their relations (they live in abstract world).Next, we used models of the thinking process for real 
world problem solving developed by Verschaffel et al. (2000), Burckhardt (2008), OECD (2016) and 
especially Wolfram (n.d.) to guide the development of a rubric for discerning quality numeracy tasks. 
In the workshop we presented attendees with a series of tasks from a variety of settings as tools to stress 
test a draft of the rubric. The report outlines a rationale for the rubric, reports on the feedback received, 
presents an updated and scaled down rubric for examination by the reader, and demonstrates the rubric 
in action with a typical textbook style word problem. 

Keywords: numeracy tasks; word problems, rubric development. 

 

Background 

One of the core motivations for numeracy in its original conceptualisation (Cockroft, 1959; Crowther, 
1982) was the realisation that school math skills were not getting automatically transferred to real world 
problem solving. Was a new term needed?  Why not include the transfer process within mathematics? 
Untangling the Numeracy vs Mathematics knot has proved to be an immensely wicked problem that we 
have decided to tackle indirectly. Instead of asking ‘What is numeracy?  What is mathematics?” we tried 
asking “What are they about?”. This perspective opened the door to seeing the importance of the 
following quote from Steen (2001, p. 11) “Mathematics is abstract and Platonic, offering absolute truths 
about relations among ideal objects. Numeracy is concrete and contextual, offering contingent solutions 
to problems about real situations.”  

Rationale 

By asking what mathematics and numeracy are about we saw transfer in its idealized form as requiring 
a shift from an abstract (mathematical) thinking space to a concrete (real world) thinking space and 
back. A teacher who wants to get students to practice this transfer as a specific skill then needs to create 
the sorts of tasks that will encourage that.  

Don’t ‘word problems’ do that already? Evans (2000) identified a reason to answer no! He suggested 
that in school math practical problems posed are most often mathematical in nature, they are about the 
mathematical structures being taught and don’t provoke a shift between thinking spaces. PIAAC (2009 
p. 6) conceptualizes numeracy as an ability to respond to the mathematical demands of real-world 
situations. Many math educators present students with real-world problems (numeracy tasks) that are 
about the abstract structures of mathematics and not the concrete situations themselves. Mathematics 
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and numeracy are about different things and thus mathematical and numeracy tasks must be about 
different things as well.  

• Numeracy tasks: about concrete objects and their relations (use abstract to make sense of 
concrete). 

• Mathematics tasks: about abstract ideas/objects and their relations (they live in abstract world). 

Characteristics of a quality numeracy task 

In their book titled Making Sense of Word Problems, Verschaffel et al. (2000) take a strong position on 
the issue of the artifice in many word problems that creates barriers to sense making for the student. 
Though they see all sense making as mathematical (without reference to numeracy) they do describe a 
modelling process which includes transfer from concrete to abstract thinking spaces. Similar models 
were developed by Burchardt (2008) and OECD (2016). Conrad Wolfram (n.d.) described a thinking 
process model that breaks down the numeracy task solution process (he calls it computational thinking 
process) into four thinking actions: define, abstract, compute and interpret. It is the one that most directly 
informed the development of our numeracy task rubric. All the models implicitly describe transfer as 
the shift from concrete to abstract (define & abstract) and back (interpret).   

Here are a few characteristics of high quality numeracy tasks that provided the first step in 
developing our rubric. High quality numeracy tasks: 

1. Are about concrete situations not about predetermined mathematical structures. 

2. Place students in a context that is concrete/real world taking them outside of the classroom. 

3. Are formatted in the way they would be presented in the concrete context they are about. 

4. Are set in a context that is relevant and accessible to the student/program of study. 

5. Require shifting from concrete to abstract or from abstract to concrete (interpret results) 

6. May involve computations. Computations/calculations are an important element of numeracy 
task completion but can be done by computer or other means. The actual method used is not 
what the task is about. 

