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Abstract

The mathematical ability of some students entering higher education in Ireland has
continued to generate widespread concern and evidence of the deficiency in basic
mathematical skills for some incoming undergraduates has been well documented.
Research has identified that many capable students, for a variety of reasons, struggle
with mathematical concepts to various degrees, with some students overwhelmed by

both the pace and notation used.

This research focuses on students who struggle with learning mathematics,
specifically service learners, and who attend a Maths Support Centre (MSC).
Identifying the most common mathematical challenges, the research method explores
the effectiveness of an artificial intelligent mobile learning application on student
engagement and learning. The framework implemented is one of action research
wherein a detailed case study is presented. Using Al functionality and the adaptative
feedback of the mobile application, the student is directed in their mathematical
learning particularly in algebra and basic maths skills. Utilising resources and skills,
creating a supportive environment, the research is designed to support students

engagement with their mathematics learning.

This thesis has made a significant and tangible contribution within the field. Firstly,
in a methodological manner and with statistical evidence, the research has
demonstrated that an adaptive Al mathematics learning application enhances the
learning experience of students attending the MSC. The findings suggest that an Al
influenced mobile mathematics application can be used by design researchers,
practitioners, educators and educational technologists to effectively support
mathematics learning of undergraduate students particularly for on non-specialist
mathematics modules and particularly for basic maths skills and algebra. Furthermore,
the students who participated in the study felt that the mathematics application had a
positive impact on their mathematical learning, understanding and confidence.
Finally, the research makes a meaningful contribution to the field of mathematics
learning centres, helping inform mathematics educators on the benefits of using

mobile technology to enhance the student experience.
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Chapter One

Chapter One

1 Chapter One: Introduction to the Research

1.1 Chapter Introduction

The 2001 International Commission on Mathematics Instruction (ICMI) study
focussed on the teaching and learning of mathematics at university level and four key
areas were identified for exploration (Holton & Artigue, 2001). The first theme was
concerned with the changing role of university due to the influx of a more diverse
range of students. The second focused on developing strategies that would make
mathematics more attractive to potential students and to address issues of retention.
The third was a bridging theme, between mathematicians and mathematics educators.
The fourth theme was to provide a forum for discussion to address traditional lecturing
styles which are no longer suitable to the learning needs to the university student with
technological literacy. The research in this thesis spans all four areas, but is
particularly situated in the first, second and fourth themes. This thesis is concerned
with the effectiveness of a mobile learning application on student engagement and

learning.

This opening chapter describes the background, detailing the issues pertaining to
service mathematics learning and the evolution of mathematics learning support
centres. The areas of interest are translated into research questions, which provide the
main focus for this piece of work - What are the key basic mathematical skills lacking
in students who visit the Maths support centre at ATU Sligo and whether an Al mobile
maths application can influence student engagement and learning. The thesis will
explore the influence of mobile apps on student engagement and how mobile
technologies might be used to support student learning in the centre. The chapter then
examines the research role and motivation for this project before concluding by
summarising the structure of the thesis and specifying how the research narrative is

designed to answer the thesis’ principal research question.

18



Chapter One

1.2 Mathematics Education and Teaching Mathematics at

University
Mathematics education at university level is multifaceted including Pure and Applied
Mathematics, Statistics, Operations Research, to name but a few areas within the
discipline. A genealogy tree outlining the structure of mathematics teaching in
universities is given in Figure 1.1 (O’Donoghue 2004). Within Universities, the
teaching mathematics is aimed at two target groups: mathematics specialists and
mathematics users. Mathematics users are those students in other departments who
study mathematics, commonly referred to as service mathematics. The students
studying service mathematics maybe further disadvantaged against due to gender, age,
social background, and level of mathematical preparation (Gill and O’Donoghue,
2005). These challenges combined exacerbate the so-called 'mathematics problem' at

Irish universities (Golding and O’Donoghue, 2005).

Theory
Based
Maths
Maths Degree -
Specialists
Programmes \ Practice /
Based
School
Maths
Service Users of
Maths Maths

Figure 1.1: A Genealogy Tree (O’Donoghue, 2004)

“1t woul d b-eperhvapsrinypossiblettoflive a motmal
life in very many parts of the world in the twentieth century
without making use of mathematics of sdrie n @dckroft, 1982,

p.1)

For some the above statement from the Cockroft Report (1982) would suffice as an

answer to the question “Why teach Mathematics?”” and would also answer the question

19



Chapter One

“why learn Mathematics?” especially in the twenty first century where Mathematics-
driven technology is now prevalent in everyday life. Cockroft does however go on to
provide a more detailed explanation. He talks about the pressure that children are put
under in order to succeed in mathematics despite the fact that they have many other
subjects included on the curriculum. He emphasises the usefulness of mathematics
whether it be in terms of arithmetic skills for use at home or in the office, for scientific
development and modern technology or the use of mathematical techniques as a

management tool in commerce and industry. Cockroft (1982) believed:

“that all these perceptions of
fact that mathematics provides a means of communication which is

powerful, conciseand n a mb i gpuld us” (

1.3 Mathematics Learning Support

A University of Limerick study (O’Donoghue, 1999) identified key factors including
the successful implementation of effective support services resulting in the
development of a Mathematics Learning Centre, the first of its kind in Ireland. Maths
Learning Support Centre, Maths’s drop-in and ‘espressoMaths’ are just some of the names
the Mathematics Support Centre (MSC) is known as across the different higher education
institutes (HEI’s). Each centre will typically have a physical space on campus together
with resources available for the learners to use such as laptops and books to assist in the
centre’s objective. The addition of these centres ensures mathematical support is
provided to students transitioning from post primary to third level and helps them also
with mathematical issues throughout their studies.

As reported by MacGillivray (2009), a key feature of mathematics support is helping
students reach their full potential whether they are seeking to improve their
mathematical ability or having realistic hopes of achieving as high a mark as possible
in their course of study. Lawson et al. (2003) described mathematics support as

which is in addition to their regular programme of teaching,

lectures, tutorials, seminars, problem classes, personal tutorials,
etc.9. (p.
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Learning support provided for in MSC’s is an additional, optional programme that
helps students in improving and developing their mathematical confidence and skills
during their enrolled course. It should not however be thought that mathematics
support is solely for those students with the weakest mathematical skills. Mathews et
al (2013) described the main aims of a MSC was to

113

address issues surrounding t

he

t

mat hematics and to support students

statistics across the wide variatfundergraduate courses that
require an understanding of mathematical concepts and
techni(mdyes.”

The MSCs generally adopt a ‘drop-in” approach and provide students with learning
supports or expert tutoring in specific areas in mathematics — often which have been
identified as traditional problem areas. These centres aim to provide students with a
wide range of tools and support including intensive workshops, peer-to-peer support
and general advice. These sessions can vary from drop-in sessions to individual
appointments, and are supplementary to the students’ course of choice, attendance is
voluntary, and no credit is associated with the support. The informal nature of the MSC
allows students to engage with their underlying mathematical issues where there are no
expectations from the learner, other than that they are there to give the centre a chance

and try something different.

Many HEI’s both nationally and internationally have firmly established maths support
centres with a significant growth in the number of centres being opened over the last
twenty years. Mathematics support provision now forms an integral part of many third
level institutes within both the UK and Ireland to assist students that are struggling
mathematically and to help students with the transition to third level. In the 2010 report
Responding to the Mathematics Problem: The Implementation of Institutional Support
Mechanisms, Kyle (2010) wrote:

“Mat hematics support came of age

century. What mightrce have been described as a cottage
industry now plays a respected and widely adopted role in Higher
Education.” (p.140)
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The NCE-MSTL group (The National Centre for Excellence in Mathematics and
Science Teaching and Learning) based in the University of Limerick, the Sigma group
(The centre of Excellence in Mathematics and Statistics Support) based in Coventry
in the UK and more recently the Irish Mathematics Learning Support Network
(IMLSN) have been setup to expand and promote the mathematics support concept

across the islands of Ireland and the UK.

1.3.1 Mathematics Support Centres

The first MSC in Ireland was established in the University of Limerick in 2001. During
the years 2003 to 2005, another eight centres opened in three universities and five
Institute of Technologies (IoTs). From 2005 to 2008 there was very little change in
the number of institutions offering maths support in Ireland. However, during 2008,
13 institutions in the Republic of Ireland submitted a report on their MSC provision
and by 2015 the number of institutions in the Republic of Ireland known to offer MSC
had increased to 25. Currently 97% of all higher education institutions in Ireland offer

some form of maths support to their students.

Funding from the Higher Education Authority’s Information Technology Fund and
the Strategic Innovation Fund (SIF) partly fuelled this rapid expansion of the MSC’s
across the country, including that at ATU Sligo. The activities of the centres are
justified on the basis that many capable students, for a number of different reasons,
may find it challenging to achieve the required standards in mathematics to support
their degree studies. Some of these students would be described as ‘at risk’ and would
be most likely not to complete their degree programmes. The centres established at
the various institutions have received remarkable satisfaction and support (English et
al. 2004; O'Sullivan et al. 2004).

Over the last twenty years, a number of studies have been completed evaluating the
effectiveness of the maths support centre (Mac an Bhaird et al 2009, Gill et al 2008).
Evidence suggests that the MSCs are having a positive impact on both student
retention, mathematical confidence and grades. By examining student feedback, pass
rates of at-risk students and usage statistics from the centre, Dowling & Nowlan (2006)

conducted a study showing the positive contribution of the MSC to student retention.
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A number of studies have been conducted over the years to determine the prevalence
of mathematics support in Ireland with Cronin et al (2015) highlighting the extent to
which the landscape of maths support centres in higher education institutions in
Ireland has changed for the positive since 2008. The average use of the MSC was
approximately 22 hours a week in universities and approximately 19 hours per week
in Institutes of Technologies (Cronin et al 2015). They also identified that maths
learning support was offered in 25 out of the 30 institutions in Ireland who took part
in the survey, with 80% of institutions having a dedicated space for students to receive
the necessary mathematics support.

The Maths Support Centre (MSC) at the Atlantic Technological University (ATU)
Sligo was set up in 2012 as a special inter-school initiative of the institute with the
purpose of supporting students’ mathematics learning across all programmes by:
- providing a dedicated area with supervised access and resources to support
students in a relaxed environment
- delivering appropriate support services for students on service mathematics
courses
- addressing the mathematics needs of special groups
The MSC opened initially for 2 hours during academic term in semester 1 and 3 hours
in semester 2. The centre, to date, has been a success and has proved to be a valuable
resource to both struggling and able students based on feedback received from students
who have used the centre. However, large increases in the number of students
attending the MSC over the previous semesters led to a re-evaluation of opening hours.
The ATU Sligo Maths Support Centre report 2017-2018 (see Appendix C) provides
details of an evaluation of the centre showcasing the weekly opening hours,
attendance, data collected and student feedback. With the support of the newly
appointed Educational Development Manager, Institute management agreed to hire a
MSC manager and increase the number of contact hours to 24 hours per semester
(O’Murchu and Connolly, 2021).

This allowed the MSC to extend the existing mathematics support it currently provides
to both incoming and existing students in terms of the drop-in clinics; expand MSC

services to include structured mathematics sessions Monday-Thursday and finally to
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provide revision sessions close to examination times, and deliver online support

tutorials, group tutorials. The stated aim of the MSC at ATU Sligo proposes to:

Support ATU Sligo students who may experience difficulty with mathematical
and/or statistical contents in their courses/modules regardless of year or
programme

Enhance the quality of mathematics/statistics provision at ATU Sligo which
invariably will promote/market ATU Sligo to prospective students as being a
supportive Institute to students

Enable IT Sligo students to develop, deepen and increase their understanding and
knowledge of mathematics/statistics

Continue to target improved retention and achievement

Engage learning in a structured and student-centred learning environment

The MSC has been frequented by students across almost every department within

ATU Sligo with business, engineering and science students being the most popular

users. First year undergraduates were noted to be the main users of the MSC which is

awelcome finding as one of the key objectives of the Maths Support centres is to assist

first year students with the transition from second level to third level mathematics.

The MSC consistently supports students who may experience difficulty with the

mathematical contents in their courses regardless of year or programme. The feedback

from students indicates an extremely positive attitude towards the MSC and the service

it provides:

“This i s a val uangselfeanddeiowistadentso f
that may be as mentioned having some minor issues or having a
lot of difficulty with various mathematical topics or may be simply
looking to improve their understanding and confidence in
mat hs. ” (Student _a)

1.3.2 Problem Solving in Mathematics Education

Problem solving refers to students’ developing higher level thinking in order for
them to greet a previously unseen problem (Conway & Sloane, 2005; Oldham,

2005) a crucially important element in mathematics education. Problem solving is
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often referred to as a bridge, linking mathematics and thinking skills (Stanic and
Kilpatrick, 1988).

Problem solving is a fundamental component in teaching mathematics for learners
across all ages and abilities, with the UK Cockcroft Report maintaining that
problem solving is at the heart of mathematics (Cockcroft, 1982). In the US the
National Council of Teachers of Mathematics attributed a central role to problem

solving within the mathematics curriculum at all levels.

Modern problem-solving techniques stem from the work of Polya (1965, 1973).

Polya identified a four-stage process, Table 1.1.

Understanding the problem

Devising a plan

Carrying out the plan

A w| N R

Looking back

Table 1.1. Polya (1973) four-stage problem solving process

Polya suggested that experience in solving problems and experience in watching
others solving problems is the basis on which heuristics are built. He also moved
away from the product model of producing correct answers to assignments and
tasks, to a process model, which looked at what is happening when a learner is
involved in the solution process. Dewey (1913) similarly believed that problem
solving was crucial in education and he referred to it as reflective thinking

(Connolly and Cosgrove 2022).

Schoenfeld (1985) maintained that domain specific knowledge is the information
resource that problem solvers understand, or misunderstand, and bring to bear on a
problem. This would include facts, algorithms, schemas, and informal knowledge. The
rapid transfer of domain-specific information to learners is of little value was agreed

by both Polya and Dewey, and that learners need time to absorb information and
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transform it into knowledge by reflective thinking and problem solving (Connolly and
Cosgrove 2022).

Schoenfeld (1998) suggested that mathematical knowledge is contextually connected,
and it’s developed in the context in which it was learned. It is vital therefore in a
problem-solving scenario that context is clearly identified. Resnick (1988) maintains
that many of the difficulties encountered by students in problem solving are the result
of dealing with mathematics in a decontextualized fashion rather than a lack of
mathematical ability.

1.4 Educational Problem

The level of mathematical readiness for students entering third level education in
Ireland has continued to generate widespread concern both in the academic
community and the general public in recent times. Evidence of these deficiencies in
basic mathematical skills in incoming undergraduates is well documented such as
O’Donoghue (2002), Gil et al (2010), Ni Shé et al (2015) and Lawless et al (2016).
Hourigan et al (2007) discuss some of the issues that are prevalent at third level, such
as rote learning, negative attitudes towards mathematics, little understanding of the
context and bad publicity around the discipline were some of the mitigating factors.
They also state:

“the inability of students to succes
tertiary level mathematics education lies in the substantial

mi smatch between t htatargat ure of ent
mathematical experiences and subsequent tertiary level

mathematics nt e n s i v @Houcigaruet &, 2087, p’l)

This lack of basic mathematical skills in the transition from post-primary education to
third level has significant impacts on students’ ability to progress through college
courses and therefore has been linked to impact on retention rates in terms of failure
and drop out from programmes that require moderate to extensive use of these skills
as noted by O’Donovan (2017). Gill and O’Donoghue (2005) explored the
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mathematical under-preparedness at third level in Ireland. A major concern was the
significant number of first year students in service mathematics courses with
diminishing levels of mathematical ability. They found that the entry requirements of
a C3in Ordinary Level Leaving Certificate Mathematics was insufficient and students
obtaining any grade less than an A2 grade in Ordinary Level Mathematics needed
mathematical support at third level (Gill and O’Donoghue 2005). They highlighted
the potential ramifications such as large attrition rates, undermining progress in the
main discipline and poor-quality professional qualifications since mathematics is seen
as a key competence.

1.4.1 Non-traditional Third Level Students

While there has been a continued expansion in those accessing third level education
since the 1960’s as noted by O Connell et al (2006), this has not been beneficial to all
groups in Irish society. The Higher Education Authority (HEA) highlights the
significantly lower participation rates within tertiary education for those coming from
low socio-economic backgrounds (HEA, 2005). Allied to this is the need to grow the
participation of what might be termed non-traditional groups in third-level education
(Horn 1996). These fall into three main categories:

1. Persons from backgrounds characterized by high levels of disadvantage.

2. Those from ethnic and other minorities.

3. Persons with disabilities.

However almost inevitably, success in extending access have negative effects on

retention rates.

Students from households where parents have not obtained a bachelor’s degree are
collectively labelled first generation students (York-Anderson 1991), and their
demographic characteristics place them at risk for continued academic success (Horn
& Chen 1998). Parents educational attainment impacts students in several distinct
areas, among them access to third-level education, academic preparation, enrolment
behaviours, and academic achievement are four areas that place first-generation
students at a disadvantage with respect to academic success (Choy 2001). For

example, the risk of dropping out in the first year of college is 71% higher for first-
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generation students than for non-first-generation students peers. Furthermore, 23% of
first-generation students leave college before they begin their second year compared
to 10% of non-first-generation students (Horn & Chen 1998). When compared to all
students who transfer or leave for a period of time, first-generation students are more
than twice as likely to leave their first institution without ever returning (Horn & Chen
1998) and first-generation first year students have lower end-of-year results than non-
first-generation students peers which can inhibit their progress to continue in their
programme of study. A considerable amount of recent research on the mathematical
readiness of students enrolling in third level education has revealed a drop in the
quality of mathematics education not only in Ireland, but also in numerous other
countries globally (Hourigan & O’Donoghue, 2007; MacGillivray, 2009; Rylands &
Coady, 2009). Data from an internal MSC report at ATU Sligo, showed that the
numbers attending the maths support centre have increased significantly over the last
number of years (rising from approximately 100 unique visits a year to about 700 over
the two college semesters) which has resulted in a significant increase in the number
of weekly hours of one-to-one support offered to the students. Approximately 80% of
visits to the centre currently come from first year undergraduates and the general
feedback from the various cohorts of first year students is extremely positive with one

such student stating:

“ Ffound the maths support classes a great help through the year
they are a great way to reviger a test or just to go through topics
that are difficult. | always had difficulty with mathsthout these
support classes | would have struggled big tihveoud highly
recommend the maths support class to anyone who is having
di f f i(StudentAp). ”

1.5 Research Questions

This thesis is designed to add to the body of existing research in mathematics
education and expand it to include whether the use of an Al mobile maths application
has an influence on student engagement and learning. The research will look to

identify the key basic mathematical skills lacking in students who visit the
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Mathematics Support Centre at ATU Sligo and also seek to add to the current work
with regards to the lack of confidence and poor mathematical skills that students
entering third level education in Ireland present with. The research is designed to

answer the following main questions:

Research Question 1:
What mathematical topics do service learners attending the Maths Support
Centre at ATU Sligo enquire about; what are the key basic mathematical skills
that the students struggle with?

The maths learning support centre at ATU Sligo provides supervised access in a
dedicated area, as well as offering online support for students on service mathematics
courses. Service mathematics modules are generally taught to students studying non-
denominated mathematical programmes. The learning centre aims to address the
mathematical needs of service mathematics students that attend the centre and enable
them to deepen their knowledge and understanding of mathematics. The lack of basic
mathematical skills often called the ‘Maths Problem’ in incoming undergraduates is
well documented with a significant number of first year students underprepared for
mathematics at third level. This lack of preparedness has a significant impact on
retention rates and on the student’s ability to progress through their college course of
choice. Research carried out by Rylands & Coady (2009) found an increase in failure
rates for first year students on mathematics courses across third level institutions
worldwide as a result of the ‘Maths Problem’. This research question examines the
different mathematical topics that service learners seek help with at the maths support
learning centre at ATU Sligo. In answering this question, the research focus will be
on the key mathematical areas. The key mathematical skills that the students lack in
these topics, and which prohibit their understanding of more difficult mathematical
areas will be identified. Effective supports will then be developed to help improve the
various gaps identified.

Research Question 2:
Will the Al mobile application and intervention address key aspects of

mathematical academic underperformance for those attending the MSC?
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The recent development of technology in Artificial Intelligence supported platforms
may lead to new ways of knowledge construction in mathematical education by
supporting the student in solving mathematical questions and allowing personalised
interactions between the student and the Al software. Unlike the traditional maths
resources and textbooks, Al software uses interactive and visual components to help
students learn and engage with a mathematical topic and therefore can support the
student learning by providing instant feedback on the student’s performance which
can lead to a more effective learning experience for students. Consequently, this
research question will focus on investigating how the use of Al powered maths
teaching platforms may help improve students' problem-solving skills, increase their
speed in calculating answers or retrieving information; thus, leading to better

mathematical performance.

Research Question 3:

Can an Al mathematics application influence engagement and learning for

service learners?
The emergence of Al technologies provides an opportunity for educators and students
to overcome challenges and enhance their teaching and learning abilities. According
to Gao (2020), as technology advances and in particular Al technologies, the
capabilities of Al continue to grow and evolve enabling students to improve and
enhance their cognitive and mathematical skills in the process of learning. In using a
mobile application educational tool, thus allowing opportunities for students who
typically struggle with mathematical understanding to work on their maths skills and
develop understanding using supplementary questions; this research question will
explore the impact of an Al mobile maths application.
Technology can influence on student attention and motivation towards the learning of
mathematics. The key pedagogical features of an adaptive Al mathematical
application, such as immediate feedback, will be concerned with the interactive and
engaging learning experiences. The adaptive and personalised learning will be
examined to see how it impacts on student’s motivation and if it can lead to a positive
impact on students learning by enhancing their conceptual understanding, their

problem-solving skills and their mathematical confidence.
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1.6 Researcher Background and Biographical Motivation

The researcher has always had a passion for teaching mathematics. With his main
strengths and ability to teach across varying levels of maths to a wide mathematical
spectrum. The researcher employs a variety of teaching methodologies to ensure that
all students become engaged in learning and are active participants in both classes and
the maths support centre. The researcher’s industry and academic experience to date
has allowed him to help students appreciate the importance of and the applications of
maths in industry and to help alleviate the fear of maths that inhibits students from
succeeding in the subject. The researcher strives to make maths more interesting and
enjoyable for students, as it is well known that many capable students, for a variety of

reasons, struggle with the concepts of maths to various degrees.

A maths lecturer in the School of Business and Social Sciences at ATU Sligo for the
last thirteen years and the researcher has been involved in the Maths Support Centre
(MSC) at ATU Sligo since its inception over ten years ago. The MSC supports and
helps students who may experience difficulty with the mathematical contents in their
courses regardless of year or programme and it is the belief of the researcher that the

centre is important and a worthwhile support for all students.

The general feedback from students indicates an extremely positive attitude towards
the Maths Support Centre and the service it provides with one student stating:

“1 feel to me that i muchneededd no
Maths Support classes | would putting it simply not have the
confidence to walk into the maths exam in May. This is a valuable
source of help fobothmyself and fellow students that may ke a
mentioned having some minor issues or having a lot of difficulty
with various mathematical topics or may be simply looking to

i mprove their under st an(8tuden®) and

It is through the work in the MSC which has fostered the researcher’s interest in
research concerned with the needs and issues that students have regarding

mathematics learning. Whilst the researcher enjoys keeping abreast of the latest
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technological developments in education, he has always been keen to implement new
concepts and approaches within his teaching where possible. With the present
advances and opportunities, where students are engaged and interested in using
technology, it is timely that the research marries both the researchers teaching and
technology expertise, thus making a significant contribution to the academic literature

and field of study.

1.6.1 Positionality and Reflexivity

Reflexivity is considered an important factor in terms of quality control in educational
research in considering the researcher bias, belief and personal experience. Berger
(2015) described reflexivity as “a continual internal dialogue and critical self-
evaluation of a researcher’s positionality as well as active acknowledgement and
explicit recognition that this position may affect the research process and outcome”
(p. 220). Koch & Harrington (1998) refer to the interrogation of personal beliefs and

positions before the data generation phase of the research process is advisable.

In terms of positionality impacting this research the researcher’s personal interest and
motivation for and approach to this research was central. As a lecturer at ATU Sligo
the researcher has been involved with the MSC since its inception over ten years ago.
The motivation for the study utilized their extensive expertise and skills teaching
mathematics and experience of managing the MSC. Their teaching background and
academic work, role and responsibility may have had an impact on the research
process and outcomes. It is through the researchers position at the MSC that he has
fostered his interest in research around the needs and issues that students have with

mathematics.

Student engagement is known to be influenced by factors such as the provision of
effective resources and supports (Bond & Bedenlier, 2019; Kahu, 2013; Zepke &
Leach, 2010). The researcher is aware students are already engaged and interested in
using mobile technology and applications in their learning, the researcher is also
conscious that the research objective of this study marries both his pedagogical and

technological expertise.
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1.7 Structure of the Thesis

Following this introduction, Chapter 2 presentsa critical review of relevant
literature exploring how technology enhanced learning for service-learning
mathematics, mobile application and mobile learning as well as artificial intelligence
in education. The student learning experience is described in regard to mathematics

education.

Chapter 3 describes the research design and methodology which was considered and
implemented. The research paradigm chosen by this researcher is justified, the
methods and methodologies in educational research are discussed during each phase
of the study. Action Research is the overarching methodology, and within this several
approaches of qualitative and quantitative methods employed, such as case study,
questionnaires and observation. The study validity and reliability are discussed, and

ethical considerations are reviewed.

Chapter 4 outlines and describes the theoretical framework underpinning the study
and discusses in detail the rationale for the resources necessary and activities
conducted. The chapter presents Lonergan’s theory of understanding and its
application to problem solving in mathematics, as well as mobile learning applications

in mathematics and reactive artificial intelligence in mathematics education.

The Action Research cycles are described in Chapter 5. The study took place in the
Maths Support Centre at ATU Sligo, and each phase and evaluation cycle of the study
are presented. The group sizes, participant selection, as well as the learning space and

timing are discussed.

A preliminary review of the results and analysis for the action research cycles are
presented in Chapter 6. Results for the Pilot Study are presented and in detail for both
Cycle 1 and 2. The results are described under various headings such as percentage
frequencies of response, and the analysis of pre and post, participation and non-
participation of students pertaining to the mathematical diagnostic test, use of the
mobile application, focus group and questionnaires. The key findings in relation to the

case study are presented.
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A systematic approach was taken to collect and analyse data and present results that
address issues relevant to the thesis research questions. Chapter 7 presents the detailed
analysis and discussion of these results. The data is examined for the entire student
cohort and according to student participation.

In Chapter 8 the researcher highlights the overall findings and contribution to the
current literature in this thesis. The significance and limitations of these findings are
described along with the recommendations for presenting possible future directions of

the work to be completed.

1.8 Chapter Conclusion

The ability of technology and mobile applications specifically, is becoming a crucial
component in the educational process. Technology can be used to provide access to a
wealth of material that may not be available through the use of traditional
mathematical textbooks. Through the recent advancement in online learning
platforms, students have the opportunity to access a range of resources including
interactive quizzes and tutorials, videos and simulations to help support their
mathematical learning. In order to develop programs to alleviate the situation of
students avoiding, fearing and failing service mathematics learning, third level
institutions should seek to incorporate the many positive benefits that technology can
bring to support students in their mathematics service learning which may have

positive effects on their engagement, progression and achievement.

This thesis investigates whether an Al mobile maths application can have an influence
on student mathematics learning. The topic is very much pertinent to tertiary education
as they strive to engage and enhance the learning experience for all learners and is
presented within the developing body of knowledge with regard to service

mathematics learning and mathematics support centres.
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Chapter Two

2 Chapter Two: Review of the Literature

2.1 Chapter Introduction

The literature review is a key element of any thesis. The purpose of this literature
review is to gain an understanding of the current and existing state of research that is
relevant to this specific field of study — supporting student learning of basic
mathematics skills and algebra by a mobile learning application. Establishing the
background and context of the study as well as identifying any gaps in knowledge
within the existing research, allows the researcher to build on the existing knowledge
and contribute to the area of interest. This literature review also informed the
researcher and guided the methodology of the study identifying the most effective
techniques and research methods to use. The researcher used the literature review to

compare and contrast previous research and to identify potential future research areas.

This, Chapter Two, discusses and analyses the literature in the field under study. There

are four sub-sections to this chapter and literature review:

1. Student learning experiences and engagement in mathematics learning, along with
the most common mathematical errors they often encounter.

2. Technology enhanced learning for mathematics service-learning support.

3. Mobile learning applications, specific to mathematics and mathematics’ support
centres.

4. Artificial intelligence in mathematics software.

Through the literature, the chapter identifies the conceptualisation of research aims

and objectives and ultimately the development of the research questions which are

addressed in the thesis. This study occurred during the COVID-19 pandemic;

however, the design of the study was not altered to accommodate the necessity for

remote emergency learning which happened nationally and internationally during the

global pandemic. The chapter concludes with an overview of the review presented.
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2.2 Student Learning Experiences and Engagement with
Mathematics

Mason (2002) describes effective teaching of mathematics as the ability to ‘draw
students into your world’ while supporting the ‘struggle’ to reconstruct ideas for
themselves (p. vii). Mason argues that the teacher must not only teach the students but
must have the ability to ‘enter their world and remain within it’. The ability of the
teacher to understand the plight of the student and to recognise that a concept that may
seem quite easy to a mathematician can often be extremely difficult for someone who
does not share the same passion for mathematics. Mason (2002) outlines six main
modes of interaction between student, content and teacher, as described in Table 2.2.

_ Attracting your students into your world of experience, connections,
Expounding
and structure.
Explaining Entering the world of the student and working within it.
) Guiding your students in fruitful directions as they sort out details
Exploring _ )
and experience connections for themselves.
o When students validate their own developing criteria for whether
Examining o
they have understood, submitting themselves for assessment.
o When students are moved to rehearse techniques and to review|
Exercising . o ]
connections between theorems, definitions and ideas.
Expressing When students are moved to express some insight.

Table 2.2. Modes of Interaction (Mason 2002)

Mason uses the word ‘tensions’ to describe the endemic issues that arise within the
didactical contract between student and teacher (Mason 2002, p.vii). Both students
and lecturers arrive in the MSC with their own anxieties and or agenda. Some may
have an interest in the subject and will want to learn, others just want to pass. Lecturers
may be really enthusiastic about their subject and look forward to sharing this
knowledge with their students in as dedicated an approach as possible. Other lecturers

may see lecturing as an inconvenience that takes up valuable research time. Finding a
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medium that suits both lecturer and student is essential, with an agenda establishing

expectations, which can change mindsets and improve classroom tension.

Those attending the MSC are usually apprehensive at the beginning of a mathematics
module and will more than likely have reservations and some anxiety because of past
experiences and gaps in their mathematical knowledge (Mac an Bhaird et al., 2013).

Mason (2002) supports this argument by stating:

“what students really need is the
able to search out what they need, madese of it, and apply what
I's necessary..this wil/ only occur

students in | earningdgpl®dpw to | earn

2.2.1 Mathematical Content for Service Learning and Student Errors
Difficulties associated with the transition from secondary school to tertiary
mathematics teaching and learning has been a focus of research in mathematics
education since early 1980s.

The increase in the number of students entering third level has revealed a greater
variation in the background levels of those students that take first-year mathematics
modules (Hoyles et al., 2001). The difficulties in basic mathematical skills in incoming
undergraduates is well documented such as Ni Shé et al (2015) and Lawless et al
(2016). The transition problem in service mathematics is commonly viewed as a result
of inadequate preparation during school education which has become more evident as
university education has become more inclusive and the student population has

become more diverse (Alpers et al., 2013)

Basic arithmetic can prove one of the most challenging topics which different groups
of students attending the MSC identify with as most troublesome including the areas
of fractions, highest common factors, lowest common multiples, and percentages
(Godino, et al, 2011; Yetkin, 2003; Gersten, Jordan & Flojo, 2005; Lithner, 2011).

Table 2.3, cited in Brown and Skow (2016) explains, with examples, the three types

of mathematical mistakes.
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Factual Mistakes Examples
Lack of comprehension of number facts 2+9=6 6-8=2
Misidentifies signs 4x3=7

Misidentifies the value of numbers

9 - 4 = 2 (students identify 9 as a 6)

Makes counting mistakes

1,2,3,4,5,6,8 (the student skips 7)

Unsure of different mathematical terms

Students do not understand the meaning of
numerator, denominator or highest
common factor

Procedural Mistakes

Examples

Carrying Mistakes

32 +99 =121 (student forgets to carry the
tens)

Performing incorrect operations

6 x 4 =2 (student uses subtraction instead
of multiplication)

Fractions Mistakes

Unable to find the correct denominator
when adding or subtracting, ex. 1/4+ 2/3=
3/7

Decimal Mistakes

Failure to align the decimal place when
adding or subtracting ex. 240.5 + 80.24
=320.29

Conceptual Mistakes

Examples

Misunderstanding of the value of digits

13 + 8 = 12 (students add all the digits
together and misrepresent the tens with the
units)

Overgeneralisation

341 - 276 = 135 (Students always subtract
the number that is less from the greater
number)

Oversimplification

The student develops a narrow
understanding of a given concept. Ex. Has
knowledge of

Table 2.3. Types of Mathematical Errors with Examples, (Brown and Skow, 2016)
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The topic of algebra is also recognised as a daunting new skill for many students to
understand and learn. Generally regarded as the first area of mathematics that
necessitates significant abstract thinking, algebra moves beyond merely performing
arithmetic operations to focus on the use of mathematical variables or symbols to
represent numbers and convey mathematical relationships (Stacey & MacGregor,
1997; Pramesti & Retnawati, 2019). Hazzan (1999) proposes suggestions on reducing
abstraction level when learning abstract algebra concepts, as does Britt & Irwin
(2008). Through the creation of the reducing abstraction framework, Hazzan (1999)
explored how students approached abstract concepts in algebra and offered insights
into how to improve their learning experience. She employed several theories of
abstraction to categorize the different approaches students used to decrease abstraction
while tackling these tasks. Hazzan’s framework suggests several ways for reducing
abstraction levels in abstract algebra tasks, such as using familiar contexts, focusing
on concrete representations, and attending to specific examples. This difficulty is
evident in Irish secondary-level classrooms where algebra has been consistently
identified as an area of weakness for students in state examinations as highlighted by
State Examinations Commission, Chief Examiner (Mathematics) reports in 1999,
2003, 2006 and 2015.

Solving mathematical problems involves the use of both procedural and conceptual

knowledge. Morales (2014) views conceptual knowledge as

" Knowl e dfgats amdfproparées that are recognized as
being related in some way”, wit

1]

as

probl ems ( Mor al es, 2014

Brown and Skow (2016) categorises the different mathematical errors made by
students into three categories — factual mistakes, procedural mistakes, and conceptual
mistakes. Factual errors are concerned with a lack of factual information by the student
such as misinterpretation of signs. Procedural errors are mistakes caused by incorrect
implementation of mathematical procedures, such as performing an incorrect
operation. Conceptual mistakes occur when students have misunderstandings or
misconceptions of the underlying principles of the problem such as poor

understanding of the relationship between the numerator and denominator in fractions.
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2.3 Technology Enhanced Learning for Mathematics Service

Learning
With an increased emphasis on Science, Technology, Engineering and Mathematics
(STEM) subjects and with the important role that mathematics plays in many other
disciplines such as economics, business, nursing, and medicine, it is normal for
students at third level to take some level of mathematics in their college programmes.
Many science and technology students are required to take some mathematics modules
beyond year one of their course of study. Service mathematics is a mathematical
offering that allows students to develop the various mathematical competencies
needed to progress in their course of choice as well as later on in their working life. It
is offered to service the mathematical needs of students studying non-denominated
mathematical courses and allows students to understand the relevance of mathematics
to their programme of choice and its relevance in industry. Service mathematics
modules are generally taught to students from a variety of degree programmes other

than mathematics (Faulkner et al., 2016).

Technology is increasingly changing how we both teach and learn. It has transformed
the way we search for information and communicate with each other and is slowly
changing the role of both learner and teacher (Englund et al., 2017; Henderson et al.,
2015; Price & Kirkwood, 2011; Selwyn, 2011). In a study on the integration of ICT
in mathematics education, the International Commission on Mathematical Instruction
(ICMI) noted that “...digital technologies were becoming ever more ubiquitous and
their influence touching most, if not all, education systems” (Hoyles & Lagrange,
2010, p.2). Teachers therefore need to be familiar and prepared to support traditional
methods of teaching mathematics along with the integration of appropriate and
effective uses of technology, which may include mobile devices and applications,
commonly referred to as apps.

Over the last two decades, researchers have highlighted the use of technology in
mathematics education. In the US, the National Council of Teachers of Mathematics
(2000) considered technology as “essential in teaching and learning mathematics; it
influences the mathematics that is taught and enhances students’ learning” (p. 3). As

documented by Olive et al (2010), it is envisaged that the technologies will also help
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support the students and improve the way they approach, learn and understand the

problematic concepts.

Technology has greatly influenced the way mathematics is learned and taught in
tertiary education. From virtual learning environments like Blackboard and Moodle to
interactive software and tools, technology has helped provide innovative and new
ways for students to understand difficult mathematical concepts and problems. There
are a variety of different learning technology tools that can help mathematical teachers
deliver course material and allow the student to understand difficult concepts in the
field of mathematics. For example, 480 dissertations were examined by Ronau et al
(2014) from 1968 until 2009 where technology was studied and from this, they found
703 types of technology had been addressed across these dissertations. A study
conducted by Kimmons (2020) analysed 7,708 articles in the area of educational
technology that were published from 2015 to 2019. This study revealed that research
focused primarily on three key areas: (a) learning environments such as flipped
classroom, mobile and online learning, (b) exploring different ways to achieve
learning objectives within specific subjects such as mathematics and languages, (c)
exploring the potential of emerging technology such as virtual reality and augmented
reality for educational purposes. Daghan and Giindiiz (2022) also conducted a detailed
analysis of 10,386 articles published in educational technology journals between 2000
and 2018. The study revealed that the most commonly used keywords in these articles
were interactive learning environments, followed by online learning,
teaching/learning strategies and e-learning. There was also a considerable increase in
the usage of keywords such as flipped classroom, game-based learning and social

media over these years.

The integration of technology in mathematics education has received both positive
and negative reviews, with many questions persist about the impact of technologies
on mathematics learning in the classroom, leading to ongoing debates on how
technology is best utilised. Using different technologies in the teaching and learning
of mathematics is more challenging than using technology in everyday life, with
teachers and students requiring extensive preparation and support to make full use of

the benefits of technology in the teaching of mathematics (Hill et al., 2005). An
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increasing number of studies have sought to identify the effects of the use of
technology in both inside and outside of the classroom setting (Clements et al., 2013;
Roschelle et al., 2017; Higgins et al., 2019). While numerous studies have shown
evidence of its impact, not all research supports this claim. In a mathematics research
survey conducted over the last 30 years, Cheung and Slavin (2013) discovered that
compared to traditional methods, technology had a positive impact on students’
achievement. However, they also noted that the effects varied depending on the type
of educational technology used. In order to realise the full benefits of technology and
prevent any negative effects, it is important to ensure that a carefully planned and

didactic approach is put in place (Jankvist et al., 2019).

Technology is an essential tool for the teaching and learning of mathematics in the 21%
century especially as today’s generation of students have grown up in a technology
rich world. The use of technology is one of the effective ways to provide instruction
to students (Unluol-Unal & Akcay, 2015). Technology makes it possible to learn at
anytime and anywhere, whilst considering the number and diversity of learners and
the different ways in which they learn. (Levine, 2018). Simple tools such as
calculators and computers can enhance students’ understanding and learning of
mathematics (Heddens & Speer, 2006). The use of calculators allows students to reach
a higher order thinking (Pomerantz, 2009; NCTM, 2011). Reys & Arbagh (2005)
further argue

applying strategies, and reflecting on results, a calculator is an

i mportant enabling tool” (Rey

Other tools such as educational software packages, apps, online resources, virtual
learning environments and augmented reality, technology has opened up new ways
for engaging students and providing them with personalized learning. These
technological tools enhance mathematics instruction by providing teachers with new
ways to present material and assess student understanding, with some research
suggesting a positive impact on student learning through the use of technology
(Henderson et al., 2015). Students become active participants in their learning and the

use of technology in mathematics education can enhance students understanding of
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various mathematical concepts as well as improving their engagement, interest and
mathematical motivation (Ball et al., 2018; Bray & Tangney, 2017). Some educators
(Borba and Villareal 2005; Calder, 2011) argue that educational technologies provide
an opportunity to reimagine various aspects of mathematical teaching and provide
different ways to facilitate understanding. Studies have shown that the use of dynamic
software enhances students’ engagement and understanding in the area of geometry
(Ng and Sinclair, 2015). Similarly, the use of digital technologies provides a fresh
approach to exploring data in the field of statistics (Forbes and Pfannuch, 2009). In
recent years, the use of emerging technologies such as augmented reality (AR) and
virtual reality (VR) in education has become increasingly popular, offering the
potential to enhance the learning experiences for students (Graafland,2018). It is
anticipated that the use of AR and VR technologies will become more widely used in
the field of education in the near future (Maas et al., 2020; Sirakaya et al., 2022). In
particular, the use of VR/AR in the area of mathematics education has attracted
significant interest in recent years as a valuable tool to enhance student learning and
motivation (Ahmad and Junaini, 2020). The use of virtual and augmented reality
technology in mathematics service teaching and learning allows students to explore
mathematical concepts in a virtual environment, making them more engaging and
memorable. Through the use of VR technologies, students can access a virtual
environment and interact with objects, thereby enhancing their mathematical thinking
skills and spatial awareness (Kaufmann and Schmalstieg, 2002). AR technologies,
allows the student to engage with objects in the real world, with the opportunity to
explore their attributes and manipulate them without losing touch with reality
(Monteiro et al., 2021). Some studies have produced mixed results regarding the
impact of AR/VR technologies on students mathematical learning processes (Ahmad
and Junaini, 2020; Palanci and Turan, 2021). Engaging in the VR environment during
the learning process may also lead to negative side effects such as eye strain and
headaches leading to a negative experience for students (Kaufmann and Schmalstieg,
2002). On the other hand, the use of AR and VR application in mathematics education
has the potential to reinforce students understanding of different mathematical
concepts, strengthen their spatial skills and improve their motivation to learn (Bujak
et al., 2013; Stranger-Johannessen, 2018). The use of AR/VR technologies in

education have positive implications as well as some challenges with the need for
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further studies to explore the capabilities of these technologies in enhancing

mathematics education in line with the needs of the digital era (Cevikbas et al., 2023).

Some literature questions the effectiveness of using technology in mathematics
education (Bray & Tangney, 2017; Drijvers, 2019; Jarvis et al., 2018; Selwyn, 2010).
However, there has been much positive reviews of technology in learning over the last
thirty years (Ball et al., 2018; Hoyles & Lagrange, 2010). There have been consistent
findings that technologies such as software packages and calculators do not harm
student’s computational or mathematical skills but rather help improve their
understanding (Ellington, 2006; Hembree & Dessart, 1986; Drijvers, 2015; Monaghan
et al., 2016; Trenholm et al., 2015; Trgalové4 et al., 2018). More recent literature
looking at different twenty first century learning approaches such as elLearning,
blended or flipped classroom learning, game based learning and learning using
interactive mathematical software shows evidence that digital technologies help
develop problem solving skills and critical thinking skills (Zheng, 2020; Zorica,
2014). In comparison to traditional methods of teaching, Cheung and Slavin (2013)
found that technology produced a positive effect on student’s performance. The effects
varied however, depending on the type of technology used. Borba et al. (2016) suggest
that online learning allows students to develop important skills such as problem
solving and computational skills, working independently and learning collaboratively

with their peers.

Mathematical software programs like Desmos, Mathlab and GeoGebra can be used to
supplement instruction in the classroom, while also providing students with additional
support and opportunity to practice outside of the classroom. The use of mathematical
applications has been recognised to improve the processes of problem solving for
students, where screen casting apps for example increase the inquiry and problem-

solving and collaborative processes (Morge, 2020; Galligan et al., 2015).

Educational mathematical applications can offer the opportunity to support the
student’s maths development through personalised learning. The apps interactivity
and immediate feedback encourages the learners to take risks with their learning and
actively shape their learning experiences (Calder & Campbell, 2016; King &
Robinson, 2009; Lee, 2014; Trenholm et al., 2012; Triantafyllou et al., 2015). The
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research demonstrates how with technology students work at their own pace and take
responsibility for their learning progression (Anastasakis et al., 2017; Loch et al.,
2012; Robinson et al., 2015; Trenholm et al., 2015, 2019; Triantafyllou et al., 2015).

In recent years, mobile technologies have been gaining wider acceptance in education
with mobile applications and technologies allowing new ways to improve the students
mathematical learning experience and thinking (Larkin & Calder 2016; Bray &
Tangney, 2017; Buteau et al., 2010; Coupland et al., 2016; Oates, 2016; Thomas et
al., 2017). Mobile technology offers a notable advantage over traditional computing
by supporting learners in diverse contexts (Tangney et al., 2010). In a survey on
mobile learning in mathematics, Crompton and Burke (2015) showed that there is an
increasing interest in the effectiveness of mobile technology with 75% of 48 studies
showing positive learning outcomes. However, while there is a greater number of
reports showing successful mobile learning studies in mathematics, there are also
studies that have shown contrasting results. For example, Miller and Robertson (2011)
using a randomized controlled trial on mobile game-based learning discovered no
significant difference in students test performance between those students that
engaged with mobile games and those that did not. Carr (2012) also conducted a study
with a random assignment between the control and experimental groups, with the
results showing no significant difference in student performance. Furthermore,
Roberts and Vanska (2011) put in place a mobile tutorial service for students over a
24-week period and found that there was a decline in the student’s test marks over the
course of the mobile intervention. These examples demonstrate that positive outcomes
do not always result from the use of mobile technologies in the teaching and learning
of mathematics. While overall, mobile learning studies have demonstrated a positive
effect on students learning and understanding (Sung et al., 2016), the success or failure
of these different interventions can be influenced by the study design employed and

the nature of the intervention.