What we learned from the stress test 

We presented a total of 12 tasks for the attendees to review. Our observation of the interactions and 
discussions made it clear that for almost all attendees much more time was needed to absorb the 
complexity of the rubric and its intent and provide meaningful feedback. A suggested fix was to present 
a scaled down version in the future. The wordiness of the descriptors contributed to the need for more 
time and provides a potential disincentive to those considering the rubric as a tool. We have presented 
a scaled down version of rubric 1 (see Table 1). There were many specific suggestions for wording and 
framing improvements most of which were incorporated into the new draft presented below.  We are 
particularly grateful to Kees Hoogland who provided comprehensive and detailed written suggestions 
in the weeks after the conference ended. 

The rubric 

Table 1. Purpose: for teacher/designer to assess the extent to which a task is well designed and to 
identify areas that can be improved.  

 

Criteria High quality task characteristic 
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Concrete 
nature of 
context  
  

• The task description takes the student (or group of students) out of the classroom 
(metaphorically or physically) or away from their desk and places them explicitly 
in a concrete context, making it easy to decide whether a student (or group of 
students) is familiar with the language/culture of that context or has experience in 
it. 

Authenticity 
of scenario 
within  context 

• The scenario is presented in a way that it would appear in the given context.  
• The problem that is to be solved is one that would arise in that context. 

Task 
description 
(aboutness) 
content 

• The task presented demands a focus on and response to a concrete situation.  
• Though it demands the use of quantitative methods and/or mathematical tools, it 

is not about the mathematics that is/needs to be used.  
• A solution using informal methods is just as valid as one using formal 

mathematical methods. 
Task 
description 
(required 
response) 

• The task described makes explicit the need for responses (however trivial) to 
each of the following actions of the adapted Wolfram computational thinking 
process (Define, Abstract, Compute, Interpret - see breakdown in rubric 2).  

• Multiple responses to the posed task are possible, though some may be judged as 
stronger (or weaker) if errors are made. 

The full rubric (draft version) with 3 parts can be viewed at Gula, T and Lovric, M (2023).  

The rubric in action (Danylo’s problem) 

Danylo’s problem (named after a student who was being tutored by one of the authors) was taken from 
a grade 11 high school test in Ontario, Canada in 2019.  

Ryan owns a small music store.  He currently charges $10 for each CD. At this price, 
he sells about 80 CDs a week. Experience has taught him that a $1 increase in the 
price of a CD means a drop of about five CDs per week in sales. At what price should 
Ryan sell his CDs to maximize his revenue?   (6 marks: Thinking and Inquiry) 

There was consensus that the teacher’s marking (not reproduced here) indicated that this was a 
case of a real world problem that was about a particular mathematical structure (parabola) rather than 
about the concrete situation (maximizing profit in a CD shop) itself, which Evans (2000) described as 
problematic. (Danylo got the correct numerical answer using brute force steps leading to a mark of 1/6.) 
How can the rubric help here? The rubric allows us to examine the task and its presentation (through the 
4 criteria outlined above) for ways to provoke and assess more complex thinking than competence with 
the right mathematical structure. Was transfer one of the goals here? If the task is a mathematical task, 
then lets reframe it as such, and not pretend it is a real-world problem. In either case we believe that 
using this rubric can help the user develop a more sophisticated understanding of the tasks they present 
to students.   

In the workshop investigation of Danylo’s problem as presented, the weakest criterion was found 
to be authenticity (even after ignoring the fact that we have no CD shops anymore in Ontario) as that is 
not how shop keepers would experience pricing decisions. There was also general agreement that the 
task description (required response) was not of high quality as it only asks for the price, not the strategy, 
nor any justification. 

Our next step is to work on a more formal validation of the rubric. We thank all attendees for their 
valuable comments and suggestions.  
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Background to the Study 

Funds of Knowledge (FoK; González et al., 2005) scholarship has extended to inquiry and analysis 
focused on Funds of Identity (Esteban-Guitart & Moll, 2014), as well as on connections to innovations 
that leverage the multimodal and multilingual practices of students (Moje et al., 2004). However, until 
this work, no research had been done applying these frameworks to carceral settings, defined here as 
settings where students are incarcerated or excluded from all other education settings. 

This workshop is based on a duoethnography, written by a carceral secondary teacher and two 
carceral student alumni, and recently submitted for consideration to the international refereed journal 
Innovation in Language Learning and Teaching. This research was aimed at exploring how Funds of 
Knowledge (González et al., 2005) and Funds of Identity (Esteban-Guitart & Moll, 2014) theory could 
be authentically applied through crosslinguistic pedagogies that develop mathematics literacy. This 
ALM workshop will use our research to explore how crosslinguistic innovations, like translanguaging 
(Cenoz & Gorter, 2020), could act as bulwarks against the production of classroom affective filters that 
not only lower motivation and engagement, but also adversely affect wellbeing.   

Methods 

The duoethnography methodology juxtaposes the perspectives of two or more researchers with different 
positionality in order to reflect diverse lived experiences of the same phenomenon (Norris, Sawyer, & 
Lund, 2012). The key tenets of duoethnography around which we built our research design are as 
follows: 

1. The participants are us. Like autoethnography, the research participants are the authors. We 
navigated this dual identity through a checklist of protocols to ensure qualitative metrics were 
established.  

2. We are the site, not the topic. Unlike autoethnography, the participant/author is not the subject 
of the research. We came together to shed light on our currere (Pinar, 1994), our lifelong 
learning, on a particular topic: carceral students’ in-out of school education in language use.  

3. You will hear all of us. Duoethnography is polyvocal and as such, must eschew objective third-
person voice and utilize formatting such as play-script.  

4. Our validity is catalytic (Lather, 1986). Our success is based on what has changed in us. In short, 
the validity of this research can really only be measured in the years that come by following our 
iterative cycles of this project, including carrying findings forward into this ALM workshop. 
(Taken from Sawyer and Norris, 2012.) 

Main Findings 

Our research demonstrates how the process of developing authentic translanguaging for carceral 
classrooms could be meaningful for carceral teachers, alumni, as well as current and future students. For 
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example, the data showed that we benefitted from cultural artifacts, such as lyrics, movie plots, social 
media proclamations, etc. to explain vocabulary and mediate our meaning making (Vygotsky, 1978).  

One song we looked at included the lyrics: “Fishtailing up on Whittaker. Set the flank, shooting 
'round the whole perimeter.” Another example is found in dialogue written for the article: 

Ms. T: A good example of a prohibitive stance to outlaw funds of knowledge is when 
Karla got suspended for saying that an eighth is 3.5 grams. Remind us what 
happened… 

Karla: We were talking about fractions - think we were converting to decimals. I 
knew that she smoked and would buy weed. I told her that 3.5 grams is an eighth of 
an ounce. I went on to say 7 grams is a quarter, 14 grams in a half oz, 28 grams in 
an ounce. 3.5 is ⅛ of the whole 28 grams. 

Ms. T: Did she understand? 

Karla: Yeah. 

Ms. T: Great!! Then?! 

Karla: Well that’s when Mr. Gean made the face that he would make all the time. He 
said “Karla, step outside.” I did, a few minutes later he walked out with a referral in 
hand and said “You knew exactly what you were doing. Go to the office.”  

Ms. T: What did the referral say? 

Karla: Disruption in class.  

Ms. T: Were you, like, showing off your cannabis knowledge to look cool, like did 
the other kids react? Because I think that would be Funds of Identity. 

Karla: No! I didn’t think anything of it…But that guy Javier- when he put the 
marijuana leaf as wallpaper for his school IPad in 5th grade, it was about identifying. 
Because, like - Funds of Knowledge you build doing an activity you really want or 
need to do, but some funds you build up especially because you’re gonna use what 
you learn to identify yourself, and that’s Funds of Identity (Esteban-Guitart and 
Moll, 2014). 