Key elements in incorporating technology for mathematics as Drijvers (2012) noted
are the role of the teacher, the pedagogical design and the educational context. Indeed,
teachers' beliefs have been recognized as one of the most important factors in teaching

with technology as they help shape, direct, and influence how teachers perceive and
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approach various situations and actions (Ertmer et al., 2015; Thomas & Palmer, 2014).
In fact, Ottenbreit-Leftwich et al. (2010), argued that:

“perhaps the largest barrier to student-centred technology integration is teacher
belief.” (p. 1322)

There has been a radical change in the way today’s generation consume information
(Prensky, 2001). He argues that today’s generation consume information in different
ways to previous generations and have grown up surrounded by and using different
digital technologies such as computers, mobile phones and video games. Prensky
(2001) further highlights that today’s generation have spent a significant amount of
time engaging with digital media with the average college graduate spending less than
5,000 hours of their lives reading but over 10,000 hours playing video games. The use
of mobile technologies in the process of teaching and learning for todays’ generation
of students would be a more natural fit and effective way for them to learn (Dingli &
Seychell, 2015). The wide acceptance of young people and the different characteristics
of mobile devices such as online access, mobility and portability have made mobile
devices an essential tool to expanding the teaching and learning of mathematics
outside the classroom environment. The use of online resources and online
mathematics communities are also becoming increasingly popular in mathematics
education. These different types of resources can provide students with access to a
wealth of knowledge, information, and resources, including short video tutorials,
online quizzes, and interactive simulations. They can also provide students with a
platform to connect with their peers, tutors, and teachers, which can be particularly
beneficial for students who are struggling with mathematical concepts. The use of
digital technologies allows the generation, collection and analysis of assessment data
around student knowledge and performance. This information can be used to
customise and personalise the learning experience for the student and support their
learning in many ways (Barana et al., 2019). More recent literature taking a look at
different twenty first century learning approaches such as elLearning, blended or
flipped classroom learning, game based learning and learning using interactive and
dynamic mathematical software show that problem solving skills and critical thinking

skills grow through the use of digital technologies (Carreira and Jacinto, 2019;
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Schoenfeld, 2011). Overall, there are definite advantages to integrating technologies
into maths education, but it is also essential to note how the design of the activities,
technical issues and the characteristics of the learner can have an impact on the

outcome.

2.3.1 Using technology to provide feedback to the student

The ability to provide feedback to students plays an important role in classroom
learning (Corral & Carpenter, 2020). In mathematics, simply markings a student’s
answer as right or wrong might be an easy way of providing feedback to the student,
but with no explanation of the answer it does not help with the understanding or
correction of the error and can be demotivating to the student (Hodgen and Wiliam,
2006). Students typically favour immediate feedback, and potentially become
frustrated if feedback is not provided to them before they move onto another
assignment or assessment (Ferguson, 2011). With the use of technology however,
students receive immediate feedback to their answers and both the student and teacher
can track their progress in real time. Gibbs and Simpson (2004) noted that students
tend to focus on new content and tend to lose interest in the feedback when it is not
provided quickly enough. One of the advantages of receiving immediate feedback is
that students can avoid practicing incorrect techniques repeatedly, that often become
ingrained with repetition, and instead, they can perform the correct technique in
subsequent attempts, making immediate feedback an effective and efficient approach
(Scheeler et al., 2018). A significant benefit of technology in the learning of
mathematics, is the ability to provide instant feedback to the student. For example,
online quizzes and interactive software can provide immediate and personalised
feedback to the student, identifying where they have gone wrong (Lee, 2014). The
student can reattempt the problems, receive hints and understand where they went
wrong immediately, encouraging active learning and creating a deeper understanding
of the underlying mathematical concepts. This allows the teacher to put effective
supports in place and to address any gaps identified in the students understanding. The
provision of automatic feedback with the use of technology in homework settings
allows students to practice and improve their learning and understanding at the own
pace and comfort (Ceviker et al., 2022; Diara, 2023). This allows both student and
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teacher to identify areas of strengths and weaknesses and take steps to help address
any gaps in their knowledge. This also enables teachers to focus their attention from
grading to customizing their teaching to meet individual student’s requirements
(Murphy et al., 2020). Teachers can analyse common errors and misunderstandings
among students for example and adjust teaching plans and sessions accordingly
(Diara, 2023). According to Kehrer et al. (2013), students learned more when feedback
was immediate than when receiving the same feedback later. The non-judgemental
feedback offered by technology can provide an ideal environment for students to
practice their mathematical skills (Rochelle et at., 2016). It should be noted that the
use of technology to generate feedback for the student needs to be designed carefully
and integrated into existing teaching practice to ensure that students are encouraged to
actively engage with the feedback (Trenholm et al., 2015). Al-powered tools can be
used to create adaptive learning systems that can tailor the pace and difficulty of
instruction to the needs of the individual student (Martin et al., 2020). These corrective
and adaptive feedback features of technology-based learning programs can help
overcome the challenges of working with the diverse range of abilities of learners for
mathematics teachers (Higgins et al., 2019). A study conducted by Walkington (2013)
indicated that the use of adaptive technologies to deliver personalised feedback had
good potential to help students engage with their learning, leading to an improvement
in their learning performance. The ability to tailor the feedback according to the
learner’s abilities and preferences is a promising way to implement adaption in

technology-based learning environment (Narciss et al., 2014).

2.3.2 Blended Learning in Mathematics Support Centres

Blended learning (BL) is an educational approach for teaching which combines the
face-to-face traditional classroom setting and an online learning environment. Graham
(2013) defines the concept of blended learning as “the combining of online and face-
to-face instruction.” (p. 2). The US Department of Education commissioned a study
in 2008 to explore distance learning and defined blended learning as “a combination
of online and in class- instruction with reduced in-class seat time for students” (Lewis
and Parsad 2008, p. 1).
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Blended learning is a combination of synchronous and asynchronous learning types
(Bonk and Graham, 2006). Synchronous learning according to Salmon (2013) is real
time interaction whether this is online or face to face learning that also incorporates
the use of e-tivities in some form. An example of this is where students attend virtually
to a live streamed class. The teacher streams their teaching material and students can
engage in the class and gain instant feedback to any questions through chat boxes,
video or microphone. Asynchronous learning is defined as “an interactive learning
community that is not limited by time, place or the constraints of a classroom”
(Mayadas, 1997). The student has the flexibility here to learn at their own pace, time
and location. Asynchronous learning incorporates self-directed learning through pre-
recorded webinars or digital platforms where the student can engage and gain feedback
from the teacher through message boards or chat forums on their own schedule. With
asynchronous learning course material can be accessed at any stage and any place via

learning management systems (LMS) such as Moodle or Blackboard.

It is a student-centred learning process that supports students learning through a
combination of online and in person instruction. It has been found to increase the
interaction, understanding and involvement of the student in the whole learning
process (Lin, 2007). BL is a scalable, flexible, and meaningful way of teaching and
learning according to Senffner and Kepler (2015). Elsenheimer (2006, p. 26), sees
blended learningas “ an approach to instructional d
learning potential by applying the most effective form of instruction for a given
pr ogr am @ehealhyeasearch has found that through the use of BL, there is

an improvement in student success and satisfaction when compared with face-to-face
courses (Means et al., 2013; Dziuban et al., 2011). In Figure 2.1, Albiladi & Alshareef
(2019) illustrates the relationship between online learning and traditional (Face to Face

learning) to blended learning.
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. Learnin i
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Figure 2.1 Relationship between online learning and face-to-face learning (Albildi &
Alshareef, 2019)

2.3.2.1 Emergency Remote Instruction

The COVID-19 pandemic had a significant impact on education with many teachers
in schools and higher education forced to make a sudden shift from face-to-face
teaching to online learning as restrictions on mobility were put in place and schools
and colleges closed. The shift to emergency remote teaching (ERT), often referred to
as virtual or remote teaching led many teachers to completely change their teaching
methods and acquire new skills in designing and facilitating learning experiences for
their students. In contrast to pre and post the COVID-19 pandemic, ERT occurred
suddenly and on an unprecedented scale. This involved adapting to new teaching
approaches such as synchronous and asynchronous learning (Martin et al., 2020,
2021). The transition to ERT presented significant difficulties for educators worldwide
with research conducted at the beginning of the pandemic revealing that educational
systems were inadequately prepared to cope effectively with the rapid changes in
teaching methods brought about by ERT (Alt, 2022; Fauzi et al., 2021). In contrast to
pre and post COVID-19 blended learning, teachers were required to make drastic
adjustments to their teaching methodologies, heavily relying on learning management
systems (LMS) and various digital tools and technologies to deliver lessons and
engage in educational activities from their homes and connect with their students
(Callaghan et al, 2022). This sudden shift to ERT, the disruption to the continuity of
learning and the limited preparation time posed unique challenges for both teachers

and students. Unlike planned blended learning experiences, ERT required immediate
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implementation and adaption in order to continue education remotely. Any teacher
who had not previously taught online were faced with a steep learning curve. Some
teachers were not enthusiastic about teaching online as well as not being prepared for
this mode of teaching (Cutri et al., 2020). At the same time, those teachers that were
already experienced with online teaching found the move less daunting and less
challenging (Lindsay and Whalley, 2020).

Teachers encountered numerous challenges when adapting to ERT, including
maintaining effective communication with students, monitoring student progress, and
their teaching objectives (Andreou et al., 2022; Le et al., 2022). They reported their
lack of preparedness for distance education, highlighting the necessity for adequate
support and training to allow them design and deliver meaningful learning experiences
to their students (Hebebci et al., 2020; Niemi et al., 2020). Teachers also faced
challenges due to lack of infrastructure and unreliable internet access (Sari et al.,
2020). From the student perspective, teachers worldwide reported that students faced
significant barriers to education due to their limited technical skills and the unequal
access to digital devices, technologies and reliable internet connectivity (Sintema,
2020; Lavidas et al., 2022). Despite the challenges, ERT presented opportunities for
teaching innovation with many teachers identifying the positive aspects emerging
from the COVID-19 pandemic (Radwan et al., 2022). Teachers highlighted the
creative ways that helped promote active learning from leveraging digital tools to
designing engaging activities using innovative technologies (Niemi at al., 2020;
Hebebci et al., 2020). The transition towards self-directed learning help to foster
critical skills such as problem solving, critical thinking and independent learning
which are key 21% century skills that were previously difficult to cultivate pre the
COVID-19 pandemic (Callaghan et al., 2022).

Lishchynska and Palmer (2021) describe the sudden overnight change in the teaching
environment through the experiences of mathematics lecturers across the country.
Engelbrecht et al. (2020) described the challenges and opportunities of working with
technology through teachers’ first experiences as they navigated their way through the

first months of online learning:
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Teachers
deep end-sometimes with little advance notice and often with
little support. As schools were closing some teachers fralytical
had to gather materials to use
new problems and can feel isolated and uncomfortable in this
environment. They had to spend days and weeks constructing new
materials in new formats for online instruction. They formed
support groups, shared materials and created new innovative
approaches in some cases. They spent huge amounts of time
answering questions, working with students individually or in

groups, and communicating with concerned pargipt823)

The effects of the closures on mathematics education at third level internationally is
well documented. For example, Liu (2021) analysed students’ performance data from
a mathematics graduate programme in the US from spring 2019 to spring 2020. Livy
et al (2022) examined how pre-service mathematics teachers adapted their courses
online using different technological tools and Radmehr and Goodchild (2022) studied
the challenges experienced by mathematics lecturers and students of online learning
in Norway. More than 1.5 billion learners across the globe were initially left without
access to education due to the pandemic (UNESCO, 2020). According to the OECD
(2016), before the global Covid-19 pandemic, the use of technology in mathematics
classrooms was reported to be inconsistent in its effectiveness and quality of content
with only a small percentage of teachers making use of technology in their day-to-day
classes. The impact on the educational sector caused by Covid-19 resulted in teachers
shifting towards the use of digital technologies for both learning resources and as the
prime method of teaching. Initially, schools and colleges were forced to close their
doors and teaching was moved to online platforms away from face-to-face teaching.
With the gradual improvement in the health situation, students slowly moved back to
the blended learning teaching model — a combination of online teaching methods
together with face-to-face teaching. BL allowed a more seamless transition from
online learning back to face-to-face teaching for students (Potra et al., 2021). Blended
learning is becoming an increasing popular method of teaching at third level. It

increases access to courses, improves the cost effectiveness of programmes and
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through the flexibility of learning that it provides, it helps improves pedagogical
practices (Reynard, 2007 and Graham, 2006).

The follow up survey to the Wonke and Pearson student expectation survey reported
over 80% of students that took part recognised the benefits of working at their own
pace and the flexibility of online learning (McVitty et al., 2021). The lack of travelling
to receive their teaching also did not affect the learning process for those students with

disabilities or students with mobility issues according to Buck and Tyrrell (2022).

The closure of colleges at third level education due to the COVID-19 pandemic
necessitated a change from in person drop-in services that were provided by maths
learning centres to online support as instructors and tutors looked for new ways to help
support students that were struggling with maths. Many institutions offered various
digital tools and platforms such as MS Teams, adobe connect and Moodle as a means
to communicate and engage with the student population. (Mac an Bhaird et al., 2021).
The use of platforms such as MS Teams, Zoom and Google classroom allowed

students to continue to learn remotely.

Before March 2020, the provision of online supports in maths learning support centres
at the majority of third level institutions was offered only on a limited basis (Mac an
Bhaird et al., 2021). Cronin et al., (2016) conducted a survey on the provision of maths
learning support in Ireland and found that only twelve of 25 institutes of higher
education offered online maths support to students and at the time none of the

institutions offered a virtual drop-in service.

Links to websites (such as mathcentre) and video tutorials were
most widesprad. A dedicated website or virtual learning
environment (VLE) and revision notes were also relatively

common. Only one institution surveyed listed social media as an

available form of MLS. MLS via Skype appointments was equally
rare. A virtual dropin sewice was not offered at any institution

surveyed. '’ (Cronin et al

This change in teaching methods provided an opportunity for educators to see how

technology could be used in mathematics education to improve student learning and
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engagement. The creation of online resources such as quizzes and short videos allowed
students to take responsibility for their own learning and to continue to work at their
own pace. The opportunity for the student to work independently on their learning and

at their own pace is one of the main benefits of blended learning (Singh et al., 2021).

The move to online maths support saw a drop in the number of students availing of
the maths support as noted by Mullen et al (2022) and Mac an Bhaird et al (2021).
Various methods were implemented to encourage students to engage with the online
environment such as online study groups as initiated by staff at the mathematics
support centre in Maynooth University (Mac and Bhaird et al., 2021).

Online maths support did however offer certain advantages with many positives’
aspects being mentioned by different student groups. Some students felt they found it
easier to ask questions online than when they were in person in a classroom. Sim et al.
(2020) conducted a study on students’ motivation for online learning. The study
showed that the majority of students that took part demonstrated an increased
enthusiasm for online learning. A study conducted by Buck et al (2022) highlighted
the enthusiasm that students had for BL as it allowed them flexibility in the pace and
time of learning that best suited their needs. Teachers highlighted the ability for
students to work through lecture materials at their own time and as many times as they
wished as a positive of BL. This also helps the students to improve their understanding
of the subject material being covered (Robson et al., 2022).

From a student perspective online learning elicits both positive and negative
experiences as noted by a survey carried out by Meehan and Howard (2020) on
students from University College Dublin (UCD) online learning perceptions during
the initial closure of schools and colleges. They gathered feedback from a survey
issued to students at UCD by email in May 2020. Out of an initial 900 students that
received the email, they received 156 responses. Students identified some of the
challenges they felt online learning posed to them such as the difficulty in carrying out
group work, the lack of personal interaction with peers, lecturers and tutors and the
lack of structure their timetable gave them which for some students resulted in

difficulties trying to schedule their day-to-day college work. On a positive note,
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students liked having their recorded class lectures available to them throughout the
semester and the ability and flexibility to work at their own pace. The lack of
commuting time and the regular schedule of online quizzes allowed them to keep on
top of their studies and also gauge their own knowledge and understanding of the

course material.

A similar survey on students’ online perspective of teaching and learning during the
Covid- 19 pandemic was carried out by Hyland and O’Shea (2021) during the summer
of 2020. They surveyed mathematics undergraduates across six Irish universities and
the results from the participants echoed those of their peers in the Meehan and Howard
(2020) study. They missed the lack of interaction with lecturers and peers but enjoyed
the opportunity to work at their own pace and the ability to watch, pause and re watch
the recorded lessons during their own time. Figure 2.3 shows the results about the
future of higher education from a survey taken in 2020 across 29 countries around the
world. Results from the survey indicated that the respondents felt that blended learning

would be key aspect of the teaching environment at third level in the coming years.
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Figure 2.3. Sample of responses from the survey about the future higher education
teaching models (Batista-Toledo & Gavilan, 2022).
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The survey showed that the respondents view blended learning and online teaching as
an important element of teaching which emphasises the importance of fully

understanding this mode of teaching.

The challenges brought about by the COVID-19 pandemic have put a renewed focus
on the growing of online and blended courses. Blended Learning will more than likely
continue to play an important part of the student learning experience with the
continued increase of institutions in higher education embracing the combination of

face to face and online learning (Engelbrecht et al., 2020).

There are many challenges that both students and mathematics lecturers experienced
during the COVID-19 pandemic as they navigated their way through online teaching.
The impact of BL through the experiences of the lecturer and students during Covid-
19 were gathered through a number of academic studies. The lack of meaningful
interaction with peers and staff was one of the main disadvantages noted by students
with the blended learning approach and this should be taken into consideration when
designing any future online courses or resources. However, on the positive side both
groups saw the benefits of blended learning from the flexibility of their learning and
teaching to the ability to work at their own pace and time from the student perspective.
In addition, many of the resources and short videos created can be re used to the benefit
of all students but especially those students that are struggling with the pace of the
classroom. Despite these challenges, the rich and new experiences that the
combination of face to face and online classes would bring is viewed by lecturers as a
desirable future option and one that should be incorporated into any future teaching
strategy (Muller et al., 2021).

If blended learning is going to become a significant part of third level mathematics
education, then it is important to place the right structures in place and to address the
various challenges encountered by both lecturers and students. Trenholm and Peschke
(2020) conclude that “exploiting the potential of online education takes work,
ingenuity, inventiveness, a willingness to experiment with new technology, and a faith
in your own abilities to teach—all with an attentive ear to your students’ opinions”
(Trenholm & Peschke, 2020, p. 15).
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2.4 Mobile Learning

Traxler (2005) states that mobile learning refers to “any provision where the sole or
dominant technology is a handheld or palmtop device” (p.262),
whilst Brasher and Taylor (2005, p.33) describe mobile learning as

“any sort of learning that happens when a learner is not at a fixed, predetermined
location, or learning that happens when the learner takes advantage of the learning

opportunity offered by mobile technologies”.

Mishra (2013, p. 225) states that mobile learning is
“part of a new learning landscape created by the availability of technologies” where
“the learner takes advantage of the learning opportunities offered by mobile

technologies”.

Cochrane (2010) argues that mobile technologies have many potential benefits for
learning from providing an opportunity to support collaborative and contextualised
learning to allowing the student to personalise their learning. This opinion is further
supported by Vishwakarma (2015) stating that

“Mobile learning is a part of a new learning landscape and offers the opportunity for
a spontaneous, personal, informal, and situated learning. With the use of mobile
technology in education, online learning communities can incorporate students from

different backgrounds with vastly diverse learning styles into an educational setting”
(p.24).

Alternatively, Pegrum (2015, p. 143) has defined it as,
“learning supported by mobile devices. It is primarily the principle of mobility that
differentiates m-learning from e-learning and other kinds of learning, which normally

take place in fixed locations.”
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Over the last number of years, the widespread adoption of mobile devices and digital
tools has transformed the landscape at all levels of education (Shohel, 2022) with
students now able to access a vast array of educational resources at their fingertips.
Today’s generation of students have grown up in a technology rich world. The ability
for students to bring their personal mobile technology such as smartphones and laptops
into lecture and classrooms is providing formal education with new challenges and
opportunities. Technology allows the instructor to explore new classroom models and
enables learning to occur at anytime and anywhere, whilst considering the number and

diversity of learners and the different ways in which they learn. (Levine, 2018).

Students can take more responsibility for their own learning while the teacher can
focus on building critical skills and creating more advanced problem-solving scenarios
for the student. The modern maths teacher requires both an in-depth knowledge of
technology and mathematical content together with a deep understanding of teaching
and learning approaches, to create an effective 21% century classroom. With the use of
mobile technology in education, online learning communities can incorporate students
from different backgrounds with vastly diverse learning styles into an educational
setting. Mobile technology allows both the student and teacher to track their progress
quickly and accelerates the evaluation and learning process by providing immediate
feedback to the learner. Mobile devices enable students to control their own learning
allowing them to switch learning contexts seamlessly from formal to informal or social
to personal. They allow anytime anywhere learning, giving access to instructional
material, and learning resources even outside the college setting and have the ability
to allow the learner to learn on the go and free them up from the confines of the
classroom. These devices have transformed the way that people work with data, search
for information, and communicate. The portability of mobile devices enable students
to broaden both their learning duration and location, allowing them to maintain their
learning experiences in different settings (Huang et al., 2007). With basic internet
access, students can access a vast array of educational resources from interactive
books, educational apps and recordings at any time and no matter where they are
located, resulting in learning not just limited to the traditional classroom, making
education more inclusive and flexible for all students. In general, the most notable

areas that students make use of mobile devices in learning include immediate access
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to information and solutions to problems, reading e-books, listening to and engaging
with podcasts, taking part in online classes and tutorials, accessing recorded clips and
engaging in virtual learning communities (Criollo and Lujan-Mora, 2018). The
affordability and computing power together with the variety of learning affordances

make mobile devices exciting platforms for learning.

Tangney & Bray (2016) argue that mobile technologies can provide access to
explanations and presentations of mathematics content in new settings, offering the
potential to enhance and transform presentations and the role they play in learning.
Devices such as smartphones and laptops have been an important tool for students
engaged in in-depth or complex study tasks. The portability of mobile devices enable
students to broaden both their learning duration and location, allowing them to
maintain their learning experiences in different settings (Huang et al., 2007). One of
the noted advantages of mobile technology over traditional computing is its capacity
to support learners in a variety of contexts (Tangney et al. 2010). With basic internet
access, students can access a vast array of educational resources from interactive
books, educational apps and recordings at any time and no matter where they are
located, resulting in learning not just limited to the traditional classroom, making
education more inclusive and flexible for all students. There are a variety of paid or
free applications that allow the learner the chance to practice the different skills and
procedures that are essential to developing the mathematical skills for using and
learning mathematics. Instant access to both material and explanations at the time of
need allow the learner to practice these skills anywhere and at any time. The use of
mobile devices in the field of education offers many opportunities as well as
challenges (Hashemi et al., 2011). Not all mobile learning content however is of high
quality. The large volume of educational apps and platforms available makes it
challenging for both educators and students to identify credible and effective resources
so further research is needed to evaluate the efficacy of various mobile learning
content. Personal and contextual devices have the potential to enrich learning
experiences for students provided they are robust and contribute positively rather than

distract from daily activities.

59



Chapter Two

Mobile learning technologies have been recognised as emerging tools to improve
teaching and learning (Traxler 2007). One of the problematic areas for the educational
instructor is that they must try to engage and teach diverse groups of students that
come from a variety of different backgrounds and learn in unique ways. Some groups
need more time and attention to help master certain skills, with other groups getting
bored quickly as they wait for the rest of the class to catch up to them. The use of
digital technologies together with appropriate pedagogical approaches allow new and
different ways of engaging the learner with mathematical concepts and processes
(Calder and Campbell 2016). They argue that apps that provide instantaneous
feedback of this type allow the learner to both experiment and take risks with their
learning and knowledge intake. There are many potential benefits of using mobile
technologies for learning such as facilitating contextual learning, as well as
personalising the learning for the student as detailed by Cochrane (2010). These
potential benefits make mobile technology seem an extremely useful tool for the
learning and teaching of mathematics. They offer enormous potential to improve
mathematical learning. Doering et al (2010) describes technology as having positive
influences towards student learning, motivation, productivity, and engagement.
According to Prensky (2010) in order to adapt teaching methods for the 21st century
learner, it is important to understand their unique attributes and preferences. There are
several effective ways to motivate and engage students such as gamifying learning,
the use of interactive content and offering choice and autonomy to the student. Prensky
(2010) notes that the use of textbooks in class are being challenged by the pace of
development of mobile technologies which have increased at a significant pace over

the last few years.

“More and more young people are now
technologically enhanced, connected to their peers and the world
in ways no generation has everbéee f or e. [ ...] More and 1
of what they need is available in t
(Prensky, 2010, p. 2).

In today's world, mobile devices such as smartphones and tablets have become
widespread, allowing easy access for students to mathematical learning resources.
Mathematical apps, interactive tools and game based mathematical activities enable

students to practice their mathematical skills and reinforce their understanding of
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different mathematical concepts outside of the confines of the classroom. The use of
mobile devices is leading to more interactive learning opportunities with mobile
technology also enabling real-time feedback between teachers and students allowing
them to track their progress quickly to help support favourable learning outcomes.
Technology is increasingly changing how we teach and learn and has a key role to
play to support the traditional teaching methods of mathematics in order to create an

effective 21% century classroom.

2.4.1 Mathematics and Mobile Learning Applications

Digital technologies are intrinsic in our lives and offer the chance to make learning
more effective for everyone and to re-engage the learner. Information is now far more
readily accessible by students through the use of technologies in higher education. The
ongoing digital transformation and innovation in the teaching and learning of
mathematics enables the process of learning and education to become more self-paced
with anytime anywhere accessibility of information. The approaches to e-learning and
digital education are evolving and changing the teaching and learning landscapes at

all levels of education worldwide (Shohel, 2022).

The majority of the current college students belong to either the “Millennial group” —
the first generation of individuals that have grown up with digital technologies in their
lives or the “Centennials cohort” -who have only known a world of tablets, computers
and mobile phones and have used these technologies seamlessly in their day-to-day

activities.

Palfrey & Gasser (2008, p.ii) called these groups “digital natives” and the “net
generation”. Both Palfrey & Gasser groups make extensive use of digital technologies
in their daily lives and for typically long periods of time throughout the day. For
example, a recent report by Patterson (2017) concluded that in a sample of 441 college
students, there were an average of five different technologies being used by the

students in preparation for an exam.
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Viberg & Mavroudi (2018) argue that the combination of digital tools with appropriate
pedagogy has the potential to improve the learners critical thinking and problem-
solving skills. Dick & Hollebrands (2011) claim that mathematics teaching and
learning is strengthened by the strategic use of technology. The world’s largest
mathematical organisation, the National Council of Teachers of Mathematics (NCTM)
in 2008 viewed technology as playing a crucial role for the learning of mathematics in
the 21% century and is important for all schools to have access to technology for their

students.

The NCTM (2015) state in their position statement that “Strategic use of technology
in the teaching and learning of mathematics is the use of digital and physical tools by
students and teachers in thoughtfully designed ways and at carefully determined times
so that the capabilities of the technology enhance how students and educators learn,

experience, communicate, and do mathematics.” (p.1).

There is an increasing need to develop maths education in a more engaging and
stimulating way for the 21% century learner through the use of technologies and in
particular mobile technologies. Critical and independent thinkers need to be developed
for the modern world rather than simply the rote learning of mathematics. Ally (2009)
details numerous innovative ways in which digital technologies can be used to
promote learning in both inside and outside of the classroom environment. Some
recent reviews on the use of educational technology applications in the role of maths
learning showed a general positive effect when compared to traditional classroom
methods on students’ math achievement (Cheung & Slavin, 2013; Li & Ma, 2010).
For example, Zhang et al (2015) conducted an exploratory study on a group of fourth
grade students where approximately half the students were either at-risk students or
had disabilities. The students made use of three maths apps that supported their
learning through different scaffolding strategies in the area of decimals and
multiplication. The pre and post-tests results showed that the use of the maths apps
help improve the student mathematical learning.

Through the use of technology, which learners are already using regularly, such as

mobile phones or tablets, they have the opportunity to upskill and engage with maths
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on a more frequent basis in new learning environments outside the classroom. For
example, through the use of the Blutick maths app, which is the mobile maths
application that is central to this study, the student can learn at their own pace, spend
time on reviewing concepts that they find difficult or even skip ahead to more complex
tasks if the feel confident on the current topic. The app has the ability to generate
slighter harder questions once the learner has completed the previous tasks correctly
thus building on the learner’s ability and their mathematical confidence. The app
tracks the learners progress, highlighting the areas that the learner is good at and
identifying the areas where they need to practice. The Blutick app has the ability to
indicate to students where they made their mistake giving the students a better
understanding of the problem at hand. Through their research on the timing of
feedback on homework, Kehrer et al. (2013) concluded that the timing of feedback
has a role to play in improved learning. When feedback is immediate the students

learned more than waiting to receive similar feedback at a later time.

Roschelle et al. (2016) explores the impact and uses of technology in online
mathematics homework. They used an online platform called ASSISTments that
assists students while they solve mathematics problems. The software provides hints
and timely feedback to students as they complete the assigned homework from their
teacher and they concluded that building confidence and fluency is important, and the
non-judgemental feedback given by the technology can provide an ideal environment
for their mathematical practice.

2.5 Artificial Intelligence in Mathematics Education

The understanding and learning of mathematics has often been considered a
significant challenge for some students. More recently the level of mathematical
preparedness for students entering tertiary education in Ireland has continued to
generate widespread concern both in the general public and the academic community.
Reporting on these deficiencies in basic mathematical skills in incoming
undergraduates is well documented such as O’Donoghue (2002), Gil et al (2010), Ni
Shé et al (2015) and Lawless et al (2016).

63



Chapter Two

The recent advancement in new computer technologies, particularly in the area of
Artificial Intelligence (Al) has the potential to provide new opportunities to assist in
the influence and enhancement of student engagement and their mathematical
learning. Artificial intelligence (Al) refers to the field of computer science research
that develops advanced software technologies using advanced computing, natural
language processing, speech recognition and machine vision. Al is a broad term that
refers to various analytical techniques, including machine learning, neural networks,
and deep learning (Aggarwal, 2018) where machine learning is defined as the ability
of a computer algorithm to learn from data and make decisions without being
programmed (Popenici & Kerr, 2017). Using datasets that relate to their subsystems,
Al can predict and make decisions without explicit human instruction (Selwyn, 2022).
Dodigovic (2007) defines Al as:

“ Artificial intelligence (Al) is a term referring to machines which emulate the
behaviour of intelligent beings.[] Al is an interdisciplinary area of knowledge and
research, whose aim is to understand how the human mind works and how to apply
the same gnciples in technology design. In language learning and teaching tasks,
Al can be used to emulate the behaviour of a teacher or a learner’[ (p. 100)

Al is increasingly deployed in everyday technologies — from search engines to Al
assistants on our phones, or predictive text in email or messaging applications —
impacting our everyday lives. In 2022, the size of the Al education market in the US

was worth over $4 billion, is expected to grow at a compound annual growth rate of
over 10% from 2023 to 2030 (Wadhwani and Gawande, 2023). With this growth of

Al technology, the consequential uses in the field of education and teaching have been

gradually increasing.

There are a number of different ways that Al is used in education. For example,
intelligent tutoring systems, automated grading systems (Heffernan & Heffernan,
2014) and chatbots (Clark, 2020). All stakeholders involved in the learning and
teaching process are presented with numerous opportunities through Al-based systems
(Chen et al., 2020). Previous research has highlighted different ways in which the use

of Al can enhance the educational learning experience. For example, Luckin et al.
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(2016) showed how Al can enable student collaboration and personalise individual
learning experiences. Roll and Wylie (2016) showed that Al can help reduce the
workload of teachers in collaborative knowledge construction tasks. Cohen et al.
(2017) examined how Al can be used to profile students background, with Gaudioso
et al. (2012) and Swiecki et al. (2019) exploring how Al can monitor student progress.
Popenici and Kerr (2017) examined the ability of Al to predict student drop put rates
and school admission rates. Lastly Okada et al. (2019), Vij et al. (2020), and Yuan et
al. (2020) explored the effectiveness of Al with summative assessment tasks such as

automated essay scoring.

Al has been used to some extent in mathematics education for a few decades now
through various software such as computer algebra systems. However, in recent years
and with the rapid development of the age of big data, modern Al techniques are
finding their way more and more into the world of education. Many of these different
Al techniques are being used to help the user gain a better understanding of
mathematics. Luckin et al., (2016) outlined three types of Al software applications
currently available in the field of education. These include intelligent tools that help
collaborative learning, personalized tutoring systems and intelligent virtual reality
systems.

An intelligent system that engages with the student, presents information and has the
ability to test the student’s knowledge through various interactive ways is known as
an Intelligent tutoring system (ITS) (Psotka and Mutter, 1988). An ITS can be used to
replicate personalized one to one tutoring. Similar to a teacher, the ITS tailors its
instruction to each student according to their existing knowledge level and learning
priorities (VanLehn,2011). The system will typically present the theory and teach the
student with examples first and then asks questions related to the material. The student
can also ask questions and the ITS has the capability to provide answers to the
questions or solve problems within the specified domain of knowledge (Shneyderman,
2001). The system provides targeted and timely feedback without the need for a
teacher to be physically present. Some systems empower the learner to take control of
their own learning helping in the development of self-management skills, with other
systems using pedagogical strategies to scaffold the learning process to ensure that the

student is appropriately supported and challenged. ITS have enormous potential in
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distance education institutions where the traditional one to one tutoring is not possible
in courses with large numbers of students. Several researchers have demonstrated the
ability of intelligent tutors to simulate instructors’ intelligence in providing supports,
feedback and personalised help to the learner. For example, Roschelle et al. (2016)
used the online tool ASSISTments to explore the use and impact of technology on the
mathematical learning of seventh-grade mathematics students. The results were
positive, with the students that made use of the online tool showing a significant
increase in their scores on an end of term mathematics assessment as compared to a
control group that worked with the existing homework approaches. The students with
previous low attainment in mathematics benefited the most from the online tool and
the non-judgemental feedback given by the online platform showed to be an ideal
space in nurturing their mathematical confidence and skills. Hwang et al (2020)
developed an adaptive learning system by taking into account the learners cognitive
and affective status. Pai et al. (2020) examined the pedagogical effectiveness of an
intelligent tutoring system designed to help improve the multiplication and division
skills of fifth grade students. Survey feedback found that the intelligent tutoring
system not only improved the mathematical learning of the fifth graders but also

increased their motivation to learn.

Studies spanning several decades have indicated that collaboration between two or
more students working together or taking part in an online course has the potential to
enhance learning outcomes more effectively than learning alone (Dillenbourg et al.,
1995). Al applications can enhance collaborative learning through the facilitations of
online interactions between groups. Al tools can be used to form a group that is best
suited for a particular collaborative task, where students within the group share similar
interests or at a similar cognitive level or a group that brings different but

complementary knowledge and skills (Muehlenbrock, 2006).

The use of virtual reality systems helps and guide students in virtual reality and game-
based learning environments (Perez et al., 2017). Studies have shown that allowing
students the opportunity to explore, interact and engage in “what if” scenarios of a

simulated environment enables them to transfer their new learning to the real world
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(Barab et al., 2010). The immersion in intelligent VR has also been shown to enhance
educational outcomes by allowing students to develop their own unique understanding

of the world being explored (Hassani et al., 2013).

Collectively, these three types of Al software applications have been used to develop
learning environments that are more personalised, inclusive and engaging. For
example, they can motivate those students who are unable to attend the traditional
classroom, provide support to disadvantaged groups and can provide additional help
to students with special educational needs (Sarkis, 2004).

Hwang et al (2020) have identified many ways Al can be effective in the area of
education from learning tools to intelligent tutors. Al has the capability to provide
timely feedback and assessment, ensuring that students receive immediate insights
into their work and understanding. Instead of stopping for regular tests throughout the
academic year, Al can be integrated into learning activities to continuously monitor
and analyze a student’s progress. According to Gao (2020), artificial Intelligence
enables the learner to improve both their cognitive and mathematical skills in the
process of learning. The 21% century learner are more inclined to explore new
knowledge and learn in their own time and should take advantage of the potential new
benefits that the emerging technologies can bring, in improving their learning skills.
The continued advancement of digital and computing technologies provides new ways
to help improve teaching and learning. There are many potential benefits of using
mobile technologies for learning such as facilitating contextual learning, as well as
personalising the learning for the student as detailed by Cochrane (2010). With basic
internet access, students can access a vast array of educational resources from
interactive books, educational apps and recordings at any time and no matter where
they are located, resulting in learning not just limited to the traditional classroom,
making education more inclusive and flexible for all students. The use of mobile
technologies offers new ways of accessing mathematical skills and knowledge in a
more suitable and exciting manner for the 21% century students (Acikgul and Sad,
2020). Pegrum et al. (2013) found that there is significant and increased scope for
personalised learning and customization when a student learns with personal mobile

devices embedded in their own contexts. Furthermore, studies (Maxfield and Romano,
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2013; Swan et al., 2007) have shown improved learning outcomes from the use of
mobile and contextual learning as students retain the knowledge that they acquire
easier and engage more actively when the learning is connected to real-life scenarios

and experiences. Cook (2010b) also states that:

“An important affordance of mobile technology is that of digital augmentation,
whereby contextual data is added to objects to enable a deeper understanding of them

and richer meaning making” (p. 2).

Mobile devices offer many enticing features that make them ideal platforms for
learning such as their affordability, widespread availability, their computing
capabilities and their attractiveness to young people. The ability for students to carry
these devices as they move across contexts enables the possibility of establishing
connections between the everyday objects that interest the students and the

mathematics that is taught in the classroom.

Al educational apps undergo rigorous development and refinement processes to
ensure their accuracy. The integration of Al algorithms enables these apps to analyze
data, making predictions and recommendations based on that information. Using
continuous feedback loops, Al algorithms learn from user interactions and improve
their accuracy over time. For example, Al algorithms have been used to predict the
likelihood of a student failing an assessment or dropping out of a college course with
high levels of accuracy (Bahadir, 2016). Guerrero-Roldan (2017) assessed the
academic integrity of students with a high degree of accuracy using machine learning
algorithms to examine the likelihood of student work being similar to their other
produced work. The American Education Testing Service designed a tool called E-
rater that accurately and efficiently automates the evaluation of student essays (Chen
et al., 2016). It is important to note that Al educational apps are not without their
flaws and developers should make concerted efforts to ensure transparency, inclusivity

and fairness when designing Al educational apps.

There are enormous opportunities for Al to support teaching and learning, however

with the emergence of Al applications in higher education, concerns surrounding
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privacy and well-being are frequently raised and new ethical considerations and risks
need to be taken into account. The ethical implications of Al as extensively discussed

by the Oxford philosopher Nick Bostrum (2013) need careful consideration:

“Responsibility, transparency, auditabil
tendency to not make innocent victims scream with helpless frustration: all criteria
that apply tchumans performing social functions; all criteria that must be considered

i n an algorithm intended to replace humal

The current focus of ethical concerns regarding Al in education mainly revolves
around security, privacy and the handling of personal data. However as intelligent
tutoring systems and virtual assistants become more prevalent in educational settings,
additional concerns are also emerging around their influence of these assistants on the
learner (Popenici and Kerr, 2017). Even at the start of the twenty first century, Aiken
and Epstein (2000) stated:

‘“Unl ess we seriously discuss our phil os
significant way into the classroom, we will limit the scope, effectiveness atiggosi

contributions that Al can bring to

It is important to have transparent algorithms and decision-making processes to ensure
fairness and maintain trust. Educators have a responsibility to be aware of the potential
biases that may be present in Al systems and take appropriate measures to address and
mitigate against them. One concern is the potential for administrators to replace
teaching with automated Al solutions, particularly during periods of budgets cuts in
education. Faculty staff members, teaching assistants and administrative staff may fear
these expert systems. Intelligent tutors and chatbots will replace their roles.
Furthermore, the improvement of learning analytics using Al tools requires large
amounts of data, including confidential information about the faculty and students
giving rise to serious concerns about privacy and data protection issues. Ethical
principles should guide the collection and use of student data with an emphasis on
informed consent, providing student anonymity and a limited retention of data. In their
leading book on Al, Russel and Norvig (2010) remind us that:
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“AT Al researchers should be concerned
(p. 1020).

As Prinsloo (2017) argues, it is important that an ethics of care is adopted and to start
thinking about how we approach the exploration of algorithmic decision-making
systems integrated within Al educational applications. Furthermore, we have a
responsibility to ensure that all stakeholders have a sufficient level of Al literacy in
education, to ensure that these emerging technologies are used appropriately,
effectively and ethically. Strengthening the supervision of Al technology and its
products, necessitates public discussion around safety considerations, responsibility
and ethics. Finally, as Kaplan & Haenlein, (2019) state, we should always remember

that Al systems:

“first and foremost, require control by
make very stupi d mistyaksmatasthie.djteudedtoSy st e |
train them” ( p. 25).

Al has the potential to transform numerous aspects of society, including the field of
education (Adiguzel et al., 2023). The risks surrounding the adoption of Al however
should not be overlooked. Finding a balance between the benefits of Al and
maintaining essential human interaction between the teacher and student is important
to ensure that technology complements the learning process without overshadowing
the intrinsic value of human involvement. Studies have shown that the relationship
between teacher and student plays a crucial role in allowing the student to learn and
succeed (Roorda et al., 2011; Hattie, 2012). The implementation of Al systems and
technological solutions in education raises the question of who influences and
determines the direction and priorities of teaching and learning (Popenici and Kerr,
2017). The use of Al in education has the potential to increase the digital divide, as
not all students have equal access to technology or the internet, leading to disparities
among students in how they benefit from Al powered technology and resources (Liao
et al., 2021). With the increasing advancement in Al technology, it is important for
teachers to understand how to integrate Al into their teaching effectively as many

teachers are not sufficiently prepared for the integration of Al into education,
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increasing the risk of technology abuse (Karsenti, 2019). Furthermore, it is essential
for students to know how to communicate effectively and develop the required skills
to use Al tools effectively (Mathser and Yau, 2019). As Al researchers, venture
capitalists, product developers and supporters of educational technology place an
increasing focus on the educational market, the potential for negative consequences
resulting from poorly adapted or poorly implemented Al systems in the field of
education increases (Murphy, 2019). To take full advantage of the potential of Al in
education, all stakeholders must actively address these issues and promote an inclusive
and equitable learning environment for all students using Al tools.

The advancement of emerging technologies like Al provides an opportunity for
teachers to improve and complement their teaching styles and for students to improve
their learning and knowledge. Xie et al., (2019) argue that the application of Al to
education opens the door to the development of personalised supports and adaptive
eLearning systems for the learner. Al has the potential to transform numerous aspects
of society, including the field of education (Adiguzel et al., 2023). The use of Al in
education can provide personalized, real-time feedback, enhance the student learning
experience and adapt to different learning styles (Atlas, 2023; Chan & Hu, 2023;
Luckin, 2017). Al can customise the learning for the user and allow the user the ability
to interact, collaborate and provide more meaningful experiences in online, mobile or
blended learning. The use of digital technologies together with appropriate
pedagogical approaches allow new and different ways of engaging the learner with

mathematical concepts and processes (Calder and Campbell 2016).

2.5.1 Feedback in Learning

The process of learning involves making errors and mistakes. Whenever mistakes or
errors are made, students will endeavour to seek help in solving their problems by
reviewing course materials or searching online (Ghauth & Abdullah, 2010). There is
an enormous amount of information available to students online, but the learner can
easily be overwhelmed with the amount of material available to them. Searching for
answers or solutions online or elsewhere can be time consuming and it is often difficult

to know where to begin. This can result in a limited time learning and more frequently
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ending up with irrelevant materials on the topic of interest (Nachmiaset et al, 2003).
The learning process however can be improved through the use of technology that has
the ability to generate effective feedback which in turn can point the learner to the

correct procedure, answer or solution (Mufioz-Merino et al., 2011).

Cognitive
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Retrieval of
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e s, Response fro
,/ Initial Knowledge *, Student
| State \} Answer to
\ Motivation/Prior ! question
AN Knowledge //'
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Evaluation of
Response

Feedback
consideration

Adjust Knowledge

New
strategies/Knowledge

Figure 2.2 Model of learning from feedback as proposed by Bangert-Drowns et al.
(1991)

Feedback is a process where the learner is given information about their performance
or understanding and use it to improve their learning or approach to the problem at
hand. Hattie and Timperley (2007) describe feedback as “one of the most powerful
influences on learning and achievement.” (p.81) It is an effective way to improve the
quality of the students work or enhance and motivate the students learning. Figure 2.2
illustrates a model for learning from feedback as proposed by Bagert-Drowns et al.
(1991). Where students begin at an initial knowledge state (dashed circle). When
presented an item, information retrieval occurs, and the student forms a response.
Through feedback, the student evaluates his or her response and adjusts their
knowledge accordingly. The process begins again at the student’s adjusted knowledge
state. The image Figure 2.3, as proposed by Hattie and Timperley (2007) demonstrates

a framework in which feedback can be viewed.
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The main purpose of feedback is claimed to be the reduction of the differences
between the goal and performance and the current understandings. The enhancement
of learning may be more or less effective depending on the different strategies that
teachers and students use to reduce these differences, so it is important to identify and
understand the situations that result in the different outcomes. Hattie and Timperley
(2007) further argue that “Effective feedback must answer three major questions asked
by a teacher and/or by a student: Where am | going? (What are the goals?), How am |
going? (What progress is being made toward the goal?), and where to next? (What
activities need to be undertaken to make better progress?).” (p. 86). The feedback can
be written feedback, verbal or given via technology. It can come from a parent,
experience, teacher or someone or something taking a teaching role or from peers. A
parent can provide encouragement, a teacher or technology can identify incorrect
answers or procedures and provide corrective ways and information, a peer can offer
a different approach or strategy to the situation. Hattie and Timperley (2007) argue
that there are four levels of feedback, feedback about the task, feedback about the
processing of the task, feedback about self-regulation and feedback about the person.