We report on the process of connecting lyrics and students’ conversations to perimeter, 
fractions, and decimal concepts in mathematics. This exploration includes the moral dimensions of 
referencing the violence and drugs often found in students’ preferred cultural artifacts or topics of 
discussion.  

Discussion 

The theory and research into Funds of Knowledge and related approaches allowed us to establish that 
others have found evidence of funds that are more difficult to talk about in the classroom and are more 
potent because they involve identity. Additionally, we confirmed the literature that suggests language 
can act as a bulwark against the production of classroom affective filters.  

Contribution 

This study foregrounds the voices of carceral students as we advance new approaches that connect the 
language of student communities to mathematics literacy goals. In this way, our work helps ensure that 
student voice informs Funds of Knowledge, Funds of Identity, and crosslinguistic pedagogy innovation 
for carceral settings, as well as settings of the disenfranchised communities from which many carceral 
students come. 
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Workshop Activities 

The workshop aims to explore words like perimeter and eighth that have distinct meanings in 
mathematics and the argots familiar to students. Together, we will create a list of words with distinct 
meanings in popular and youth culture. Next, we will share what challenges our students have in 
understanding these concepts as well as how they are often assessed on their understanding of these 
concepts. We will then explore how a duoethnographic process, including writing dialogue, could help 
teachers and students work together to connect the connotations such words have for students to their 
meanings and use in mathematics.  
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Teaching maths in an Australian prison through a trauma-informed lens 
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Overview 

Trauma is pervasive amongst prisoner-students. Traumatic experiences within prison populations 
typically include childhood trauma, adult complex trauma, systemic trauma, and educational trauma. 
The prison setting itself can layer in further factors. In prison, inmates have very little agency or control, 
typically feel isolated, are in a constant hypervigilant state, have a compromised sense of safety and 
security, are under the threat of punitive measures, restricted to routine behaviours, removed from a 
tangible and meaningful sense of time and place, and have few opportunities where individual strengths 
and knowledges can be recognised.  

Trauma can have significant impacts on individuals and classroom dynamics. The impacts can 
be far reaching, and may include emotional, psychological, and physical effects of stress and 
hypervigilance. These have direct impacts on executive functioning, cognition, and learning. Trauma 
negatively impacts the four main cognitive skills for learning: concentration, perception, memory, and 
logical thinking. 

I have been a maths and numeracy teacher at Risdon Prison in Tasmania, Australia for 20 years. 
I have witnessed first-hand the significant impact trauma can have on students’ learning. In my 
presentation I will discuss how I have used trauma-informed strategies to shape my teaching practice in 
a prison setting. Specifically, I will present how maths classrooms can be structured around reliability 
and predictability, building trusting relationships, and the co-design of curriculum around students’ 
existing funds of knowledge. I have found that working this way supports students to engage in 
classroom learning and achieve positive outcomes. 

This presentation will provide an overview of trauma and its effects on learning and cognition. 
Dr Dan Siegel’s (2012) hand model of the triune brain will be introduced as an accessible introduction 
to the biological basis of trauma. Understanding trauma can assist teachers to recognise the signs in their 
students and implement strategies to de-escalate stressful situations and work with affected students. It 
may also help teachers with their own self-regulation, and co-regulation with their students. Directly 
teaching students the effects of stress in educational settings can be empowering. I will share some 
simple ways to teach students about trauma, and some self-regulation techniques such as box breathing. 

At Risdon Prison, education practitioners are seeking to implement a culture of trauma-informed 
practice. We are structuring this around four key principles: 

• Structure and certainty 

• Safety and security 

• Restoring identity 

• Building community 
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Structure and certainty are key in attending to the uncertain worldview pervasive amongst people 
affected by trauma. We aim to provide predictability across the curriculum, classroom activities, and 
interactions. In a maths classroom this can be as simple as providing a regular structure to class activities, 
as well as tapping into the predictable nature of mathematics itself. Pages of sums can be used as a 
regulation technique in a similar way that adult colouring-in is used to reduce anxiety and stress (Flett 
et al., 2017). It must be something that students can easily achieve and tailored to the individual. It may 
seem like a paradox – we know about maths anxiety, so can doing maths really help ease anxiety? I will 
explain from a practitioner’s experience why I think it can. 