Feedback about the task is the most common level of feedback and it is also known as
corrective feedback. This type of feedback revolves around the performance of a task
or piece of work, whether the completed work/task is correct or incorrect or does
additional or different information need to be included. This aids in the building of
more surface knowledge and is more effective when it is used in correcting a
misinterpretation rather than a lack of understanding. With this type of feedback, there
1s more benefits for simple tasks than complex tasks (Balzer, Doherty & O’Connor,

1989).
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Purpose

To reduce the gap between current
understanding/performance and a desired goal

¢/ The gap can be reduced by: ™\
Students

Greater effort and employing more efficient strategies or by adjusting, modifying, or
reducing the goals

Teachers

Supporting students in attaining goals through effective learning strategies and the
provision of feedback.

\Providing suitable challenging and specific goals J

Effective teedbacCK answers three questions

Where am | going? (the goals) Feed up
How am | going? Feed Back
Where to next? Feed F?rvvard

Each feedback question works at four levels
I

Process level Selfregulation level Self Level
Task level . N N .
The main procedure Self-monitoring,directing Individual assessments &
How well tasks are needed to and regulating of actions impact (typically positive)
comprehened/performed understand/excute about the learner.
tasks

Figure 2.3 The Hattie and Timperley (2007) feedback framework

Feedback about the processing of the task revolves around the processing of
information, with the potential to lead to more effective use of task strategies and the
searching of information. Feedback about self-regulation aims to address the ways the
learner monitors, organises, direct and regulates their learning. Self-regulation refers
to the ability to control one’s own emotions, behaviours, and thoughts in order to
realise an outcome of interest. Feedback can play a critical role in self-regulation by
providing information on the learner’s progress in trying to achieve their goals, and
by helping to highlight the areas where improvements can be made. Finally, feedback
about the person is directed to the individual such as “you are a good student” or “well
done on that excellent response”. This type of feedback is probably the least effective

as it contains little information in relation to the task, but it is often present in class
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situations. For example, by using the Blutick maths app, the students are provided with
a diverse range of feedback approaches. The app corrects the students answers in real
time allowing the students to assess their answers immediately. This instant feedback
and having the immediate knowledge whether their answers are right or wrong allows
the student to stay engaged and take an active role in their learning. For more
challenging topics, the Blutick app provides hints to each question and detailed
explanations ensuring students have a thorough understanding of the concepts
underpinning each question. Calder & Campbell (2016) argue that apps that provide
instantaneous feedback of this type allow the learner to both experiment and take risks
with their learning and knowledge intake. Furthermore, Research conducted by Kehrer
et al. (2013) concluded that when feedback is given immediately, students learned
more than waiting to receive the same feedback at a later time. The hints and the step-
by-step explanations for each problem act as virtual tutors for the student, providing
them with intelligent feedback when they make a mistake, empowering the student to
take on difficult questions with more confidence and independence. The app also
moves beyond just simply identifying the student’s errors. It delves deeper into the
student's mistakes to identify the common misunderstandings and areas of weakness.
Through feedback, the app indicates to students where they made their mistake giving
the students a better understanding of the question. In doing so, the Blutick app
provides more targeted feedback enhancing the learning experience and allowing the
student to effectively overcome their difficulties. The student can then choose to
practise further questions at the same level or move on when prompted to. The
intelligent feedback and line by line thinking provided, allows the student to become
owners of their own learning by encouraging the student to draw on their
understanding of the task in order to solve the problem. The app also encourages the
student to use the knowledge that they have learned and probes their mathematical
thinking by providing students with closely related variations of the initial question as

they work through the various tasks.
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2.5.2 Adaptive Feedback

In a learning ecosystem, the response by the teacher (whether artificial or real) to the
student’s actions is deemed feedback. Adaptive feedback is a process when the learner
is provided with more specific and tailored feedback in relation to their performance.
This type of feedback is extremely useful because of the different characteristics of
the individual learner such as speed of learning, different learning styles, different
abilities, and initial prior knowledge. The use of adaptive learning software is one of
the ways that adaptive feedback can be implemented in education. The learning
software changes the way it behaves depending on the interaction of the learner with
it. As Al systems become more widely used in classroom settings, it is important to
critically examine the potential pitfalls they may pose. While Al algorithms can be
highly accurate in certain contexts, they are not infallible and are not yet capable of
the accuracy of analysis that a human teacher can offer (Holmes et al. 2019). The
machine algorithms used in Al systems are only as unbiased as the information on
which they are trained. If the information itself contains inherent biases, these systems
may even exacerbate existing inequalities. Stakeholders in education have a
responsibility to understand the fundamentals of these algorithms and how designers
work to mitigate this bias (Kirkpatrick., 2016). Giving the complexity of educational
issues, it is essential that stakeholders do not overly rely on any one Al system to make
important educational decisions (Daniel 2019).

The classroom setting is typically the area where feedback is given out, however as
feedback is more often aimed at the entire group during class it can be poorly received
by students as they do not believe that it is relevant to them (Hattie & Gan, 2011). The
diversity of the students and the knowledge gap between students has been a challenge
for teachers (Luckin & Holmes, 2016). Unlike generic feedback, adaptive feedback is
dynamic, as the students work through the content and instructions where different
students will take on different information (Le, 2016). According to Carter (1984),
there are four main characteristics of feedback, function, timing, schedule and type.
These characteristics are explained in Table 2.1. The characteristics of adaption and
feedback should be taken into account when developing a system with effective
adaptive feedback.
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Characteristics Explanation
of feedback
Function Feedback can be provided in relation to the instructional goals

and objectives. For example, feedback is provided based on
cognitive functions such as promotion information processing,
motivational function such as developing and sustaining

persistence or provide correct response.

Timing Feedback can be given in respect to timing. It could be in
advance, appearing before an action; it could be immediate,
appearing immediately after an action or delayed, appearing at a
longer time after the action has been made. The feedback is
intended to advise, notify, recommend alert, inform or motivate

the learner about some concerns.

Scheduling Feedback can also be made available at scheduled instances. For
example, when the learner exceeds a certain threshold, expertise
level, after solving certain questions or ager every subtopic.

Type There are various feedback types resulting from function, timing
and scheduling. For example, verification feedback, avoidance
feedback, correction feedback, information feedback, cognitive
feedback, emotional feedback, scheduled feedback, dynamic
feedback, immediate feedback, advanced feedback, delayed

feedback, comparative feedback and isolation feedback.

Table 2.1 Four main characteristics of feedback (Carter, 1984)

One of the many challenges for educators is to appropriately personalise the learning
experience for each student in a classroom due to the diverse range of levels of
mathematical knowledge (Dixon etal., 2014; Goddard et al., 2015). Educational
platforms such as the Blutick maths app use Al with the aim of building the students
confidence over time. The app allows the learner to work at their own pace, skip ahead
if they feel confident on the topic at hand or review difficult concepts if they need to.
This is an extremely useful aspect of the maths app, as it is a common occurrence in
typical mathematics instruction, that struggling students find it challenging to keep

pace with the general students (Baker et al. 2002).
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Each student has a unique pace and learning style, and these types of apps allow
students to progress through tasks that align with their current skill level. Each
mathematics task set for the learner has three levels of difficulty followed by a quiz.
The app offers levelled examples, so that if a student tries a question on a particular
task at a certain difficulty level but struggles to complete it, they can then revert back
to a simple but related problem to try and build up their knowledge and proficiency.
The app allows the learner to build up their experiences of tackling questions through
the use of the apps large bank of questions, thus helping them to reflect on their
answers and look back. Apps provide an opportunity for the learner to engage with
different mathematical concepts dynamically, with the benefit of gaining immediate
feedback to what they input. With the Blutick maths app, the student can control the
flow of information by deciding on how much mathematical material they access at
any given time. This allows the student to control their pace of learning offering
valuable support to students with different learning needs, creating a more
personalized learning environment (Gulliford & Miller, 2015; Slavin & Lake, 2008).
This has the potential to encourage independent learning which has been shown to
have a positive impact on improving educational goals (Morrison et al., 1992). The
app provides learning in small accessible chunks by guiding and teaching the students
through the different mathematical tasks with a combination of short video content,
fully worked out examples, interactive questions and quizzes. The use of online
quizzes at the end of each task supporting a continuous assessment of knowledge
encourages the development of learning based on retrieval which has shown to
improve learning outcomes (Dunlosky et al., 2013; Grimaldi and Karpicke, 2014).
Using videos for educational purposes is effective for both auditory and visual
learners, given the presence of simplified video content and narration that is much less
complicated than any written explanations (Spilka and Manenova, 2013).

The app supports active learning through inviting students to show their working, as
opposed to just their answer. It has the ability to indicate to students where they made
their mistake giving the students a better understanding of the problem and
discourages the student from merely guessing the answer. Understanding problem-
solving forms, the foundation for identifying actions and the next steps of problem

solving (Laurens et al., 2018) and can improve the students learning performance
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(Hsiao et al., 2018). The student is encouraged to think about the different steps of the
solution that is required to reach an answer to the question. The app layers problems
by scaffolding students, guiding them to consider the next steps through the intelligent
line by line feedback. Students also have the option to get hints on each question or
view a solution of a similar detailed problem. This type of additional help is called on-
demand assistance or also known as tutoring, with some studies showing that this type
of on-demand assistance improved student learning (Kelly, 2018). The app promotes
meaningful learning through mathematical content that builds on previous knowledge
(Magliaro et al., 2005), increasing level of difficulty of the problems that the students
complete which also helps extend the students ability beyond their current level
(Vygotsky, 1978; Inal and Cagiltav, 2007). The quizzes at the end of each task assess
the knowledge acquired by the learner and promotes retrieval-based learning which
has been shown to enhance learning outcomes (Dunlosky et al., 2013; Grimaldi and
Karpicke, 2014).

If a student answers a question correctly, the system can build on the ability of the
student by creating a slightly harder question on selection of their next problem. The
personalisation of feedback is one of the key features in the support of learning (Tyton
Partners, 2013). Such applications work as a reactive Al, considering a wide range of
variables including the stage of the problem the student is currently working on, the
solution that they input and the context of the question. By applying a large number
of algorithmic tests to the student’s workings, the program can then generate the most
appropriate response to the student if they have made an error. Traditional methods of
mathematics teaching typically would involve the teacher giving a class or assignment
and then grading the work and providing feedback on the student’s performance at a
later date. With reactive Al, students receive immediate feedback on their work which
allows them to correct any errors that they made and identify where they went wrong.
This allows the student to slowly improve their understanding of the topic and material
under review and at the same time boosting their confidence and increasing their
motivation to learn. Tailoring feedback according to the learner’s abilities and
preferences is a promising way to implement adaption in technology-based learning

environment (Narciss et al., 2014).
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The feedback is designed to be positive and encouraging and at the same time pointing
the student in the right direction. The app has the ability to become cleverer over time
by storing and processing the lines of working that is entered into the system and
generating suggestions for areas where no intelligent feedback is currently given.
These suggestions are then examined by experienced teachers and new feedback in
then written into the system. The likelihood of the student entering the correct answer
or line after receiving feedback from the app allows the system to track the success
rate of each feedback message. The system learns what works well and what doesn’t
over time, similar to the way a teacher learns how to detect student’s mistakes and
change the type of feedback they give. This process slowly creates a more intelligent
and effective teaching and feedback system. When mistakes are made by the student,
the app gives line by line immediate intelligent feedback, mirroring the effects of
having a personal tutor by their side and helping them during the independent learning

process.

2.6 Features of the Maths application

One of the many challenges for educators is to appropriately personalise the learning
experience for each student in a classroom setting due to the diverse range of levels of
mathematical knowledge (Dixon etal., 2014; Goddard et al., 2015). Educational
platforms such as the Blutick maths app use Al with the aim of building the students
confidence over time. There are many powerful features of the Blutick maths app that
support the students learning. The Blutick maths app makes use Al algorithms to
analyse the students input to questions, identifies errors and provides immediate
feedback. This information can be used to customise and personalise the learning
experience for the student and support their learning in many ways (Barana et al.,
2019). The intelligent and immediate feedback process of the app allows the student
to improve their learning or approach to each problem. Immediate feedback has an
important influence on learning and achievement (Hattie and Timperley, 2007) and
the timing of feedback has a role to play in improved learning (Kehrer et al., 2013).
The app encourages students to think about their next steps through the intelligent line
by line feedback. It probes their mathematical thinking by offering closely related

problems and adapts subsequent questions based on their performance by focusing on

80



Chapter Two

their areas of weakness. The app allows the learner to work at their own pace, skip
ahead if they feel confident on the topic at hand or review difficult concepts if they
need to. This is an extremely useful aspect of the maths app, as it is a common
occurrence in typical mathematics instruction, that struggling students find it
challenging to keep pace with the general students (Baker et al. 2002). Adaptive
feedback is an extremely useful feature due to the diverse range of skills and needs of
students and unlike generic feedback, adaptive feedback is dynamic where different
students will take on different information (Le, 2016). The personalisation of feedback
is one of the key features in the support of learning (Tyton Partners, 2013). Analytics
gleaned from the maths app allows both teachers and students to track their
mathematical performance and progress over time helping to identify both the
strengths and weaknesses of the students and areas where they need additional support.
The Blutick maths app makes use of a number of features that align with research
findings in the area of mathematics education. Adaptive learning, immediate feedback,
problem solving, and performance tracking are all key features that can enhance the
student learning experience; however, it is essential that any adaptive learning
platforms are assessed and evaluated on a regular basis to ensure that they align with
current best practices in research and can effectively support mathematical learning

goals over time.
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2.7 Chapter Conclusion

The literature highlights the lack of mathematical preparedness for students entering
third level education in Ireland which has been a concern for the educational sector
for some time. The transition from secondary school to university can be challenging,
particularly for students who lack the required mathematical skills. Low confidence,
lack of interest in the subject, little understanding of the context are some of the
mitigating factors of incoming students to third level as discussed by Hourigan et al.
(2007). Mathematical proficiency is essential in our daily lives, and it plays a
significant role in many fields such as science, engineering, business, and technology.
This lack of basic mathematical skills has significant impacts on students’ ability to
progress through college courses leading to poor academic performance and therefore
has been linked to impact on retention rates in terms of failure and drop out from
programmes that require moderate to extensive use of these skills as noted by
O’Donovan (2017).

The review of literature has helped to inform the concept, understanding, requirements
in the design of a mobile learning application for mathematics. Firstly, a discussion of
technology enhanced learning for mathematics service learning and in specific
blended learning for mathematics support centres was presented. A consideration of
student learning experiences and engagement in mathematics introduced a discussion
on blended learning experiences. This innovative approach supports the student
through a combination of online and in person instruction and allows the teacher to
tailor content and different activities to individual student needs. It is a student-centred
process with a study by Lin (2007) indicating that it enhances student interaction,
understanding and involvement in the entire learning process. The review of literature
illustrates the important role that mobile learning and mobile applications for
mathematics in particular play in student learning. The literature suggests that these
possibilities can be best harnessed through the use and integration of artificial
intelligence in mathematics education, including adaptive feedback. Mobile learning
and artificial intelligence have emerged as powerful tools that can help reshape various
aspects of education offering students interactive, personalised and engaging learning

experiences. They provide students with the opportunity to learn at their own pace and
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time, receive immediate and targeted feedback without the need for a teacher to be
physically present and engage with difficult mathematical concepts in unique ways.
Mobile learning addresses accessibility and flexibility in student education by
providing anytime and anywhere access to learning resources ensuring a wider range
of students can access quality educational material regardless of their circumstances.
Al has the potential to transform the area of education (Adiquzel et al., 2023) and
provide new opportunities for supporting students and their understanding of

mathematical concepts.

As technology continues to evolve at a rapid pace, educators and developers must
work together to unlock the full potential of mobile learning and artificial intelligence
in order to enhance student learning outcomes. The advancement of emerging
technologies like Al provides an opportunity for teachers to improve and complement
their teaching styles and for students to improve their learning and knowledge. In order
to create an effective 21% century classroom, it is important for the modern
mathematics teacher to have an in-depth knowledge of both technology and
mathematical content in order to create an inclusive, effective and innovative learning
environment. The next chapter presents the research methodology relative to the
need’s assessment and literature review, discussing the selection of effective and

appropriate research methods for this study.
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Chapter Three

3 Chapter Three: Research Methodology

3.1 Chapter Introduction

In this chapter, the researcler describes the research methodology and
introduces the techniques employed during this research Here, | discuss more
specifically the features and implications of mymethodological choices The
choice of methods, and the construction of the contextual setting of this

researcherare also explained

The aim of mathematics education research is to enhance the teaching of mathematics
by seeking to gain an understanding of the thinking process that underpins
mathematics and it’s teaching and learning (McKnight et al., 2000; Schoenfeld, 2000).
McKnight et al. (2000, p.3) propose that mathematics education research is “inquiry
by carefully developed research methods aimed at providing evidence about the nature
and relationships of many mathematics learning and teaching phenomena.” This
chapter provides an overview of the research methodology and methods that were used
for this study. Kaplan (1973, p.34) describes a research methodology as a means “to
describe and analyse these methods, throwing light on their limitations and resources,
clarifying their presuppositions and consequences, relating their potentialities to the
twilight zone at the frontiers of knowledge. It is to venture generalisations from the
success of particular techniques, suggestion new applications, and to unfold the
specific bearings of logical and metaphysical principles on concrete problems,
suggesting new formulations.” In this chapter the research methodology presented
explores the discusses the procedures and actions used by researchers to investigate
and research a particular topic or problem. The methodology explores the techniques
used to collect, analyse, and interpret the information gathered within the research.
Educational research is generally aimed at improving educational actions and
decisions through the understanding and gathering of knowledge (Bassey, 1999). The
research methods, together with the rationale for selecting this particular approach is

presented in this chapter.
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3.2 Epistemological, Ontological and Axiological Influences

The purpose of this research was to investigate the technological supports and design
principles possible to incorporate into a Maths Support Learning Centre and in this
section the epistemological, ontological and axiological influences within the study
will be explained. Assumptions about epistemology and ontology underpin
educational research and, in this thesis, also. Ontology refers to the nature of reality,
or being, or with what there is to know about the world seeking to answer the question
(Cohen, Manion and Morrison, 2017). Epistemology is concerned with knowing and
what constitutes acceptable social knowledge, what it is and how it forms the basis of

our methodological knowledge.

A pragmatist epistemology is consistent with this researchers' belief that knowledge
is always based on experience and one's perception of the world is influenced by one's
social experiences. Knowledge is unique to the person as it is created by individual
experience (Kaushik and Walsh, 2019), but knowledge is also socially shared as our
experiences are inevitably social (Morgan, 2014). Pragmatism understands knowing
the world as inseparable from agency within it and Dewey (1954) advocated for an
inquiry in which individuals and communities are able to identify the issues that matter
most to them, defining those issues, and pursuing them in ways that are the most
meaningful to them. With an epistemological basis in Deweyan pragmatism, an action
research methodology was chosen for this study supporting multiple ontologies
(diSessa and Cobb, 2004).

Within research the main paradigms are positivism, post-positivism, critical theory
and constructivism (Mittwede, 2012). This study was framed within a constructivist
pragmatic paradigm. Pragmatic constructivism emphasises the role of the actors in the
construction of organised reality, where human actors are central to the construction
of organised reality (Ngrreklit, Raffnsge-Mgller & Mitchell, 2016). Within the
constructivism paradigm the students or learners are viewed as being able to shape
how and what they learn, and not merely as passive receivers of knowledge from an
expert (Mack, 2010).
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According to the basic constructivist theory, when students are given the opportunity
to explore and create knowledge that is of personal interest to them, they tend to learn
the most (Papert, 1993). Constructivists view learners as agentive, and therefore co-
constructors who have a role in the building of knowledge. The constructivist
approach according to Mittwede (2012) is “predicated upon dialectical interchange”
(p. 27) aiming to develop better knowledge which will be continually modified.
Consequently, there is an emphasis on the interaction between the learner and their
learning space. There is consensus that constructivism is a valuable perspective
because when students are engaged in what they are doing, they are more motivated
to learn (Piaget, 1932; Piaget, 1952; Piaget, 1959; Vygotsky, 1962; Vygotsky, 1978;
Vygotsky, 1988; Piaget and Inhelder, 1999). The constructivism approach is
especially valuable for students who find the traditional classroom environment
challenging as in the case with the learners in this study. Constructivist teaching
methods allow learners to construct knowledge as a result of experience and reflection.
Lectures, classes and textbooks play a passive role in the learning process, which is
personal and unique to each learner. The teacher's role in constructivist settings is to
support and help learners build this perspective.

This study also complies to a sociocultural perspective to address stated educational
challenges. Socioculturalism theory draws upon the constructivist, learner-centred
paradigm of education, positing that mathematical development can be facilitated and
enhanced within an interactive, online social community of learners, practitioners and
experts (Vygotsky, 1978; Lave & Wenger, 1991). Vygotsky's (1978) research
impacted the classroom when teachers were encouraged to engage students in
meaningful learning activities involving language and social interaction, allowing
learners to benefit live from what he called proximal developmental zone. Learners
within this zone can benefit from the framework in the form of models, questions,
prompts, and tips. Therefore, through social interactions learners develop an
understanding that they could not have earned her on their own. Piaget (1952) and
Vygotsky (1962) agreed that active learning and social interaction were important for
development, but their reasons for doing so differed. With Piaget focusing on the

manipulation of objects and ideas, together with the validation of schemes; Vygotsky,
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on the other hand, focused heavily on social interaction and language and the role they

play in allowing learners develop an understanding of the culture in which they live.

A core foundation influencing this study was a focus on engaging in a socially
responsible form of research. The researcher felt that it was important that the research
would lead to practical and useful outcomes which would be of genuine benefit to
research participants and the wider mathematics education community, which was a
primary consideration when choosing Action Research as a suitable methodology, as
will be discussed later in this chapter.

3.3 Action Research in Education

Action research in education is a process that involves teachers, students, and other
stakeholders in a collaborative inquiry approach to improve teaching and learning
practices (Sullivan et al., 2016; McDonagh et al 2019; Glenn et all 2017; McNiff
2002). It is a reflective and systematic approach that seeks to identify and address
issues, problems, or challenges in educational settings through a cyclical process of

planning, acting, observing, and reflecting. Lau (1998) describes AR that it assists

“..in practical problemsolving, expands scientific knowledge,
enhances actor competencies, is performed collaboratively in an
immediate situation, uses data feedback in a cyclical process, aims

at an increased understanding of a gisatial situation, is
applicable for the understanding of change processes in systems
and is undertaken within a mutually acceptable ethical

framework! (p.2)

The Action Research (AR) method has been proven useful when research needs to be
closely aligned with practice. Critical AR recognises that a research project should
result in two outcomes, an action outcome and a research outcome. The action
outcome is the practical learning in the research situation. The research outcome is
very much concerned with the implications for the advancement of theoretical

knowledge that the project has resulted in. Action research helps ensure that research
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is based on real life problems, which can be tackled rigorously using the appropriate
theoretical constructs. This cyclical participatory approach which rotates between
theory and practice produces a solution according to the exact demands of the problem
situation. The following definition of the essential components of action research
(Carr, 1986) is widely accepted:

“1t can be argued that three condi

and jointly sufficient for action research to be said to exist: firstly,
a project takes asstsubjectmatter a social practice, regarding it
as a form of strategic action susceptible of improvement; secondly,
the project proceeds through a spiral of cycles of planning, acting,
observing and reflecting, with each of these activities being
systemacally and seHcritically implemented and interrelated;
thirdly, the project involves those responsible for the practice in
each of the moments of the activity, widening participation in the
project gradually to include others affected by the practice and

mai ntaining coll abor apg2l)ve contr ol

AR is therefore viewed as an emergent process, taking shape as understanding
increases; it is an iterative process, converging towards a better understanding and in
most of its forms it is also participative (among other reasons, change is usually easier
to achieve when those affected by the change are involved) and qualitative (Sullivan
et al., 2016; McDonagh et al., 2019; Glenn et al., 2017; McNiff, 2002). In AR it is
typically the practitioners who initiate the research and then the researchers who come
to help facilitate the research process and therefore the researcher can be a participant
in the methodology. AR can be referred to as a ‘messy method’ (Cook 2009) because
when practitioner researchers begin to engage in living theory and self-study action
research, they begin to see multitudinous problems emanating from their practice, all
of which they want to resolve there and then, as they seek to change the world for the
better (Whitehead, 1989, 2015).

Action research is cyclical (or spiral) and either explicit or implicit. At the very least,
intentions and plans precede action, followed by criticism and scrutiny. AR involves

a series of steps, including (Pardede, 2016):
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1. Identifying a problem or issue in the classroom or school

2. Developing a research question

3. Collecting data through various methods, such as surveys, interviews,
observations, or assessments

Analysing and interpreting the data

Developing an action plan to address the problem or issue
Implementing the action plan

Reflecting on the outcomes of the action plan and the research process

L N o g &

Revising the action plan or research question if necessary and repeating the
cycle.

As with any educational research methodology reflection is considered fundamental
to the process (Smith, 2011)

3.4 Ethical Considerations

The ethical approach to this study was achieved by adhering to the principles
documented in Bryman (2012): avoid harm, ensure informed consent, protect privacy
and no deception. The Ethical Guidelines for Educational Research, fourth edition
(BERA, 2018) were used to ensure that this study upheld the highest ethical standards.
Ethical issues were addressed in this study by seeking approval prior to the study from
the University of Galway Research Ethics Committee. This involved presenting a
report including a copy of the research instruments such as the interview questions, a
copy of the survey and a consent form. A copy of the Ethics Committee approval letter
(Reference number 2020.08.013) for this study along with a copy of the consent forms

and letters are attached in Appendices.

One of the biggest challenges is the recruitment of students to the study. Many students
arrive at the MSC quite anxious and fearful of maths, they wish only to get their
problem solved. They quickly leave the centre without truly getting to understand the
underlying skills that they need to improve on. The researcher will reassure the
students that by engaging with the MSC and the mobile maths application it will help
alleviate their fears and anxiety around maths and enable them to develop, deepen and

increase their mathematical understanding and knowledge.
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The restrictions and safety concerns around COVID-19 posed another challenge for
the proposed study. This study occurred during the COVID-19 pandemic; however,
the design of the study was not altered to accommodate the necessity for remote
emergency learning which happened nationally and internationally during the global
pandemic. As a result, the MSC was not available for students that sought face to face
support during semester one of the 2020/21 academic year. The MSC however was
setup to provide online support and has done so for a number of hours each week for
the last two academic years. The researcher has also over six years’ experience of
teaching maths online and is part of the digital champion initiative/collaboration with

ATU Galway & ATU Letterkenny (www.digitaled.ie). The researcher is a digital

champion for the School of Business and Social Sciences at ATU Sligo, where the
role involves mentoring staff in the school on developing blended and online teaching

and learning experiences.

The researcher is also involved in the weekly running of the centre together with
assisting students that drop into the MSC with their mathematical problems. As a
result, the students that present to the MSC may have felt pressurised to join the study.
The researcher though reassured any student coming to the MSC for help, that if they
decide not to take part in the study it will not in any way affect the support they receive

at the centre.

3.5 Research Methods

Research methods relate to different approaches to data collection. Data form the basis
for conclusions and interpretations, explanations and predictions. For this study,
careful consideration was given to the methodology and the methods used. Cohen et
al (2017) determine that the term refers to those techniques associated with the
positivistic model-eliciting responses to predetermined questions, recording
measurements, describing phenomena and performing experiments. Research
methods also incorporates methods of normative research and those of the
interpretative paradigm, informing qualitative research methods focusing on

understanding and accounting for the meaning of human experiences and actions.
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This research study used both quantitative and qualitative methods as is required in
when using a mixed methods approach (Cohen et al., 2017; Cresswell & Plano Clark,
2018). A mixed methods study employs a wide variety of data analysis and data
gathering methods (Cresswell & Plano Clark, 2018). Quantitative data can be gathered
through the use of polls, surveys and questionnaires, whilst analytics gathered via apps
can be used to gather numerical data on student’s usage of technology (Lai & Bower,
2019; Yang et al., 2018). Qualitative methods also make use of a variety of approaches
to collecting and analysing data (Cresswell & Plano Clark, 2018). The first action
research cycle which included the pilot study and case study one took place during
semester one and semester two of AY 2020/21 and were implemented during the
emergency remote teaching phase of the COVID-19 pandemic. During this cycle all
interactions with the students involved took place online via MS Teams. The
remaining action research cycles were on campus interactions with the students with
an element of these interactions taking place online using MS Teams as requested by
students. The software package MS Excel was initially used to organise and analyse
the data collected from the maths application and the survey responses. The use of
software tools for collecting, organising, and analysing data is a common approach in
modern research. (Farrow et al., 2020, p. 29). The data was further analysed using the
statistical package MINITAB. Focus group interviews were conducted online using
MS Teams at the end of each action research cycle. Four focus groups were conducted
with each one lasting between fifteen and twenty minutes. Three students took part in
each of the focus group sessions with one student dropping out from each of the focus
group sessions at short notice. Information obtained from the three participants in each
of the focus groups were transcribed by the researcher into MS Word and recorded

using MS Teams.

Table 3.1 and 3.2 were included to clarify the process by which Action Research was
decided and the representation in Table 3.1 was considered pertinent in planning this
action research study, presenting an overview of the paradigms, the methodologies,
and the procedures available to the researcher. This overview has been developed from
a review of research methods and offers a schematic view of how research paradigms,

methods and methodologies align to the framework related to this study.
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Methods (or Quantitative research | - Predetermined instrumental based
procedures) methods questions

- Performance data, attitude data

- Statistical analysis

Qualitative research - Observation data
methods - Interview

- Focus Groups

- Written documents

- Video Analysis

Mixed methods - Bother predetermined and
emerging methods

- Open and closed questions

- Multiple forms of data drawing

- Statistical and text analysis

Research Qualitative - Case Studies
Methodology methodology - Action Research
(or research - Grounded theory
approach) - Ethnography
- Phenomenology
Quantitative - Experimental (subjects measured
methodology before and after)
- Descriptive (subjects measure
once)
Mixed methodology |- Design based research

- Sequential methods
- Concurrent methods
- Transformative methods

Paradigm Underlying ontology |- Objective
(or (nature of social world) | - Subjective
gsghorzo?_hlcal Underlying Positivist / Postpositivist
plleine) epistemology (nature of
knowledge) Non-positivist

- Interpretative / social constructivist
- Advocacy / participatory
- pragmatic

Table 3.1 Research Methods Overview adapted from Cohen et al. (2017)
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The research methods used in this study also connect with the underlying ontology

and epistemology of learning discussed and are highlighted in Table 3.2.

Methods (or
procedures)

Quantitative research
methods

Predetermined instrumental
basedquestions

Performance data, attitude data
Statistical analysis

Quialitative research
methods

Observation data
Interview

Focus Groups
Written documents
Video Analysis

Mixed methods

Bother predetermined and
emerging methods

Open and closed questions
Multiple forms of data drawing
Statistical and text analysis

Research
Methodology
(or research
approach)

Qualitative
methodology

Case Studies
Action Research
Grounded theory
Ethnography
Phenomenology

Quantitative
methodology

Experimental (subjects measureq
before and after)

Descriptive (subjects measure

once)

Mixed methodology

Design based research
Sequential methods
Concurrent methods
Transformative methods

Paradigm

(or
philosophical
assumptions)

Underlying ontology
(nature of social world)

Obijective
Subjective

Underlying
epistemology (nature of
knowledge)

Positivist / Postpositivist

Non-positivist

Interpretative / social constructivist
Advocacy / participatory
pragmatic

Table 3.2 Research Methods used in this study
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3.5.1 Quantitative and Qualitative Methods

The action research cycle consists at least of intention or planning before action, and
review or critique after. It provides a mix of responsiveness and rigor, thus meeting
both the action and research requirements. Some action research projects are primarily
qualitative. Qualitative research can be more responsive to the situation, one of the
most compelling reasons for choosing action research. Qualitative methods involve
collecting and analysing non-numerical data, such as text, images, and observations,
to explore and describe a phenomenon in detail. This approach relies on interpretation,
subjective understanding, and the use of descriptive language to communicate findings
(Strauss and Corbin, 1990).

The best way to explore people's emotions and perceptions is to use interpretative
qualitative methods to explore how individuals and groups interpret their experiences
and what they give meaning to the social experiences is to understand (Merriam,
2009). Participation is another factor, which can generate greater commitment and
hence action. When change is a desired outcome, it is more attainable if people are
fully committed to the change, and some participative form of action research is often
designated. There are many conditions under which qualitative data and student
participation increase the value of the action research. However, to insist on these
seems unnecessary. It seems reasonable that there can be choices between action
research and other paradigms, and within AR a choice of approaches.

As described the principal research strategy in this study will be one of Action
Research, and a range of qualitative and quantitative methods will be applied.
Quantitative research takes an “analytic” approach to understand a few controlled
variables and involve collecting and analysing numerical data to describe and
understand particular phenomenons. This approach relies on statistical analysis and
the use of mathematical models to test hypotheses and draw conclusions (Krosnick,
2018). Within this research the researcher employed surveys, which is the most
dominant design in this study and is anchored in the quantitative research paradigm.
Survey research is defined as “a form of planned collection of data for the purpose of

description or prediction as a guide to action or for the purpose of analysing the
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relationships between certain variables” (Oppenheim, 1966) and was integral to this

research study.

3.5.2 Case Study

A case study (Bryman, 2012) was employed at ATU in conducting this Action
Research project. Case study is a research method that involves an in-depth analysis
of a particular person, group, organisation, event, or phenomenon. It typically involves
collecting and analysing multiple sources of data, such as interviews, documents, and
observations, to understand the complexity of the case and the factors that influence
it. They are important to gain a deep understanding of the situation and meaning for
all involved “the interest is in process rather than outcomes, in context rather than a

specific variable, in discovery rather than confirmation (Laws and McLeod, 2004,
p.4).

Case studies can be used in various fields, such as psychology, sociology, business,
and medicine, to provide insights into real-world situations and to help researchers
understand the underlying causes of a particular phenomenon. They can also be used
to evaluate the effectiveness of interventions or programs, to generate hypotheses for
further research, and to provide a rich source of information for teaching and learning
(Cohen, Manion and Morrison, 2022). A case study was applicable for this research
study in ATU, and in the Maths Learning Centre in particular, because it allowed for
a deeper examination of the context and the constraints within the educational context
(Merrian, 1998).

3.5.3 Mixed Methods

Mixed methods is a choice of methodology in research that involves the collection and
interpretation of data using both qualitative and quantitative methods of research
(Creswell & Plano Clark, 2018; Farrow et al., 2020; Morgan, 2014). There has been a
significant increase in the number of studies using both quantitative and qualitative
methods to explore and analyse data in mathematics education research in recent years
(Hart et al. 2009). Johnson et al. (2007) defines mixed methods research as:
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“the type of research in which a researcher or teAmnegsearchers
combines elements of qualitative and quantitative research
approaches (e.g., use of qualitative and quantitative viewpoints,
data collection, analysis, inference techniques) for the broad
purposes of breadth and depth of understanding and
comoboration. [ ..] A mixed methods stu
within a single study; a mixed method program would involve
mixing within a program of research and the mixing might occur

across a closely related set of studie@. 123)

This study required the collection of information from students about their use and
engagement of a mobile maths application. Cohen et al. (2007, p.205) argues that this
type of information is best acquired through the use of surveys as “... surveys gather
data at a particular point in time with the intention of describing the nature of existing

conditions.”

The study also necessitated the need to get a deeper understanding of whether the app
improved the student’s mathematical ability and confidence which pointed towards a
need for a qualitative approach (Creswell & Plano Clark, 2018). There are many
advantages to using a mixed methods approach in research according to Creswell and
Plano Clarke (2018). For example, the research question can be studied from different
perspectives by combining the rich, subjective insights from the qualitative approach
with the numerical data generated from the quantitative approach. For a successful
mixed method study and in order to gain a better understanding of the research
question, both qualitative and quantitative methods should be combined (Farrow et
al., 2020).

3.5.3.1 Feedback Survey

A survey method was chosen as the best way to accumulate data from participants
with the aim of this study in obtaining information that could be analysed and patterns
extracted, and comparisons made regarding the effectiveness of the Al mathematics
learning application on the learning experience of students attending the MSC.

Information gleaned from a survey or questionnaire can be used to identify student
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attitudes and experiences and whether the learning intervention was useful to their
needs (McKnight et al., 2000; Pierce et al., 2007).

The questionnaire used in this study and by the Maths Learning Centre at this HEI is
a longitudinal study adopted Gallup's (1947) Quintamensional plan of question design,
which is designed to ensure that the questions explore many aspects of the respondent’s
opinions. According to Gallup (1947) questions asked (and their order) are related to:
the respondents’ awareness of the issue, their general feelings about the issue,
questions involving specific parts of the issue, what are the reasons for these views,
how intense or strong are these views. Advocating that the arrangement should be
developed in such a way as to avoid implanting ideas in the respondents' minds early
in the questionnaire, which will influence their later responses. It is often useful (with
respect to developing a favourable attitude) to start with relatively easy and impersonal
questions and progress to more complex and sensitive ones. The questionnaire adopted
this technique, which involves aspects of the "funnel™ approach, but supplements it
with other considerations. The “funnel” approach facilitates the topic, by introducing
rather general questions (perhaps free response) and followed by those, which are
increasingly detailed or deal with smaller aspects of the problem (Peterson, 2000). The
survey questions were linked to the research questions derived from the literature and

the study’s aims.

Questionnaires are often a more economical approach than other methods of
generating data. They offer a low cost and more timely approach to generating
research data. The opportunity to ask participants to select from a distinct set of pre-
defined responses or closed questions makes it easier for participants to complete the
questionnaire and for the researcher to analyse the information gathered (Oates 2006).
While there are some limitations associated with using questionnaires, there are
numerous studies that have established their reliability and validity (Gorsky & Blau,
2009). In fact, requesting students to ‘pause and reflect briefly’ as suggested by Pierce
et al., (2007, p.288) has the potential to draw valuable information from the

participants that cannot be easily observed.
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The questionnaire was administered to all students at the end of each case study that
worked with the mobile maths app. The questionnaire was both qualitative and
quantitative in nature (in appendices). The students were asked to complete questions
on their engagement with the maths app, their perceived mathematical ability before
using the app, whether they found the app helped improve their mathematical
confidence, what they felt were the good features of the app and any features they
would recommend adding to the app. As this was an exploratory phase of the study,
only descriptive rather than inferential statistics were used, such as the percentage of
students that felt the maths app improved their maths confidence/ability.

3.5.3.2 Observation

Discussion and observation are qualitative methods used in gathering information and
data during the case studies. Observation in qualitative research “is one of the oldest
and most fundamental research methods approaches. This approach involves
collecting data using one’s senses, especially looking and listening in a systematic and
meaningful way” (McKechnie, 2008, p. 573). The information collected through
observational research studies are mainly qualitative, but the data may also be
quantitative or both (mixed methods). Participant and non-participant are other
approaches in observational research that are used to collect data. With participant
observation the individuals being observed are aware that the researchers are present,
and that the researcher freely interacts with the group members in situations that are
relevant to the research questions. The main aim of this method is to study as diverse
a range of behaviours as possible in a natural environment. In non-participant
observation, the group under study is observed from afar without any participation
from the observer (Cohen et al., 2000). In reality, pure non-participation observation
is difficult to implement and a mixture of both participation and non-participation is

often selected.

3.5.3.3 Focus Groups

Focus groups are a qualitative method of data collection involving a group of people
in a structured discussion designed to generate a rich understanding of a topic (Powell,
Single & Lloyd, 1996), a qualitative approach allowing for a deeper exploration of the

context and the constraints within that context (Merriam, 2009). Such an applied
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research method intends to gain in-depth information into the feelings, attitudes, and
perspectives of participants (Barnett, 2004; Flick, 2002; Krueger, 1998) ideal for this
study. The aims of the method is to collect qualitative data in an interactive group
setting where what participants say and discuss during the interview process becomes
the data for analysis. This method allows researchers to gather more detailed, rich data
from a relatively small number of individuals, ask questions to the group, and facilitate
a discussion between the group participants. Interviewing participants in this way
allows the researcher to get a deeper insight into the participant’s thoughts and
attitudes. (Farrow et al., 2020; Cohen et al., 2007). In the context of this research, the
method was employed to probe deeper with the students on their experiences of the
maths app and their learning of mathematics is one of the advantages of interviews.
Despite the advantages of this method and its adaptability, Bell (2004) identifies a
disadvantage of the method — the subjectivity of students’ answers — and suggests that
the researcher take additional care in making any generalisations from answers

provided.

A focus group method provides insights into why participants believe as they do and
how they arrived at these beliefs. In order to gain these insights from participants, a
researcher will need to determine who will participate in the group and what questions
to ask. These are gained by a careful analysis of previous literature in the area. Krueger
(1998) identified eight steps to be considered when forming interview questions for
the focus group (Table 3.2), which were utilised in the making of interview questions.
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Use open-ended questions, such as:

What did you think of the computer science programme?

How did you feel about the discussion on computational thinking?

Where do you get new information about how to improve your skills?
Which two ideas did you like best?

Be cautious of phrases such as "how satisfied" or "to what extent" they tend
to stifle participants’ dialogue based on their experiences.

. Avoid dichotomous questions
These are questions that can be answered with a "yes" or "no"

. Why? is rarely asked

Instead ask about attributes and/or influences.
Attributes are characteristics or features of the topic.
Talking about influences can prompt or cause actions.

Use "think back™ questions

Take people back to an experience and not forward to the future so that they
can speak reliably about their past without repeating hearsay or restating
someone else's opinions, values, wishes or intentions.

Use different types of questions

Identify potential questions. Five types of questions to be used in designing
the interview are: Opening Question (round-robin question for everybody to
answer); Introductory Question; Transition Questions; Key Questions;
Ending Questions

Use questions that get participants involved

Use reflection; Use examples and rating scales, such as a scale from 1-5 to
indicate preference on a predetermined scale; Use drawings to help
participants artistically display their thoughts

Focus the questions

Sequence should go from general to specific - Be cautious of serendipitous
questions and Save for the end of the discussion.

Table 3.2 Focus group eight steps as identified by Krueger (1998)

Focus group interviews were conducted at the end of each 12-week period that the

students had made use of the Blutick app. Other non-group methods such as one to

one interviews were considered, however focus groups were selected over other

methods due to its significant prominence as a powerful tool for the collection of data
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and its time and cost efficiency when compared to individual interviews with a similar
number of participants. The group setting helps participants to express their thoughts
more openly and respond and build on one another’s ideas. The participation in a lively
discussion can help raise a variety of questions, that the researcher may not initially
have thought about. As noted by Kruger (1998) focus groups allow the researcher to
gather rich data from a small number of participants. Focus groups allow a structured
discussion to happen between the participants designed to generate a rich
understanding of a topic (Powell, Single and Lloyd, 1996). They are designed to
facilitate dynamic and open discussions among participants and allow the researcher

to delve deeper into the participant’s opinions, thoughts and experiences.

The groups were typically made up of three participants and lasted approximately
fifteen to twenty minutes. The questions were designed to gather information from the
students on the Blutick app that may not have been picked up in the feedback from the
survey that they completed. The participants were told at the beginning of the focus
group that through the discussion and answers that they provided may help to improve
the way mathematics is taught and to aid in developing new ways to help other
students like themselves with their mathematical issues. A semi-structured approach
was taken to the interview so that the researcher could explore in depth, the students’
experiences with the Blutick maths app. For each of the focus groups, the interview
schedule had three sections. Those being: ‘initial reaction’ (for example, what were
your general thoughts on the Blutick maths app itself?). Secondly ‘insight” which was
further broken into ‘preparedness’ (for example, how confident did you feel about
your maths skills before you started using the maths app?), ‘location’ (for example,
how did you find the ability to improve your maths skills at any time and place?),
‘content’ (for example, What areas of the app did you use the most and find most
beneficial for your mathematical needs?), and ‘challenges’ (for example, what
difficulties if any did you have navigating around the app or working through the
various tasks?). Thirdly ‘future considerations’ (for example, would recommend the
use of the app to your friends that were struggling with maths and were there any
features that you felt were missing from the app?). Analysis of the focus group
information was conducted through the reading and re reading of the transcripts with

notes being made and reflecting on the student’s thoughts and the researcher’s own
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impressions and insights, which helped identify potential themes emanating from the
feedback. The purpose of these focus groups was to elicit further information on the
student’s engagement and learning experiences with the maths app and if they found

the app helpful in improving their mathematics confidence and skills.