Related to the idea of structure is the principle of safety and security. The very concept of feeling 
safe in the prison environment can be difficult, and for people affected by trauma it can be an altogether 
alien concept. We aim to create a positive culture around learning, and to help prisoners feel a sense of 
belonging, respect and acknowledgement through the positive interactions and intentions of learning 
environments. We aim to establish classrooms as “safe havens”. I will discuss the importance of 
developing trusting teacher-student relationships while maintaining strong professional boundaries. In 
what can often be a brutal environment, compassion is key. Formal diagnostic testing can trigger anxiety 
in the maths classroom. I outline how I use games instead to gauge students’ understanding of 
underpinning mathematical concepts such as place value and the use of the four basic operations. 

Restoring identity is especially important in the carceral setting, where prisoners can lose their sense 
of self, and become institutionalised. There is often a large element of shame. Education should 
emphasise opportunities for prisoners to reclaim self-identity and become emotionally resilient, with 
strong self-efficacy and self-advocacy skills. It should also emphasise opportunities for prisoners to have 
agency over education-related planning, problem solving, organisation and time management in support 
of ‘executive function’ skills.  This can include tapping into students’ existing funds of knowledge, 
including ‘dark’ funds of knowledge - using mathematical skills in less socially acceptable ways. A 
strengths-based approach to the maths classroom can help build confidence, agency, self-efficacy, and 
self-image as a learner. We aim to normalise taking risks and making mistakes, to help alleviate the 
stress related to these activities.  

Building community is especially important for this cohort, who have been isolated from the wider 
community and their old support networks. We encourage prisoners to see themselves as part of a 
community that they can contribute to, as well as turn to for support. We aim to facilitate positive 
connections with people and community to create meaning, belonging and purpose. Incorporating fun 
group activities including games can be a way in to building a classroom community in the prison 
environment.  

Learnings from the prison environment can be applied to a range of contexts where students have 
been disenfranchised by the education system. Many adults returning to education do so because of early 
trauma – whether it be childhood trauma that interrupted their schooling, or trauma around the 
educational experience itself. Students worldwide are still experiencing the ongoing trauma of the global 
pandemic, amongst other factors causing anxiety. I hope that other practitioners can take something 
practical from my experiences working with prison students. 
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Abstract 

“The Art of Looking at Public Art and Architecture with Mathematical Eyes” is a project that aims to 
encourage students to see, discover and learn mathematics through art and architecture while learning 
about art, architecture and history. Another aim is for students to practise their mathematical 
communication and reading comprehension. This is done through "Math-Art walks" supported by a 
study compendium that I have developed. The compendium includes not only mathematical tasks to be 
solved at public artworks and buildings but also Zalaya Báez's (2004) classification of mathematical 
sculpture, a section on art movements (isms) and the history of public art and architecture in Sweden. 
Seventy-six artworks and buildings in Lund are included in the project. These are divided into 20 
geographical areas. The project can be carried out wherever there is public art and buildings. 

During my workshop, participants tested the project on the sculpture Non-Violence and the pyramid El 
Castillo in Mexico. Non-Violence can be found outside the UN headquarters in New York. This paper 
presents how the project can be applied to Non-Violence. 

The project is mainly aimed at adult learners enrolled in the last year of primary or first year of secondary 
school in mathematics. 

Keywords: art, architecture, history, culture, outdoor education 

 
Introduction 

In 2015, I attended the ALM22 conference in Washington D.C. with the theme "Opening Our Math 
Eyes To See Math In Everything We Do". All the inspiring keynote speeches and presentations opened 
my "maths eyes". Back in Sweden, I started working on a project proposal, The Art of Looking at Public 
Art and Architecture with Mathematical Eyes, and was awarded a grant from the Gudrun Malmér 
Foundation. The project is linked to the Swedish curriculum (Skolverket, 2022), which states, among 
other things, "that pupils should be given the opportunity to experience aesthetic values in encounters 
with mathematical patterns, shapes and relations". 

Method 

Completing the project takes at least three lessons. During the first lesson, students answer a 
questionnaire, see Table 1, and are introduced to the project. In addition, they are introduced to the 
geographic area they will be visiting and the buildings and sculptures by which they will be solving 
problems. During the second lesson, students visit their artworks and buildings to complete their tasks. 
The third lesson is used to review the students' answers. Finally, the pupils answer a questionnaire that 
helps me to find out if the project has fulfilled its purpose. 

Each geographic area is introduced with information about the district so that students get to 
know the history and culture of the town. Then, there are worksheets for the public sculptures and 
buildings in the area that are covered by the project. In total, there are 76 worksheets in the study 
compendium. Each worksheet includes information about the artist and the work, as well as all the maths 
problems for the students to solve. 
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The first and last tasks are identical for all sculptures. The same applies to the buildings. The 
first task for the sculptures is divided into subtasks, see Table 2. The last task is for students to formulate 
their own mathematical problem and solve it themselves so that they know that it is reasonably difficult 
and can be solved. The students later share their problem with the other students in the class. Between 
the first and last task, there are tasks with different mathematical content. These tasks cover many of the 
learning requirements that the students encounter in their courses. 

Table 1. The questionnaire. 

1. Write the works of art that you know are on our streets and squares in Lund. 
2. Write a few lines about what you know about the history of Lund. 
3. Give an example of mathematics outside the classroom. 
4. Give an example of mathematics in art or architecture. 

 

Table 2. Task 1 for public sculptures 

1. What is the sculpture called? 
2. Who created the artwork? 
3. What decade was it made? (1830s, 1970s, ...) 
4. Is the artwork site-specific? (if the work is done to fit into its surroundings) 
5. What do you think the artist wants to express? 
6. Do you think the artist gets his message out? 
7. Which material(s) is it made of? (granite, stone, glass, ...) 
8. Why do you think the artist has chosen these material(s)? 
9. What structure has the surface(s)? (rough, smooth, glossy, matt, reflective, ...) 
10. Which art movement (ism) can the sculpture belong to? How can you see this? 
11. Do you think the sculpture is mathematical? If so, to which category would you 

primarily classify the sculpture and why? 
12. Imagine that you should describe the sculpture to someone who has never seen it. How 

would you do that? Underline the words that are mathematical. 

The workshop 

How the project can be realised for the sculpture Non-Violence 

Carl Fredrik Reuterswärd (1934 – 2016) was an artist and a poet. His most famous work is Non-violence, 
a revolver with a knotted barrel. The work can be found in many places such as at the United Nations 
headquarters in New York City. The sculpture can look slightly different. For example, it can have two 
knots on its barrel. 

Reuterswärd began sketching on Non-violence when John Lennon was shot dead in December 
1980. It was John's wife, Yoko Ono, who asked him to create a work to honour Lennon. Yoko Ono 
wanted the work to symbolise Lennon’s vision of a world without violence. Lennon and Reuterswärd 
knew each other. Reuterswärd has described the idea behind his work: "Humour is the best tool we have 
to bring people together. When I made my peace symbol, I thought about how important it was to include 
some humour”. “His weapon is ridiculous and completely unusable". (Uppsala auktionskammare, 2020) 

It was not the first time Reuterswärd used knots in his art. He had previously made a sculpture 
of a pencil tying itself into a knot.  
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There is a whole field of mathematics, knot theory, which is only concerned with knots. A 
mathematical knot is closed, so Non-violence does not count as a mathematical knot. Two knots are 
considered identical if one can be transformed into the other without cutting it. Chemists and biologists 
use knot theory to understand what can happen to DNA in cells. 