3.5.4 Diagnostic Testing

Students across the college initially complete a maths diagnostic test to try to identify
any weaknesses in their numeracy skills. The initial diagnostic test is completed online
by students. Students though have the opportunity to come to the MSC and complete
the diagnostic test in the MSC should they wish to. The diagnostic test is accessed
using the college virtual learning environment (VLE) platform Moodle in the form of
an online quiz. The students are given no advance warning about the test, and as a
result have no opportunity to complete any revision of the material under assessment.
Each Student is given instant feedback on completion of the test through a raw mark
only. The tests are used to provide both students and staff members with an immediate
picture of a student’s current mathematical knowledge and ability. After completing
the various mathematical tasks assigned using the maths application the students then
complete the same diagnostic test online to see if there was any improvement in their
mathematical knowledge and diagnostic test mark. In Ireland diagnostic tests are
typically taken by first year service students, these are students that are not enrolled in
a degree in mathematics but are taking at least one mathematics module in their course

of choice.

Diagnostic tests have been widely used internationally for over 30 years (Lawson,
2003). The tests have been heavily researched internationally in particular in the UK
(Gillard et al., 2010; LTSN, 2003). There are also many reports on how diagnostic
tests are being used at third level in Ireland such as Ni Fhloinn (2009) and Gillard er
al. (2010).

In 2003, the UK Learning and Teaching Support Network (LTSN) MathsTEAM
project produced a report on a number of diagnostic testing case studies that were

conducted across the UK. They highlighted the different types of testing that were
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taking place across the various institutions, together with their general

recommendations. Their conclusion was that:

Diagnostic testing provides a positive approach to a situation. For the student it
provides a constructive method, which leads to ongoing support, and for the academic
it is an indication of “what is needed” in terms of teaching and curriculum changes.
As the number of institutions implementing these tests increases, it is becoming an
integral part of mathematical education for first year students. (LTSN MathsTEAM,
2003, p. 7). Lawson et al. (2003) describes diagnostic testing as an effective way to
highlighting widespread areas of mathematical weakness. The Learning Teaching and
Support Network in the UK identified two main aims for diagnostic testing (LTSN,
2003, p. 2):
1. to inform staff of the overall level of competence in basic mathematical skills of
the cohort they are to teach;”
2. “to inform individual students of any gaps in the level of mathematical knowledge
they will be assumed to have—so that they can take action to remedy the situation.
Savage et al. (2000) views diagnostic testing as a two-step process:

“Diagnostic testing s-$tagewptocessbhe seen

Prompt and effective followp is essential to deal with both
individual weaknesses and those of the whole cohort (Savage et
al., 2000, p. iii)."”

This two-stage approach is widely adopted by third level institutions in Ireland in their
attempts to address the mathematics issues of incoming students. For example,
National University of Galway (Pfeiffer, 2019) and TU Dublin (Carr et al., 2013) test
their students on an ongoing basis over a number of weeks in addition to offering them
targeted resources and support. Similarly, National University of Maynooth (Mac an
Bhaird et al., 2009) use the diagnostic test to identify at risk students (those with a
score of 33% or less) and offer them tailored support to their mathematical
weaknesses. In conjunction to these additional supports, the various institutions ensure
that students are also aware of the support available in the Maths Support Centre. Ni
Fhloinn et al., (2012) found that the majority of students felt that diagnostic testing is

a good idea and appreciated the underlying aims of the testing.
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Based on the research (LTSN, 2002) about best practice for mathematics diagnostic
testing, it was decided to use a computer-based assessment for the test. The diagnostic
test is accessed using the college virtual learning environment (VLE) platform Moodle
in the form of an online quiz. The quiz consists of eighteen calculated questions across
a number of basic maths topics with the difficulty level of the questions roughly
equivalent to Ordinary Level Junior Certificate Maths. The areas of maths covered in
the quiz range from fractions, decimals, percentages, solving linear and quadratic
equations, exponents, and algebraic manipulation. The topics covered in the diagnostic
test is in line with research carried out by Deeken et al. (2019).

They identified the areas of fractions, percentages and proportionality, linear and
quadratic equations and functions as the basic mathematical skills expected of
incoming STEM students. They further outlined the various skills that students

needed:

Students should be able to perform basic mathematical processes
in unfamiliar situations (Level 2) (e.g., fluently and precisely
performing mathematical standard procedures withelectronic
tools; proficiently handling and transferring between
mathematical representations; understanding written
mathematical formulations including technical terms.... (Deeken et
al., 2019, p. 34)

The use of calculated questions helps discourage the students from guessing the
answers, with each gquestion coming from a large, randomised bank of questions. The
diagnostic test randomly assigns questions from a large bank of possible questions on
each topic examined. This bank of questions has been improved and modified over
the last number of years in the maths support centre, ensuring that a low chance of
each student receiving the same question. The timescale to complete the diagnostic
quiz was twenty-five minutes which was more than an adequate amount of time. Each
student is given instant feedback on completion of the test through a raw mark. As a
result, students obtaining less than eight out of sixteen questions correct are
encouraged to attend the MSC as often as they can to improve their basic maths skills
and mathematical competency. Any student that has performed poorly in the maths

diagnostic test at ATU Sligo (a mark of 50% or less) or have presented themselves to
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the MSC tutors in need of improving their mathematical skills are invited to participate
in the study.

This diagnostic test consists of eighteen questions covering eight basic numerical
topics that the student will endeavour to complete. All questions must be answered.
The diagnostic test is similar to the one used by University of Galway’s Maths Support
Centre, known as the Support for Undergraduates in Maths & Statistics (SUMS). After
a brief introduction explaining the reasoning behind the diagnostic assessment and
what the assessment entails, the learner would begin and have twenty-five minutes to
complete the diagnostic test. The diagnostic test is accessed using the virtual learning

environment (VLE) platform Moodle in the form of an online quiz.

3.5.4.1 Diagnostic Test AreaSxamined
The topics examined and the rationale behind each topic in the test are outlined below.
1. Arithmetic Operations: Designed to examine knowledge of the order of the
various arithmetic operations and the use of brackets in mathematical
expressions.

Example: Calculate x 1 Pl T

2. Fractions: Designed to examine the student’s ability to evaluate expressions

involving different types of fractions.

Example: Calculate - - -

3. Percentages: Designed to examine the student’s knowledge of working with
percentages,
Example: What is 15% of 3607

4. Decimal Representation: Designed to test the student’s ability to describe
numbers more precisely and to represent numerical amounts correct to a

specified number of decimal places.
Example: Simplify - - and give your answer correct to two decimal

places.
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5. Exponents: Designed to test the student’s knowledge of exponents and to
examine their ability to represent such expressions in their decimal form.
Example: Evaluate C& pm pg pm

Give your answer correct to three decimal places.

6. Averages: Designed to test the students’ ability to find the average of a set of
data values.
Example: Find the average of the following sample of data points 15, 18, 28,
39, 62, 45

7. Manipulation of algebraic expressions: Designed to test the student’s ability to
manipulate and simplify an algebraic expression,

Example: Express @ O T® @ intheform ¢ @ ®

8. Numerical evaluation of algebraic expressions: Designed to test the student’s
ability to evaluate different types of algebraic expressions numerically.

Example: If ' Qo ¢w ow X findthe value of 'Q ¢

3.5.5 Triangulation of Data

Triangulation refers to the use of multiple datasets or different methods in research to
develop a thorough understanding of phenomena (Patton, 1999). Cook and Campbell
(1979) were the first to apply the term triangulation to research methodologies using
multiple data collection methods for a single construct. Various forms of triangulation
exist, although the most powerful forms of triangulation conduct both qualitative and
guantitative studies simultaneously and independently (Petter & Gallivan, 2004).
Proponents of data triangulation maintain that this approach helps in “giving a more
detailed and balanced picture of the situation” (Altrichter et al., 1996). O’Donoghue
and Punch (2003) argue that triangulation is a “method of cross-checking data from
multiple sources to search for regularities in the research data”. (p.78). When
addressing the research, triangulation can help mitigate the presence of any research

bias and enhance the credibility and validity your findings. (Cohen et al., 2017; Farrow
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et al., 2020). Yin (1994) describes that case studies rely on multiple sources of

evidence, with data needing to converge in a triangulating fashion.

In this study, two main strategies were used, data was gathered from students in the
form of surveys and subsequent focus groups during each of the case study cycles of
the research. Data was also collected from the mobile maths application as the students
engaged with the app during each research cycle. This data help to identify and
confirm the most common mathematical challenges by the different cohorts of
students and the effectiveness of the Al mobile learning app on student engagement
and learning. The use of data triangulation and the mixed method approach in this

study helps contribute to the validity and credibility of the results.

3.5.6 Reliability and Validity of Action Research

Every researcher strives to ensure their research work is of the highest quality. They
will endeavour to produce quality results and take any necessary precautions to avoid
any inconsistencies in their results. Reliable data is crucial to ensure that the findings
are credible and can be replicated by other researchers. It is important to consider the
rationale behind the research methodology chosen, when considering the reliability
and authenticity of the outcomes of a study (Farrow et al., 2020). To ensure the
trustworthiness of the findings, Morse et al. (2002) argue that researchers should
ensure particular attention is paid to both the reliability and validity through all stages
of the research. Reliability and validity are concepts used to determine the quality of
the research where reliability examines the consistency of the measure and validity
looks at the accuracy of a measure Middleton (2019). They provide an indication of
the effectiveness of a technique, method or test in the measurement of something. The
data triangulation process is highly regarded in achieving validity in mixed methods
research (Cohen et al., 2017; Farrow et al., 2020). Creswell & Miller (2000, p. 126)
defined triangulation to be “a validity procedure where researchers search for
convergence among multiple and different sources of information to form themes or

categories in a study”.
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The “standard academic criteria for validity are meaningless for transformative action
research” (Cochran-Smith and Lytle 1999, p. 18), suggesting that there should be
alternative approaches to constructing validity criteria are needed. Winter (2002)
argues for the use of criteria evolving from the research in order to judge its quality
describing “‘some proponents of action research emphasise that the uniqueness of each
project means that each report must suggest its own criteria for judgement (see
Clarke et al 1993), or that the value of the work resides in the practice improvements
or enhanced group morale it engenders in the particular context during the timespan
of the project (Lomax 1994).” (Winter 2002, p.145). Winter (2002) continues
suggesting that ‘persuasiveness’ or ‘authenticity’ might be used as criteria to judge the

value of action research reports, stating

a research report has “authenticity’

cultural authority) insofar as it gives direct expression to the

genuine voice’' , thdse whbselifwodda ! | vy
are being described. (Winter 2002, p. 146)

As this research account explains, and provides data for, efforts to enable the voices
of the student participants to be heard in educational settings, this study report meets
the criterion of authenticity as explicated by Winter (2002).

When a dominant theme is in relation to student perceptions and beliefs there may be
a certain degree of bias, therefore specific attention must be paid to the issues of
reliability and validity. The researcher should evaluate whether subsequent findings
will demonstrate internal and external validity, as well as reliability of the research
conducted (Gill and Johnson 1997). The purpose of validating research is to convince
those interested that the data has not been misinterpreted or misrepresented. The
research findings must not only be valid, but they must also be reliable as it can ‘be
regarded as a fit between what researchers record as data and what actually occurs in
the natural setting that is being researched’ (Cohen et al., 2017). Lomax (1994) also
includes authenticity as a criterion for judging action research

In terms of criteria for judging action research it seems that the
transparency of the research process and the authenticity of the

research claims are key criteria. (Lomax 1994, p. 119)
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3.6 Chapter Conclusion

This chapter described the methods used in the data collection and analysis process
and the importance of selecting the correct research methodology to address the
research questions. Relevant literature helped to carefully chose the analysis methods
that were in line with established best practices in educational research. This study
uses action research methods to discover whether an adaptive Al mathematics learning
application enhances the learning experience of students attending the MSC. Details
of the rationale behind the use of questionnaires, focus groups and usage data from the
mobile maths app have shown how they were used to effectively address the research
questions and gather sufficient data. The chapter also outlined some of the strategies

that can enhance the credibility and trustworthiness of the findings from the study.
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Chapter Four

4 Chapter Four: Theoretical Framework

4.1 Chapter Introduction

Action Research holds that a research project should result in two outcomes, an action
outcome and a research outcome. The action outcome is the practical learning that
leads to some improvement in the situation being examined. The research outcome is
concerned with the development of theoretical knowledge (Aldeman, 1993) but AR
emphasises with Schon and others that much academic theory is inadequate to
conceptualise the kinds of insights that result from AR (Schon 1983, 1987). AR
addresses social processes that are contextually embedded. The risk, unpredictability
and irreversibility that characterise such situations is, therefore, part and parcel of the
AR process. An extended epistemology is required for the practical actionable
knowledge that characterises AR (Coghlan 2016).

Kurt Lewin (1890-1947) who is often credited with coining the term ‘Action
Research’ came to view AR as a process (Aldeman, 1993) which “gives credence to
the development of powers of reflective thought, discussion, decision and action by
ordinary people participating in collective research on “private troubles’ that they have
in common” (p.8). Lau’s (2009) definition of AR states that it assists “..in practical
problem-solving, expands scientific knowledge, enhances actor competencies, is
performed collaboratively in an immediate situation, uses data feedback in a cyclical
process, aims at an increased understanding of a given social situation, is applicable
for the understanding of change processes in systems and is undertaken within a

mutually acceptable ethical framework.” (Lau, 2009, p.2)

The cyclical participatory approach oscillates between theory and practice to produce
a solution which is responsive to the particular demands of the problem context. AR
is advocated as an approach to the development of teaching practice generally
including university teaching (McTaggart, 1991; Walker, 2001), with Walker
suggesting that AR “offers teachers working in higher education the possibility of
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developing an evidence-informed, critical view on their own educational action. It
involves researching practice in order to change or improve practice, and at the same
time critically reviewing practice” (p.23). There are significant advantages to
employing AR in an educational setting. The approach is participative, implying a
partnership between the teacher-researcher and student, which is ethically
satisfying. The AR cycle can be regarded as a learning cycle (Kolb, 1984). Systematic
reflection on their own practice facilitates conscious and explicit learning by

practitioners through experience (Schén 1983, 1987).

Action research (AR) and Action Learning (AL) hold common values and a common
learning cycle (McGill and Beaty, 1995). AL researchers reiterate that optimal
learning occur when students are guided in investigating questions which are related
to their own concerns and goals (McGill and Beaty, 1995; Connolly and Cosgrove
2021). Much higher education involves the lecturer presenting ideas to students in
lectures. Many achieve the designated outcomes according to the assessment metrics
of the system. However, such methods may not be the most effective for all students.
Table 1 show those aspects of an AL educational process which contrast with

assumptions and values implicit in the traditional approach.

Action Learning

Flat structure — Set advisor is not an ‘expert’. Expertise results from learners
reflecting on their own experience

Directed by learner

Emphasises learning

Democratic — promotes learner autonomy

Learner Centred

Social oriented learning process — learning through dialogue and discussion

Emphasis on programmed knowledge and asking the right questions and finding
solutions

Studies problems related to the real world

Priorities attitudinal change and development — learning about self

Learner is an active generator of knowledge

Context oriented

Oriented towards the present and future
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Table 4.1 Action Learning principles (Colleran, 2002)

AL stresses the importance of social engagement, dialogue and physical doing in the
learning process. It has a proven track record in relation to adult learning (McGill &
Beaty, 1995; McNiff, Lomx & Whitehead, 2003) and can be defined as “a continuous
process of learning and reflection, supported by colleagues, with an intention of
getting things done. Through action learning individuals learn with and from each

other by working on real problems and reflecting on their own experiences.” (p.21)

AL is therefore an approach that links the world of learning with the world of action
through a reflective process within small cooperative learning groups known as ‘action
learning sets' (McGill & Beaty 1995). AL shifts the emphasis from transmission of
concepts to stimulating students raise questions in pursuit of solutions to problems.

Research is a form of learning which is systematic, rigorous and preferably with public
outcomes. The outcomes of AL are usually confined to the individual or learning
group, whereas AR is a learning process in which results are usually published. All
AR projects are AL projects, but the converse does not hold true (McGill & Beaty,
1995). McGill and Beaty accept that both AR and AL share the same learning cycle
and have many values in common. They also agree that research is not the primary
aim of AL, so participants may do little or no ancillary data-gathering. While McGill
and Beatty argue that AR can be an individual activity, it is more commonly a group
activity. It is suggested that the Al mobile application and intervention address

outlined here may be developed for specific contexts using an AR methodology.

A recurrent challenge for AR is establishing its validity by producing credible and
impartial evidence for its knowledge claims. It has been argued that a sound
methodology in the social sciences should yield results that are trustworthy, credible
and useful, as well as be applicable to a the range of contexts (Schoenfeld, 1992).
McNamara has suggested the following validities as appropriate for AR: Democratic,
Outcome, Process, Catalytic, and Dialogic (Mannix-McNamara, 2010). These raise

the following kinds of questions:

112



Chapter Four

- Were the outcomes consistent with the espoused wish to benefit students and
teachers?

- Was the process collaborative and reflective?

- Did the research facilitate further development of a reflective and collaborative
character?

- Was dialogue at the centre of the process?

Schoenfeld held that usefulness and replicability were two central attributes of a good
research methodology (Schoenfeld, 1992). However, because AR is context bound, it
may be difficult to replicate others’ findings in the way that physical science
experiments may be replicated, since manipulating social contexts in this way may be
neither possible nor desirable (Hoadley, 2002). While AR is focussed on
understanding and improving practice in one context, the insights gained may still be
of assistance to practitioner-researchers in other contexts also. It is a matter for each
researcher to consider how any particular AR study relates to their context.

4.2 Constructionist Learning Principles in and for Artificial

Intelligence
The constructivist perspective can trace the development of concepts from concrete to
abstract and underlines the approach taken in designing the Al mobile application and
intervention (Piaget 1932; 1952; 1959; Vygotsky 1962; 1978; 1988). Constructivism
explained that learning is particularly beneficial when it occurs by constructing and
creating sharable artifacts or models, physical or digital. Thus, constructivism sees

learners as active creators of knowledge (Papert, 1980).

It is agreed that constructivism is a valuable perspective because once students are
engaged in what they are doing, they are more motivated to learn. The approach can
be particularly valuable to students who may have found the traditional instruction-
based setting challenging. The constructivist method of teaching allows a learner to

build their knowledge (construct) as a result of experiences and reflection.
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Following Papert's idea of '‘powerful expression’, the learning environment should not
focus primarily on the software or tools they use, but rather the big ideas that activities
should convey based on their use of those tools (Butler and Leahy, 2021). In addition,
learning situations and learning activities should be designed and developed for
specific learners and presented in relevant and meaningful contexts and real-world

problems that students may deal with (Butler, 2007).

According to the basic constructionist theory, students learn most effectively when
given the opportunity to explore and create knowledge in pursuit of a goal that is of
particular interest to them (Papert, 1980), with research supporting the importance of
constructivist teaching methods in Al (Kahn and Winters, 2021). Recent literature
shows how to use datasets related to different subjects such as English and social
studies, so teachers can work together to design lesson plans that integrate Al into non-
computer subjects. can be an effective approach (Lin and Brummelen, 2021). Other
studies have shown that a hands-on Al teacher-learning program actively engages
participants and empowers the teacher to introduce Al to children in the classroom
(Vazhayil et al., 2019).

4.3 Artificial Intelligence Literacy

As stated previously, Al and machine learning is shaping our world at a very fast pace
and the technologies are challenging us to rethink and redesign our lives as well as
mathematics education. Hwang et al (2020) have identified many ways Al can be
effective in the area of education from learning tools to intelligent tutors. The rapid
advancement of Al over the last decade provides new opportunities for improving
teaching and learning, in particular the ability to provide personalised learning
experiences for students. Al technologies can be used to provide immediate feedback
and support to individual student’s needs, analyse their learning behaviours and
thought process together with providing ideas to teachers for improving their teaching
strategies and subject content (Hwang et al., 2014). Research suggests that since
experts’ knowledge is built around core concepts and big ideas (Bransford et al., 2019)
it follows that the curriculum related to understanding what Al is, should be organised

in the same way.
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Agents maintain
Computers perceive models/representations

the world using

of the world and use
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3- Learning

Computers can

. learn from data
Al can impact

society in both
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negative ways . Interaction

Al developers strive to
create agents that
interact naturally with
humans

Figure 4.3 Al big ideas, Al4K12.org (Touretzky, 2019)

The big ideas of Al are framed for K-12 students around five main concepts (Figure
4.3): Perception, Representation and reasoning, Learning, Natural interaction, and
Societal impact (Touretzky et al., 2019). Therefore, the ability of a robot (or “agent”)
uses sensors to take information on the environment, how Al systems analyse data,
find patterns and make predictions, how this software relates to humans, and what is
the impact on our lives.

Besides key ideas on Al, researchers highlight the importance of developing Al
literacy, a set of competencies that we as learners need to be able to navigate and that
enable us to question a world (work, school, health, etc...) that is more and more
affected by emerging technologies (Long and Magerko, 2020).

Al literacy is commonly defined as the ability to comprehend, apply, supervise, and
evaluate Al applications, even in the absence of the ability to construct Al models
(Longetal., 2021; Ngetal., 2021a). Long and Magerko (2020, p. 2), define Al literacy
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as “a set of competencies that enables individuals to critically evaluate Al
technologies, communicate and collaborate effectively with Al, and use Al as a tool

online, at home, and in the workplace”.

With the increasing integration of Al in user face technology, it is becoming more
important for the user to have a basic understanding of how Al works and be aware of
its capabilities and limitations. The development of Al literacy can provide an
opportunity for the individual to make informed decisions about the use of Al in
different contexts such as business, healthcare and education. A good understanding
of the capabilities of Al is essential in order for all individuals to make their way
through a world slowly shaped by Al. Encouraging Al literacy through higher
education can provide an opportunity to equip future workers with the necessary skills
required to collaborate effectively with Al (Centindamar et al., 2022) and potentially
help in the creation of an ethical framework to attain a society that is characterised by
“Good Al” (Floridi et al., 2018).

4.3.1 Reactive Artificial Intelligence in Mathematics Education

Al refers to a computer’s ability to identify patterns and take actions based on available
data and statistical models. Al has shown exceptional performance in numerous fields
such as voice assistants like Amazon’s Alexa and Apple’s Siri as well as pattern
recognition algorithms (Park & Lee, 1998). Over the last two decades, the rapid
advancement of computing and information processing methods has accelerated the
development and uses of Al, which seeks to empower computers with the ability to
perform tasks by emulating intelligent human behaviours such as analysing and

making decisions (Duan, Edwards, & Dwivedi, 2019).

Reactive Artificial Intelligence (RAI) is a type of Al that is programmed to respond to
specific input. It reacts to the information that it receives, analyses it in real-time and
then responds with a predetermined set of outputs. (Hassani et al., 2020). RAI has
several uses in maths education from providing immediate feedback to students,
adjusting the level of difficulty of a problem and providing personalised learning

experiences for students. Traditional teaching approaches often rely on teachers
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correcting student’s assessments and providing feedback days later. The ability of RAI
to provide immediate feedback to the students allows them to identify and correct any

mistakes made immediately.

By analysing the data from each student’s performance, RAI can adapt to the student’s
individual needs by providing targeted and personalised feedback which allows the
student to learn at their own pace and in a way that best suits the learning style of the
student. According to Narciss et al. (2014), personalising the feedback based on the
learner's abilities and preferences is a promising approach to incorporating adaptation
into a technology-based learning setting. The personalising of student feedback is one

of the key features in the support of their learning (Advisors, 2013).

Al is built on access to data. Al and data have become valuable, complex but also
opaque. It is therefore becoming more challenging to understand what data and Al
means to society. Therefore, with data, Al commercialisation and the rapid innovation
many ethical questions surface, and society needs support, education and
empowerment to engage and address the emerging Al future. Al and data is dynamic
and changing, and the meaning of data differs across contexts for people. Al and data
can mean many things as it is commercialised. Nevertheless, and at the same time,

data has a societal value and the opportunity to solve many social challenges.

4.4 Lonergan’s Theory and Insight

Bernard Lonergan is recognised as one of the most significant philosophical thinkers
of this century (Newsweek, 1970). Lonergan’s keystone work, Insight was first
published in 1957. Lonergan said that Insightwas a programme that presumes readers
as distinct from being an argument that presumes premises. The book was written ‘to
assist the reader in effecting a personal appropriation’ of the dynamic structure of her
own cognitional operations. Lonergan held that the process by which adults come to
know is essentially the same for all normal adults. He described a spontaneous,
structured cognitional process that operates in a readily recognisable pattern. Lonergan
believed that this cognitional structure is invariant, and that it is the unfolding of a
‘pure desire’ to know, a desire that may be stunted or nourished. It may unfold in a

biased way or unfold freely towards its object which is knowledge of being, of what
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is so. Lonergan’s understanding of his own contribution is to draw attention to a

fundamental philosophical oversight— the oversight of insight.

Insight is that activity by which the mind grasps the intelligible connections between
things that previously had appeared merely disparate (Colleran, 2002). An insight can
be described as a breakthrough. Before insight, the matter may seem endlessly
perplexing, but once the insight takes place, the matter seems simple; unorganised

details fall into patterns where none was apparent before.

Insight often occurs as a sudden breakthrough. Insight may occur when the mind is at
a high pitch of creative activity (I get it!); yet insight can also be experienced in a
moment of relaxed passivity: ‘it struck me’ ‘it dawned on me’. Memory plays a role:
sometimes the insight grasps the relation between present circumstances and prior
knowledge. The learning strategy proposed here knits AR and AL together to create
the conditions that favour insight. Insights accumulate and cluster to form a habitual
capacity for problem solving. Furthermore the ‘insight into insight’ that Lonergan
calls ‘self-appropriation’ confers on the learner a reflexive or metacognitive
understanding that facilitates future learning. This metacognitive ‘insight into insight’
has implications for teaching generally because teacher and student stand on opposite
sides of the chasm of understanding (or insight). What appears simple to the teacher,
who has already grasped the point, leaves the student in a state of puzzlement.
However, the teacher was once puzzled, and can, if she shifts her attention reflexively
to her own cognitive process and affective experience, recall with empathy her own
similar predicament. Having made the transition from puzzled enquiry to
understanding, can suggest clues and divert attention away from distractions, to hasten

the pupil’s journey towards insight.

According to Corcoran (1975) insight is abstractive, yet Lonergan emphasised that
theoretical insight is an enriching abstraction that tells us more about reality. Insight
may not require a grand synthesis, resting content with an incremental achievement
for now. Insight grasps intelligibility in sensible images (or sounds). It abstracts from
particulars, formulating intelligibility as concepts that are strictly unimaginable. Thus,

Euclidean geometry is taught (and understood) by reference to diagrams, yet its
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theorems depend on definitions of lines and points that render them strictly
unimaginable because of their necessarily infinitesimal dimensions. Insights do not
occur in isolation; they cluster and accumulate (Corcoran 1975) gradually fitting
together into ever-larger schemas. An insight is usually a relatively permanent
acquisition. A student may forget a detail, yet the insight will normally occur much

more easily the second time than the first (Lonergan, 1957).

Lonergan’s cognitional theory may be characterised as intellectualist rather than
conceptualist. As McCarthy (1990) says “the limitations of conceptualism are
traceable directly to its neglect of insight. Taken by themselves...concepts are
abstract, immobile and invariant...but they are changed by the minds that form them
through the self-correcting process of learning” (p.316). Lonergan’s emphasis, like a
teacher’s, is on the act or event of insight in the learner’s mind. He is learner centred
as he puts it ‘objectivity is the fruit of authentic subjectivity’. Insight is an event, a
new happening that is rooted in ‘the liberty of the subject, the recognition of the

freedom of consciousness’ (Carley 2005).

4.4.1 The Three-Fold Structure of Knowing

Lonergan’s focus is not the known (content), but the knowing (process). Intelligence
operates in a variety of patterns including theoretical and practical or common sense
knowing. Common Sense Knowing occurs spontaneously responding to the sensory
experiences and practical needs of the here-and-now. ‘I feel hungry: what shall I eat?”’
It does not seek to generalise. However, though enquiry may begin in some practical
engagement, it can shift gear and pose questions that reflect a desire for explanation
rather than practical problem solving: ‘what is hunger?’ or ‘how is it caused?’ Insights
of a theoretical or scientific character may then occur. Following insight, intelligence
moves to a third level spontaneously asking, ‘Is it so?” Reflective insight askes: ‘What
conditions would need to be satisfied to justify an affirmative judgement?’ Lonergan’s
three-fold structure of experience, understanding and judging constitutes “knowing”
(Figure 4.4).

Common sense knowing is often content with a descriptive account. For the person of

common sense, reality is taken to be ‘the already out there now real’, something to be
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encountered by sensory confrontation. Common sense may formulate its insights as
proverbs, yet no proverb is universally applicable. To have common sense is precisely
to understand the particular context sufficiently to know how to proceed in that
instance. Common sense may realise that it has no monopoly on understanding.
Nevertheless, it may harbour a prejudice against theoretical knowing: ‘What is the use
of algebra?’ Lonergan honours common sense as being enormously important, but he

warns that it is blended with common nonsense.

Critical Knowing Judgement

Level of reflection Reflective insight

Question for reflection

=
=
Scientific Knowing o
Concept
Level of understanding E P
m -
> Insight
[
i) Question for understanding
Common-sense Knowing Image Image
Level of Presentations Quter Experience Inner Experience
(sense] (consciousness)

Figure 4.4 Lonergan’s Three Stages of Knowing (Connolly and Cosgrove, 2021)

The theoretical or scientific orientation emerges in individuals and civilisations
seeking explanations not just of how things are related to us, but how they are related
to each other. Cognitional process moves from concrete to abstract, in its search for
systematic understanding. Definition seeks an expression of the universal case, and
scientific laws aim always toward greater and greater generality. The accumulation of
these theoretical insights is science. Science moves, often with bewildering rapidity,
from the familiar world of sights, sounds, and tactile impressions into a highly

complex world of theoretical constructs many of which are intelligible only in

120



Chapter Four

mathematical form. The naive realist’s world of sensory extraversion is now left
behind. Now the real, which begins in sense data but is mediated by meaning rather
than sense, is what can be intelligently grasped and rationally affirmed. The vastly
greater territory of this real world of meaning is opened up by insight. Nevertheless,
scientific knowing does not inhabit an exclusively abstract world since insight pivots

between concrete experience and abstract intelligibility.

Lonergan insisted that the same cognitional structure operates in scientific knowing
and in the world of common sense. But in scientific knowing, proximate human needs
must recede if the ‘pure desire’ is to unfold in a disinterested way, whereas in common
sense practical human concerns may dominate. Insights are preceded by questions,
and questions are therefore crucial to having insights. Common sense understanding
accelerates from practical questions to insight to decision, while scientific
understanding spends much more time questioning in the enquiry phase of cognitional

process.

Also, though further insights occur spontaneously, it remains to determine whether the
original insight is correct or not: therefore, there is a crucial distinction between
questions for intelligence (what? why?) leading to direct insights and questions for
judgment (Is it so?) leading to reflective insights of fact or truth. Spontaneously,
students weigh the evidence, spot the flaw for or against a hypothesis (especially when

it is not their own), whether commonsensical or theoretical.

Human knowing, then, is not experier
alone, not judgement alone; it is n
experience and understanding, or of only experience and
judgement, oof only understanding and judgement; finally it is
not something totally apart from experience, understanding, and
judgement. Inevitably, one has to regard an instance of human
knowing, not as this or that operation, but as a whole whose parts
are operatons. It is a structure and, indeed a materially dynamic
Sstructur e, 1967,p.228ner gan

Each instance of insight seeks creative expression, whether in the formalised language

of Mathematics or as a work of art. Each instance of personal expression is a creative
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act. The same insight may be expressed in a new way. As Carley says, “teachers who
expect students to respond by expressing their own understanding are creating a
flourishing framework for freedom of consciousness and re-creation of imagination”
(Carley, 2005, p.21).

Having described and explained the process of knowing, Lonergan then invites each
of us to recognise, understand, affirm and appropriate that universal pattern in
ourselves. He advocates a shifting of attention from the contents of our cognitional
operations to the operations themselves. This reflexive move reduplicates cognitional
structure, bringing it to bear on its own operations, attending to them, grasping them
in their relations and affirming them as so. This process he terms self-appropriation.
We move into the realm of meaning called interiority. Coghlan shows how this first
person move allows us to integrate our knowing and navigate the shifts in cognitional
mode between practical or common sense and theoretical patterns that characterise the
practice of AR and AL (Coghlan 2010, 2013, 2016). In fact, Coghlan asserts that there
is a very close connection between Lonergan’s tripartite cognitional theory and the
tripartite praxeology of Reg Revans who was the founder of AL (Coughlan 2010).
When learners attend to, come to understand and know their own cognitional process,
they have the ability to manage their critical/metacognitive knowing. They will have
a fixed base in their cognitional structure from which they can approach learning in

general.

4.5 Applying the Lonergan’s Theory to Action Learning and
Artificial Intelligence

The strategy proposed follows an AL approach by using practical problems to engage
common sense intelligence, then theoretical and reflective intelligence as their
dynamic cognitional process unfolds spontaneously. Common-sense engages with the
problem and asks: ‘What might some possible solutions look like?” “Which solutions
are similar, which distinct (gradual shift from common sense/description to scientific
definition)’? Gradually the questions become more precise, more searching: ‘What
conditions must a solution satisfy to be acceptable (part of reflective insight)? Can

these conditions be expressed mathematically (theoretical insight)? What would | need
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to know to be satisfied that these conditions are actually satisfied (reflective insight)’?
Such questions lead inexorably towards a consideration of laws (systematic or
statistical) governing system behaviour expressed as equations, of knowns and
unknowns and of solution procedures. At opportune moments the tutor directs the
attention of students overtly to the processes of enquiry they have engaged in, the data
taken into consideration, the nature of the questions raised, the nature of the questions
that led to progress, the concepts employed, the move from a proposed or possible
solution to an actual solution. Such a strategy, having created an active, supportive yet
challenging learning environment, stimulates intellectual activity, and then
endeavours to attend overtly to the intellectual processes that are brought into play.
The strategy follows the principles of AR and AL and moves through three stages,

corresponding to Lonergan’s three stages in cognitional process.

4.5.1 Stage 1 - Common Sense Knowing

According to the basic constructivist theory, students learn most effectively when they
are given the opportunity to explore and create knowledge in pursuit of a goal that is
of personal interest and concern to them (Papert, 1980). Well-chosen problems engage
common sense intelligence. The initial problem is simply stated in common sense
terms and is easily grasped. It stimulates the generation of ideas through physical
manipulation (sensory extraversion) and then engages theoretical enquiry in an
attempt to grasp intelligible patterns to place the results of enquiry in an explanatory
perspective. The common-sense or practical goal stimulates engagement yet at the
same time it yields a rich harvest of abstract theoretical issues to ponder. For example,
in pursuing a goal to build and program a robot, students are led to develop and employ
new ways of thinking about computation, discrete math, linear equations and

geometry.

4.5.2 Stage 2 — Scientific Knowing

In this stage of the AL strategy, students are encouraged to work together in teams and
to some extent monitor their own learning and progress. The process of dialogue is
mutually stimulating as students explore and develop a variety of ideas and discover
possible new solutions. The tutor’s role is to identify and pose penetrating questions

and place the proposed solutions in suggestive arrangements likely to lead the further
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questioning that will move inquiry from a commonsense realm to a theoretical realm.
In testing out their thoughts and designs, students will propose novel solutions and
uncover questions that they have never thought about before. These questions will, in
turn, lead them into consideration of concepts and theorems (e.g., parallelogram law
of vector addition) whose potentially practical significance was previously not
apparent. These concepts now become demonstrably useful ideas, allowing the student
to see how and why a specific solution of theirs works (Papert, 1980). Thus, the
students develop not only a better understanding of the theoretical concepts and
principles, but in due course, following a reflective consideration of the problem-
solving process which they have just engaged in, can learn to apply the concepts in
other contexts. Because the student learns through her own experimentation, she
experiences a personal connection to the idea by engaging with a concrete problem
and develops a positive outlook on learning (Papert, 2000).

Cronin suggests that the distinction between an intellectualist approach to knowing
and a conceptualist approach is the difference between an enriching abstraction and
an impoverishing abstraction. The intellectualist approach affirms that cognition is an
activity which a knowing subject performs, not something that happens to them
(Cronin, 2001; 2017). The conceptualist is concerned with the pure abstract concept
which is known but not with the human mind that knows. This distinction corresponds
to the student centered (AL) versus content centered pedagogy. In AL, the cycles of
activity stimulate questions and lead towards insights. The questions progress from
routine common-sense understanding, through scientific questioning (to a deeper
understanding of principles that can elucidate similar future problems), to constructing
a problem-solving method from a consideration of the realm of interiority (critical

knowing.)

4.5.3 Stage 3 — Critical Knowing

Lonergan says ‘the attainment of a critical position means.... that one distinguishes
between the different patterns of one’s own experience....” (Lonergan, 1992, p. 293).
This involves identifying the various kinds of questions that were asked at various
stages in the problem-solving process, noting the sequence of suggested solutions,

recalling how one suggestion brought forth another, how questions for theoretical
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intelligence arose (How is the force here related to the load there?) or questions for
reflection (But is this a real solution? Is it stable?). Critical awareness of their own
cognitional process will enable learners to manage their problem solving more
effectively because they have now affirmed the method by which they come to know
what they have learned, how they, learn and proactively participated in the process.

What abstract ideas or concepts were evoked: vector? Component of a force? What
relations were invoked: equations of equilibrium? At this stage learners examine
explicitly the skills and ‘best practices’ or implicit heuristic procedures employed in
the previous stages: were algebraic equations set up involving the unknown ‘x’ and
solved? Did they deconstruct and separate out parts of the problem for individual
consideration? How was this achieved? What insights were critical in enabling this
approach of employing sub-procedures? What kind of reasoning and/or logic was
employed in this process? How might this inform their approach to breaking up future

problems?

They may also reflect on the motivational and affective aspects of the process: what
did they find engaging and why? What kinds of feelings (excitement, frustration,
boredom, anxiety, satisfaction) were evoked by or during the problem-solving
process? What light might this reflection throw on the student’s future approaches to
problem-solving? Later works of Lonergan point to feelings as apprehensions of value
as his focus widens beyond the cognitional subject to examine the existential subject.
While it would take us too far afield here to explore this avenue further, suffice it to
say that few experienced teachers would deny the central role of the student’s feelings
in learning (and the teachers in teaching) even if the identification of the wise way to

proceed in this realm is problematic.

When, through reflection, students gradually learn to recognise the stages of problem
solving, to grasp their own cognitional process in act (Schon’s refection in and on
action) they are equipped to take on a global perspective and plan their work, breaking
a problem into parts and defining each part as a separate sub-procedure. This is
important and is addressed in the Al mobile application and intervention; the tasks are
designed to enable students grasp the functionality and power of the idea of sub-

procedures, using Lonergan’s theory as a guide.
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4.6 Learning Culture and Community of Inquiry

The suggested Al mobile application and intervention functions by engaging students
in active problem-solving tasks through which, for example mathematical concepts
are illuminated, thus offering a rationale to students for learning mathematical topics
(Galbraith 2013l Lave 1988; Mason 1998), creating a learning culture where emphasis
is on students’ understanding of their own reasoning processes rather than achieving
the ‘right answer’ (Lesh & Zawojewski, 2007; Schoenfeld 1994). They move through
the realms of meaning of common-sense and theory controlling the shifts by entering
the third realm of meaning: reflexive interiority (Coghlan 2010). In the design and
facilitation of the intervention learning culture and community of inquiry are of

importance in the MSC learning space.

A learning culture may be defined as a culture which demonstrates and encourages
individual and organisational learning (Jacobson, 1996; Kruger & Tomasello, 1998;
Skerlavaj, Stemberger & Dimovski 2007). The learning culture is one with
organisational values, systems and practices that support and encourage individuals
and the organisation, increasing knowledge, competence and performance continually
(Senge 2006) and this in turn promotes continuous improvement supporting
achievement of goals, innovation and the ability to deal with change (Connolly et al.
2022). Foss and Gibson (2015) consider culture the most important determinant of

speed and success of a university’s entrepreneurial turn.

The importance of community in the development of problem solving and critical
thinking skills has been well documented (Peterson, 1992; Garrison, Anderson and
Archer, 2000; Lipman, 2003). Community according to McMillan and Chavis (1986)
is defined as

a feeling that members have of belonging, a feeling that members
matter to one another and to the group, and a shared faith that

me mber s needs wi l | be met through

together (p. 9).
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Aligned with this, the integration of technology with pedagogy has contributed to the
development of learning communities thus enabling a learning environment which can
be transformed and extended outside of the conventional face to face classroom
(Richards, 2006). Applying community in an educational context and viewing a
classroom community Rovai (2002) states the class dynamic is “a social community
of learners who share knowledge, values, and goals” Rovai (2002b, p. 322). The
community created is related to the engagement experienced by the students. A
definition of engagement, in the context of educational technology is given by Bond
et al. (2020).

Student engagement is the energy and effort that students employ
within their learning conmunity, observable via any number of
behavioural, cognitive or affective indicators across a continuum.
It is shaped by a range of structural and internal influences,
including the complex interplay of relationships, learning
activities and the learningreironment (p. 3)

O’Brien and Toms (2008) analysed user engagement in the context of using a number
of web applications, proposing that engagement is both a process and a product and
that there are certain attributes of a system that influence a user’s engagement with an
environment. Within this framework we propose that the learning activities and
environment with which the students engage with resides and conforms to such. Gilroy
(2001) proposes the following formula:

Valued Learning Experience = F [Pedagogy, Content, Community]

Kreijns, Kirschner and Jochems (2003, p.342) argue that in order to have a valued
learning experience, all three variables must co-exist together with an appropriate
teaching pedagogy, suitable content and a functioning learning. Garrison, Anderson,
and Archer (2001) also provide an opportunity to assess the presence of education in
the digital learning space. Garrison, Anderson, and Archer (2001) and Garrison et al.
(2000) captures the dynamics of digital learning providing a conceptual framework
developed to guide teacher presence. Garrison et al. (2000) introduces three

interdependent components: Teaching Presence, Social Presence and Cognitive
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Presence, thereby laying the foundation for a learning environment that ensures
collaboration and benefits user experience. The Community of Inquiry (Col)
framework defined by Garrison et al. (2000) consists of groups of individuals,
students, and teachers (Lipman, 1991) who collectively engage in purposeful critical
discourse to deepen reflection and understanding. Therefore, the depth of knowledge
construction and user experience is shaped by how these three building blocks relate
to each other. According to Garrison, Anderson and Archer (2000) Col provides a
coherent framework of coexistence between education, social existence, and cognitive

existence.

-
Social
Supporting Cognitive
Discourse presence
7|
4 EXPERIENCE

TEACHING PRESEMNCE
(5tructure/Process)

Communication Medium

Figure 4.5 Community of Inquiry model (Garrison, Anderson and Archer, 2000)

4.7 Merging Approaches —an Al Mathematical Mobile Application
The focus of this research as described is in relation to identifying the key
mathematical skills lacking in students who visit the Mathematics Support Centre at
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ATU Sligo and improving student performance in learning mathematical concepts
though an engaged Al application, but also developing an understanding of the

mathematical thinking process by which problems are resolved.

While the emphasis may be redirected towards the learning process, the students for
whom this approach is designed, successful solutions are seldom developed.
Alongside this one must realise that it is no longer sufficient to utilise understanding
and knowledge already available to the student. Consequently, the student must create
new insights, new understanding and nonetheless new knowledge to arrive at a
successful mathematical solution. Therefore, the overarching aspirations are to

achieve the following:

- Place students in control of technology, taking away the ‘mathematical

perceived threat” and then gradually introduce a mathematical challenge
- Assist in understanding and knowing, metacognitive strategies

- Incorporate feedback assisting with abstract conceptualisation — make abstract

concepts concrete

Decontextualisation is representative of higher cognitive functions, emphasising
formal theory over informal practice (Vygotsky 1962, 1978, Noss and Hoyles 1996).
Nevertheless, there is often a closer interaction between the abstract model and the
modelled (concrete) model where a person can act as a resource for others. "Abstract
and concrete are two sides of the same coin - like situation and non-situation, they are
not opposed but dialectically related" (Noss and Hoyles 1996). The context of this
research is therefore a concrete Al mobile application but providing a breeding ground

for mathematical concept abstraction fostering mathematical thinking.

Mathematics hones the power of reasoning and problem solving. Mathematical
thinking involves the application of math skills to solve math problems, such as
equations and functions (Sneider et al., 2014). One can think mathematically and learn
to think mathematically, improving by practice with reflection. Mathematical thinking
is provoked by contradiction, tension and surprise. It is supported by an atmosphere
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of questioning, challenging and reflecting and importantly Mathematical Thinking

helps in understanding yourself and the world (Mason, Burton & Stacey, 2011).

Artificial Intelligence Constructivist Learning
literacy Principles

Learning Culture and
Community of Inquiry

Lonergan’s Theory and
Insight

Figure 4.6 Merging theoretical approaches for the Al mathematical application for
MSC

A maths application applicable to the objectives of the study was discovered. Namely,

Blutick (https://blutick.com/) - an Al powered maths teaching platform and works as

a reactive Al by applying a large number of algorithmic tests to what the students
input. Based on the student’s response Blutick generates a probabilistic assessment of
the best response to any mistake made by the student and therefore an applicable

software solution for this research.

The Blutick app takes into account a variety of different factors, including the stage
of the problem the student is currently at, the question context and the mathematical
working itself. Positive feedback is generated and designed to both encourage the
student and point them in the right direction. There are many thousands of apps
available to help students with their mathematical difficulties. Most however simply
mark the students attempt or provide the answer to the problem. This is the most
typical type of app available where only the answer feedback is given, and the students
know straight away if the answer that they submitted is right or wrong. The Blutick

maths app has the ability to indicate to students where they made their mistake giving
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the students a better understanding of the problem at hand. Students also have the
option to get hints on each question, ask the app a question in relation to the problem,
watch a short video on a similar type of question or view a detailed solution of a similar
problem. This type of additional help is called on-demand assistance or also known as
tutoring, as a number of additional instant options are available to the student to help
understand where they went wrong in the problem or to aid the student in solving the
question. Some studies have shown that this type of on-demand assistance increased
student learning (Barnes and Stamper, 2008). Calder & Campbell (2016) argue that
apps that provide instantaneous feedback of this type allow the learner to both

experiment and take risks with their learning and knowledge intake.