 

Table 3. The mathematical tasks for Non-violence. 

Task 2 Does Non-violence have a mathematical knot? Explain! 
Task 3 Measure the length of the strip of paper (the barrel of your revolver). 

Then make a knot on the strip. What geometric figure does your knot 
form and how much shorter did your strip get? 

Task 4 Tie another knot on the strip of paper. How long is the knotted barrel 
now? 

Task 5 Write a formula that describes the length of the barrel for n knots. 
Task 6 In a pentagram the golden number can be found in two ways.  

A pentagram can be made by drawing lines between all corners in a 
pentagon, see figure 1. Use your knots to find out the golden number. 

To answer the tasks related to Non-Violence, you need a ruler and a long strip of paper 
representing the barrel of the revolver. When you make a knot in the barrel, you discover that it is shaped 
like a pentagon. The mathematical tasks for Non-Violence can be found in Table 3. 

 

 
Figure 1. A pentagram can be drawn from a pentagon. The figure on the right shows how the golden 
ratio can be found in a pentagram in two different ways.  
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Abstract 

At Maynooth University (MU), mature students have the option of applying for a one-year pre-degree 
Certificate in Science program. Students on this course typically do not have the required mathematical 
background to make the successful transition to undergraduate studies in higher education and for those 
that successfully complete this course, a place is reserved for them in a degree level programme.  

During the pandemic, teachers had to experiment with and restructure how they delivered lectures in an 
online environment through the use of various digital tools. The purpose of this workshop is to 
demonstrate how some of these tools can be blended into a more traditional lecturing setting to aid in 
the instruction of students. The digital tools highlighted in this paper will be Microsoft OneNote, 
YouTube and Moodle. Each of the digital tools are connected by a shared numbering system of topic 
sections and subsections.  

Keywords: digital tools, lecture recordings  

 

Overview of Digital Tools  

For the past three years, the author has provided hard copy skeletal notes (SN) to students at the start of 
the semester in a similar style to that reported in Cardetti et al. (2012). To complement the SN, OneNote 
is used to store and organise the filled-in notes made during lectures (see Figure 1). Students can refer 
to these if they miss a lecture or think they took something down wrong.  

 
Figure 1. OneNote  
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Each lecture is recorded via Microsoft Teams. When a subsection of the notes is complete 
(which usually happens after a day of lectures) that subsection is compiled and uploaded into an unlisted 
playlist on YouTube (see Figure 2). The main benefit of YouTube is the ability to insert timestamps for 
the different sections of the video (see Figure 3). This allows students to jump to the specific part of the 
lecture they want to watch.  

 
Figure 2. YouTube Video  

 
Figure 3. YouTube Timestamps  

Moodle is the Virtual Learning Environment for MU. The author uses it to host a number of 
resources including the module syllabus, a topic schedule, and worksheets. In particular, the ‘Additional 
Resources’ section provides links to various websites and YouTube videos on each subsection. This is 
a curated list of further reading similar to the traditional approach of a lecturer recommending a chapter 
in a textbook for further reading. “The integration of technology enables educators to create learning 
experiences that actively and meaningfully pull students into course content.” (Engelbrecht et al. 2020, 
p.838).  

Literature Review  

There is considerable research on the benefits of SN, for example, Cardetti et al. (2012), Iannone and 
Miller (2019), and Krapf and Pfefferkorn (2022). In general, SN appears to allow students become more 
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engaged in lectures, provides structure to their notes, and facilitates simultaneous thinking. However, 
Krapf and Pfefferkorn (2022) also found a number of downsides to SN that include incomplete notes 
due to students' non-attendance at lectures and students taking incorrect notes in a lecture. The filled-in 
notes via OneNote help alleviate these downsides.  