The app provides learning in small accessible chunks by guiding and teaching the
students through the different mathematical concepts with a combination of short
video content, fully worked out examples, interactive questions and quizzes. The app
also processes and stores the lines of work that students enter into the system. It
generates suggestions for these scenarios that initially do not offer the intelligent
feedback. These scenarios are then examined, with relevant feedback built into the
system, ensuring the app is learning over time. As the student works through the
various tasks the app identifies what feedback works best, creating a more effective
feedback and teaching tool. According to Kukulska-Hulme (2010), mobile
technologies allow the learner to improve their knowledge whenever the need arises,
with learning occurring in everyday and more varied environments. The task summary
page provides more detailed information on each of the tasks undertaken. The
instructor can view the amount of time spent viewing the various videos, the number
of questions completed at the different levels, the number of mistakes made, and the
number of hints used. Full workings of each question completed by the student is also
available together with any feedback offered by the Al instructor. Task summaries
also allow the instructor to keep track of the tasks set and the work that the students
are completing. The app allows the learner to work at their own pace and repeat the
necessary mathematical skills as many times as they wish in order to master the
concepts undertaken. Rather than just guessing the solution, the app encourages the
students to think about the various steps involved in arriving at the solution. It

promotes active learning rather that passive learning.
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Feedback from the students will look to identify the positive features of the app from
their use of videos, worked examples and the ability to work at their own pace. Data
will also help identify both the mathematical difficulties the students encountered and
their comprehension of information in the areas of basic algebra and basic arithmetic.
Tasks summaries will identify the number of questions completed at the different
levels, the number and types of mistakes made together with the number of hints used.
The ability to view every line of the student’s workings as they complete each task,
together with the feedback the system generates, will allow a more detailed
understanding of both the key problematic areas and how the students used the

application to improve their mathematical ability over time.

4.7.1 Blutick Analysis

The Blutick Maths App allows many ways to view a student’s progress and
engagement with the app. The mark book element of the app allows detailed
information on individual tasks to be collected and allow a deeper understanding on
where each student is having difficulty. Each task set for the learner has three levels
of difficulty followed by a quiz. The student must get six questions correct in the quiz
before the task is marked complete. A smart score is assigned to each task as
completed by the learner. The score represents the number of questions that are
answered correctly but also considers the degree of understanding of the task by
looking at other factors such as skipping questions, making mistakes, and using the
hints available. Analysis of these results will help measure the effectiveness of this
mathematical mobile application on student learning together with identifying the

various trouble spots as the students work through the various tasks assigned.

Figure 4.7 shows the hints option together with a scaffold of the problem top right-
hand corner of the image) for a given task. The student gives an incorrect answer to
the question and the chatbot (bottom right corner of the image) aids the student with
the problem. The student also has the option of a scaffold of the problem by either
looking through a similar worked problem or watching a short video of a solution to a

similar problem. Then can also choose to have the answer to the question revealed to
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them and move on to another problem if they so wish. This is a useful tool for online
learning as there has been several studies that have shown that this type of on — demand
assistance such as hints and the ability to ask the app simple questions in relation to
the problem improves student learning in online learning environments (Kelly, 2018;
Stamper et al., 2013 and Razzaq and Heffernan, 2009).

Figure 4.7 is an example of a mistake message from the Blutick maths app. This type
of feedback responds with information that shows the student exactly where they made
a mistake. If the student still cannot get the correct answer to the question after this
guidance, the student can still use the hints button to help point them in the right
direction. In this example, the steps shown the students solution path as they worked
towards the correct answer and corrected their misunderstandings in the problem. The
student initially subtracted 6 from their answer instead of adding 6. This was pointed
out to the student where they immediately fixed the issue. The student then used an
incorrect sign in their solution and once the student reflected on this message they

eventually came to the correct answer.

Percentage Increase - Level 1

a Worked Example c
Iy Increase 48 by 78%, rounding your answer to 3 significant
105 % ‘f ;(25 figures if needed
g Step1:  Multiply by the new percentage (178% is the same as 1.78)
pescentage  decimal 1.78 x 48
Step 2. Type the expression into your calculator
85.
(Jos +100) x 128 S
Step 3. Round to 3 significant figures
= 1-05% 128 P 7 R
= 131.25 i

01:56

DT eseanv

It looks like you found19% rather than X
increasing by19%

Try It Yourself

Increase 63 by 19%, rounding your answer to 3 gusss mE e s e

o7 What number do you multiply by to
- L  increase something by 19 %?
2
x = om0 v oo

Increase 63 by 19%

Figure 4.7 Blutick Maths App task overview
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Level 2: Simplify 5-7+6
It looks like you've subtracted 6 instead of adding it! Remember the minus sign is only attached to the 7

listake with your minuses - check again

It looks like you've subtracted 6 instead of adding it! Remember the minus sign is only attached to the

Figure 4.8 Blutick maths app feedback example

Figure 4.8 is an example of a mistake message from the Blutick maths app. This type
of feedback responds with information that shows the student exactly where they made
a mistake. If the student still cannot get the correct answer to the question after this
guidance, the student can still use the hints button to help point them in the right
direction. In this example, the steps shown the students solution path as they worked
towards the correct answer and corrected their misunderstandings in the problem. The
student initially subtracted 6 from their answer instead of adding 6. This was pointed
out to the student where they immediately fixed the issue. The student then used an
incorrect sign in their solution and once the student reflected on this message they

eventually came to the correct answer.

Analysis of these results will help measure the effectiveness of this mathematical
mobile application on student learning together with identifying the various trouble
spots as the students work through the various tasks assigned. While students making
use of the Blutick maths app benefit from the feedback loop as proposed by Bangert-
Drowns et al. (1991), instructors benefit from the range of ways that they can monitor

students’ progress and engagement with the maths app.

Figure 4.9 shows a commonly used report that can be generated by the teacher within
the Blutick app. This particular report helps monitor student progress and provides an
overview of the tasks completed by a randomly selected student. It shows the task
completed, the level of questions in each task completed, the time spent by the student

reading through worked out solutions to questions on the current task, time spent
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watching the short video in relation to the task, the time spent working through
questions on the task, together with the number of hints used and the number of errors
made when working through questions. The report also shows a smart score for each
task based on the completion of quizzes associated with the tasks. The smartscore
represents the number of questions that the student has correctly answered out of the
total number of questions completed and is given as a percentage. The smartscore
takes into account different factors that help indicate the degree of understanding that
a student has on a topic such as using hints, making mistakes or skipping questions in
a quiz. The student loses marks towards their smartscore if they have skipped

questions, made mistakes or have made use of hints during the answering of each quiz

question.
Progress Summary CGEED :
Task Results Search:
o e
o )
2 €
£ <
®
@ £ - 9 g
g ﬁ Questions Completed @ Time Spent 3 g =
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E L g 5
§ s °o o o [ § §
oo L d Started @ Finished
- s s [ L2 ¢ L3 S s s s s s s s (2
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Add And Subtract 25 A
IS | SRR O SAN /3 3/3  3/3 255 O0s 6m 0 7 2022 7
Fractions Il 20:50 2022 21116

Figure 4.9 Individual student Blutick task summary report

As shown in the image below, students can see their smartscore change as they work

through the questions on the quiz at the end of a topic.
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(X) Algebra
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Figure 4.10 Example of a Blutick maths quiz at the

Quiz Complete!

Nice one! See if you can complete another quiz today. Want to take this quiz again?

« Questions correct: 6 out of 6
Questions skipped: 0
Time taken: 2 minutes and 41 seconds
Hints used: 0

X Mistakes made: 3

A Wamings given: 0

end of each task

Time Taken SmartScore
02:41

Figure 4.11 Summary details of a completed quiz at the end of a task

Once the student has completed the quiz on each topic, they are given instant feedback

on their performance. Details on factors that indicate their degree of understanding of

the topic together with a summary of their smartscore is provided. As shown in the

image below, summary details on the time taken to complete the quiz, the number of

questions answered correctly, the number of questions skipped, and the number of

hints used are provided at the end of the quiz.
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4.8 Chapter Conclusion

This chapter introduced the Al mobile application and intervention design, explaining
that discovery is at the heart of the strategy and how these principles influenced the
design and by recognising that questions play a role in generating understanding and
knowledge. In the context of the mathematics support centre the approaches and

strategies presented facilitate knowledge construction.

Constructivist views of learning imply, social interaction facilitating transfer by
enriching original understanding. As students share ideas and identify relationships in
the topics they’re studying, they gain insights in to the ways ideas apply in different
settings (Vanderstoep and Seifert 1994). If learners original mathematical
understanding is shallow or lacking, it is important to try to provide them with a variety

of high-quality examples presented in context.

Insights arise with reference to concrete, sensible presentations and remembered data.
However, because insights go beyond concrete problems and applications into the
abstract, they are a creation of intelligence and cannot be reached by learning a certain
set of procedures or by studying a methodology. Lonergan’s (1992)° programme
offers a structure for understanding, knowing and deciding. It also offers a
developmental process in which a learner can move from understanding, knowing and

deciding at a commonsense level, scientific level and finally critical level.
The theoretical conditions for establishing and ultimately the choice of Al mobile

application and intervention were described in this chapter. In the next chapter, the

research cycles are discussed.
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Chapter Five

5 Research Cycles

5.1 Chapter Introduction

This chapter discusses the research cycles that were undertaken by the researcher in
this thesis in order to study the impact of an Al mobile learning app for supporting
student learning of mathematical skills. The research cycles shaped and guided the
development of the research processes and case studies.

5.2 Action Research Cycles

The cyclical nature of action research allowed the reactions from the participants
(students and researcher) to help inform further evaluation cycles. This resulted in the
research being broken into three identifiable phases as shown in Figure 5.1 and Figure
5.2.

Stage 1 - Theoretical
Analysis /Exploratory
Phase

Mathematical Improved mathematical
challenges / barriers understanding

MSC future
development

Stage 3 - Collection and ” Stage 2 - Design and
Analysis of data Implementation

Identify maths Show Basic Arithmetic Tasks Al math mobile

challenges & improvement in Basic Algebra Tasks application
Investigate impact maths learning &

of maths app confidence

Figure 5.1 Overview of Research
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Stage 1 ¢ Theoretical Analysis / Exploratory
Maths Support Centre reporting to the HEA
Literature Review, Theoretical Framework AY2018/19
Student - data gathering/analysis AY2019/20
Development of Al mobile app requirements
Pilot Study
— — Stage 2 ¢ Design and Implementation
g §§ Semester 1 B [semester2 o
§:: g | e
g Cycle 1a £ Cycle 1b 5o 1*Cycle
e 0o AY2020/21, AY2021/22
™ BT
< <
0
w
é; i Semester 1 i, Semester 2 a
VT o o nd
e Cycle 2a @ Cycle 2b g 2" Cycle
AY2021/22, AY2022/23
w
< <

f

Stage 3 ¢ Collection and Analysis of Data / Reflection

j
\

Figure 5.2 Overview Structure of Research Strategy

The first stage was the Exploratory and Literature Review Phase. The second stage
involved the Design and Implementation of the Intervention Strategy, and the third
stage was the Collection and Analysis of Data/reflection which took place after each

action research cycle.

The Theoretical Analysis/Exploratory Phase of the research was initiated in
September 2019 and consisted of a detailed literature review, concentrating on the
areas of Maths support centres in higher education, mathematics and mobile learning
applications and artificial intelligence in mathematics education. This uncovered the
potential benefits of an Al mobile application influencing engagement and learning
for mathematical service learners and in particular how Al supported platforms could
lead to new ways of knowledge construction in mathematical education by supporting
the student in solving mathematical problems and allowing personalised interactions
between the student and the software. This provided a context from the analysis of
learning strategies, constructivism, Lonergan’s work on understanding and adapting it
to learning of mathematics. The Theoretical Analysis/Exploratory phase concluded
with the design and development of an innovative educational strategy for assisting
students with their engagement and learning of their basic mathematics skills in an

action-learning manner.
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The timescale for this study was designed and implemented during the college
academic year. The action Research cycles were conducted during academic years
19/20 and 20/21, and the first semester of AY 22/23. The academic calendar at ATU
Sligo is broken into two semesters, each consisting of 13 teaching weeks. In
developing and conducting this study, it was decided to conduct an evaluation cycle
each semester. Each evaluation cycle was twelve weeks in duration where the students
engaged with the mobile maths app typically using the app for two to three hours per
week over the twelve-week period (Figure 5.3). Students worked through
approximately 70 tasks in the areas of basic arithmetic and basic algebra during this

time period.

Before each action research cycle, the researcher held an initial meeting with each
student, where instructions on how to access and use the mobile maths app was
explained to them. In addition, the study presented in this thesis was explained, and
the nature of participation was discussed in detail with every student. The meeting was
held in person at the maths support centre or online via MS Teams. During each
meeting, the student was introduced to the app’s features and functionalities, how to
navigate around the app and access the different tasks assigned. The meeting also
sought to address any questions or uncertainties that students harboured about the
study or the maths app and to ensure a smooth integration of the app into their
mathematical journey. Students were encouraged to engage with the maths app
between one to two hours per week in their own time and place. The MSC Learning
space serves as a safe and supportive environment where students could address any
issues, they were having with the maths app, from navigating around the app,
understanding any of the assigned tasks or bridging any gaps in their understanding
that may arise between the use of the app and the different teaching style in the
classroom. The learning space offered a non-threatening environment for students to
seek help with the app and to build confidence in their mathematical abilities and
designed to meet the learning needs of the twenty-first century learner with ample
space to allow the usage of laptops and charging points for their mobile devices. Some
students worked on the app in the maths support centre in the initial stages of each
cycle as they slowly gained confidence with both the use of the app and their

mathematical skills.

140



Chapter Five

Students were made aware of the ethical guidelines underpinning the study and were
informed of their right to withdraw from the study, and the types of data that would
be securely collected and stored. For more information about the ethical guidelines
informing this research see Appendix B.

Mobile Technology Supporting Learning in a Maths Support Learning Centre Study Overview

Reflect

Collect\Analysis of Data Collect\Analysis of Data Collect\Analysis of Data

Collect &
Analysis of the data

Cycle 1a
Pilot Study
Acad. Year 2020/21

Emergency Remote

Figure 5.3 Overview Plan of evaluation cycles per semester

Collection of data and analysis of the data including self-reflection was incorporated
after each evaluation cycle. Where necessary, the intervention strategy was modified,
which is keeping in line with the action research approach. The philosophy of action
research enables the research to address other issues emerging from the evaluation
cycles and any insights gained from the reflection stage would be implemented in the

next cycle, in particular the following amendments were incorporated:

The importance of highlighting any technical difficulties in the adoption of new
technology was emphasized at the beginning of each of the cycles, with the students
encouraged to get in contact with the researcher either at the MSC or by email/MS
Teams to ensure that any technical difficulties encountered while using the maths app
were quickly addressed and the participants were encouraged to provide feedback on
their experiences with the app throughout each cycle.

There was a significant drop out in the participant numbers during the first couple of
weeks of the pilot study partly to insufficient contact with the participants on the

researchers behalf. This resulted in the researcher holding weekly check-ins with the
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participants in subsequent cycles either by email, online using MS Teams or at the
MSC to provide encouragement and to discuss any problems that they may have been
having with the maths app or the different mathematical concepts that they were
working on. This helped lower the attrition rates in the main action research cycles
and provided additional support leading to a better understanding of some of the more
difficult mathematical tasks under review. The accessibility of the researcher and
interaction with him was especially important in keeping the students interest in using
the maths app especially as the college semester workload increased. These personal
interactions helped minimize the attrition rate due to simple forgetfulness to use the
app in a busy academic semester. The pilot study provided the opportunity for the
researcher to become aware of his own development as an education researcher. It
allowed the researcher to critically evaluate the intervention strategy but also played a
role in advancing the researcher’s development. This development persisted
throughout the research study, signifying a phase in the author’s professional journey

in becoming an intentional and reflective researcher.

5.3 Pilot Study
The first step in the undertaking of a pilot study. This study helps to improve the
research process and is usually conducted on a smaller scale than the main study. A

key component of the initial stages of the research process, a pilot study is defined as

A study conducted prior to the major research study that in some
way is a smalkscale model of the major study: conducted for the
purpose of gaining additional information by which the major
study can be improvedfor example, an exploratory use of the
measurement instrument with a small group for the purpose of
refining the instrumentWiersma, 1991p.427)

The value of conducting pilot studies during the research processes allows for early
identification of potential issues or challenges that may arise during the course of the
study and allows the researcher to make necessary adjustments before commencing
the main study (Henk, 1987). In addition, they allow for the testing of the effectiveness

of new learning tools in maths and whether it should be used in larger studies.
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An initial pilot study was conducted (Figure 5.2) in Semester 1 of ATU Sligo’s
academic year 2020/2021. By collecting data from this pilot study, the researcher
identified challenges students may have and use data driven decision making to make
any adjustments to the design process before proceeding with the main study.
Therefore, the main aim of conducting this pilot study was to examine how feasible
the intended approach would be before taking on a larger study. The pilot study
initially recruited 20 students but within two weeks of the commencement of the study,
ten students had stopped engaging with the maths app and dropped out of the study.
The pilot study highlighted potential technical glitches and usability issues within the
interface of the application and feedback from the participants also revealed small
instances of navigation issues and app crashes. These factors were identified as some
of the reasons that led to lack of engagement and motivation on behalf of the students
that led to some of them dropping out of the pilot study. This allowed the researcher
to identify these issues with the app company which quickly rectified them before the
main study took place. This ensured a seamless user experience for the participations
that would take part in the main study. The reduction in these technical issues played
a key role in mitigating the attrition rate of students in the main study by sustaining
the participants motivation and engagement. Additionally, more regular personal
interactions and reminders based on insights from pilot study either online or face to
face at the MSC helped maintain students interest and minimize attrition due to
disengagement or simple forgetfulness to use the app. Overall, conducting the pilot
study was an important part of the research process and provided valuable information
and insights which allowed the researcher to proceed in order to make the study a

SUCCESS.

5.4 Group Size and Participant Selection

All students at ATU Sligo that take one or more modules of maths during the academic
year are encouraged to attend the MSC and avail of the free support to help with their
various mathematical modules. ATU Sligo students volunteer to be part of the study
with those involved taking a Diagnostic Test. The students will typically be taking a
service mathematics module as part of their undergraduate degree in science,

engineering, computing, or business courses. Any student, 18 years and older who
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present themselves to the Maths Support Centre (MSC) are eligible to take part in the

study.
Research Cycle Name Academic Year Number of participants
Cycle 1a Pilot Study AY?2020/21 10
Cycle 1b Case Study One AY2020/21 14
Cycle 2a Case Study Two AY2021/22 18
Cycle 2b Case Study Three AY2021/22 20
Cycle 3a Case Study Four AY2022/23 20

Table 5.1 Action research cycles, academic year and participants

Approximately five to six students during each action research cycle failed to take part
after initially signing up to the study. All students that took part in each cycle
completed both the pre and post diagnostic tests and the follow up questionnaire on
the Blutick maths app. Four students from each cycle initially agreed to take part in

the focus groups with one student failing to show up each time.

5.5 Blutick Maths App and Mathematical Tasks Examined

The Blutick maths app is built upon the educational approach that puts personalised
and adaptive learning at the forefront. The app aligns with the principles of
constructivism by allowing students to construct their knowledge and gradually build
their understanding one piece at a time by prompting them to enter their work line by
line, thus allowing them to build up concepts at their own pace. The app adapts to the
students individual needs, providing real time feedback and offering a dynamic
learning experience to the user. The app supports and scaffolds students using clear
worked out examples and short videos. It allows the student to practice specific pieces
of knowledge so that they master the mathematical concepts and retain the information
and the intelligent line by line feedback offered allows students to take control of their

own learning.

144



Chapter Five

The researcher played a key role in the successful implementation of the maths app by
initially providing clear guidance to the students on the effective use of the app.
Instructions on how to access the different tasks, exercises and quizzes were provided
to each student as well as navigating around the app’s interface. The students were
encouraged to attempt the different problems assigned independently and use the hints
option when needed before seeking additional support. Students were reminded to pay
attention to the immediate feedback provided after each answer they inputted in order
to help identify any errors made, make any necessary corrections and get a clearer
understanding of the concepts under review. The researcher collected and analysed
data that was generated by the app such as usage patterns and individual performance
metrics which helped identify different areas where the student may need additional

help.

At the beginning of the 12-week period of the action research cycles, the students were
familiarised with the Blutick maths app’s various features, functionality and user
interface. The meetings were held in person at the maths support centre or online via
MS Teams. Clear and concise instructions were offered to the students to help them
navigate the maths app with ease. The students were made aware of how the maths
app aimed to guide them through problem solving through the short videos, step by
step explanations and interactive tools. The initial assistance helped ensure the
students could confidently engage with the maths app, allowing them a more
comfortable transition into the digital learning environment and to maximise their
engagement with the app. The support approach shifted as the students became more
accustomed with the use of the maths app. The support extended beyond the use of
the app itself, as students were provided with dedicated contact points and contact
times where they could seek additional help with the researcher. The researcher held
weekly check-ins with students either by email, online using MS Teams or at the MSC
to discuss any issues that they were having with the app or the different mathematical
concepts that they were working on. The emphasis shifted towards fostering a deeper
understanding of the mathematical concepts under review. Throughout each action
research cycle, the researcher monitored the progress of the students through the data
generated by the maths app and intervened when necessary to provide additional

support, encouragement or clarification. Over the different cycles, the researchers
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approach evolved based on the individual student’s needs. For example, if a particular
mathematical concept or task posed challenges to a significant number of students, the
researcher would conduct more targeted discussions with the students to address these
challenges. Feedback from the students taking part in the different cycles ensured any
technical difficulties they encountered while using the maths app were quickly

addressed and fixed.

Initial student data collected from MSC centre visits and data from the diagnostic tests
highlighted the areas of basic algebra and basic arithmetic that were causing most
difficulty with attending students. The topics that the students cover through the
Blutick maths app are in line with research carried out by Deeken et al. (2019). They
identified the areas of fractions, percentages and proportionality, linear and quadratic
equations and functions as the basic mathematical skills expected of incoming STEM
students. Results from a large-scale diagnostic test carried out by Sheridan (2013) on
students in the college of science in Technological University Dublin also identified
algebra and arithmetic as the two main problem areas causing difficulties in

mathematics for students.

5.6 Learning Space

Social interactions are fundamental to learning and development, and they play a
crucial role in cultivating higher order thinking skills (Resinck, 1987). The ATU Sligo
students who participated in this study were volunteers that attended the maths support
centre in search of much needed mathematics support. The Maths Support Centre took
place mainly in room B1086 at ATU Sligo. This room was initially designed to support
active learning and to amplify the positive effects on student learning. The room was
designed to meet the needs of the twenty-first century student, where the space allows
for flexibility in teaching and learning, collaboration amongst students and the
nurturing of critical thinking (Benade 2016). The students make use of the “Node”
chairs (Figure 5.1) in the room, which facilitate group learning and individual learning

seamlessly. There is also ample space in the room to allow the use of laptops.

The room accommodates 20 students at any one time. This room is an ideal location

for the MSC as it contains a number of useful facilities ideally suited to the centre.
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There is a large white board at the top of the room with a number of smaller white
boards around the room. The room is open for Maths support students for twenty hours
each week during term time and students can drop into the centre and for self-guided

work or avail of maths tutors that staff the centre throughout the academic year.

Figure 5.1 Image of Maths Support Learning Centre at ATU Sligo
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5.7 Role of Researcher and Facilitator

Fundamentally the goal of action research is to enhance the lives of students and
teachers through positive educational change. In addition to being prepared to address
challenges the researcher or facilitator helps create an environment that is conducive
to change (Fullan, 1993; Miller & Liberman, 1988; Sarason, 1990). The researcher
and the students involved in the study engaged in active dialogue in the MSC, online
using MS Teams or by email. The researcher encouraged the students to discover
understanding and learning for themselves. Every student possesses a unique learning
path, which is influenced by their personal experiences, prior knowledge and cognitive
capabilities. Through dialogue with students, the researcher can gain insights into their
preferred style of learning as well as their strengths and weaknesses. With regards to
instruction, the researcher encouraged the students to work with the Blutick maths app
on a regular basis each week and actively worked with any questions that arose as the
students worked through the various tasks on the app. It is a student-centred learning
process that supports students learning, enhances engagement and understanding,
reduces frustration and promotes a positive attitude towards learning (Lin, 2007). The
tasks on the app are organised and selected so that the student continually builds upon
what they had already learned. The researcher’s role was to transform the
mathematical knowledge to a format suitable for the learner’s current level of
comprehension. In following Lonergan’s process of understanding (Lonergan, 1957),
the students were prompted by the researcher during the action research cycles. This
kind of prompting does not necessarily disrupt the process of learning and problem
solving (Schoenfeld, 1985), but instead the student learns and knowingly understands

the reasoning behind certain steps in a particular problem.

The participants were aware that the researcher lectured at ATU but did not have this
form of contact with one-another. Throughout study the researcher/facilitator followed
a constructivist approach. The degree of researcher intervention varied with each
activity, yet the overall strategy followed Wolcott’s advice to “talk little, listen a lot”
(Wolcott, 1990). Establishing rapport is essential in action research, since the

“experimental contract” setup will influence the subjects’ responses (Balacheft, 1986).
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1 Teachers and administrators need to restructure power and Authority

Relationships

Both top-down and bottom-up strategies of change can work

Teachers must be provided with support

Every person is a change agent

Change tends not to be neat, linear or rational

Teacher researchers must pay attention to the culture of the school

The outcomes of any change effort must benefit students

| N O O B W N

Being hopeful is a critical resource

Table 5.2 Researcher and facilitator role in research cycle (Fullan, 1993; Miller &
Liberman 1988; Sarason, 1990)

5.8 Chapter Conclusion

This chapter has discussed the research process of designing the intervention in order
to support student learning of basic mathematical skills and algebra by an Artificial
Intelligent Mobile Learning Application. This chapter began with a review of the
literature and program development, the pilot study in ATU Sligo academic year
2020/21, followed by four more cycles of action research for the case studies described
in this chapter (during the academic years 2002/21, 2021/22 and 2022/23).

The social activity of learning is further emphasised by presenting the composition

and preferences of the participants during each assessment cycle, and the community
that attended and participated in the learning environment of the MSC.
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Chapter Six

6 Preliminary Analysis of Results

6.1 Chapter Introduction

This chapter will discuss the results from a pilot study, followed by four separate AR
cycles that took place from semester one of academic year (AY) 2020/21 to semester
one AY 2022/23 where four different cohorts of students made use of the Blutick
Maths app outside of the maths support centre. Results at each stage from a maths
diagnostic test taken before and after the use of the Blutick maths app are also
described in this chapter. A summary of the data collection process can be seen in

Figure 6.1.

Mobile Technology Supporting Learning in a Maths Support Learning Centre Study Overview

Cycele 1b . :
' Cyele 2b Cyele 3a
Case Study Facn ©
! Case Study Caze Study
Arad Year 20720/ B kAR SLLILTY
Acad. Year 2020/2 Acad. Yr 2021/22 Acad. Yr 2022/23
Reflect
Collect\Analysis of Data Collect\Analysis of Data Collect\Analysis of Data
Collect &
Analysis of the data
Cyele la Cyele 2a
Pilot Study Case Study
Acad. Year 2020/21 Acad. Yr 2021/22

Figure 6.1 Summary of the Data collection process

Line charts and Boxplots are used to illustrate the results from the pre and post
diagnostic maths tests and bar charts are used to depict the results from the Blutick
tasks. Line charts with two or more lines allow for comparisons between data sets as
can been seen in the line charts in this chapter, comparing the results from the pre and
post diagnostic tests. Comparing two or more-line charts in the one graph helps
highlight any differences across the data sets and identify whether one data set is

performing better than the other.
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Bar charts are one of the simplest types of charts to use when representing data
graphically. In this chapter, grouped bars are used to depict the data from the
information gathered. Boxplots also known as a box and whisker plot are useful to
show overall patterns in your data and they provide high level information about your
data at a glance. They are a simple visual way to compare the distributions of two or
more groups of numeric data. They offer general information about a group of data’s
centres, dispersion, and whether your data is skewed in any direction. The average and
median (the middle of the data set) are used to measure the centre of the data. The
median is represented by a vertical bar down the centre of the box. The spread of the
data is measured using the minimum (smallest value in your data) and maximum
(largest value in your data) values and the interquartile range. The interquartile range
measures the range of the middle 50% of the data or the difference between the 75"
percentile and the 25" percentile values. As shown in Figure 6.2, the main part of the
chart (the box), shows the where the middle part of your data lies — the interquartile
range. Boxplots can also help identify outliers in your data which are either extremely
small or extremely large data values relative to the other values in your data set.

1] median 03
min max

5 10 15 20
Figure 6.2 Boxplot Overview
Approximately 70 tasks in both the areas of algebra and basic arithmetic were set for

the students to complete over a 12-week semester block. More details on each of the

individual tasks are available in the appendix J. The topics covered range from
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working with fractions, percentages, and basic arithmetic skills to simplifying

expressions and solving both linear and quadratic equations as seen in the table 6.1.

Basic Arithmetic

Basic Arithmetic Properties of Integers Fractions
Decimals Powers & Roots Order of Operations
Percentages Surds Rounding & Estimation

Ratios & Proportions

Algebra
Evaluating Expressions Simplifying Expressions | Expanding Brackets
Factorising Completing the Square Algebraic Fractions
Formulae Equations & Inequalities

Table 6.1 Mathematical Topics covered during each AR cycle

Students initial exposure to a mathematics module could come either in semester one
or semester two depending on their course of choice. As a result, the students that took
part in semester two would not have already completed a mathematics module during
semester one and as a result there was no difference between the cycles that occurred
in semester one or semester two. The initial action research cycle, comprising the pilot
study and case study one, occurred in both the first and second semesters of the
academic year 2020/21. These cycles were conducted during the emergency remote
teaching stage of the COVID-19 pandemic. Throughout this stage, all interactions with
students occurred online through the MS Teams platform. Subsequent action research
cycles primarily involved face to face interactions with students on campus with a
small portion of these interactions also occurring online using MS Teams, as requested
by students. Approximately five to six students during each action research cycle
failed to take part after initially signing up to the study. All students that took part in
each cycle completed both the pre and post diagnostic tests and the follow up
questionnaire on the Blutick maths app. Four students from each cycle initially agreed

to take part in the focus groups with one student failing to show up each time.
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Over the different cycles, the researchers approach evolved based on the individual
student’s needs. For example, if a particular mathematical concept or task posed
challenges to a significant number of students, the researcher would conduct more
targeted discussions with the students to address these challenges. The researcher held
weekly check-ins with students either by email, online using MS Teams or at the MSC
to discuss any issues that they were having with the app or the different mathematical
concepts that they were working on. The researcher made more use of the app’s
analytics tools to help identify students at risk of dropping out of the study. Data from
the app allowed the researcher to gain insights into how frequently and effectively
students were using the Blutick maths app in the AR cycles. If certain students were
not engaging or making regular use of the maths app as expected, the researcher would
intervene and encourage, clarify any issues, and support the student to make greater
use of the app. Feedback also from the students taking part in the different cycles
ensured any technical difficulties they encountered while using the maths app were

quickly addressed and fixed.

The Blutick maths app can be accessed from various devices, including tablets, laptops
and smartphones. The versatility of the app allows it to be used in a variety of learning
settings, including the MSC, at home or in other specific settings. During the initial
stages of the AR cycles, some students worked on the maths app in the MSC with the
researcher present. Once the students gained confidence navigating around the app,
then the majority of students mainly used the app outside the MSC, at home, in the
college library or on the go, eliminating the limitations of location and time such as
college classroom and schedule. The app’s adaptability to different learning contexts
allows the students to continue their learning activities seamlessly across different
scenarios at any given time and place and catering to a diverse range of student’s
needs. This versatility allowed students to engage with the app in their own time and
at their own pace, helping to reinforce their understanding of mathematical concepts

that they were working on.
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6.2 Blutick Application Task Detalil

At each stage of the case studies, the students complete 70 tasks across both topics of
algebra and basic arithmetic. The image below shows how a typical task is presented
to students.

blutick™ Algebra CGEED . = @

(x) Algebra e 8.4 Equations With Fraction
1| Evaluating Expressions 4 [ ]

2> P Lewe 2  Quiz

Equations With Fractions Il - Level 1

a Worked Example
4| F Ly XS
x+1) 2x—1 f@
S()Ivclhoequzl(lnn{2+~—T—): O)
2x -\

8 3 Equations With Fractions |
© 10 minutes £ 6 quastions
Try It Yourself
8.4 Equations With Fractions Il

blutick™ Algebra CGEED . = @

i

Figure 6.3 Blutick Maths App Task Overview Example

Each task initially contains a short video followed by a line by line worked example
of the task at hand. The student then gets to complete a sample question themselves.
The app gives instant and intelligent feedback to the student as they enter each line on
completing each practice problem. This can aid in helping the student to understand
their mistakes that are made and to learn from them at the same time. The student can
progress through the tasks in their own time and complete as many practice questions
as they wish before moving on. Once a student has correctly answered a set question,
they have the option to move to the next level of difficulty or continue practising at
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the level they are currently on. There are three levels of difficulty associated with each
task. Once the student has completed each level of difficulty associated with the task,
they are then required to take a quiz with six questions. The quiz requires the student
to answer six questions correctly before the task is marked as complete. The six

questions comprise of two questions from each level of difficulty.

The student makes use of the Blutick maths editor as seen in Figure 6.4 to answer any

questions on the tasks.

Figure 6.4 Blutick Maths Editor

For the longer questions, the students are encouraged to input the line-by-line
answer, with feedback given as they move through the solution. To save time, the
student can copy their workings from the previous line into the answer box and then
edit it for their next line of work as seen in Figure 6.5.

Try It Yourself

Simplify 2x+2 . 6y + 1
) 8 6 .
e +2) %3 - Click
8 % 3 6% 4

Figure 6.5 Blutick student example solution to a given question

The students can use the hints option if they are having difficulty with the question.

As shown in the image below, the avatar will offer the student some help and
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encouragement based on what the student has inputted into the answer box and the

student can also ask the Avatar for the answer if they are still unsure of the answer.

Try It Yourself Q

Simplify 2.3
777

As the denominators are the same, try
] B  combining the numerators

5/7 +5/7

Figure 6.6 Blutick Avatar feedback example

At any stage the student can review the questions they have completed on each task,
line by line to try to get a deeper understanding of where they went wrong and learn

from these mistakes.

Question 1: Evaluate 4x + 2 when x is 2

o b ] p e 4 tirnac
42+ 2 areful! Remember 4x means 4 times x

Question 2: Simplify 8(9x+7)

12x+7 Don't forget to multiply both terms inside the bracket by the number outside the bracket

Figure 6.7 Solution example with feedback to a random Blutick question

6.3 Pilot Study Semester One AY 2020/21 Results

A pilot study was conducted during semester one of academic year 2020/21.
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6.3.1 Pilot Study, Diagnostic Test Results

An initial pilot study was conducted on a small group of students (n=10) that presented
themselves to the maths support centre at the beginning of semester one of AY
2020/21. This pilot study was used to help identify any modifications or support
needed to ensure the successful management and seamless use of the app by the

students.

After completing the various mathematical tasks across the topics of Algebra and
arithmetic the students then completed the same diagnostic test to see if there was any
improvement in their mathematical knowledge and diagnostic test mark. Table 6.2 and
Figure 6.8 compare the pre-test and post-test diagnostic test marks for the pilot study
group of students using a number of basic summary statistics. The average pre
diagnostic test mark was 29% compared to an average post diagnostic test mark of
58%. The marks on the pre-test ranged from 6% to 56% compared to a post-test spread
of 21% to 93%. The mode of the pre diagnostic test was 6% compared to a mode of
64% for the post diagnostic test. We can see clearly in the table below the differences

in summary statistics between the pre and post diagnostic test marks.

A comparison of the statistical information collected from the Diagnostic Test

Pre-Diagnostic Test Post Diagnostic Test
(n=10) (n =10)
Mean (%= standard deviation) 29 + 17 58 + 22
Median (%) 28 64
Mode (%) 6 64
Range (%) 6 - 56 21-93

Table 6.2 Pre and Post diagnostic test summary statistics
The improvement in post diagnostic test scores is also clearly visible in the line chart

below. We can see a consistent improvement in the post diagnostic test marks of the

students when compared to the pre diagnostic test scores.
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Figure 6.8 Line chart showing Pre and Post-test diagnostic test marks

Figure 6.9 shows the increase in both the individual scores and a big difference in the

average scores between the two diagnostic tests.

Marks (%)

Pre Diagnostic Test Score v Post Diagnostic Test Score

90.00% |
80.00% |
70.00% -
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50.00%
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30.00%

20.00% -

10.00%

0.00% |
Pre Diagnostic Test Score Post Diagnostic Test Score

Figure 6.9 Box plot showing Pre and Post-test diagnostic test scores

A paired t-test to compare the groups’ scores of the diagnostic tests before the students

used the Blutick maths app and their scores after their usage of the app was conducted.

158



Chapter Six

The paired t-test compares the means of two measurements from the same individual.
The t test is widely used in hypothesis testing to determine whether some process has
an actual effect on the group of interest or not. It is a statistical method that is used to
test whether the mean difference between pairs of measurements is equal to zero or
significantly different from zero. Results from the paired sample t-test showed a
significant difference (t = - 7.03, p = 0.000) between the average marks pre-test and
post-test. We can conclude from the test that the average mark post-test is more than

the average mark pre-test.

6.3.2 Pilot Study, Blutick App Results

Table 6.3 and 6.4 show the Blutick app results from the tasks completed across the
topics of algebra and arithmetic by the students that took part in the pilot study in
semester one of AY 2020/21. The tables highlight the data gathered from the areas of
both basic arithmetic and Algebra separately. Data is collected on the total number of
errors made, and the total number of hints used per task by all students. The maximum
and minimum time (in seconds) that the students used to complete the tasks is noted
together with the average time spent (in seconds) navigating around the page and
reviewing line by line worked examples of the current task. Data is also collected of
the time spent watching the short videos linked to the tasks and finally the average

time taken completing each task is also shown.
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Basic Arithmetic

Number Time in Seconds

Hints Errors | Reading | Watch Max | Min

Used Made Page | Videos | Tasks | Time | Time
Simplifying Quotients 0 84 180 20 330 | 1980 120
Expressions with Powers 3 76 180 25 390 | 2700 60
Rules of Indices 2 1 29 120 15 300 780 180
Rules of Indices 1 1 24 180 15 300 540 55
Equivalent Fractions & Mixed No’s 3 22 120 25 150 480 120
Factors and Multiples 6 15 120 0 50 300 5
Simplifying Products 1 14 120 0 180 300 35
Multiply and Divide Fractions 0 13 360 35 660 720 120
Cancelling Common Factors 2 1 12 240 45 720 900 120
Adding & Subtracting Decimals 1 10 120 53 150 300 120
Cancelling Common Factors 1 2 8 120 40 240 420 180
Finding Common Factors 0 0 180 0 120 240 0

Table 6.3 Basic Arithmetic Results from Blutick Maths App (Pilot Study)
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Algebra
Number Time in Seconds
Hints Used | Errors Made | Reading Page | Watch Videos | Tasks | Max Time | Min Time

Expanding Two Brackets 0 127 120 25 480 2940 180
Expand & Simplify Equations 1 1 70 300 55 750 780 720
Collecting Like Terms 2 0 62 120 5 390 480 120
Using Formulae 4 46 150 60 420 1440 60
Evaluating Expressions 1 8 44 300 30 720 1260 120
Add & Subtract Equations with Fractions 1 8 38 360 120 360 1740 240
Expanding a single Bracket 0 33 210 20 180 720 120
Factorising Quadratics 2 10 32 330 25 360 420 120
Collecting Like Terms 1 5 23 120 43 210 720 120
Evaluating Expressions 2 1 23 270 30 180 720 120
Linear Equations 1 17 120 45 300 480 60
Add & Subtract Equations with Fractions 2 5 11 360 30 990 2640 240
Difference of Two Squares 1 10 180 45 360 420 0

Expand & Simplify Equations 2 0 10 120 30 900 1380 360
Equations with Fractions 2 0 7 10 0 270 540 120
Factorising Quadratics 1 4 5 300 10 30 240 60

Table 6.4 Basic Algebra Results from Blutick Maths App (Pilot study)
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6.4 Case Study One Semester Two AY 2020/21 Results

Data was collected from 14 students who completed the maths diagnostic test during
semester two of AY 2020/21. 71% of this student group were female with 29% of the
group male. The mean mark for the initial diagnostic test was 31% with 90% of the
group failing to score more than 50% on the test. The students then worked with the
Blutick maths app over a 12-week period during semester two AY202/21 and
completed the diagnostic test again at the end of semester. The post diagnostic test
marks showed a positive increase in scores with 100% of the group increasing their
marks with a mean mark of 63% for the post diagnostic test. Table 6.5 below shows a
comparison of the summary statistics collected from the diagnostic tests as well as
how the variation in the results compared in the pre and post diagnostic test after the

use of the Blutick maths app.

A comparison of the statistical information collected from the Diagnostic Test
Pre-Diagnostic Test | Post Diagnostic Test
(n=14) (n=14)
Mean (% = standard deviation) 31+15 63+ 14
Median (%) 28 60
Mode (%) 25 56
Range (%) 6 - 56 44 - 86

Table 6.5 Pre and Post-test diagnostic test summary statistics (Case study 1)

90%
80%
70%
60%
50%
40%
30%
20%
10%

0%

Pre Test

Pre Diagnostic Test Mark v Post Diagnostic Test Mark

Post Test

Figure 6.10 Line chart showing Pre and Post-test diagnostic test marks
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Pre Diagnostic Test Score v Post Diagnostic Test Score
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Figure 6.11 Box plot showing Pre and Post-test diagnostic test scores

As can be seen in Table 6.5, the pre diagnostic test average mark for this group of
students was 31% with a minimum score of 6% and a maximum mark of 56%. The
median mark was 28% with a standard deviation of 15%. This compares to the post
diagnostic test average mark of 63%. The minimum mark on this post diagnostic test
was 44%, with a maximum score of 86%. The median mark was 60% with a standard
deviation of 14%. The coefficient of variation for the pre-diagnostic test is 48%
compared to the 22% for the post diagnostic test. The coefficient of variation is a
relative measure of variability and represents the ratio of the standard deviation to the
mean. It is expressed as a percentage and the higher the value of the coefficient of
variation implies the greater the level of dispersion of your data about the mean. It is

a useful statistic when comparing the degree of variation from one data set to another.

Figures 6.10 and 6.11 compare the pre-test diagnostic scores versus the post-test
diagnostic scores for the students that took part in case study 1. We can see from both
charts that there was a consistent increase in scores across the group of students. We
can also see clearly that the marks were higher for the post diagnostic test for all

students.
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As we can see in Figure 6.11, the boxplot visualises the differences between groups.
The boxes represent the middle half of the data in each group, and we can see they are
visibly different between the two groups of data. The median line of the post
diagnostic test lies outside the box of the pre diagnostic test, indicating a difference
between the two sets of data. We can also see from the “whiskers” (the lines coming
out of the ends of each box) that the pre diagnostic test is indicating a wider spread or

more scattered data when compared to the post diagnostic results.

Paired t-Test

Null hypothesis Ho: p difference = 0

Alternative hypothesis Hi: p difference # 0

T-Value P-Value

-11.1 0.00

Table 6.6 Diagnostic test (Case study 1) paired t-test results

A paired t-test to compare the groups’ scores of the diagnostic tests before the students
used the Blutick maths app and their scores after their usage of the app was conducted.
Results from the paired sample t-test showed a significant difference (t =-11.1,p =
0.000) between the average marks pre-test and post-test. We can conclude from the
test that the average mark post-test is statistically different from than the average pre-

test mark.

6.4.1 Case Study One, Blutick App Results

Table 6.7 on the following page shows the Blutick app results from the tasks
completed across the topics of algebra and arithmetic by the students (n =14) that took
part in case study 1 over the 12-week period of semester two AY 2020/21. As we can
see from Table 6.8, in the area of basic arithmetic, this group of students struggled
mainly with the following areas: lowest common multiple, percentage change, highest
common factor, and significant figures. Lowest common multiple proved the most
difficult task for students in this group with 245 errors in total made completing this

task with an average of ten errors being made per student. This was followed closely
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by 134 errors in total made in the topic of percentage change. The students had no real

difficulty in the area of decimals and roots (only 2 errors in both tasks).

Interestingly we can see that the maximum time any one student spent on tasks
occurred mainly around the topic of fractions, from multistep fraction calculations (46
minutes), adding and subtracting fractions (43 minutes), dividing fractions (26
minutes) and calculations with mixed numbers (23 minutes), which is traditionally a
difficult area for students. The task column showing the average time spent completing
each task supports this difficulty with fractions. The average time completing the
different fractions tasks ranges from three minutes to seven and a half minutes which
is above average for all the tasks completed in the basic arithmetic section. Adding
and subtracting fractions, fractions of amounts and equivalent fractions and mixed
numbers were the main tasks where students completed an above average number of
questions on each topic to try to help themselves grasp these areas. Students spent on
average one and half minutes reading the page, which corresponds to watching a line-
by-line explanation of a problem from the short video. The student can reveal the
solution line by line at their own pace, allowing them to fully understand each step of
the answer. This group also made good use of the introductory short videos at the
beginning of each task with only a small number of videos associated with tasks not
watched. The average time of one minute was spent watching videos for each task.
The short videos, typically one minute in length were one of the positive features of
the app from the student feedback. This group of students found them clear and easy
to follow. In general, very few hints were used by this group of students as they

worked through the different basic arithmetic tasks.

The longer time a student spent working on a question, can provide some insights into
the difficulty of a question, however other data points such as the number of errors
made, the number of hints used, the line-by-line student solution inputted to the
problem and the number of practice attempts were the other factors that were used
together to triangulate the difficulty of a question. The amount of time that a student
dwells on a question and the number of errors made on a particular question can be a
useful indicator of the difficulty of the question. The use of hints suggests that the

student is finding the question challenging and need some additional support with
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repeated attempts on a question suggesting a degree of difficulty but also persistence
in trying to solve and understand the question. The ability for students to input their
work on a step-by-step basis is a key feature of the maths app unlike some traditional
methods were students simply input their answer. The app analyses each step inputted
by the student and provides immediate feedback and guidance through the problem-
solving process. By analysing each of these factors together, the researcher was able
to have a better understanding of the difficulty of a particular question. For example,
a question that takes a considerable amount of time, has multiple errors in their line-
by-line solution, hints used, and numerous practice attempts made is a good indication
of a challenging area for students. With an adaptive learning system like the Blutick
maths app, the difficulty level of subsequent questions can be adjusted based on they
have performed on the previous questions. This ensures that the student is receives
questions that match their current mathematical skill level, allowing the opportunity
for a more effective learning experience. The maths app offers levelled mathematical
examples, allowing the student to return to a simpler related problem if they initially
find the current question too difficult. The Blutick features — the short videos, clear
worked examples and the intelligent line by line feedback helps to support and scaffold
the students, so they have the opportunity to solve questions on their own. When
mistakes are made by the student, the feedback supports and suggests and draws
attention to certain features of their work. The apps interactivity and immediate
feedback encourages the learners to take risks with their learning and actively shape
their learning experiences (Calder & Campbell, 2016). One of the advantages of
receiving immediate feedback is that it prevents students from repeatedly practicing
incorrect techniques, that often become ingrained with repetition, and instead, they
can perform the correct technique in subsequent attempts, making immediate feedback
a highly effective and efficient approach (Scheeler et al., 2018).
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Number Time in Seconds
Basic Arithmetic Tasks Hints Used | Errors Made | Reading Page Tasks Max Time Min Time
Lowest Common Multiple 16 245 120 300 2080 60
Repeated Percentage Change 1 134 120 360 1560 50
Highest Common Factor 6 80 240 240 780 50
Significant Figures 3 79 45 240 240 35
Estimating Calculations 3 64 50 420 420 25
Recurring Decimals 7 54 35 210 1020 50
Fractions and Percentages Conversions 3 49 68 90 300 45
Multistep Fractions Calculations 1 41 73 180 2769 60
Types of Numbers 5 37 120 120 240 50
Percentage Decrease 4 36 90 210 600 60
Express as a Percentage 2 33 28 90 600 60
Finding a Percentage 2 32 145 120 480 60
Fractions of Amounts 0 32 120 420 600 60
Equivalent Ratios 6 30 120 180 960 50
Equivalent Fractions & Mixed Numbers 4 30 120 240 960 120
Percentage Increase 1 25 15 120 480 50
Order of Operations 5 25 30 60 360 50
Place Value 3 23 120 120 180 60
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Decimal Places 1 23 50 60 180 60
Find a Percentage Change 0 22 40 60 480 40
Calculations with Mixed Numbers 1 21 90 280 1380 60
Multiplying Fractions 0 20 180 180 780 60
Percentages and Decimals Conversions 1 19 15 60 120 45
Adding & Subtracting Fractions 7 18 120 450 2620 50
Simplifying Surds 0 17 240 240 1320 60
Simplifying Expressions with Surds 0 17 240 240 1320 60
Operations with Brackets 2 17 90 60 120 40
Converting Fractions and Decimals 1 17 90 120 420 40
Division in Ratio 1 16 60 60 600 20
Rationalising Denominator 0 14 120 180 1320 60
Division Methods 6 14 120 60 900 50
Dividing Fractions 0 13 110 150 1560 50
Factors and Multiples 2 13 60 120 120 30
Rounding Whole Numbers 0 11 15 60 120 30
Zero & Negative Powers 0 11 25 120 180 50
Ordering Numbers 2 10 120 60 180 55
Ratios and Fractions 1 9 45 180 360 45
Operations with Negative Numbers 1 9 50 120 180 40
Multiplication Methods 0 9 240 120 900 50
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Fractional Powers 1 8 28 120 240 15
Ordering Using your Calculator 4 8 120 120 180 45
Adding And Subtracting Decimals 0 6 40 120 180 55
Multiplying Decimals 0 5 38 60 180 60
Positive Integer Powers 0 3 58 60 120 20
Dividing Decimals 0 2 120 60 120 45
Roots 0 2 38 90 240 20

Table 6.7 Basic Arithmetic Results from Blutick Maths App (Case study 1)
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Algebra
Number Time in Seconds

Basic Algebra Tasks Hints Used | Errors Made Reading Page | Tasks | Max Time | Min Time
Simplifying Quotients 1 139 58 240 1980 60
Collecting Like Terms 2 0 75 85 300 1980 15
Expand & Simplify Equations 1 4 60 90 750 1140 60
Rules of Indices 2 5 54 120 300 480 60
Using Formulae 0 44 120 300 900 60
Evaluating Expressions 1 8 40 120 300 1260 60
Rules of Indices 1 2 36 60 210 300 60
Quadratic Equations with Fractions 3 28 55 180 360 120
Collecting Like Terms 1 5 27 60 120 720 45
Evaluating Expressions 2 0 23 120 150 660 60
Expanding Two Brackets 0 23 58 240 720 5
Simplifying Products 1 19 58 120 300 60
Multiply and Divide Fractions (Equations) 1 18 130 120 840 50
Add & Subtract Equations with Fractions 2 7 18 120 450 2640 60
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Equations with Fractions 1 18 10 90 480 50
Factorising Quadratics 1 16 30 60 240 60
Factorising Quadratics 16 15 60 240 60
Expand & Simplify Equations 2 15 120 330 960 60
Cancelling Common Factors 1 14 35 180 420 60
Expressions with Powers 13 120 120 660 60
Expanding a single Bracket 13 120 120 240 50
Cancelling Common Factors 2 10 30 120 720 60
Factorising Quadratics 2 9 65 240 420 50
Equations with Fractions 2 9 38 90 600 60
Simple Linear Equations 9 15 60 120 60
Finding Common Factors 8 30 120 240 60
Linear Equations 6 20 120 480 60
Difference of Two Squares 5 20 360 420 60

Table 6.8 Basic Algebra Results from Blutick Maths App (Case study 1)
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We can see from Table 6.9 containing the data from the Algebra tasks that the area of
simplifying quotients (139 errors made across the group), collecting like terms 2 (75
errors) and expanding and simplifying equations (60 errors) were the most
troublesome tasks for this group of students. The group had very little difficulty with
the areas of solving linear equations and finding common factors with only three errors
and one error made across the group respectively. The three main tasks that a student
spent most time on were Adding and subtracting equations with fractions (44 minutes)
collecting like terms part 2 (33 minutes) and simplifying quotients (33 minutes).
Student spent on average one minute viewing the page on each task with an average
time of thirty seconds spent watching the short videos. As this group initially struggled
with the area of fractions in the area of basic arithmetic, it was most likely that they
would initially struggle with tasks to do with algebraic fractions. This is clearly seen
in the number of errors made in simplifying quotients which involved simple division
of algebraic fractions. The group also spent a lot of time completing questions on other
fractions-based tasks -with an average of seven and a half minutes spent working
through questions on adding and subtracting equations with fractions and an average
of three minutes working through questions on quadratic equations with fractions.
Other areas where students spent time working through questions were expand and
simplify equations 1 (an average time of 12 and a half minutes), collecting like terms
2 (5minutes), using formulae (5 minutes) and rules of indices 2 (5 minutes).

Some of the tasks have follow on tasks for example, equations with fractions 1 and
equations with fractions 2, with the second task building on the principles of the first
task. On a positive note, we can see that for a number of tasks with a follow-on
element, as students took time, made mistakes and then practised questions on the
different concepts underpinning the tasks, they seem to be better equipped to complete
the follow task with less errors being made and on average less time spent completing
the questions and watching the short video. For example, both equations with fractions
and expand & simplify equations both have follow on elements to each task. We can
see in the table below the improvement in both follow on tasks from less mistakes
being made, and less time required on average completing questions related to each
task.
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Number Time in Seconds
Basic Algebra Hints Errors | Reading Tasks Max Min
Tasks Used Made Page Time | Time
Expand &
Simplify 4 60 90 750 | 1140 60
Equations 1
Expand &
Simplify 0 15 120 330 960 60
Equations 2
Equations with 0 18 10 90 |48 | 50
Fractions 1
Equations with 0 9 38 90 | 600 | 60
Fractions 2

Table 6.9 Basic Algebra task comparison

6.4.2 Case Study One, Basic Arithmetic & Algebra Graphs

The column charts below compare the average time spent reading the page and looking
through a worked solution with the resulting average time completing questions based
on each task in both the areas of basic arithmetic and algebra for case study 1. We can
see from the charts below that the students spent most of their time completing

questions in the areas of fractions, percentages and simplifying surds.
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Average Time Spent completing tasks & reading the task page
(seconds)
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Figure 6.12 Average time (in secs) completing tasks in basic arithmetic & reading

page
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Average Time Spent completing tasks & reading the task page (seconds)
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Figure 6.13 Average time (in secs) completing tasks in basic algebra & reading page
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6.4.3 Case Study One, Survey Results

In this part of the chapter, survey results of the student questionnaires are outlined. Microsoft
forms was used to create the questionnaire and the follow up data collection. This tool
provides intelligence-based data insights about the participants responses and
leverages machine learning and advanced algorithms to provide deep insights from
the data collected. Machine learning helps to automate the data analysis of the
participant responses which not only saves times but also lowers the risk of human
mistakes in the manual processing of data. Forms uses sentiment analysis to help
extract valuable insights from the participants responses by gauging the sentiments
and emotions expressed in any open-ended responses. The software employs natural
language algorithms to identify and extract key words and phrases from textual
responses. This allowed the researcher to identify recurring themes within the
collected data. Visual representations of the survey responses are created, making it
easier to identify common themes, patterns or trends in the data. These features
allowed the researcher to extract valuable insights from the data to make informed
data driven decisions. Through the collection of both the qualitative and the quantitative
data, it is clear that the Blutick maths app has a positive effect on both the student’s
mathematical confidence and their mathematical skills in the areas of basic arithmetic and

algebra.

Q1. Gender Usage Breakdown

Number of users by Gender
12
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4
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0

Male Female

Number
[e)]
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Figure 6.14 Blutick maths app usage by gender
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71% of the student cohort (n =10) that used the Blutick app and completed the survey

over semester two of AY 2020/21 were female with 29% male (n = 4).

Q2. Describe your mathematical confidence/ability before the use of the Blutick

Maths App?
36% of students (n = 5) felt they were confident about their mathematical

ability/confidence with the remaining 64% of respondents (n =9) reporting low

mathematical confidence before they started to engage with the Blutick maths app.

particular strength poor as out of school

maths ability little rusty  Not very confident strong point
maths skills H
Low maths confldent blutick
basic math

not used maths

rusty nice way

examples on the app

little maths

Low Confidence long time videos/ examples

Figure 6.15 Overview of student’s mathematical confidence before using maths app

The students in general felt that their mathematical confidence was low with some
stating that “they always found maths challenging” and that “maths was never my
strong point, but I was glad to hear there were instructional videos/examples on the

app to help me”

Q3. Did vou find the Blutick Maths App helpful? If so, what were the good features

of the application?

All students that completed the survey found the Blutick maths app very helpful and
identified a number of good features that they felt improved their mathematical skills
and confidence. Some of the key features identified ranged from the short instructional
videos, the worked examples and the step-by-step explanations. One respondent stated
that

“1 did find the app Veeérmymaths . I
skills and | noticed my mental arithmetic improving as | got

further into the tasks. The instructional videos and worked

found

examples were a very good features o
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with another respondent stating that

Al definitely found tlb app helpfut | really liked how it gave
examples before you took the quiz. How everything was broken
down step by step and how | was able to finally understand topics |

had never been able to fully wunde

mental arithmetic
definitely found detailed guides

I Vid eo0s finally understand

instructional videos
Blutick Maths

step option
great

question step

video tutorials maths a pp hel pfu

decimal place features of the app examples Step by Step

progression from level knowledge of maths videos before hand

Figure 6.16 Overview of student’s thoughts on the good features of the maths app

Q4. What do vou like least about the Blutick mobile application?

In general, the respondents found little to criticise the app about. Some found the app
a small bit “buggy” at times and found some of the solutions on the more difficult

topics tricky to follow.

Q5. Which feature would you likely use the most in the future?

The step-by-step solutions and the short videos were the prominent features that
students felt they would most likely use in the future with one detailed response

stating:

“1f 1 was struggling with maths in t
to get a detailed solution as | really find it easy to understand from

the videos and the worked examp

Q6. Are there any features that you think you need but are missing in the mobile

application?
The majority of students felt the app covered all aspects needed and they could not

think of any outstanding missing features.

“1 think everything is incyluded that

we l | made"”
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One respondent did comment that “If there was a group forum, if we got stuck on a

question, others could help”.

Q7. Would you recommend the App to a friend that is having difficulty with maths?

As shown in the bar chart below, 93% of respondents (n =13) would recommend the
app to friends that were having difficulty with maths. The one student that would not
recommend the app to a friend simply stated that “honestly they would not”. Some
general comments from students that would readily recommend the app to their friends
were as follows: “Yes, I would recommend the app. I think the videos and worked out
examples are very helpful and there is such a wide range of topics covered,” and
“definitely - this has really helped me to improve my mathematical ability and

confidence in the subject.”

Would you recommend the App to a friend that is
having difficulty with maths?

14
12

10

No. of Respondents

Yes No

Figure 6.17 Bar chart showing student’s recommendation of the maths app

08. Any Suggestions for Improvement?

The main suggestion for improvement as one respondent stated was “to fix the buggy
issues” with the app that occurred from time to time. Generally, the respondents had
no major suggestion for improvement and felt the app was quite good in its current

format as a one student stated, “I really can’t fault it”.
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Q9. Do you feel the Blutick App has helped improve your maths confidence/ability?

All students that responded felt the Blutick maths app helped improve their maths
confidence/ability with one respondent further stating that: “Yes, | felt much more
confident in my maths ability due to the app. It got me back into the habit of doing

maths regularly and it improved my mental arithnigtic

mental arithmetic

app YES maths ability

habit of doing maths

no doubt
basic areas

ability due to the app confident numbers

Figure 6.18 Student’s opinion whether app improved their maths confidence

Q10. On a scale of One to five, how would you rate the maths app

The respondents rated the app on a scale of one to five, with 86% of the respondents
giving the app four stars or better. Only one respondent felt the app was not helpful or
had no real impact on improving their mathematical skills. The remaining respondents
found the app really helpful and felt the app had a meaningful impact on improving

both their mathematical confidence and ability.

On a scale of One to five, how would you rate the maths
app

2 Stars

3 Stars

5 Stars

]
]

astars | ——
T

Figure 6.19 Bar chart rating the Blutick maths app
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6.4.4 Case Study One, Focus Group Results

Three students took part in this focus group. All three students spoke positively about
their experiences with the maths app. When asked to give their general thoughts about
the maths app and if they found the app useful, the consensus was that they found the
app very helpful and easy to use. One student felt the app helped them refresh their
mathematical skills in the areas of basic arithmetic and algebra and improved their
overall confidence as a result. One student enjoyed the different levels to the topics
and the ability to complete as many questions as they wished

“1 i ked t h eredifierent leveldtathe quektiens and w
that | could keep trying different questions until | felt | grasped the

area | was working on.

Another student felt ability to work at their own pace viewing the short videos and
working through line-by-line solutions was something that they found really helpful

with the app.

“1t was great to be able to view eac
problems and then work on questions at my own pace and in my own

ti me."?”

When asked what part of the app did, they find most beneficial for their mathematical
needs, the response was the short videos, the chance to practice as many questions as
they wanted and the line-by-line solutions to the problems were the elements of the

app that met their needs the most. One student stated:

“| found the short videos useful as it was good to hear someone

el se’s voice work through a problem a

on a part if I did not understand it. Thae-by-line solutions | also

found very helpful as they allowed me to work at my pwnc e .
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Another student stated:

‘O |l i ked the fact t hat I coul d wor k ¢
pace at any time | felt the need to practice and outside the
classroom. | also liked that the different tasks were broken into

small er parts and different | evels of

The students agreed that the hints aspect of the app was the one that they used the least
as they felt that in certain tasks, they did not offer any help.

“l1 think the hints weren’t probably a
tasks they were good but in others theyewnot clear for me, so |

did not use them as much. It was easier for me to look at the detailed
solution first and then try another ¢

The three students agreed that the app helped improve their confidence with maths
with one student stating

“ | avéhalways struggled with maths and the app allowed me to
slowly build up my maths skills in my own time improving my

confidencé.

They all also agreed that they would recommend the app to their friends with one
student stating that

“1 t hi nk yimathsadanfidenbeeahdp wonldd definitely
recommend the app to my friends if they felt they were struggling
with maths or needed to refresh some of the areas if they were

rusty.

6.5 Case Study Two, Semester One AY 2021/22 Results

Data was collected from 18 students who completed the maths diagnostic test during
semester one of AY2021/22. This group was evenly split between male and female
students. As summarised in the table 1 below, the average mark for the initial
diagnostic test was 36% with 78% of the group failing to score more than 50% on the
test. The students then worked with the Blutick maths app over a 12-week period

during semester one and completed the diagnostic test again. The post diagnostic test
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marks showed a positive increase in scores with 94% of the group increasing their

marks with an average increase of 76% in their results. Table 6.10 below shows a

comparison of the descriptive statistics collected from the diagnostic tests as well as

how the variation in the results compared in the pre and post diagnostic test after the

use of the Blutick maths app.

A comparison of the statistical information collected from the Diagnostic Test

Mean (% = standard deviation) 3619 68 £ 13
Median (%) 30 56
Mode (%) 19 56
Range (%) 13-81 44 - 83

Table 6.10 Pre and Post diagnostic test summary statistics (Case study 2)

90%
80%
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Pre Diagnostic Test Mark v Post Diagnostic Test Mark

e Pre test

e Post Test

Figure 6.20 Line chart showing Pre and Post-test diagnostic test marks
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Pre Diagnostic Test Scores v Post Diagnostic Test Scores
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Figure 6.21 Box plot showing Pre and Post-test diagnostic test scores

As can be seen in the table 6.10, the pre diagnostic test average mark for this group of
students was 36% with a minimum score of 13% and a maximum mark of 81%. The
median mark was 30% with a standard deviation of 19%. This compares to the post
diagnostic test average mark of 68%. The minimum mark on this post diagnostic test
was 44%, with a maximum score of 83%. The median mark was 56% with a standard
deviation of 13%. The coefficient of variation for the pre-diagnostic test is 53%
compared to the 19% for the post diagnostic test. The coefficient of variation value of
53% for the pre diagnostic test indicates a greater level of dispersion in this data
relative to the post diagnostic test value of 19%. The greater dispersion is also further
emphasized in the range of 68% for the pre diagnostic test. The pre and post diagnostic
data is further graphically represented in figures 6.20 and 6.21. The line graph shows
a direct comparison of the students marks for the pre and post diagnostic tests. We can
see that 67% of this cohort achieved a mark of over 50% in the post diagnostic test
compared to 22% achieving this mark in the pre-diagnostic test. We can also clearly
see the minimum and maximum marks for both diagnostic tests. The line chart is
clearly more erratic for the pre-test marks reaffirming the large standard deviation
value relative to the mean for this group. During this AR cycle we can see from the
results in the line chart that one of the students showed a decline in this performance
over the 12-week period. While the main objective of adaptive learning platforms is

to support students learning and improvement, instances of a decline in performance
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Is a complex issue and can occur due to various factors. For example, students can
experience declines in motivation due to a lack of interest, frustration with more
difficult content or external factors such as dealing with a heavy workload in the
college semester. Not all students respond in the same way to similar teaching methods
of digital tools. Personal circumstances or other life events can also disrupt a student’s
ability to focus and engage with new learning tools, potentially leading to a decline in
their performance over time. Overall, however, the findings show an improvement in

the students mathematical abilities over the duration of the intervention.

The boxplot in figure 6.21 compares the students marks between the Pre-test and post
test scores. We can clearly see a significant difference between the average scores in
both tests. The graph also shows the difference in the range of marks achieved in both
pre and post diagnostic test. The whiskers of the pre diagnostic test much longer when
compared to the post diagnostic test indicating a wider distribution of the data. We can
clearly see that the median line of the pre diagnostic test is well below that of the post
diagnostic test indicating a difference between the two sets of data for this cohort of
students.

A paired t-test to compare the groups’ scores of the diagnostic tests before the students
used the Blutick maths app and their scores after their usage of the app was conducted.
Results from the paired sample t-test showed a significant difference (t = - 6.21, p =
0.000) between the average marks pre-test and post-test. We can conclude from the

test that the average mark post-test is more than the average mark pre-test.

Paired t-Test
Null hypothesis Ho: p difference =0
Alternative hypothesis Hi: p difference # 0
T-Value P-Value
-6.21 0.00

Table 6.11 Diagnostic test (Case study 2) paired t-test results
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6.5.1 Case Study Two, Blutick App Results

The tables on the following page show the Blutick app results from the tasks
completed across the topics of algebra and arithmetic by the students that took part in
case study 2 over the 12-week period of semester one AY 2021/22.

The table below summarizes the data from the different tasks completed by this cohort
of students in the area of basic arithmetic. This group of students struggled mainly
with the following areas: lowest common multiple, highest common factor, percentage
change, and estimating calculations. These were the same areas that the students from
case study 1 also struggled with. Lowest common multiple proved the most difficult
task for students in this group with 611 errors in total made completing this task with
an average of fourteen errors being made per student. This number is however skewed
as one particular student made 238 errors alone whilst working on this topic. This topic
remains though the most problematic topic even discounting this student. This was
followed closely by 437 errors in total made in the topic of highest common factor and
238 errors in total made working with estimating calculations. The students had no

real difficulty in the area of decimals (only 6 errors in this task).

This group of students also struggled with the topic of fractions with the following
numbers of errors made across the different elements to this topic. Fractions and
percentage conversions (159 errors), fractions of amounts (141 errors) equivalent
fractions and mixed numbers (134 errors) and adding and subtracting fractions (90
errors). The struggle with the different sections of fractions is also emphasized through
the amount of time spent completing questions on each of these tasks. The average
time spent completing questions on these areas ranged from three minutes to seven

minutes which is slightly above the average time spent on completing the other tasks.

The maximum amount of time spent completing questions on any tasks was on the
topic of percentage change (sixty minutes) and the topic of lowest common multiple
(forty-eight minutes). This group of students spent on average one and half minutes

looking over line-by-line solutions to various questions on each task.
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Number Time in Seconds
Basic Arithmetic Tasks Hints Used | Errors Made | Reading Page | Tasks | Max Time | Min Time
Lowest Common Multiple 39 611 120 660 2880 60
Highest Common Factor 36 437 120 480 1620 120
Estimating Calculations 13 238 58 240 1140 120
Repeated Percentage Change 6 214 120 600 3600 180
Recurring Decimals 35 179 120 330 1860 120
Types of Numbers 18 163 90 240 1080 120
Fractions and Percentages Conversions 7 159 60 180 960 60
Significant Figures 3 156 35 120 720 60
Find a Percentage Change 6 146 60 240 720 60
Fractions of Amounts 9 141 120 420 1020 120
Percentage Increase 7 139 120 240 1740 60
Equivalent Fractions and Mixed Numbers 16 134 120 360 1020 240
Division in Ratio 4 108 120 240 1800 120
Ratios and Fractions 11 108 60 150 720 35
Finding a Percentage 3 104 50 180 840 60
Percentage Decrease 6 99 60 300 1140 60
Rounding Whole Numbers 8 98 35 60 660 35
Division Methods 36 92 180 900 900 120
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Simplifying Surds 14 91 60 240 1140 40
Factors and Multiples 4 91 90 120 1020 60
Adding & Subtracting Fractions 10 90 90 270 2040 180
Equivalent Ratios 12 86 120 420 1020 180
Order of Operations 1 83 35 120 780 60
Place Value 22 81 30 60 540 60
Operations with Negative Numbers 7 74 55 120 660 60
Simplifying Expressions with Surds 3 63 60 240 3480 60
Operations with Brackets 1 54 120 120 1020 40
Multiplying Fractions 1 53 58 180 1200 120
Express as a Percentage 0 50 50 150 300 40
Decimal Places 3 46 25 60 240 35
Converting Between Fractions and Decimals 2 45 53 120 720 60
Multiplication Methods 1 44 480 900 900 900
Calculations with Mixed Numbers 3 43 60 330 1140 120
Dividing Fractions 3 42 60 180 600 60
Rationalising Denominator 2 40 60 210 840 120
Multiplying Decimals 1 39 30 120 300 45
Adding And Subtracting Decimals 4 38 38 120 1080 35
Fractional Powers 5 34 48 120 1800 50
Multistep Fractions Calculations 1 31 120 180 2820 60
Zero & Negative Powers 1 30 30 60 600 35
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Roots 1 28 40 60 120 20
Ordering Numbers 1 26 120 60 120 60
Positive Integer Powers 1 26 55 60 120 45
Percentages and Decimals Conversions 5 25 45 60 180 30
Ordering Using your Calculator 16 21 120 180 240 60
Dividing Decimals 0 6 45 60 180 50

Table 6.12 Basic Arithmetic Results from Blutick Maths App (Case Study 2)
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We can see from the Table 6.13 containing the data from the Algebra tasks below that
the area of expanding two brackets (217 errors in total across the group), Add &
Subtract Equations with Fractions 1 (211 errors) and expanding and simplifying
equations 1 (184 errors) were the most troublesome tasks for this group of students.
The areas factorising quadratics 1 (seventeen errors in total), simplifying products
(seventeen errors) and solving linear equations (twenty errors) caused the least number
of problems for this particular group of students. The four main tasks that a student
spent most time working on questions were expanding and simplifying equations 2
(120 minutes) Adding and subtracting equations with fractions 2 (120 minutes),
Adding and subtracting equations with fractions 1 (60 minutes) and expanding and
simplifying equations 1 (60 minutes). Students spent on average one minute and thirty-
five seconds viewing the page on each task and working through line by line worked
solutions. This group struggled initially with fractions in the basic arithmetic area and
their struggles initially continued in the algebra section with a number of errors being
made in each of the fraction related areas of algebra. Despite the struggles, the group
worked hard on these areas by spending an above average amount of time completing
questions in the different areas. The average time spent on completing questions on
fractions-based tasks ranged from three and a half minutes working through questions
on Multiplying and Dividing Fractions (Equations) to nine minutes working on
questions involving the addition and subtraction of equations containing fractions.
Other areas where students spent time working through questions were expand and
simplify equations 1 (an average time of eight and a half minutes) and working with

the quadratic formula (an average time of seven minutes)
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Algebra
Number Time in Seconds
Reading Max Min
Basic Algebra Tasks Hints Used | Errors Made Page Tasks | Time Time
Expanding Two Brackets 13 217 60 300 3180 120
Add & Subtract Equations with Fractions 1 9 211 120 540 3600 60
Expand & Simplify Equations 1 14 184 90 510 3600 120
Difference of Two Squares 6 140 60 360 1720 120
Quadratic Equations with Fractions 4 121 120 420 960 35
Quadratic Formula 4 116 120 420 960 60
Expand & Simplify Equations 2 1 114 120 330 7200 180
Collecting Like Terms 1 5 98 30 60 600 40
Equations with Fractions 1 0 98 90 270 1860 40
Rules of Indices 1 4 96 90 240 720 60
Evaluating Expressions 1 8 96 120 270 1620 60
Collecting Like Terms 2 2 92 40 240 1320 15
Subject of a Formula Inverse 1 2 87 60 270 840 120
Cancelling Common Factors 2 1 83 120 300 2940 60
Simultaneous Equations - Elimination 1 81 120 360 1140 20
Expressions with Powers 5 76 60 120 900 55
Rules of Indices 2 2 76 60 180 960 60
Simultaneous Equations - Substitution 1 68 180 360 1920 35
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Add & Subtract Equations with Fractions 2 2 63 180 480 7200 180
Factorising Quadratics 1 63 180 270 600 55
Discriminant 2 58 150 270 600 40
Using Formulae 1 57 120 240 1560 30
Equations with Fractions 2 0 56 120 300 1200 120
Subject of a Formula Inverse 2 4 54 50 270 2760 30
Evaluating Expressions 2 1 53 120 180 1080 30
Expanding a single Bracket 2 53 210 120 900 55
Factorising Quadratics 2 2 51 60 240 600 60
Multiply and Divide Fractions (Equations) 1 51 60 210 1920 40
Simplifying Quotients 0 48 55 240 720 50
Finding Common Factors 1 48 50 120 1320 55
Cancelling Common Factors 1 2 40 120 180 720 55
Simple Linear Equations 0 23 25 60 180 30
Linear Equations 0 20 60 180 900 40
Simplifying Products 0 17 35 120 420 15
Factorising Quadratics 1 0 17 55 180 480 50

Table 6.13 Basic Algebra Results from Blutick Maths App (Case Study 2)
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6.5.2 Case Study Two, Basic Arithmetic & Algebra Graphs
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6.5.3 Case Study Two, Basic Arithmetic Tasks
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6.5.4 Case Study Two, Survey Results
Q1. Gender Usage Breakdown

Number of users by Gender

10

Number

Male Female

Gender

Figure 6.24 Number of Blutick Maths App users by gender

50% of the student cohort (n =10) that used the Blutick app over semester one of AY
2021/22 were male with 50% female users (n =10).

Q2. Describe your mathematical confidence/ability before the use of the Blutick

Maths App?
17% of the respondents felt they were confident (n = 3) about their mathematical

confidence/ability with the remaining students reporting poor to low confidence
before engaging with the app. A small percentage of students (n = 2) felt their
mathematical ability was “rusty” and “out of practice” as it had been several years
since they had studied. A small number (n = 2) mentioned they were anxious of having
to engage with maths in their course of choice, while another student mentioned the

previous bad experience they had with maths in the past.
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Q3. Did vou find the Blutick Maths App helpful? If so, what were the good features

of the application?

Did you find the Blutick Maths App helpful?

No
6%

Yes
94%

Figure 6.25 Percentage of students that found the Blutick maths app helpful

The pie chart above shows that 94% of the group found the app helpful with 6% of the
respondents not finding it helpful. The good features this group of students found
ranged from the videos detailing clearly the various mathematical concepts and the
step-by-step solutions as they worked through the tasks (n =6). The instant feedback
provided by the app together with the practice quizzes helped build their confidence
slowly with one student stated, “it helped him think mathematically again”.

Another learner stated that “It was of great help at rebuilding the basics with instant
help and feedback to build confidence/ability.” One user complemented the design
and usability of the app, “Very user friendly and the app design itself is welcoming

rather than daunting.”

Q4. What do you like least about the Blutick mobile application?

The students found very little they did not like with the app. Some highlighted (n = 2)
small technical issues with the running of app itself from time to time, they found the
app could be a “small bit buggy”, which they found frustrating, but these issues were

relatively rare in occurrence.
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Q5. Which feature would you likely use the most in the future?

The students (n = 6) felt the short videos attached to each topic together with the ability
to repeat questions and then test themselves with the quizzes were the features they

would most use in the future.

Q6. Are there any features that you think you need but are missing in the mobile

application?
The general response here was that the students felt there was no features that they

could think of were missing from the app. One respondent stated “more difficult
levels” in the tasks with another asking for push notifications to remind them to get
back using the app if they have logged off for a certain period of time. This feature is
available on the app but was switched off to ensure the students were not inundated

with notifications or email reminders.

Q7. Would you recommend the App to a friend that is having difficulty with maths?

All respondents stated that they would recommend the app to friends that were having
difficulty with maths. One of the respondents felt it would be very beneficial to work
before they started their course of choice, with another stating that her younger teenage

daughter is now using the app.

08. Any Suggestions for Improvement?

Overall, the respondents were very happy with the app. Some suggestions varied from
increasing the degree of difficulty in some of the tasks (n =1), more testing to fix the
odd error that appeared in the app (n = 1), to expanding the topic material to a level

required in their course of choice if possible (n = 1).

Q9. Do you feel the Blutick App has helped improve your maths confidence/ability?

As shown in the pie chart below, 89% of respondents felt usage of the maths app
helped improve their maths confidence/ability with only 6% stating that it had not.
(The respondent stated that if they would have found the app beneficial if they had

used the app earlier in their mathematical modules.)
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Do you feel the Blutick App has helped improve your
maths confidence/ability?
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Figure 6.26 Percentage of students that found the app improved maths

confidence/ability

0Q10. On a scale of One to five, how would you rate the maths app

The respondents rated the app on a scale of one to five, with 94% of the respondents

giving the app four stars or better.

Star Rating

On a scale of One to five, how would you rate the maths app

ssr
3 Star -
2 Star

0 2 4 6 8 1

1 Star

0 12

Figure 6.27 Bar chart rating the Blutick maths app
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6.5.5 Case Study Two, Focus Group Results

Three students took part in this focus group. When asked if they found the app useful
and to give their general thoughts about the app, they all spoke positively. The general
feeling was that the app was well laid out and easy to navigate through the different
sections. They felt the samples with line-by-line solutions were clear and easy to
follow. They liked the video aspect of the app, but one student did not use this element
too much unless they got really stuck. One student was several years away from any
mathematical exposure but enjoyed using the app.

“l really enjoyed it and | say | act
had not worked with maths sinttee Leaving Cert which was like
10 years ago now. So, but it was a good refresher and yes, some of
them were easier than others, but | suppose that's personal. And it
was helpful. The step by steps and the videos were helpful. If | was
really stuck, | wold then go back and watch the video which was
actually very helpful and it kind of explained it very clearly. So, |

t hought it was hel pful overall

The students were asked what areas of the app they used the most and found most
beneficial to their mathematical needs. They stated that they used the sample practice
questions, the most. The found the clear line by line solutions most beneficial to their
learning and then the ability to then complete as many questions as they wished with

instant feedback helped reinforce their learning.

“1 think the ability that | was able
kind of work this out was a useful element, especially where you
could use the app at any stage, not just necessarily, you know in

cl ass.

When asked if there were any features of the app, they did not find useful, students
mentioned the hints aspect of the app. One student noted that the hints element was a
bit vague and did not find it helpful in solving the various problems undertaken.

The group were asked if the app helped improve their mathematical confidence. The

group agreed that it definitely had.
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“1 wasn't the best at maths in
helped me because it helped again to refresh my brain and being

like OK, ya h , Il know how to do

t

schoo

hi

“1 think it definitely helped me

app to my friends."”

When asked for any issues they found with usage of the app, the students referred to the
technical issues that they encountered from time to time but they did not really put much

emphasis on this.

6.6 Case Study Three, Semester Two AY 2021/22 Results

Data was collected from 20 students who completed the maths diagnostic test during
semester two of AY2021/22. 60% of this group of students were female and 40%
male. The average mark on the initial diagnostic test was 47% with 80% of students
failing to achieve a mark of more than 50%. After using the Blutick maths app over
a 12-week period, the students then completed a maths diagnostic quiz again. The
results of the post diagnostic test were positive with 85% of students increasing their
marks with an average increase in results of 62%. Table 6.14 shows a comparison of
the descriptive statistics collected from the diagnostic tests as well as how the variation
in the results compared in the pre and post diagnostic test after the use of the Blutick
maths app.

A comparison of the statistical information collected from the Diagnostic Test

Pre-Diagnostic Test Post Diagnostic Test
(n=20) (n=20)
Mean (% =+ standard deviation) 45+ 19 68 + 17
Median (%) 39 72
Mode (%) 39 78
Range (%) 22 -100 33-94

Table 6.14 Pre and Post diagnostic test summary statistics (Case study 3)
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Pre Diagnostic Test Mark v Post Diagnostic Test Mark
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Figure 6.28 Line chart showing Pre and Post-test diagnostic test marks
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[42]

Pre Test Post Test

Figure 6.29 Box plot showing Pre and Post-test diagnostic test scores

As can be seen in the Table 6.14, the pre diagnostic test average mark for this group
of students was 45% with a minimum score of 22% and a maximum mark of 100%.
The median mark was 39% with a standard deviation of 19%. This compares to the
post diagnostic test average mark of 68%. The minimum mark on this post diagnostic
test was 33%, with a maximum score of 94%. The median mark was 72% with a

standard deviation of 17%. The coefficient of variation value of 42% for the pre
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diagnostic test indicates a greater level of dispersion in this data relative to the post
diagnostic test value of 25%. These summary statistics are further graphically
represented in Figure 6.28 and Figure 6.29. Figure 6.28 shows a graph directly
comparing the students marks of the pre and post diagnostic tests. Figure 6.29
demonstrates that 60% of this cohort achieved a mark of over 75% in the post
diagnostic test compared to 10% achieving this mark in the pre-diagnostic test. During
this AR research cycle, we can see from the line chart a decline in one of the students
post diagnostic performance. Again, this decline may be as a result of a number of
factors, but overall, we can see a marked improvement in the post diagnostic test

scores in this group of students after use of the maths app.

The box plot in Figure 6.29 clearly shows the differences between the pre-test and post
test scores, with the median line of the post diagnostic score well above the pre-test
scores. We can also visibly see that the pre-test scores contain two outliers (extreme
values) -which we can see are well outside the main set of data values. These outliers
would affect the mean value for this set of data, in this instance, making the mean
value higher than it should be and not representative of the data. The median of 39%
would be a more appropriate value to use in this instance to represent the average score

of the pre diagnostic test set of data.

Paired t-Test

Null hypothesis Ho: p difference = 0

Alternative hypothesis Hi: p difference # 0

T-Value P-Value

-5.98 0.00

Table 6.15 Diagnostic test (Case study 3) paired t-test results
A paired t-test to compare the groups’ scores of the diagnostic tests before the students

used the Blutick maths app and their scores after their usage of the app was conducted.

Results from the paired sample t-test showed a significant difference (t = -5.98, p =
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0.000) between the average marks pre-test and post-test. We can conclude from the

test that the average mark before is less than the average mark afterwards.

6.6.1 Case Study Three, Blutick App Results

The tables on the following page show the Blutick app results from the tasks
completed across the topics of algebra and arithmetic by the students that took part in
case study 3 over the 12-week period of semester two AY 2021/22.

The table below summarizes the data from the different tasks completed by this group
of students in the area of basic arithmetic. This group of students struggled mainly
with the following areas: lowest common multiple, highest common factor, percentage
change, and estimating calculations. Again, these were the same areas that the students
from the other case studies also struggled with. Percentage change proved the most
difficult task for students in this group with 335 errors in total made completing this
task with an average of seventeen errors being made per student. This was followed
closely by 229 errors in total made in the topic of highest common factor and 213
errors in total made working with questions on the area of lowest common multiple.
The students found the multiplication methods and division methods tasks the most
straightforward, completing only a total of seven errors and eight errors across each
task respectively. Again, similar to the other groups of students, this group struggled
with the different elements of the area of fractions. For example, fractions and mixed
numbers (62 errors), adding and subtracting fractions (72 errors), and multiplying
fractions (114 errors). Also, outside the task of percentage change, it was the area of
fractions where the maximum amount of time was spent by any one student working
through questions in this topic — Multiplying fractions (41 minutes), rationalising the

denominator (23 minutes) and adding and subtracting fractions (16 minutes).
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Number Time in Seconds
Basic Arithmetic Tasks Hints Used | Errors Made | Reading Page | Tasks | Max Time | Min Time
Repeated Percentage Change 15 335 300 510 3600 120
Highest Common Factor 17 229 240 240 420 60
Lowest Common Multiple 15 213 180 330 1080 60
Significant Figures 10 191 20 180 45 180
Estimating Calculations 12 161 60 300 900 120
Percentage Increase 9 118 120 270 960 25
Multiplying Fractions 1 114 120 240 2460 60
Simplifying Surds 9 111 150 300 1020 25
Place Value 7 110 30 110 420 15
Rationalising Denominator 5 107 180 300 1380 30
Recurring Decimals 11 106 120 240 1380 35
Division in Ratio 8 85 120 180 480 25
Simplifying Expressions with Surds 9 85 120 300 960 45
Percentage Decrease 2 84 120 240 660 25
Finding a Percentage 1 83 60 180 360 50
Types of Numbers 8 78 60 150 360 40
Equivalent Ratios 21 77 120 360 840 120
Adding & Subtracting Fractions 6 74 60 30 960 25
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Ratios and Fractions 8 73 120 180 480 40
Express as a Percentage 4 72 55 120 420 40
Fractions and Percentages Conversions 6 64 60 180 540 45
Equivalent Fractions and Mixed Numbers 7 62 58 180 720 60
Zero & Negative Powers 4 48 55 120 300 35
Rounding Whole Numbers 2 43 33 60 240 15
Calculations with Mixed Numbers 2 43 180 270 540 120
Operations with Brackets 3 41 60 60 480 25
Order of Operations 1 40 48 90 180 15
Fractional Powers 4 40 120 120 840 25
Multistep Fractions Calculations 4 38 120 240 540 60
Percentages and Decimals Conversions 2 35 30 60 180 20
Multiplying Decimals 1 34 50 120 180 45
Roots 7 34 60 60 240 25
Decimal Places 0 28 25 50 120 5

Fractions of Amounts 0 28 240 240 480 60
Operations with Negative Numbers 1 24 50 55 120 20
Adding And Subtracting Decimals 0 23 60 90 120 35
Ordering Using your Calculator 1 21 60 50 120 10
Ordering Numbers 0 18 55 35 180 15
Converting Fractions and Decimals 0 17 60 120 180 30
Factors and Multiples 0 17 50 60 180 20
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Dividing Decimals 0 16 50 60 240 20
Dividing Fractions 2 15 120 120 540 25
Positive Integer Powers 0 14 45 60 180 30
Division Methods 1 8 35 60 360 45
Multiplication Methods 0 7 50 60 240 55

Table 6.16 Basic Arithmetic Results from Blutick Maths App (Case Study 3)
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Number Time in Seconds
Basic Algebra Tasks Hints Used | Errors Made | Reading Page | Tasks | Max Time | Min Time
Quadratic Equations with Fractions 13 365 420 480 3060 50
Factorising Quadratics 7 226 180 300 960 55
Quadratic Formula 5 217 180 420 1320 60
Subject of a Formula Inverse 2 17 196 150 540 1140 40
Difference of Two Squares 13 181 90 270 1800 120
Expand & Simplify Equations 1 11 178 120 360 900 45
Factorising Quadratics 2 5 148 60 180 720 60
Equations with Fractions 2 5 143 180 240 1800 50
Evaluating Expressions 1 9 133 180 270 1320 50
Simultaneous Equations - Elimination 2 133 180 120 1200 60
Simultaneous Equations - Substitution 7 128 150 360 2820 60
Factorising Quadratics 1 1 119 60 180 1200 55
Subject of a Formula Inverse 1 8 106 120 270 960 60
Expand & Simplify Equations 2 3 92 120 300 840 60
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Equations with Fractions 1 2 92 90 240 1140 40
Discriminant 3 88 150 240 540 60
Simplifying Quotients 3 82 60 120 960 60
Add & Subtract Equations with Fractions 1 3 80 120 300 1140 55
Using Formulae 5 79 120 240 960 45
Rules of Indices 2 6 74 90 240 600 45
Expressions with Powers 4 73 60 180 420 35
Collecting Like Terms 2 6 71 55 228 660 60
Rules of Indices 1 8 71 43 180 420 20
Evaluating Expressions 2 2 62 180 180 540 60
Cancelling Common Factors 2 3 61 60 300 540 60
Simplifying Products 11 58 60 60 300 5
Expanding Two Brackets 5 58 120 360 1080 40
Add & Subtract Equations with Fractions 2 4 56 150 300 1800 60
Linear Equations 0 53 55 180 360 40
Multiply and Divide Fractions (Equations) 4 50 120 210 1080 55
Cancelling Common Factors 1 3 37 45 120 540 50
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Expanding a single Bracket 29 60 120 300 5
Simple Linear Equations 28 58 60 180 60
Finding Common Factors 24 33 120 300 25
Collecting Like Terms 1 18 60 60 180 40

Table 6.17 Basic Algebra Results from Blutick Maths App (Case Study 3)
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We can see from the table containing the data from the Algebra tasks below that the
area of quadratic equations with fractions (365 errors in total across the group),
factorising quadratics (226 errors), quadratic formula (217 errors) and subject of a
formula inverse 2 (196 errors) were the most troublesome tasks for this group of
students. We can also see that a relatively large number of hints were used when
working on questions in quadratic equations with fractions (13 hints) and the task of
subject of a formula inverse 2 (17 hints). These were also the tasks where the
maximum time was spent by a student, with a max time of fifty-one minutes working
on questions in the area of quadratic equations with fractions and twenty-two minutes
working on questions involving the quadratic formula. Students in this case study
found the tasks of collecting like terms 1 (18 errors), finding common factors (24
errors) and simple linear equations (28 errors) the most straightforward elements of
the algebra tasks with only a small number of total errors made and very few if any
hints being used to help solve the questions on each task. Students spent on average
two minutes viewing the page on each task and working through line by line worked
solutions. We can also see the additional time spent viewing the worked-out solutions
on the tasks this group found more difficult with an average of seven minutes spent
on the quadratic equations with fractions solutions and three minutes spent working
through both factorising quadratics and the quadratic formula. As this group of
students struggled initially with the fraction’s element of the basic arithmetic tasks,
we can also see their initial struggles with algebraic fractions when looking at the
number of errors made. For example, add & subtract equations with fractions 1 (80
errors) and equations with fractions 2 (144 errors). On a positive note, the students
spent an above average time of typically four minutes on these tasks working on

questions and trying to improve their mathematical skills in these areas.
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6.6.2 Case Study Three, Basic Arithmetic Tasks

Average Time Spent completing tasks & reading the task page (seconds)
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Figure 6.30 Average time (in secs) completing tasks in basic arithmetic & reading
page

211



Chapter Six

6.6.3 Case Study Three, Algebra Tasks

Average Time Spent completing tasks & reading the task page
(seconds)
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Figure 6.31 Average time (in secs) completing tasks in basic algebra & reading page
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6.6.4 Case Study Three, Survey Results

Q1. Gender Usage Breakdown

Gender

12

10

Number
B ()]

N

Male Female

Gender

Figure 6.32 Number of Blutick Maths App users by gender

58% of the student cohort (n= 11) that provided feedback of their use of the Blutick
app over semester two of AY 2021/22 were female with 42% male (n =8).