Providing lecture recordings (LR) can be found to “complement their learning, even when they 
have attended the lecture” (Meehan and Howard 2022, Discussion, para. 11). Lindsay and Evans (2021) 
reviewed 16 studies on the use of LR over 10 years. They concluded that LR can be beneficial if students 
use it as a supplement to live lectures. However, they observed that if LR are used as a replacement for 
live lectures, then there is evidence to suggest it is “providing false benefits, promoting surface learning 
strategies, and cramming” (Lindsay & Evans 2021: 928).  

Demonstration  

A typical scenario for how students might use the resources would be as follows: The student is looking 
through their hard copy notes on yesterday’s lecture. They are looking at, for example, Ex 3.4-4 and are 
not sure about one aspect of the solution. They log into OneNote, go to section 3.4 and scroll to the 
example. They notice a comment that was made in OneNote that they had not taken down. To get further 
clarity, they go to YouTube on section 3.4 and skip to Ex 3.4-4 using the timestamp. This consistency 
of the numbering system between the tools helps with the students’ navigation.  

Student Feedback  

At the end of this semester, students were asked to fill out an evaluation form on the resources for the 
module. Overall, the students surveyed welcomed the additional help and variety of resources. One 
student commented: “they have been my lifeline throughout the course.”  

Another student remarked:  

It was always helpful to have access to the notes from class on hand, especially if 
your own notes didn't always make sense… having recordings made revision much 
more accessible and easy… especially if you missed the class. Additional resources 
and extra info on Moodle was always great to fill in the blanks and expand further 
on the material discussed in class.  

Most students found Teams, Moodle and YouTube easy to navigate and became comfortable with them 
within the first week. One student however, still found OneNote complicated to use particularly for 
submitting their assignments. They said:  

I don't know why I couldn't navigate OneNote, I kept thinking I was doing it correctly 
but I just couldn't understand the file structure… maybe a quick tutorial on how to 
navigate OneNote might be helpful for the older generation.  

Conclusion  

The option for lecturers to return to a more traditional teaching practice post-pandemic is now a reality. 
However, the author believes every educator should evaluate the tools and skills they have learned over 
the past three years and ask how their teaching style can be improved moving forward. It is the opinion 
of the author that SN in conjunction with filled-in notes via OneNote provide for a more engaged and 
organised student. Having access to these filled-in notes has helped remove some of the reported 
downsides of SN mentioned by Krapf and Pfefferkorn (2022). The ability to look over lectures via 
YouTube prevents students from falling behind if they miss a lecture and the timestamps help the student 
find what they want when revising. 
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Overview 

It has been three years since the COVID-19 pandemic abruptly altered the landscape for teachers and 
students learning mathematics as well as other subjects. In many cases, teachers had only a weekend to 
re-invent their class meetings, shifting from face-to-face encounters to electronic media. In the 
traditional system, elementary and secondary schools scrambled to contract with videoconferencing 
providers and online assessment software firms. Every student needed access to a computer and the 
Internet to connect with the teacher. From both the teacher and student perspectives, the learning curve 
dictated by the shift in methodology was challenging. 

That challenge was amplified for adult educators. While those housed in tertiary institutions 
might have the electronic resources in place, adult basic education was less likely to function online 
prior to the pandemic. The student population might not have access to a computer at home, or if they 
did, children in the household might be using it for their schooling. An adult center running on a 
shoestring budget might be unable to contract for conferencing or assessment software. Student access 
to the Internet was not a given. 

Three years on, the pandemic-induced changes have receded. In this session, I propose exploring 
the following questions with participants: 

• What technologies did you use and value during remote instruction? 

• How did you maintain the camaraderie of an adult classroom in light of the physical 
distance between you and the students? 

• What, if any, of the electronic tools have you retained now that in-person instruction 
has returned? 

This workshop/discussion group will return to the earlier ALM model of a forum where 
participants exchange ideas and comments in an open, unstructured format. The resulting paper will 
emerge from notes taken during the session. 