Q2. Describe your mathematical confidence/ability before the use of the Blutick

Maths App?
26% of the respondents (n =5) felt they were confident about their mathematical

confidence/ability with the remaining students (n =14) reporting average to poor

confidence before engaging with the app.

Rusty/Out of Practice Pretty ok
. course confidence
mathematical exams low ability

| will be able Poor CO nfi d ent Maths advance maths

rusty Maths experience

Not very confident fairly confident

Figure 6.33 Percentage of students that found the app improved maths
confidence/ability
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Q3. Did you find the Blutick Maths App helpful? If so what were the good features of

the application?

Did you find the Blutick Maths App helpful?

No
16%

> Yes
84%

Figure 6.34 Percentage of students that found the Blutick maths app helpful

The pie chart above shows that 84% of the group found the app helpful with 16% of
the respondents not finding it helpful. More interestingly, the good features the
students found ranged from the videos detailing the various mathematical concepts,
step by step solutions, instant feedback, the hints available with the questions, the

practice quizzes and the ability to access the app anytime and anywhere.

videos are very helpful helpful - loved step examples

step guide step by step basics helpful app

maths hel prI videos solution very helpful

confidence topic by topic
videos and examples great help App was very helpful

instant help search topic tutorial videos ¥19€® cliPs

Figure 6.35 Student’s opinion on whether they found the app helpful

Q4. What do you like least about the Blutick mobile application?

The respondents in general felt there was not a lot they did not like about the app.
Some (n = 3) found minor technical problems with the app. They felt that the app
responded slowly at times with one learner stating for example “that it was a small bit
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buggy at times” depending on which device they were using with others stating that
maybe one or two more steps in the solutions for the more difficult problems would

be beneficial.

Q5. Which feature would you likely use the most in the future?

The respondents felt the videos with line-by-line solutions together with the ability to
redo as many questions as possible in a particular area were the features they would
use in the future. Feedback from the students felt that the ability to revise and practice
topics by working through problems at any stage allowed them to refresh their

knowledge and improve their confidence on the topic of concern.

Q6. Are there any features that you think you need but are missing in the mobile

application?

One respondent stated “more working examples” but the general response here was

that the learners felt there was no features that they could think of were missing from

the app at that moment in time.

Q7. Would you recommend the App to a friend that is having difficulty with maths?

As shown in the bar chart below, 85% of respondents would recommend the app to

friends that were having difficulty with maths.

Would you recommend the App to a friend that is having difficulty with maths?

18

16

14

12

10

No. of Respondents

Yes No Maybe

Figure 6.36 Bar chart showing student’s recommendation of the maths app
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08. Any Suggestions for Improvement?

In general, the respondents were very happy with the app and found it easy to use. The
main suggestion for improvement as one learner stated was “to fix the small buggy
issues with the app that occurred from time to time.” They found these technical issues
frustrating Another learner felt the use of slightly longer videos at the beginning for

the more complex tasks.

Q9. Do you feel the Blutick App has helped improve your maths confidence/ability?

As shown in the pie chart below, 79% of respondents felt usage of the maths app

helped improve their maths confidence/ability with only 16% stating that it had not.

Do you feel the Blutick App has helped improve your maths
confidence/ability?

16%

5%
EYes

Somewhat

No
79%

Figure 6.37 Percentage of students that found the app improved maths

confidence/ability

0Q10. On a scale of One to five, how would you rate the maths app

The respondents rated the app on a scale of one to five, with 68% of the respondents

giving the app four stars or better.
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On a scale of One to five, how would you rate the
maths app
1 star -
1]

5 stars

o
[
N
w
o
(%
<))
~
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(s}

Figure 6.38 Bar chart rating the Blutick maths app

6.6.5 Case Study Three, Focus Group Results
Three students took part in this focus group. The students shared their thoughts on the
app, with all students stating that they found the app beneficial in their mathematical

learning. One student stated that

“They found t he baplpaseshyearsootofs| y hel pf
school and coming back into the algebra and was very daunting at
the start. And | thought it really

They found the app very user friendly, clear and simple to use. They found the sample
questions with line-by-line solutions together with the videos very helpful. One
student stated that they

“Found the videos extremely helpful
pause the video at any stage and try a question and come back to
the video then if | was stil!/l

Another student found the quizzes with the instant feedback a key component of the

app that allowed them to understand clearly where they were going wrong.
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One student enjoyed the flexibility of being able to access the app at anytime and
anywhere,

“ 1 dthe kaet that | could work on the problems in my own time

and at the end of the day”’

Overall, they felt that the app improved their mathematical confidence and ability over
the few months that they used it and would definitely recommend the app to their

friends.

6.7 Case Study Four, Semester One AY 2022/23 Results

Data was collected from 20 students who completed the maths diagnostic test during
semester one of AY2022/23. Of the twenty students that took part in this case study
nine were male with eleven females. As summarised in the table below, the average
mark for the initial diagnostic test was 36% with 70% of the group failing to score
more than 50% on the test. The students then worked with the Blutick maths app over

a 12-week period during semester one and completed the diagnostic test again.

The post diagnostic test marks showed a positive increase in scores with 70% of the
group increasing their marks with an average increase of 77% in their results. The
table below shows a comparison of the descriptive statistics collected from the
diagnostic tests as well as how the variation in the results compared in the pre and post

diagnostic test after the use of the Blutick maths app.

A comparison of the statistical information collected from the Diagnostic Test
Pre-Diagnostic Test Post Diagnostic
(n=20) (n=20)
Mean (% = standard deviation) 36 +21 65+ 19
Median (%) 37 64
Mode (%) 50 86
Range (%) 0-69 36 - 93

Table 6.18 Pre and Post diagnostic test summary statistics (Case study 4)
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Figure 6.39 Line chart showing Pre and Post-test diagnostic test marks
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Figure 6.40 Box plot showing Pre and Post-test diagnostic test scores

As can be seen in the table 6.18, the pre diagnostic test average mark for this group of

students was 36% with a minimum score of 0% and a maximum mark of 69%. The

median mark was 37% with a standard deviation of 21%. This compares to the post

diagnostic test average mark of 65%. The minimum mark on this post diagnostic test
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was 36%, with a maximum score of 93%. The median mark was 64% with a standard
deviation of 19%. The coefficient of variation for the pre-diagnostic test is 58%
compared to 29% for the post diagnostic test. The coefficient of variation value of
58% for the pre diagnostic test indicates a greater level of dispersion in this data
relative to the post diagnostic test value of 29%. The greater dispersion is also further

emphasized in the range of 69% for the pre diagnostic test.

These summary statistics are further graphically represented in line chart and box plot
in figures 6.39 and 6.40 respectively. Figure 6.38 directly compares the students marks
of the pre and post diagnostic tests. The line chart clearly shows the differences
between the pre and post diagnostic marks for each individual student as well
indicating the consistent improvement across the majority of students scores when

comparing their pre and post diagnostic scores.

The difference in marks between the pre diagnostic test and post-test are also shown
in the box plot figure 6.40, with the median line of the post diagnostic score well above
the pre-test scores. The whiskers of the pre diagnostic test are much longer when
compared to the post diagnostic test indicating a wider spread of the scores which is

also reflected in the range for this data set.

A paired t-test to compare the groups’ scores of the diagnostic tests before the students
used the Blutick maths app and their scores after their usage of the app was conducted.
Results from the paired sample t-test showed a significant difference (t = - 18.77, p =
0.000) between the average marks pre-test and post-test. We can conclude from the

test that the average mark before is less than the average mark afterwards.

Paired t-Test

Null hypothesis Ho: p difference = 0

Alternative hypothesis Hi: p difference # 0

T-Value P-Value

-18.77 0

Table 6.19 Paired t-test
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The tables on the following page show the Blutick app results from the tasks
completed across the topics of algebra and arithmetic by the students that took part in

case study 4 over semester one AY 2021/22.

The first table gives the summary information from the different tasks completed by
this group of students in the area of basic arithmetic. The areas of significant numbers,
percentages and fractions were the most problematic areas for this cohort of students.
These tasks caused similar difficulties for students that took part in the previous case
studies. Significant figures were the most difficult task for students in this group with
255 errors in total made completing this task with an average of twenty errors being
made per student. This was followed closely by 209 errors in total made in the topic
of percentage decrease and 207 errors in total made working through questions in the
area of equivalent ratios. The different tasks that students found the least difficult were
dividing decimals, positive integer powers and multiplication methods with a total of
six, five and three errors being made respectively in these tasks. Students also
struggled with various elements of the different fraction tasks that they completed. For
example, ratios and fractions saw a total of one hundred and twenty-six errors adding
& subtracting (120 errors), fractions and percentage conversions (115 errors),
fractions and multiples (99 errors), and equivalent fractions and mixed numbers (84

errors) caused the most difficulty.
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Number Time in Seconds
Basic Arithmetic Tasks Hints Used | Errors Made | Reading Page | Tasks| Max Time | Min Time
Significant Figures 12 255 40 240 840 50
Percentage Decrease 14 209 120 300 1800 50
Equivalent Ratios 66 207 120 420 1380 60
Types of Numbers 30 206 60 180 780 60
Percentage Increase 21 195 120 240 900 25
Finding a Percentage 11 169 120 240 900 60
Operations with Brackets 9 164 60 120 1080 45
Simplifying Surds 28 144 60 240 1620 45
Ratios and Fractions 17 126 120 180 1020 60
Place Value 18 126 55 120 360 40
Adding & Subtracting Fractions 1 120 60 240 600 45
Fractions and Percentages Conversions 8 115 60 180 420 35
Factors & Multiples 13 99 120 120 300 45
Equivalent Fractions and Mixed Numbers 8 84 60 180 420 55
Find a Percentage Change 9 81 55 180 420 120
Calcs with Mixed Numbers 0 76 45 360 840 240
Simplify Expressions with Surds 2 73 120 300 1800 60
Rounding Whole Numbers 6 72 45 60 240 45
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Express as a Percentage 5 71 50 120 480 25
Percentages and Decimals Conversions 4 53 325 120 240 40
Order of Operations 8 50 55 60 180 35
Decimal Places 4 44 40 60 420 30
Operations with Negative Numbers 3 42 53 60 240 25
Dividing Fractions 0 32 55 180 480 45
Multiplying Fractions 0 13 60 240 420 25
Division Methods 0 13 53 120 240 25
Multiplying Decimals 0 13 25 90 360 55
Adding And Subtracting Decimals 1 13 35 120 480 50
Multistep Fractions Calculations 0 12 150 210 240 50
Convert Fractions & Decimals 0 11 55 120 420 45
Ordering Numbers 0 9 60 45 120 35
Fractional Powers 0 8 60 60 120 55
roots 2 7 25 60 240 45
Zero & Negative Powers 0 7 25 90 120 40
Dividing Decimals 0 6 38 120 180 35
Positive Integer Powers 0 5 25 60 120 40
Multiplication Methods 0 3 48 120 20 300

Table 6.20 Basic Arithmetic Results from Blutick Maths App (Case study 4)
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Number Time in Seconds
Basic Algebra Tasks Hints Used | Errors Made | Reading Page | Tasks | Max Time | Min Time
Expand & Simplify Equations 2 7 152 150 390 2400 45
Expand & Simplify Equations 1 17 133 150 300 1080 40
Add & Subtract Equations with Fractions 1 9 118 180 480 1200 60
Rules of Indices 10 112 55 180 540 30
Equations with Fractions 1 5 105 120 240 1200 120
Finding Common Factors 3 101 40 180 1140 15
Collecting Like Terms 2 4 99 60 180 780 60
Factorising Quadratics 2 6 87 60 240 720 120
Equations with Fractions 2 3 73 180 300 1140 120
Expanding Two Brackets 1 71 60 240 1500 120
Evaluating Expressions 2 5 69 60 180 600 30
Add & Subtract Equations with Fractions 2 7 64 180 480 900 240
Evaluating Expressions 1 9 62 55 180 600 45
Factorising Quadratics 1 0 55 60 180 420 35
Collecting Like Terms 1 1 52 40 60 720 45
Linear Equations 0 43 90 180 420 60
Expanding a single Bracket 0 34 52.5 120 420 45
Expressions with Powers 0 27 45 120 300 45
Simplifying Quotients 0 20 50 120 300 50
Simplifying Products 0 12 40 60 240 50

Table 6.21 Basic Algebra Results from Blutick Maths App (Case study 4)
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The table above shows the various tasks in the topic of algebra that the students
completed over semester one of the AY 2022-23. We can see from the table
that the area of expanding and simplifying equations (152 errors in total),
adding and subtracting equations with fractions (118 errors) and finding
common factors (101 errors) were the most problematic tasks for this group of
students. We can also see that students mainly used hints to help them when
working on questions in expanding and simplifying equations 1 & 2 (17 and 7
hints respectively). In addition, the maximum time spent working on tasks by
any one student was spent on expanding and simplifying equations 2 (forty
minutes in total). Of all the tasks completed, Students found the tasks of
simplifying quotients and products the least troublesome with only a small

number of errors begin made when working on questions in these two areas.
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6.7.1 Case Study Four, Basic Arithmetic Tasks Chart
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Figure 6.41 Average time (in secs) completing tasks in basic arithmetic & reading

page
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6.7.2 Case Study Four, Algebra Tasks Chart

Average Time Spent completing tasks and reading the tasks
page (seconds)
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Figure 6.42 Average time (in secs) completing tasks in basic algebra & reading page
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6.7.3 Case Study Four, Survey Results

Q1. Gender Usage Breakdown

Number of Users by Gender
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Figure 6.43 Number of Blutick Maths App users by gender

45% of the student (n = 9) cohort that used the Blutick app over semester one
of AY 2022/23 were male with 55% female users (n =11).

Q2. Describe your mathematical confidence/ability before the use of the Blutick

Maths App?
The majority of the respondents indicated a lack of confidence in their

mathematical ability prior to engaging with the app. One respondent
commented that

| was not confident and have forgotten most of the methods of solving equations
and maths problems as it has been three years since | cochpigtéeaving

cert.

One student did feel that they were confident in their mathematical ability but

hoped that the app might help improve their basic maths skills.

Q3. Did you find the Blutick Maths App helpful? If so what were the good

features of the application?
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All the respondents felt that the app was really helpful. They mentioned the
line-by-line solutions, the hints and the multiple levels to the difficulty of the
questions as the good features of the application. One respondent commented
that

| liked the way the app gave a lot of examples on each topic

Q4. What do you like least about the Blutick mobile application?

This group of students found little to dislike about the application. One

respondent found inputting the odd answer to a question a bit frustrating —

| found it finicky sometimes with the answer ie. If you putin .9
instead of 0.9

Another respondent felt there was nothing that they did not like
about the app- Everything was easy to navigate, and the functions

werestraightforward.

05. Which feature would you likely use the most in the future?

The practice questions offered at different levels of difficulty together with the
quizzes at the end of each task were the features that students in this group felt

they would use most going forward, with one respondent commenting —

The topics with the 3 tutorial levels and the quiz at the end, it helps
you learn the basics and gain confidence in your ability to do

them

Q6. Are there any features that you think you need but are missing in the mobile

application?
Overall, the respondents were very happy with the app and felt there was

nothing that they could think of that was missing in the mobile application.

Q7. Would you recommend the App to a friend that is having difficulty with maths?

The majority of respondents stated they would definitely recommend the app
to their friends that were having difficulty with maths. Two of the respondents
stated that they would not recommend it but did not elaborate further as to the

reason why.
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08. Any Suggestions for Improvement?

In general students had no suggestions for improving the app that they could

think of. Two of the respondents made the following general suggestions —

Sometimes | get an answer wrdmgcause | made a small typo, the
app should try to recognize small typos and let you know about it
before marking you down

Maybe bigger fonts as some of the text could be pretty small as |

had to zoom my screen sometimes

Q9. Do you feel the Blutick App has helped improve your maths confidence/ability?

All respondents bar one felt the app helped improve their confidence/maths

ability. One respondent stated that

Yes, it helped a lot! It helped me recall the basic to the complex
maths problems and how $olve them. | also learned not to be too

reliant on my calculator.
Another respondent stated -

It helped refresh my memory on some things | have forgotten, and
the 3 tutorial levels before a quiz helped me learn how to do

something step by step

Q10. On a scale of One to five, how would you rate the maths app

The respondents rated the app on a scale of one to five, with 94% of the

respondents giving the app four stars or better.
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On a scale of One to five, how would you rate the maths app
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Figure 6.44 Bar chart rating the Blutick maths app

6.7.4 Case Study Four, Focus Group Results

Three students of various degrees of mathematical ability took part in this focus
group. The students shared their thoughts on their experiences with app, with
all students stating that they felt they benefited from using the app. One student

who felt confident in their mathematical ability before using the app stated

| found the maths app to be extremely useful as it challenged my
quick thinking and initiative. The app is very beneficial not only
for people \ith a lower level of maths capability who can use the
stepby-step solutions, but also for those that have more advanced

mathematic skills.

This respondent further commented on the key elements of the app for them —

The stepby-step solutions are great faffering the correct way of
solving a certain problem for those who do not already have an
understanding of the topic, but it may give those with that stronger
level of maths the chance to think twice and see different better

ways of solving these problem
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They felt the app improved their mathematical confidence through the regular
and they enjoyed the different levels of difficulties associated with each task
stating that the

app for sure improved my confidence in maths as it pressuged m
to not only ke accurate but fast in my calculations. Not to mention

it was fun when doing then also.

Another useful feature was the layering up of knowledge. Tasks
would start out simple and gradually increase in difficulty as the

tasks progressed.

Another respondent found the app very easy to navigate around. As they were
a couple of years away from education, they found it a very useful tool to help

refresh their mathematical skills.

It was very helpful especially that | have not been in education for
the past 3/ears. It helped me refresh my memory in maths. The
features that | found really good were the tutorial questions (levels

1 to 3) before every quiz.

The third respondent stated:

It definitely helped improve my confidence with maths. | am more
knowledgeald how to approach a problem step by step and it has
improved my critical thinking skills as | have not dealt with maths

for a few years now since | was out of education for some time.

One of the respondents commented on the seamless nature of the app and the

ease of navigation around the different topics.

The most useful feature had to be the convenience of the assigned
tasks tab. This paired with the ability to move to any of the areas

with the click of a button was great for completing the tasks.

Overall, they felt the app improved their mathematical ability and confidence
and enjoyed the fact that they could work on the tasks in their own time and

away from college if needed.
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6.8 Chapter Conclusion

This chapter discussed the results achieved from the pilot study as well as the four
case studies. The data was gathers from multiple sources, included the Blutick App,
basic arithmetic and algebra graphical data, survey and focus group results. The

following chapter will discuss in detail the analysis of these results.
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Chapter Seven

7 Detailed Discussion of Results

7.1 Chapter Introduction

In this chapter, the preliminary results from the previous chapter will be discussed,
compared and contrasted with the findings from the review of the literature. The
outcomes relating to the research questions are discussed in more detail in the
following sections. The significance of these research outcomes will then be taken into
consideration. The results examined how the students engaged with the app and
whether the app assisted the student to master the various concepts undertaken.
Feedback from the students looked to identify the positive features of the app from
their use of videos, worked examples and the ability to work at their own pace. Data
garnered from the app helped identify both the mathematical difficulties the students
encountered and their comprehension of information in the areas of basic algebra and

basic arithmetic.

The Blutick app keeps track of a wealth of information on the students work through
the use of mark books and task summaries. The mark books allow the instructor to
view all the tasks that a particular student group has undertaken. The task summary
pages provide a more detailed breakdown of each task that the student completes as
shown in table 7.1 below. The task summary is divided into a number of columns. The
first column shows the students smartscore for the task set. The smartscore indicates
the degree of understanding of a mathematical topic. The smartscore is generated as
the student completed quizzes on each topic and it is a combination of the percentage
of correctly answered quiz questions and takes into account other influencing factors.
The students lose marks towards their smartscore for skipping any questions, using
hints and making mistakes as they work through the quiz questions. The student can
see their smartscore developing as they work through the quiz at the end of each topic.
The remaining columns provide more detailed information on each task. You can see

the number of questions completed at each level with three levels to each task, with
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questions getting more difficult as the levels progress. The time spent on each aspect
of the page from reading/ viewing sample questions, watching the short videos on each
task to the time completing practice problems on each task is shown next. Lastly the

number of hints used, and the number of errors made can be seen.

The Community of Inquiry (Col) Framework presented in Chapter Four presents the
model containing cognitive, social and teaching presence (Garrison, Anderson and
Archer, 2000). There is an obvious cognitive and teaching presence evident in the Al
influenced mobile mathematics application and this project. There has however been
undeniable changes in online provision since the Col was first developed in 2000
(Garrison, Anderson and Archer, 2000) with many advances in online learning,
blended learning as well as Al data intense technologies. Lowenthal & Dunlap (2014,
p.26) suggest that instruments “used to investigate communities of inquiry in general
but especially social presence in particular need to be revisited and adjusted over
time” with similar arguments by Richardson & Lowenthal (2017). Nevertheless, in
this project the social presence — supporting discourse, setting climate, the educational
experience (Figure 4.5) are evident, although minimally, in the technology mediated
environment and ecosystem created by the Maths Support Centre and the integration

of the Blutick application as a supportive medium for learning.
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Task Description
Adding And Subtracting Fractions 1
Adding And Subtracting Decimals
Adding And Subtracting Fractions |
Addition In Standard Form
Arithmetic Sequences
Calculations With Mixed Numbers
Factorising Quadratics |
Factorising Quadratics I
Factors And Multiples
Find A Percentage Change
Finding A Percentage
Quadratic Equations By Factorising
Quadratic Equations With Fractions
Cancelling Common Factors |
Cancelling Common Factors 11

Subject Of A Formula: Inverse Operations 11
Subject Of A Formula: More Than One X

Collecting Like Terms 11
Expand And Simplify 1
Completing The Square

Compound And Simple Interest Problems
Converting Between Fractions And Decimals

Direct Proportion
Decimal Places
Defining Sequences

Smartscore
90
100
39
95
97
93
93
33
99
96
95
93
90
96
95
87
92
100
94
90
57
93
89
93
98

Table 7.1 Smartscore statistics from Blutick maths app

Questions Completed

Level 1
2/2
2/2
2/2
2/2
2/2
2/2
4/a
2/2
3/3
2/2
2/2
2/2
2/2
2/2
2/2
2/2
4/4a
2/2
2/2
4/4
2/2
2/2
2/2
4/4
4/4

Level 2
2/2
2/2
2/2
2/2
2/2
2/2
2/2
2/2
2/2
272
2/2
2/2
2/2
2/2
2/2
2/2
2/2
2/2
2/2
4/4
2/2
2/2
2/2
4/4
3f3

Level 3
2/2
2/2
2/2
2/2
2/2
2/2
2/2
2/2
2/2
272
2/2
2/2
2/2
2/2
2/2
2/2
2/2
2/2
2/2
2/2
o/0
2/2
2/2
4/4a
7/7

Reading Video Answering

03m
0om
02m
00m
01m
00m
00m
02m
00m
00m
00m
01m
02m
0om
0om
0om
0om
Qom
01lm
01lm
02m
0om
0om
0om
12m

Time Spent

00m
00m
00m
00m
00m
00m
00m
00m
00m
00m
00m
00m
01lm
00m
00m
00m
00m
00m
00m
00m
00m
00m
00m
00m
02m

07m
02m
13m
05m
04m
02m
06m
03m
01lm
02m
02m
11m
14m
01lm
07m
09m
03m
01lm
oam
11m
0em
oom
12m
02m
17m

Hints Used

[ QR e R o R s Y s R e o L R IR = Y = [ Y TR o Y [ o Y . Y o [ s Y o R . Y o R .
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Errors Made

12

54

12
24
24
42
12
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A B C D E

1 L Student Name Total Questions Total Quizes Active Time On Blutick (hours:minutes) Most Recent Activity
2 812 99 3:04 2021-12-13 15:38:10
3 631 71 737 2021-11-26 14:23:58
4 953 99 11:12 2021-12-19 15:00:11
5 1044 29 13:30 2022-06-09 23:35:07
B 681 90 708 2021-12-16 14:32:33
7 978 104 B:36 2021-11-26 12:28:42
B 670 67 12:17 2021-11-08 19:24:50
9 9499 a7 23:57 2021-12-13 15:54:09
10 771 100 514 2021-12-15 19:01:27
11 557 58 17:50 2021-11-27 00:02:20
12 1169 49 14:55 2022-01-25 14:54:26
13 922 o9 20:47 2021-12-18 18:21:27
14 987 106 16:00 2021-12-14 09:15:09
15 208 17 13:32 2022-01-11 00:18:37
16 1169 119 19:09 2021-12-14 14:47:39
17 1187 91 18:32 2022-01-30 14:00:01
18 990 91 22:21 2021-11-25 18:31:06
19 1104 111 22:21 2021-12-16 12:45:16
20 148 16 1:36 2021-11-29 23:21:22
21 581 62 2:22 2021-11-27 21:09:31
22 Bd2 32 1:54 2022-01-12 22:40:34
23 1289 104 11:11 2021-11-26 00:40:36
24 1187 122 509 2021-11-25 14:13:39
25 323 37 3:28 2021-12-01 11:51:23
26 B39 78 2005 2021-11-28 23:19:23
27 932 g4 21:35 2021-12-1017:36:30
28 986 103 14:41 2021-12-13 12:26:52
29 157 13 17:45 2021-10-27 14:11:01
30 223 28 B:57 2021-11-28 17:47:55
31 176 19 16:51 2021-12-08 16:58:45
32 861 37 12:33 2021-12-1313:59:13
33 IR5 23

Table 7.2 Blutick maths app summary statistics

9-28

2021-12-04 15-12-40
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Additional information on individual students can also be gleaned from the app such
as the number of questions and quizzes completed together with the amount of time
spent actively on the app and their most recent activity time as shown in table 7.2.

In the following sections, the outcomes relating to each of the three research questions
are discussed in more detail. The following sections describes the analysis of data
gathered and discussion regarding mathematical learning according to Research

Question.

7.2 Research Question 1

Research Question 1: What mathematical topics do service learners attending the
Maths support centre at ATU Sligo enquire about and what are the key basic
mathematical skills that the students struggle with?

A comparison of the different case studies completed revealed the most challenging
mathematical areas of basic arithmetic. The most troublesome topics were the areas of
fractions, Highest common factors, lowest common multiples, and percentages. The
Blutick maths app shows the line-by-line workings of each question completed by the
student together with any feedback offered by the Al instructor at each step of the
solution. The figures below show the common mistakes that were made by students
across the different topics deemed challenging for them over the completed case

studies when using the Blutick maths app.

7.2.1 Fractions

We can see that generally students have little difficulty adding or subtracting fractions
with the same denominator (figure 7.2). However, the errors arise when the student is
faced with adding or subtracting fractions with different denominators (figure 7.3).
This highlights the difficulty students have understanding that a fraction represents a
part of a whole with the numerator of the fraction representing the number of parts
and the denominator representing the number of equal sized parts that make up the
whole. Siegler et al. (2013) observed that one of the difficulties that students
experienced with fractions was due to incorrectly assuming that the properties of

whole numbers also can be applied to fractions.
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7.2.1.1 Adding andlubtracting Fractions

. . 8 5
Level T: Simplify 15 + 15

Level 2: Simplify l?l + %

1. f: Check the bottom of the fraction - it looks like there is a mistake there

Figure 7.2 Adding fractions students worked example (Level 1 & 2)

. .5 3
Level 3: Simplify & — ~
9 6
19
1 18 Check the top of the fraction - it looks like there is a mistake there.
2. H That's not right - have another go

Figure 7.3 Subtracting fractions students worked example (Level 3)

We can see the various degrees of difficulty with this task of adding and subtracting
fractions. The student is initially asked to simplify the addition of two fractions with
the same denominator (figure 7.2). The student answers the first question correctly
and the Blutick platform builds on this by creating a more difficult problem for the
next question by asking the student to simplify the addition of two fractions with

different denominators. Figure 7.2 shows a snapshot of the most common error made
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by students when completing tasks in the area of fractions. As can been seen in the

problem, the student is asked to add — —. The students initial answer is to add

both denominators together to end up with — . As detailed by DeWolf & Vosniadou

(2015) this is an example of whole number bias that the student is demonstrating.

The difficulty students have working with fractions can be further seen in the
attempts at different tasks within the topic of fractions as can be seen in figure 7.5;
figure 7.6, figure 7.7 and figure 7.8. Worked examples of multiplying fractions,
getting fractions of various amounts and fractions and mixed numbers are shown,
which were all challenging concepts for students to understand and master across the

four case studies completed.

7.2.1.2 Multiplying Fractions

Level 1: Simplify (%) x (%)

. . 21 5
Level 2: Simplify (m) i [ﬁ)

Figure 7.5 Multiplying fractions students worked example (Level 1 & 2)
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We can see from the student solution in figure 7.5 that whilst multiplication of
fractions is deemed to be an easy process (Johanning, 2019), it is a more complex

process than initially thought for students (Tsankova & Pjanic, 2009) and causes
problems.

7.2.1.3 Fractions of Amounts

3 - .
Level 2: Work out 3 of 60, leaving your answer as a mixed number

That's not right - have another go

2. 22+ That's not right - have another go

Figure 7.6 Fractions of an amount students worked example (Level 2)

. 1 B !
Level 3: Nick earns £1470 each month. He spends s of this money on rent. Nick spends

~[to

of the money on

food and bills. How much money does he have left over each month?

980 That's not right - have another go

Figure 7.7 Fractions of an amount students worked example (Level 3)
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7.2.1.4 Fractions and Mixed Numbers

53
Level 2: Convert 16 toa Mmixed number and simplify if necessary

3
Level 2: Convert 15

s toa Mmixed number and simplify if necessary

Figure 7.8 Converting fractions to mixed numbers, students worked example
(Level 2)

We can see from the solution in Figure 7.8 that conversion of fractions to mixed
numbers and vice versa proved difficult for students across the different case study
groups. Mixed numbers are a combination of a fraction and a whole number. Each of
the above areas in fractions, proved problematic initially with the majority of the

students.

7.2.1.5 Highest Common Factor

The Highest common factor (HCF) and lowest common multiple (LCM) were
problematic for students that took part in the study. The highest common factor is
defined as the largest number that will divide in evenly (without a remainder) into two
or more integers and the lowest common multiple is defined as the smallest number
that can be divided by two or more given numbers. Studies have shown that many
students are confused with the meaning of LCM and HCF (Truyani et al., 2012 and
Mohyuddin & Khalo, 2016). Another challenge for students trying to understand these
concepts is the number of methods that can be used to calculate them. This lack of

understanding of both terms are shown in the errors that the students make when
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working through the tasks on these topics. We can see in figure 7.9, the student is
asked for the highest common factor of 42 and 56. The answer they input,
demonstrates a lack of understanding of the concept of highest common factor as the
student inputs a common factor but not the highest one. This lack of understanding of
the concept highest common factor, is also shown in figure 7.10 where the student
moves onto level 2, a more difficult problem. Again, the student is able to produce a

factor of the integers but not the highest one.

Level 1: Find the highest commmon factor of 42 and 56

That is a common factor of 42 and 56, but it's not the highest one
2. 8 That is a factor of 56 but not a factor of 42

13 That's not right - have another go

Figure 7.9 Highest Common Factor student worked example with feedback
(Level 1)

Level 2: Find the highest commmon factor of 30, 90 and 45

That is a common factor of 30, 90 and 45, but it's not the highest one

Figure 7.10 Highest Common Factor student worked example (Level 2)

7.2.1.6 Lowest Common Multiple

The most common mistake made when working with the concept of lowest common
multiple is similar to that of the highest common factor — a lack of true understanding
of its meaning. In figure 7.11, the student attempts to break the two numbers into
factors rather than identify the lowest multiple shared by both numbers. Another
common mistake is shown in figure 7.12, where the student inputs a multiple of the

two numbers but not the lowest one. This lack of understanding is further shown in
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figure 7.13 where the student moves to a more difficult problem -again they show an

understanding of the term multiple but not the meaning of lowest common multiple.

7.2.1.7 Lowest Common Multiple

Level 1: Find the lowest common multiple of 56 and 28

1. 2227 That's not right - have another go

Figure 7.11 Lowest Common Multiple students worked example (Level 1)

Level 1: Find the lowest common multiple of 72 and 36

1. 36 That is @ multiple of 36 but not a multiple of 72
2. 144 That is a common multiple of 72 and 36, but it's not the lowest one!
108 That is a multiple of 36 but not a multiple of 72

Figure 7.12 Lowest Common Multiple students worked example with
feedback (Level 1)

Level 2: Find the lowest common multiple of 45, 75 and 60

1. 225 That is a multiple of 45 and 75 but not a multiple of 60

2. 285 That's not right - have another go

Figure 7.13 Lowest Common Multiple students worked example (Level 2)
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7.2.2 Percentages

Percentages proved to be a challenging topic for the different groups of students that
took part in the study. Percentages are an important skill to master for students due to
the applications to other subjects and the frequency that students encounter the concept
in the real world, from calculating a pay rise, discounting a price to calculating tips
when dining out. Several studies about percentages detail the difficulty students have
in understanding percentages and applying the concept of percentages to solving
problems (Ngu, 2018; Tomson, 2021; Parker and Leinhardt, 1995). Van Den Heuvel-
Panhuizen (2003) suggests that one reason for students struggling with applying and
interpreting percentage concepts in different contexts is a lack of deep understanding
and an overemphasis on procedures and rote learning. The relationship between
fractions, decimals and percentages is also an area of difficulty for students. This
requires a deep understanding of basic mathematical concepts such as division,

multiplication, and the conversion of fractions to decimals.

The main difficulties encountered by students in relation to percentage problems was
a lack of procedural understanding in finding the result of a percentage increase or
decrease of a given quantity (Figure 7.16). A second source of weakness was faulty
computation as shown in figure 7.15 and a third source of difficulty for a small
proportion of students was incorrect rounding to the required significant figures, as
shown in figure 7.14. The task of significant figures also proved to be an area of
difficulty with these groups of students with a number of mistakes being made in

questions when asked to round a number to 3 significant figures.
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Level 1: Decrease 49 by 29%, rcunding your answer to 3 significant figures if needed

Level 2: Decrease 41 by 83.4%, rcunding your answer to 3 significant figures if needed

Figure 7.14 Percentage increase and decrease students worked example
(Level 1 & 2)

Level 1: A house increases in value 6% each year. The initial value is £160000. Find the value of the
house 10 years later, rounding your answer to the nearest whole number if needed

1. 256000 That's not right - have another go

2 1702128 That's not right - have another go.

Level 2: A car decreases in value 3% each year. The initial value is £7000. Find the value of the car
6 years later, rounding your answer to the nearest whole number if needed

1 8358 That's not right - have another go.

Figure 7.15 Percentage students worked example (Level 1 & 2)

Level 2: A car decreases in value 3% each year. The initial value is £7000. Find the value of the car
6 years later, rounding your answer to the nearest whole number if needed

1. 8358 That's not right - have another go

Figure 7.16 Percentage decrease students worked example (Level 2)
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7.2.3 Significant Figures

As described above, significant figures are another task where students across the
different groups had various difficulties with. Significant figures represent the
number of digits in a number that contribute to the degree of accuracy of the number.
The number of significant figures in a result is simply the number of figures that are
known with some degree of reliability, for example, the number 25.3 is said to have
3 significant figures. The number 25.30 is said to have 4 significant figures. rules of
significant figures are as follows: All non-zero digits and any zeros between non-
zero digits are significant figures. In decimal numbers less than one, zeros to the left
of the decimal point are not significant figures. In decimal numbers greater than or

equal to one, the zeros at the end of the number are significant figures.

Level 1: Round 0.5089 to 3 significant figures

0510 That's not right - have another go.

0.51 Mat's not r ght nawve another go

Level 2: Round 31512 to 3 significant figures

Level 2: Round 92724 to 3 significant figures

Figure 7.17 Rounding to 3 significant figures student worked example (Level
1,2 & 3)

Students are often confused about how to round a number to a certain number of
significant figures. Errors arise when students use incorrect successive rounding
when working to a required number of significant figures. When working with

significant numbers, students often demonstrate a lack of understanding between the
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difference between accuracy and precision. In figure 7.17, the student initially inputs

an incorrect answer by rounding too early in their answer.

The findings that basic arithmetic and fractions were some of the most challenging
topics for students can guide help guide both educators and tutors in the MSC in
tailoring their resources and approaches to enhancing students basic mathematical
skills. The areas of basic arithmetic and fractions often serve as the building blocks
for more advanced mathematical learning, highlighting the need for a proactive
approach to address these troublesome topics and ensuring that students have a strong
understanding of these fundamental concepts before progressing to more complex
mathematical areas. Educators should focus on developing resources for students that
provide a solid foundation in these areas and making use of technology to help tailor
their teaching approaches to suit the individual needs of students. Ongoing
professional development should be made available to both teachers and tutors at the
MSC to enhance their pedagogical skills in teaching these basic maths skills. Keeping
up to date with evidence based teaching practices and understanding the common
misconceptions that the student have is of paramount importance. Institutions should
consider putting early intervention strategies in place such as the diagnostic testing of
all incoming first years taking mathematical service modules to help identify at risk
students and provide them with targeted support to help improve their basic
mathematical skills. More targeted resources together with tailored and personalised
assistance should be provided to those students struggling with these basic
mathematical skills. Finally, it is important that regular assessment and appropriate
feedback mechanisms are developed and put in place in order to track student’s

progress and intervene where necessary.

7.2.4 Basic Algebra

A comparison of the different case studies completed revealed the most challenging
mathematical areas of basic algebra. The most troublesome topics for students based
on the results taken from the Blutick maths app were expanding brackets, expanding

and simplifying expressions, factorising quadratics and algebraic fractions.
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Algebra is a branch of mathematics that can be quite difficult for many students and
there are many research studies detailing the difficulties that students have in learning
algebra such as (Molina, Ambrose, & Castro, 2004). Success in the area of algebra is
considered a gatekeeper to further study and opportunities in employment (National
Mathematics Advisory Panel, 2008). At secondary school level in Ireland, Algebra has
long been recognised as a topic of difficulty in both the teaching and learning of
mathematics. There are numerous reports that have consistently identified Algebra as
an area of difficulty in Irish state examinations over the past twenty years (Chief
Examiner reports, 1999;2003;2006;2015). The report shows that there has been little
or no progress in secondary students’ performance in algebra over the last 20 years. In
September 2011 a nationwide reform of the secondary school mathematics curriculum
was introduced. Despite this, a comparison of diagnostic test results at the University
of Limerick of incoming first year students before and after the new mathematics
curriculum was implemented showed a decline in students technical algebra skills
(Prendergast & Treacy, 2017). It should be noted however that this decline is a result
of a mixture of teaching approaches in schools and not necessarily a direct result of
the new curriculum reform. One of the reasons that students find the area of algebra
difficult is because they lack a strong foundation in basic arithmetic. In order to
succeed and be comfortable with many of the concepts they encounter in Algebra, the
student must have a good knowledge with basic arithmetic concepts such as order of
operation, decimals, fractions and percentages. There have been several studies around
the area of algebra that have identified some of the errors and misconceptions among
students (Ling et al., 2016).

The concept of expanding brackets and simplifying algebraic expressions proved
troublesome for the students that took part in the different case studies. Expanding
brackets and simplifying involves taking each term in the first bracket and multiplying
by each term in the other bracket and then collecting like terms with the aim of
simplifying the problem and removing the brackets. The ability to expand brackets and
simplifying expressions is a key step when trying to solve algebraic equations. Many
misconceptions in algebra are rooted in misconceptions of basic arithmetic. We can
see from the student’s workings in figure 7.18, Figure 7.20 that the majority of the

issues arose from poor arithmetic skills when expanding the brackets. Another mistake
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arose from confusion working with negative numbers as can be seen in figure 7.19,
this is a common mistake made by students, where they may be confused about the

negative sign and whether it means to subtract or is part of a negative number (Vlassis,
2008).

7.2.4.1 Expanding Two brackets

Level 1. Simplify (x+ 7)(x — 2)

1. Tx>x(x—2) That's not right - have another go

2 Txl—14 That's not right - have another go.

Level 2: Simplify (8x—7)(9x +2)

1. 72x% + 16x - 63— 14 That's not right - have another go

Figure 7.18 Expanding two brackets student worked example (Level 1 & 2)

Level 3: Simplify (x + 8y)(6x —3y)

1. 6x~ —24y° —45x <y Check your minuses - they're not quite right.
2. 6x~ —24y° —45x <y Check your minuses - they're not quite right.
3 6x° + 24y —45x =y That's not right - have another go

Figure 7.19 Expanding two brackets students worked example (Level 3)
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7.2.4.2 Expand & Simplify Expressions

Level 1: Simplify 5(x +3) + 5(x — )

Level 2: Simplify 3 —4(x—4)

1. —4x +16 You've made a mistake multiplying out the bracket - have another look

Figure 7.20 Expand & Simplify Expressions students worked example (Level
1&2)

Factorising quadratic expressions was a challenging task for students. Figure 7.22
demonstrates the general difficulties students had with this concept. The student
whose work is shown in this example correctly applied the technique of factorising to
the problem but initially failed to identify the correct relationship between the constant
term and the coefficient of the linear x term. For students to successfully complete
questions of this type, they need to understand the concept of factorising and the
procedures associated with factorising quadratic equations. When completing
questions on this topic, students typically struggled with the relationship between the
constant and the coefficient of the linear term. These results support earlier findings

(\Vaiyavutjamai et al., 2005; Vaiyavutjamai & Clements, 2006).

The study of quadratic equations is a topic of mathematics that challenges many
students (Ibrahim & Maat, 2010). There are many ways to solve quadratic equation
from factorisation, completing the square, the graphical method to the use of the
quadratic formula. Research has shown that teachers and students favour the
factorisation approach, where this process involves trying to find two numbers that
multiply to a constant value and at the same time add up to the coefficient of the
linear term in the equation. Students generally work on questions using coefficients

that are easy to factorise because of general poor arithmetic and fraction skills (Bosse
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& Nandakumar, 2005). The overuse of relatively simple factorisation questions is
concerning as many quadratic equations cannot be factorised. Also, other approaches
that develop conceptualisation or that are more efficient at solving quadratics may be
avoided in teaching (Bosse & Nandakumar, 2005). For example, the use of geometric
models can be used to improve the students understanding to the development of the
quadratic formula (Norton, 2015). Students that struggled with quadratic equations
did so for a variety of reasons as noted by several authors. From manipulating
fractions and decimals to understanding the concept of exponents and a lack of
understanding of the meaning of the word ‘solve’ or ‘find a solution’ (Vaiyavutjamai
& Clements, 2006) or an overemphasis on either conceptual or procedural

understanding when the topic is being taught to students (Kotsopoulos, 2007).

7.2.4.3 Factorising Quadratics

Level 2: Factorise y2 — 3¢+ 2

(x—3)x—1) our answer multiplies out to «;3—4\—; hich isn't right.
x—3)(x+1) Your answer mu ies out to 2 — 2y — 3, which isn't rig
(x—=3)(x+1) Your answer mu \,«,m,l,:‘#_ﬁ_, hich isr ig

4 (x+3)(x-1) lake sure you look for two numbers that add up to -3 and muitiply to give 2, not the othe

Level 2: Factorise »\2 —5x+4

x+5)x—1 lake sure you look for two numbers that add up to -5 and multiply to give 4, not the oth

5
Level 3: Factorise y“ +2x— 8

Figure 7.22 Factorising Quadratics students worked example (Levels 1,2 & 3)

7.2.4.4 Quadratic Equations with Fractions

Solving quadratic equations with fractions was also challenging for students across
the different groups that made use of the app. This type of question which has a
number of layers to it, was designed to test student’s abilities to initially simplify
algebraic fractions and then solve the ensuing quadratic equation. This adds an

additional layer of difficulty to this task especially for those students that lack an
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understanding and mathematical fluency with basic algebraic conventions, which
should have been mastered in earlier years. This work shown by the student in Figure
7.23 did not make the correct use of the cross-multiplication process which shows a
lack of conceptual understanding. The cross-multiplication process involves
multiplying the numerator of the first fraction with the denominator of the second
fraction and the numerator of the second fraction with the denominator of the first

fraction.

5
Level 1: Find the smaller solution of \'j + 1 5, rounding your answer to 1decimal place if needed

8r+7 = 10x+19 ere's something wrong there - try again
8x+7 = 10x+15 ere's something wrong there - try again

Y—5+3x+ - Sx+20+5¢=5 \re's some L wronc tr

Sx—5+3vr+12 = S51+20+5¢-5 omething wrong there - t

t looks like you're having trouble 1 this question - why not look at the

Figure 7.23 Quadratic equations with fractions students worked example
(Level 1)

The student initially makes several arithmetic errors when simplifying the algebraic
fraction element of the problem. In this example the student makes a series of either
conceptual or procedural errors such as incorrectly applying integer procedures at
different stages of the solution to the problem. Such errors are linked to prerequisite

mathematical skills.

Another area with a lot of difficulty for the different groups of students undertaking
the study was simplifying algebraic fractions. We have already identified the
difficulties these students have with fractions, so it is not a surprise to see the basic

fractions issues initially carried into the topic of algebra. Having a good knowledge
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of fractions is widely accepted to be important for success in the area of algebra
(Empson & Levi, 2011; National Mathematics Advisory Panel [NMAP], 2008). A
study conducted by Brown and Quinn (2007) showed a correlation between general
fraction knowledge with algebra knowledge for both elementary and intermediate
algebra students. There has been much speculation from mathematics educators that
better success in algebra would come about from more targeted improvements in the
teaching of fractions (Empson & Levi, 2011; Wu, 2001). There is however little
empirical evidence to confirm this, but the answer to this question, would allow a
better understanding of whether a causal relationship exists between general fraction

knowledge and algebra knowledge.

Figure 7.24 shows the students work where they are initially unable to find the
greatest common denominator in the algebraic expression, this mistake is one of the
most common mistakes that students make. Many students learn to manipulate

expressions and equations in a rote fashion (Kieran, 1992).

7.2.4.5 Add & Subtract Equations with Fractions

: . Ox+1 dx+6
Level 1: Simplify \10 + \6

1. 9x+1x(6)+4x+6x(10) That's not right - have another go

9x+6 , 4x+6x10 ,
10<6 ©  6x10 That's not right - have another go.

]

Figure 7.24 Adding expressions with fractions students worked example
(Level 1)
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O9x + 6 2x—4

6 10

Level 2: Simplify

(9x+6)x5 (2x—1)x3 )
1. 65 10 % 3 That's not right - have another go

(45x+30)—6x— 12 , o
30 Check your minuses - they're not quite right

Figure 7.25 Adding expressions with fractions students worked example
(Level 2)

7.3 Research Question 2

Research Question 2: Will the Al mobile application and intervention address key
aspects of mathematical academic underperformance for those attending the MSC?

The pedagogy of the Blutick app from the worked examples, line by line feedback and
the short videos at the beginning of the task, helps to scaffold the students and gives
them the chance to work on problems on their own and at their own time. Using the
large bank of questions afforded by the Blutick maths app, the students were able to
work on their weaknesses and improve their mathematical skills through regular
practice. By practicing regularly, students can become more confident with the process
involved and develop the skills required to tackle more complex questions. A number
of recent studies carried out concluded that repetition with variation helped young
adults improved their performance in tasks (Lomibao L., 2017; Noche & Yu, 2015).
Lomibao (2017) noted that repetition with variation was effective in the teaching of

mathematics, improving students conceptual understanding and achievement.

The area of fractions was a problematic topic for students that took part in the study.

One of the main challenge’s students experienced with fractions incorrectly assuming
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that the properties of whole numbers also can be applied to fractions. This lack of
conceptual understanding of fractions is not a problem inherent to ATU Sligo but a

common problem internationally (Siegler & Lortie-Forgues, 2015).

3

5
Level 3: Simplify 9 §

19

1 18 Check the top of the fraction - it looks like there is a mistake there

That's not right - have another go

f
w |
==

Figure 7.26 Subtracting fractions students worked example (Level 3)

An example of this is shown in figure 7.26. The student answers incorrectly on the
first attempt and the app provides instant and personalised feedback to the student to
help them by suggesting to them that there may be a mistake with the denominator in
their answer. Personalising student feedback is one of the key features in the support
of their learning (Advisors, 2013). The intelligent feedback given allows the student
to become an owner of their own learning, supporting the principles of self-
assessment. As shown in this problem, after some additional feedback from the
platform, the student arrives at the correct answer. The student then has the
opportunity to reinforce their newfound knowledge by mastering similar questions
before moving on to complete the task quiz. Using the very large bank of questions,
the maths app offers closely related versions of the original question to the student
causing them to apply and make use of the knowledge that they have learnt working
on the task. The app provides students with individual opportunities to practice outside
the classroom environment. The intelligent and immediate feedback process allows
the student to improve their learning or approach to each problem. Immediate
feedback is one of the most powerful influences on achievement and learning (Hattie
and Timperley, 2007). The opportunity to practice additional questions on each task
and receiving instant feedback allows the student to improve their maths fluency,

understanding and mathematical confidence.
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The Blutick maths generates a smartscore for both groups and individual students.
The smartscore indicates the degree of understanding of a mathematical topic and
indicates whether the students are improving their mathematical knowledge and
skills. Figure 7.27 shows the progression that one cohort of students makes through
the practice of questions on the task of adding and subtracting fractions. We can see
the average smartscore, the average time completing questions and the average
number of questions completed by each student for this task. Similar information on
the individual smartscore for each student is also available to both the teacher and
the student.

Average SmartScore @ Students Completed Average Time Spent Questions Completed @

S 97%
; 5m

Figure 7.27 Blutick smartscore group summary statistics

The smartscore represents a very good measure of how well a student understands a
particular task. The smartscore for the tasks starts at 0 and increases or decreases as
the student answers the questions correctly or incorrectly. The smartscore takes into
account a combination of other factors such as the number of hints used, skipping
questions, level of difficulty of the questions and mistakes that are made. These
factors help indicate the degree of understanding of a task.

On completion of the task of adding and subtracting fractions, we can see the average

smartscore is 97% which demonstrates an excellent understanding of the topic.

The feedback from the app supports the students learning by drawing attention to
particular parts of the students work and suggesting solutions to the mistakes made.
For example, in figure 7.28, the student states that 36 is the LCM of 72 and 36, the
app suggests to the student that while 36 is a multiple of 36, it is not a multiple of 72.
This simple suggestion allows the student to reflect on their answer and think about
their next step. This type of probing by the maths app encourages the students to
question their own thinking which is critical thinking (Makonye,2012). Critical
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thinking involves making well thought out decisions qualified by food reasons as in

this instance of discovering one’s mathematical mistakes and misunderstandings.

Level 1: Find the lowest common muiltiple of 72 and 36

36 That is a multiple of 36 but not a multiple of 72

2. 144 That is a common multiple of 72 and 36, but it's not the lowest one!

108 That is a multiple of 36 but not a multiple of 72

Figure 7.28 Lowest Common Multiple students worked example with feedback
(Level 1)

By practising different questions on these topics, the student eventually improves
their understanding and skills in arriving at the correct answers. The ability to try as
many questions as they wish through the bank of questions, allows the student to take
risks and at the same time understand their mistakes and improve their knowledge as
they work through the different levels of difficulties. The average smartscore for the
topic of HCF was 91% and 93% for LCM with average times of nine and eleven
minutes respectively spent working on questions, showing a very good grasp of each

topic.

We see similar improvements in the student’s maths skills in the topic of Algebra.
For example, in Figure 7.29, the student makes a number of mistakes in solving the
quadratic equation. Despite these mistakes, the opportunity to practice and to have
multiple attempts at a question with immediate feedback, allows the student to
understand where they went wrong and to correct the mistake. Immediate feedback
from the app encourages the student to look over their workings and eventually they
identify the mistake themselves. In this example the student makes a series of either
conceptual or procedural errors such as incorrectly applying integer procedures at
different stages of the solution to the problem. Such errors are linked to prerequisite
mathematical skills. The opportunity to document these different errors has the

potential to inform practice and help improve the students understanding and
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mathematical knowledge. Once the student has identified and understood the
mistake, then the ability to practice on questions with different degrees of difficulty
allowed the students to improve their fluency and confidence of this topic. The
Blutick app has the ability to indicate to students where they made their mistake
giving the students a better understanding of the problem at hand. Calder & Campbell
(2016) argue that apps that provide instantaneous feedback of this type allow the
learner to both experiment and take risks with their learning and knowledge intake.

5 3 . . .
Level I: Find the smaller solution of ﬁ + P 5, rounding your answer to 1decimal place if needed

8x+7 = 10x+19 ere's something wrong there - try again
8r+7 = 10x+15 ere's something wrong there - try again

Sy—5+3x+12 = 5¢+20+5¢—5 s something wrong there - tr

x—5+3x+ - 5¢+20+5v=5 r ome g wrong there - tr

Figure 7.29 Quadratic equations with fractions students worked example (Level 1)

Similar to the basic arithmetic tasks, the average smartscore for a group of students
on any algebra task can be generated as shown in Figure 7.30. In this example, we
have the average smartscore for one cohort of students on the task of factorising
quadratics. The average number of questions and minutes completing questions on
this task was 8 questions and six minutes respectively. A smartscore of 97% shows

a very good understanding of this topic after its completion by the group.

Average SmartScore @ Students Completed Average Time Spent Questions Completed @

= 97% 6m

Figure 7.30 Blutick smartscore group summary statistics
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7.3.1 Diagnostic Test

Students completed a diagnostic test at the beginning of each case study, they then
worked with the Blutick maths app over a 12-week period in each semester and then
completed the diagnostic test again at the end of the study. When evaluating the impact
of the intervention on the students mathematical ability, it is important to consider
other factors that could explain the differences between the pre and post diagnostic test
marks after the students made use of the maths app. These factors can include normal
learning progression, a spontaneous improvement or naturally occurring changes in
their ability. The difference between pre and post test scores may reflect a student’s
natural learning progression that occurs where students improve their knowledge and
skills through regular instruction and practice typically in a classroom environment or
in some instances, some students may experience a spontaneous improvement without
any intervention due to increased familiarity with different mathematical concepts.
Other natural occurring changes such as new resources or different teaching styles can
also influence a student’s ability over time and can make it difficult to attribute
improvements in a student’s ability solely down to the intervention. The researcher
was aware of these factors that might explain the differences in pre and post-test marks
but triangulated the data from multiple sources to ensure the reliability and validity of
the results. The researcher also gathered qualitative data by conducting focus groups
along with questionnaires at the end of each AR cycle which helped provide a deeper
insight into students experiences and perceptions of the maths app impact on their
basic mathematical skills and confidence. Triangulating the data from multiple sources
both qualitatively and quantitatively helped overcome the shortcomings of the pre and
post-test design and ensure the findings about the effectiveness of the intervention

were both reliable and valid.

Each of the studies completed reported positive outcomes by the students when using
the Blutick maths app from improved mathematical confidence to an improvement in
their mathematical skills and understanding. A paired t-test to compare the groups’
scores of the diagnostic tests before the students used the Blutick maths app and their
scores after their usage of the app was conducted. Results from the paired sample t-

test for on all the data from the AR cycles showed a significant difference between the
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average marks pre-test and post-test. We can conclude from the paired t-test conducted

that the average marks post-test are statistically different from than the average pre-

test marks. Table 7.30 we can see the difference in the summary statistics calculated

for the pre and post-test diagnostic test for all the data collected. Table 7.31 then shows

the results from the paired t-test completed.

A comparison of the statistical information collected from the Diagnostic Test

Pre-Diagnostic Test

Post Diagnostic Test

(n=72) (n=72)
Mean (% =+ standard deviation) 38+19 65 + 16
Median (%) 37 67
Mode (%) 50 67
Range (%) 0-100 33-94

Table 7.30 Pre and Post-test diagnostic test summary statistics

Results from the paired sample t-test showed a significant difference (t = - 15.8, p =

0.000) between the average marks pre-test and post-test. We can conclude from the

test that the average mark post-test is statistically different from than the average pre-

test mark.

Paired t-Test

Null hypothesis

Ho: p difference =0

Alternative hypothesis

Hi: p difference # 0

T-Value P-Value

-15.8 0.00

Table 7.31 Diagnostic test paired t-test results
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This is a further indication that the Al mobile application can support students in their
learning and help address key aspects of mathematical academic underperformance
for those attending the MSC.

7.4 Research Question 3
Research Question 3: Can an Al mathematics application influence engagement and

learning for service learners?

Unlike the traditional maths resources and textbooks, Al software use interactive and
visual components to help students learn and engage with the topic. Al teaching
platforms have the ability to support the learning by providing instant feedback on the
student’s performance which can lead to a more effective learning experience for
students. The key pedagogical features of this technology such as the immediate
feedback, the interactive and engaging learning experiences, and the adaptive and
personalised learning were examined to see how it impacted on student’s motivation
and if this led to a positive impact on students. The line-by-line intelligent feedback
encourages the students to think about their next steps and enables them to build up
valuable experience of tackling problems using the large content bank of questions.
The tasks are designed with three levels of difficulty followed by a quiz. The levelled
elements of each tasks allow the student to gradually increase the difficulty of each
question and deepen their understanding. This allows the student to build their
mathematical confidence slowly with the option of going back to try a simpler level of
question if they are finding the current level too difficult. The app supports active
learning by prompting the students to show their workings and not just the answer.
This approach encourages the students to think about their solution and the stage of

the problem they are at, rather than simply guessing the answer.

Questionnaires and focus groups were used to understand the student’s experiences
with the maths app. Overall, the results from the questionnaires and focus groups
indicated a positive experience from students when using the maths app. The
consensus was that the app helped improve their mathematical confidence and ability.
The opportunity to work at their own pace, watching the short videos and working

through the line-by-line solutions were some of the key features they felt benefited
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them using the maths app. This positive feedback together with the different analytics
extracted from the maths app, from the number of questions and tasks completed, the
intelligent feedback enabling the student to move forward to the improvement in the
student’s smartscore demonstrate that an AI mathematics application does influence
student engagement and learning for this group of service learners. The emergence of
Al technologies provides an opportunity for educators and students to overcome
challenges and enhance their teaching and learning abilities. Technology can influence
on student attention and motivation towards the learning of mathematics. The adaptive
and personalised learning examined how it impacted on student’s motivation and

whether it could lead to a positive impact on students learning.

7.5 Chapter Conclusion

This study explores the influence of a mobile application on student engagement and
how mobile technologies might be used to support student learning. Mobile learning
technologies have been recognised as emerging tools to improve teaching and
learning (Traxler 2007). The use of textbooks in class are being challenged by the
pace of development of mobile technologies which have increased at a significant

pace over the last few years.

“More and more young people ar
technologically enhanced, connected to their peers and the world

I n ways no generation has ever

of what they need is available in theirpockeon demand?”

(Prensky, 2010, p. 2).

There are many potential benefits of using mobile technologies for learning such as
facilitating learner-generated contexts, as well as personalising the learning for the
student as detailed by Cochrane (2010). Calder et al. (2016) describes how the
features of mobile technologies enable alternative ways to explain, process,
encounter and investigate mathematical concepts. The learner controls the flow of
information and chooses the amount of mathematical content that they wish to access
at any one time. These potential benefits make mobile technology seem an extremely

useful tool for the learning and teaching of mathematics. This study explored how
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mobile technologies might be used to support student learning in the centre utilising

a highly adaptive mobile application tailored to a student’s skill and maths level.

The results of the study suggest that mobile learning and in particular the Blutick
maths application can be an effective tool for addressing the key basic mathematical
skills lacking in students who visit the MSC at ATU Sligo. However, the effectiveness
of mobile learning interventions is dependent on a range of factors including the
design and implementation of the intervention, the target audience, and the level of
engagement and interaction in the learning process. Each of the studies completed
reported positive outcomes by the students when using the maths app from improved
mathematical confidence to an improvement in their mathematical skills and

understanding.

A lack of adequate knowledge or understanding of the basic skills and concepts from
prior learning are among the influential factors that affect students’ weaknesses in
mathematics (Aini Haziah & Zanaton, 2018; Petterson, 1991). Failure to master the
required skills at any level can influence the student’s achievement at the next level,
so it is vital to try to identify the mistakes and difficulties that students experience on
a regular basis. When analysing the data from the Blutick maths app, it was found that
many of the students were initially lacking in fluency in dealing with integers,
fractions, and basic algebraic conventions. The opportunity to document these
different errors has the potential to inform practice and help improve the students

understanding and mathematical knowledge.
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Chapter Eight

Chapter Eight

8 Considerations and Conclusions

8.1 Summary of Thesis Structure

This PhD dissertation has described the influence of an Al mobile mathematical

application, the Blutick maths app, on student engagement and the thesis has

investigated how mobile technologies may be used to support student learning

attending Maths Support Centres. The research shows that the mathematics

application can be used by practitioners to effectively support the mathematics

learning of undergraduate students on non-specialist mathematics modules.

Consequently, the objectives of this study were to:

- review the current literature on the effectiveness of mobile technologies on
supporting student learning and engagement.

- identify the basic mathematical skills lacking in students who visit the MSC.

- identify if an Al mobile application and intervention can address key aspects of
mathematical academic underperformance for those attending the MSC.

- explore the influence of an Al mobile mathematics application on student

engagement and learning in the MSC at ATU Sligo.

The thesis presented a systematic approach to the research with the first chapter
introducing the research motivation — identifying the mathematical difficulties of
students attending the MSC and investigating whether an Al mobile maths application
could help support these students in their learning and understanding of problematic
mathematical areas. Chapter 2 reviewed the relevant literature and the research in the
field of mobile technology, as well as the role of artificial intelligence in education.
Technology enhanced learning for service-learning mathematics is also considered
and the chapter concludes with the student learning experience in mathematics
education. Chapter 3 describes the research design and methodology. Action research
was the choice of methodology, and a case study with quantitative and qualitative
methods. Ethical considerations were considered, and the validity and reliability of the

study discussed. Chapter 4 documented the theoretical framework underpinning the
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study. The chapter described the framework, the resources necessary, activities
conducted and rationale of each. The Action Research cycles were presented in
Chapter 5. The evaluation cycles of the study are detailed, together with the group
sizes, the participant selection process and the learning space and timing of the
different cycles. A preliminary analysis of the results for the action research cycles are
presented in Chapter 6 with a more detailed analysis and discussion of the results

presented in Chapter 7.

8.2 Summary of Findings

Al mobile mathematics applications have the potential to be an effective tool for
addressing these deficiencies in basic mathematics skills among students at third level
education. Mobile learning, which involves the use of mobile devices to deliver
educational content and resources offers a promising solution for addressing these
mathematical issues by providing anytime anywhere access to educational material
and a personalized learning experience that can cater to the needs of the individual
learner. Al technologies can be used to provide immediate feedback and support to
individual student’s needs, analyse their learning behaviours and thought process
together with providing ideas to teachers for improving their teaching strategies.
Interaction with digital technologies, custom tasks and individualized learning plans
are some of the benefits that each student gets using Al in a mathematical software
system. Lessons can be more tailored to the student’s ability inviting less pressure on
the student if they are unsure of the next step. The student can work at their own pace
and in a way that can best suit their style of learning without the need to compare
themselves to other students in the class. The opportunity to track the students’
progress and provide immediate feedback allows the student to understand where they
went wrong and work on similar tasks to help them master the topic. This slowly builds
up their mathematical confidence and can lead to a more motivated and enthusiastic

student.

A comparison of statistical results from the research cycles in this study reveal the
most challenging mathematical areas of basic arithmetic and basic algebra. The

opportunity to document these different errors has the potential to inform practice and
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help improve the students understanding and mathematical knowledge. The most
troublesome topics identified for students based on the results taken from the Blutick
maths app in basic arithmetic were the areas of fractions, highest common factors,
lowest common multiples, and percentages; whilst the most challenging topics in basic
algebra were expanding brackets, expanding and simplifying expressions, factorising
quadratics and algebraic fractions. A paired t-test to compare the groups’ scores of the
diagnostic tests before the students used the Blutick maths app and their scores after
their usage of the app showed a significant difference between the average marks pre-
test and post-test. Each research cycle reported positive outcomes by the students
when using the Blutick maths app in improved mathematical confidence and an
improvement in their mathematical skills and understanding. This positive feedback
together with the analytics extracted from the mathematics app - the number of
questions and tasks completed, the intelligent feedback enabling the student to move
forward to the improvement in the student’s smartscore, indicate that an Al
mathematics application does in fact influence student engagement and learning for
this group of service mathematics learners. The findings of the study suggest that
mobile learning, and in particular the Blutick maths application, is an effective tool
for addressing basic arithmetic and algebra skills for students who attend a
mathematics support learning centre. This suggests that an Al influenced mobile
mathematics application can be used by design researchers, practitioners, educators
and educational technologists to effectively support mathematics learning of
undergraduate students particularly for non-specialist mathematics modules and

particularly for basic maths skills and algebra.

8.3 Thesis Contribution and Implications of the Research

Mobile technology applications remain an underutilised resource within higher
education and with an increasing number of students using both smartphones and
tablets, this study explored the influence of an Al mobile mathematical application on
student learning and engagement. The goal of this research was to identify the most
common mathematical difficulties students attending the MSC at ATU Sligo present
with and to investigate the influence of an Al mobile mathematics application on their

mathematical learning.
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This thesis has made a significant and tangible contribution within the field. Firstly,
in a methodological manner and with statistical evidence, the research has
demonstrated that an adaptive Al mathematics learning application enhances the
learning experience of students attending the MSC. The research has added to
knowledge in the area of maths learning support provision by establishing the potential
and relevance of an Al mobile application to support the MSC. The students who
participated in the study felt that the mathematics application had a positive impact on
their mathematical learning, understanding and confidence. Therefore, one of the
central propositions presented is the study demonstrates the effectiveness of an Al

mobile mathematics app in addressing mathematics learning.

The thesis has provided an original synthesis of ideas from different areas including
Lonergan’s theory and insight, reactive artificial intelligence and constructivist
learning principles for mathematics learning and contributed to the body of knowledge
in action research, improving my practice as a Maths Lecturer and tutor, insight for
MSC tutors

Another important contribution of this research is to the field of mobile technology
literature. The research has shown that there has been much research around teaching
and learning with technology over the last three decades and has influenced the way
mathematics is learned and taught in tertiary education. The findings and contribution
of this study, in the use of mobile technology and adaptative Al, can be used by design
researchers, practitioners, educators and educational technologists to effectively
support mathematics learning of undergraduate students particularly for non-specialist
mathematics modules, which in turn support their mathematical learning experience.

This research has designed and developed an innovative educational programme to
effectively support undergraduate students learning for non-specialist mathematics
modules and highlighted how Al mobile applications have a role to play in basic

mathematics and algebra skill development.
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Insights from this research may be implemented in other institutes of higher education

with the following recommendations from the researcher:

Incorporating the use of an Al mobile mathematical app into first year service
mathematics modules to help support student’s mathematical learning. The
opportunity to help improve the student’s basic mathematical skills and confidence
can help alleviate the fear and negative attitudes students often exhibit around the
topic of mathematics resulting in a profound impact for some students in their
course of choice at third level.

Incentivising students to make use of an Al mobile mathematics app. The students
volunteered to be part of this study, with several students dropping out of the study
as the pace of work during the college semester increased. Integrating the use of
maths app into their module syllabus and providing continuous assessment marks
for completing various tasks set through the maths app or requiring a set number
of tasks to be completed before progression in the module can help with its use.
Promote the benefits and use of an Al mobile mathematics app with both academic
staff and students. Provide support and training of the software to ensure both staff
and students are fully aware of how to navigate around the app and how to best
make use of the app to suit the personal learning needs of the students. Professional
development is essential to the success of mobile learning, the teacher cannot
teach, and the student cannot have a successful learning experience with devices

they do not understand.

What they said My Contribution _______________________

Maths Support Mac An Bhaird

Centres

Theoretical

(2021); Nuffer (2016)

Lonergan (1967,
1972)
Collernan (2002)

Need for ICT as well as
physical location

Lonergan proposed the
structure for human knowing
is a three step process:
experience, understand and
judgement.

Added to knowledge in the area of maths learning support
provision by establishing the potential and relevance of an Al
mobile application to support MSC.

Provided an original synthesis of ideas from different areas
including Lonergan’s theory and insight, reactive artificial
intelligence and constructivist learning principles for mathematics
learning.

Methodical McNiff, Whitehead —  Action research is an enquiry Contributed to the body of knowledge in action research,
Action researchand by the self into the self improving my practice as a Maths Lecturer and tutor, insight for
self study MSC tutors
Mobile Al, mobile application Designed and developed an innovative educational programme to
learning for service effectively support undergraduate students learning for non-
applications  mathematics specialist mathematics modules.
for maths, Drigas, A. S., &
and Al apps Pappas, M. A. (2015).

Highlighted how Al mobile applications have a role to play in basic
mathematics and algebra skill development.
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In concluding, the use of adaptive learning technologies mobile learning can analyse
student performance data to identify knowledge gaps, strengths, and weaknesses, and
then provide targeted feedback and adaptive learning resources to help students
improve their algebra and basic math skills. For example, mobile learning apps can
provide quizzes and assessments to evaluate student performance, identify areas where
they need more support or challenge and provide feedback on areas that require
improvement. Allowing students to learn at anytime and anywhere, whilst considering
the different ways they learn and the diversity of learners, the success of the student
will still depend on how they engage with their own learning, but this research
demonstrates the opportunities afforded by Al learning apps which help increase the

chances of success.

The research has the potential to contribute to the development of learning approaches
for the non-traditional student, such as mature students or those who have been away
from education from a number of years and are in need of initial additional supports
re-entering the third level system. Though not a direct objective of this study, the
provision of an Al mobile mathematics application may help support mathematics
learning for mature students or second chance learners. Providing the opportunity to
work at their own pace, progress through a solution line-by-line practicing exercises,
provides an opportunity for the non-traditional students to refresh their basic

mathematics skills and help master the required skills.

8.4 Limitations and Suggested Future Research
The study has limitations, which provides an opportunity for future research. It is
crucial for a researcher to recognize these limitations and contemplate how they may

have influenced the conclusions made from the study (Price & Murnan, 2004).

This research has the primary limitation of having a narrow focus as it is specific to
one institute of higher education, ATU Sligo in this instance. The action research case
study approach does not necessarily support the formation of broad generalisations, it
can effectively identify potential outcomes that require further validation and
investigation. The case study findings may not be representative of all students taking

non specialist mathematics modules both nationally and internationally, but they offer
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a starting point for practitioners and other stakeholders for future development. Other
research with different student populations or different locations could help shed
additional light on the findings and provide valuable comparisons for the results of

this action research case study.

Another future direction for this research includes educators use of learning analytics
to effectively allocate resources prioritizing those students that need it most,
personalising their learning and ensuring no student is left behind. With the collection
of rich data on student learning behaviours, careful consideration of ethics and student
privacy must be an important aspect of any educational platform. The students are
informed that the identity of respondents will remain anonymous, and any information
gathered will only be used for the purpose of this research or for research publication.
The app has a number of robust security measures in place to protect the students
personal information, including data encryption and secure storage of data. The user
interface of the maths app is both intuitive and user-friendly allowing students easy
access to their own data and performance as they work through the different
mathematical topics leading to a better overall learning experience.

Some of the data gathered for this study consists of self-reported data in the form of
surveys and interviews. It can be difficult to independently evaluate the accuracy of
claims made with such data. The use of a control group allows the researcher to
evaluate the impact of a specific intervention by comparing it to a group of participants
that is unaffected by the intervention and as such, the absence of a control group also
introduces limitations that can compromise the confidence we can place in the research
findings. It should be noted that one of the biggest challenges in this study was both
the recruitment of students to the study and keeping the students on track and engaging
with the mathematical app during a busy academic semester. The restrictions imposed
and safety concerns around COVID-19 posed another challenge for the proposed
study, though this issue was somewhat alleviated as the MSC was setup to provide
online support and has done so for several hours each week for the last two academic

years.
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The areas of basic arithmetic and fractions are fundamental skills in the discipline of
mathematics and a solid foundation in these skills is essential before students can
tackle more advanced mathematical concepts. These skills are not just confined to
mathematics modules with many other academic disciplines at third level requiring a
good understanding of these skills — from analysing data in a chemistry lab or solving
business problems, students across different college courses are exposed to these
mathematical concepts in different contexts. Traditional teaching approaches have
often struggled to engage students in an effective way, leaving knowledge gaps in their
learning. Adaptive learning systems such as the Blutick maths app offer a potential
solution through personalizing the learning, providing immediate feedback to the
student and providing a variety of interactive practice exercises and quizzes to improve
their mathematical proficiency. The app allows students to practice their skills until
they are confident and better equipped to tackle more advanced mathematical
concepts. Through the variety of questions that it asks, the app enables the pre-
requisite skills of basic problem solving to be practised such as fluency and reasoning.
The app caters to a diverse range of learning styles making learning mathematics more
engaging and accessible by allowing the students to work at their own pace and place
regardless of their geographical location or socioeconomic background and receive
the targeted support that they require. By integrating adaptive learning platforms into
college mathematical modules, and tutors can help students to master these
fundamental skills before progressing to more complex areas. By integrating these
type of adaptive learning platforms into the mathematical modules, tutors are no
longer confined to providing a one size fits all solution at the MSC. They can adapt
their teaching approaches and become facilitators of learning by focusing on more
personalised and targeted support and enhancing the mathematical experience for the
student. Maths tutors can use the data generated by the apps to identify areas of
strengths and weaknesses, track a student’s progress over the college semester and
tailor their support sessions to address any specific challenges. Through the use of
adaptive learning platforms, third level institutions can deliver mathematical content
and resources to students wherever they are situated, ensuring continuity of learning,
resulting in a more cost efficient and improved service delivery. The integration of
these platforms alongside traditional teaching approaches allows for a more inclusive,

effective and student-centred learning environment.
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The Blutick maths app uses a subscription-based pricing model with a pricing structure
that includes both monthly and annual subscriptions. The cost is approximately €1 a
year for an individual licence for groups of over 200. However, ATU Sligo and the
MSC provide the app free of charge to students attending the centre which continues
to create the social interactions supporting learning that Piaget and Vygotsky talked
about. As students engage with the app it generates a wealth of data on the students
learning behaviours from the number of mathematical tasks completed, time spent on
different tasks, number of errors made, number of hints used, line by line solution
input and their performance on the end of task quizzes. The app captures user
interactions, performance metrics and student usage patterns from how a student
navigates the apps interface, their pace of learning as they work through the various
tasks and the frequency of app usage. This data helps identify individual student
engagement levels and learning progress over time. The capturing of this data can play
a crucial role in identifying those students at risk and improving their mathematical
learning experiences. By analysing patterns such as a decline in app usage or persistent
incorrect solutions to mathematical tasks, the app can help flag struggling students and
place appropriate measures in place to support their needs.

The practical implications on the benefits of adaptive learning platforms for students'
basic math skills are significant for MSC’s. Integrating these platforms into the
services offered by the MSC’s, can provide data-driven, personalised and engaging
support to students that are looking to improve their basic maths skills and help
identify those students at-risk and provide them with targeted support to improve their
mathematical learning experiences. Adaptive learning platforms are digital tools that
can adapt the pace, content and level of difficulty of the topics to match each student’s
mathematical abilities, providing more targeted practice and feedback. As technology
continues to improve, the adoption of adaptive learning systems represents an
important forward-thinking approach for MSC’s that are committed to nurturing their
students mathematical needs. The ability to identify the most common areas of
mathematical difficulties among students can help MSC’s to allocate tutoring staff and
resources to improve students basic maths skills, enhancing the efficiency and

effectiveness of the MSC’s services offered to the students. The MSC tutors can use
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the data generated by these platforms to identify students strengths and weaknesses
and tailor their support sessions accordingly to address any specific difficulties. The
data gathered can help guide decisions on resource allocation, tutor and staff training
and opportunities for improving the centre. These implications are far reaching and
can help inform future research in shaping the strategies and approaches of support
centres. Understanding how both tutors and teachers engage with technology is
important with scope for further research to evaluate the impact of training programs
on their ability to effectively use these tools in a support centre setting. While the focus
has been on improving mathematical skills, there is an opportunity for research to
explore the role of adaptive platforms in improving students’ academic skills in other
subject areas broadening the scope of support centres at third level. There is also scope
for further research around the development of hybrid teaching models by examining
the effectiveness in combining adaptive learning systems with traditional mathematics
teaching - Does a blended approach yield superior results than using either method on
their own. Finally, there is scope for analysis to be conducted on the cost effectiveness
of integrating adaptive learning systems in MSC’s, assessing the costs of
implementing and maintaining such systems to the benefits of improved mathematical
skills and confidence for students coming to the MSC.

Mobile learning can provide flexible and convenient learning opportunities that allow
students to learn at their own pace and in their own time. With the use of mobile
devices, students can access learning resources anytime, anywhere, and at their own
convenience. Mobile learning can also provide opportunities for continuous learning,
allowing students to revisit concepts and practice exercises as many times as needed
until they have mastered the skills. However, it should be noted that the effectiveness
of mobile learning interventions is dependent on a range of factors including the
design and implementation of the intervention, the target audience, and the level of

engagement and interaction in the learning process.

The introduction of new types of devices is disruptive to education and educational
maths apps can offer the opportunity to support the student’s maths development
through personalised learning. A comprehensive analysis, from a pedagogical and

technological perspective, is essential then to ensuring appropriate usage and
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implementation of mobile learning in both a classroom and maths learning centre
settings. While the goal of this thesis looked at how the intervention of an Al mobile
application addresses key aspects of mathematical academic underperformance for
those attending the MSC at ATU Sligo, future studies should consider the long-term
effects of mobile learning interventions on student retention and their academic
achievement. The debate in the next few years should no longer be about if or whether
we should use these devices to help support mathematical learning, but rather about

exploring how best they can be used.

This thesis findings evidence that there is no panacea for mathematics, nevertheless
significant difference was identified in this research clearly demonstrating that
engagement with an Al mobile mathematics application is significantly likely to affect
positively mathematical understanding and student engagement in their mathematics

learning, specifically for those students attending mathematics learning centres.
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Appendix B: University Ethics Approval

it NUI Galway
= OE Gaillimh

NUIG RESERCH ETHICGOMMTTEE DHSON LHTER

REC Application Reference Number: 2020.08.013

Title: Mobile Techmology Supporting Learning m a Maths Syport LearningCGentre
PrincipleApplicant: Cillian O Murchu

Application Type: New

Meeting Dae: 18 Augud 2020

Decisio: APPROVA

17 Septemler 2020

Dea Mr O Murchu,

| write to youregardirg the aboe proposd, which was submittedfor Etical revew. Having
reviewed you respase tomy letter, | am pleasel to inform youthat your prgposd has been
grantedfull APFROVAL You may kegin theresearchasoutlined in therevised reseach proposd
submitted to the REC.

Pleag note the following:

1. Any signiftant alterationsto anapprowved proposal must receiveapprova from the REC
prior to implementation. Heas requed an Anendment Fam;

2. You are reponsible for rotifying the REC ithe event of sericusor unexpeted adverg
effects, unforeseencircumstances the termination of the sudy, ard any sigificant
decisions by other Bhics Committees. Section 7 of the REQR Sandard Operating Procedures
gives furtrer details oninstances requiring follow-up reviews, and ieporting obligations

3. All NUI Galwg Reseach Ethic Committee approwal isgivensubject to the Pringpal
Investigator sibmitting annual andfinal statementsof compliance. See anrual andfinal
statement of compliarceforms attacked. Thefirst statement isdue on or before 17

September2021

Yourssinceely
@ é é -

Dr Kevin Dawon

Char, Research Hics @mmittee
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Appiction Farmr Versm 7.1 NUI Gawey ResgchEthicsComiitte:

OE Gaillimh

NUI Galway

RESEARCH ETHICSCOMMITTEE APPLICATI ON FORM

For Applicant to complete:
ApplicantsdName: |Cillian O Murchu

Title of Project: Mobile TechnologySupporting Leaning in aMaths Suppat LeaningCentre

For Ethics Committee useonly:

RefanceN urber | | Dateredext |

ReiewDae | | Ouanre: I:I Approvd

I:I Provisiona Approva

I:l Deferrd

I:I Approva Dedined

Appicart ifamedDate) | |

Pleasecomplete formand sded YES N O options asappropriate. An eledronic version of thisformisalso
available on the N UI Galway website (http://www .nuigalway.ie/ research/v p_research/eth ics.htm).

An applicaion will only beacceted for review by the NUIGaway Reseach Ethics Committee (REC) if it is
completed fully and therdevant enclosures are recéved. Refer to the acompanying Guidince Notes when
compkting theform and complete thechedlist on the next pagebefore submittingthe form. Where you have
recéved permission to do this, or similar reseach in ancother ingtitution, please provide evidence of permisson
with this gpplicaion.

Please submit your completed application: application form; participant consent form(s); participant
information sheet(s); Questionnaire(s); asone single PDF document.

Address to send application: NUI Galway Research Ethics Committee
(H ard copy with signatures) Research Office

Research & Innovation Centre

NUI Galway

Email address (pdf) ethics@nuigalway.ie
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SUBMISSON CHECKLIST

Pleaeindicae if thefollowing have been enclosed bysdeding YES/NO/ Not gpplicable options below.
Pleae forward copies of theform and relevant enclosures required as outlined below.

YES NO
1 Eledronic Copyof complete gpplicaion. |:|
(single PDF document & with all rlevant attachments)
X
1 Hard Copyof complete applicaion form (with all atadiments) I:I
Eledronic Had
Copy  Copy N ot

1 Participant consent form(s) |:| |:| |:|
1 Patidipant information sheet(s) O O O
1  Copyof Confirmation of Gardavetting [] ]
1 Sampleletters (GP, Reauitment etc) E |:| |:| |:|
Copyof Risk Assessment Form** 1 0O @

T Dy supeor i principl oA SaPhD Sy U -
1 Annex I** D |:| |:|
1 Annex 2:%* D |:| D
O O 0O

1 Annex 3=** (1 copyper procedure for which risk identified)
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MobileTednologySugporting Leaning in aVahs Suppat Leaning Centre

2. Principal Applicant: (All corepmdnce wille s& tothisaddessiiesndatedihewise.)

Family Name: O Murchu Forename: Cillian Title: Mr.
Contact address (for arreponecagardngapfictian):

Tel: Fax: Email: omurchucillian@itdigo.ie
Mobile Number / Other Contact Number: 087288549

Present appointment of PA: Mahs Ledurer in theSchool of Busines & Socid Stiencesa I T Sligo

Qualifications of PA: MScin Financid & Industrid Maths, BSc(Hons) in Maths & HDip in Educdion

3. Otherlnvestigator(s):

Family Name: Connolly Forename: Corndlia Title: Dr.

Department: School of Educdion

I nstitution: NUIG

Tel: +353(0)91 492369 Fax: Email: corndiaconnolly@nuigdwayie
Present appointment: Ledurer ébovethebar NUI Gaway

Qualifications: PhD, M.Eng., B.Eng

Dep;rtrﬁ.ent:

I nstitution:

Tel: Fax: Email:
Present appointment:

Qualifications:
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Family Name: Forename: Title:
Department:

I nstitution:

Tel: Fax: Email:

Present appointment:

Quallifications:

4. Principal Applicant: (All corepmadice wille s@ tothisaddessiiessnidatedthewise.)

Name Department/ Institute Appointment
Cillian O Murchu School of Business & Sacid Scienced I T Sligo Ledurer
Page4 of 49
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5. Funding Souces:

(i) Hasany funding beenobtained/ sought by the investigator in respect of this study?
Fundingapplied for: YESD NO Not gppliceble D

Fundingseared: YES|:| NO Not gppliceble D

(ii) Name of sponsoring organisation from which funding hasbeenobtained/ sought?
N/A

VA AN =N 41 ' ot 4ol o) | H G 3 1 4 3o 4l H HEpY oY
() DUES UHIE TTIVESUIYALUT(S) TiaveEdiTy UITeLl TTVUIVETTTETIUTTT U TE SPUTNTSUNMITIY utyar iZattonr s

eg.financid, share-holdingetc.: YES| |  No[ ]  Notapplicble

If YES, give cttails:
N/A

NOTE: Where the research programme hasalreadyreceivedfunding approval, please
attachthe letter of offer to this application.

6. Proposed start date and duration of study:
Proposed Sart date: October 2020

Duraion (months): 24months
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7. Signaure of relevantpersonnel:

Principal Applicant dedaration
Theinfametian in hisappictian trmisacaraetothebestd my knonledgeard belie&rd | takefull repashility far it.

| un@rsardthd it ismy repanghilitytodatain nstittiond appod whereappariatebdaetheprgectekespace.
| agestosuply inteimard find reoatstotheReschE thics Cammitteefranwhichappod wesgarteda thisprgect.

| agedoadisethe Res@chEthicsConmrittedranwhichappod wes gartedia thisprgecend ary lod ressederdeki
pat in heprqoosal o ary neteid daigegotheprapaed ar aryaderser urexpateddatstha may ccor duingthisprget

| agedoadietheReschEthicsCannittedn theeat d prateturetamindian, sugpasin a deérrd o thisprgeat ard
provdea rgpart adtliningthedransarcefr axchteninaion, ugpasin a defed.

Signature of Principal Applicant: Date:

Co-Signed by Supervisor (if P.A. is a Sudent): Date:

N ame of Supervisor (please print): Cornelia Connolly

H ead of Department/ Supervisor
| amfuly anered thedetilsd thisprgectard ageefa it toantinweas autlinedherel an afirmthd theneessryfacilitie
ardresurcsareaalabetotheresede.

Name: Prof. Gerry MadRuairc Department: Shool of Educdion
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Appiction Fam Vergm 7.1 NUI Gawey ResgchEthicsComiitte:

SECTION 2 Sudy Details

Thissean mustbeonpléel A ppiarisarenclaerrejuredosubrit asud/praad. Ingead thereleart infanmetion
ancaningthepraqposedudyistobeprodded inHissetan.

8. Aims and objedivesof study (i.e. theintention ofthe study, key reseach questions)

Theam of thestudyisto identify themost commonmathematicd chalenges sudentsatendingthe Maths
Suppat Centre a& IT Sigo present with and to explore the effediveness of a mobile leaning math
goplicaion onstudent engageent and keaning inthe Maths Suppaot Centre (MSC).

Thestudywill look to develop an effedive suppat and to address the ggpsidentified, enhancing students
mathematicd leaning experiences.

9. Sciertific/ theoretical background® to study (Approx. 250words)

Thelevd of mathematica realiness for students entering third level educdion in Ireland has continued tg
generate widespreal concern both in the acaemic communityand the generd publicin recent times. Thig
ladk of basic mathematica skills has significant impads on studentsdability to progress through colleg
courses and therefore has been linked to impad on retention retes in terms of failure and drop out fron
progammes thet require moderate to extensive use of these skills. One popular approac to tadkle these
mathematicd isaies in third levd ingtitutionsin Ireland is the setting up of Maths Suppet Centres (MSC)
Lawson et d. (2003) escribed methematics suppat as oa facilitydfeedostidrnts (a necealy d mahemaics
whichisin addtion to teirreglar progamrad texhing learesiutoids, seinas, prddemcbsseggand tutaias
et (p.9) .

Thisstudyaimsto andysethe prevaence of mathematicd topics sudentspresent with a theMathsLeaning
centre a an ingtitute of higher education namely I T Sligo. In identifying the studen t ndethiematics dtrouble
spotsod the study will develop effedive suppats for anumber of these. The reseach will make use of
tedinologyto help providethe servicesto help the students. The studywill explare the influence of mobile
aopson student engagenent and how mobiletecinologies might beused to suppat student leaningin the
centre. It is envisagel that the technologes will dso help suppat the students and improve the way they
goproad, kearn and undxrstand theproblematic concepts.

The Pl is aledurer in the school of Business and Sacid Sciences a IT Slgo and is invohed with the
management of the MSC.

1 A sucdnct badground to be provided and to include referenceto published work
Page 7of 49
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Appiction Fam Verém 7.1 NUI Gawey ResschEthicsComiitte:

10. Description of Research i.e. what doyou ineend to dc

Thisreseach amsto andyse the prevaence of mathematicd topics students present with at the MathsLeaning
centre a an institute of higher educdion.
Inidentifyingthestuden t ndethematics dtroublespotsd the projed will develop eff edive supparts for anumbey]
of these. Thereseach will investigae if the development and use of a mobie maths gpplicaion will assst in
their leaning. Mobile leaning technolodes have been remgnied as emerging tools toimprove teating ang
leaning {Traxler 2007).

An adion reseach, case sudy design will be used for thisreseach and the studywill employa mixed-methog
gpproadh. Thecase studyagpproad dlowsfor the geestionsand reseach focusto bechanged duringthereseach
process wENng theinformation colleded which shouldlend to a degoer understandingas described by Creswd
(2013).

Thereseacher will firgt look to identify the different mathematicd topics tha the sudentsat I'T Slgo present
with at the centre. The reseacher will review current literature as well as engaging with colleagues running
similar maths suppat centresin other Irish college to help identify the most appropiate data to cgoture from
the study group. Over an initid 12-week period both quditative and quantitative data(Appendix 7) concerning
the studentsvisits and maethematicd issies will becolleded and anaysed.

After theinitid 12wedk period, the sudentsin thestudy groupwill start to engage with amobilemaths app tg
complement their leaning. Detailed and comprehensive quantitative and guditative data will then be colledeq
which will help inform the way in which the use of a mobile maths app will assst in the students leaning
Additiordl anayticd measures will be gleaned from the mobile app to further assst in identifying the
mathematicd otroublespotsd and themobilemaths gpp eff ediveness

Mobile Technology Supporting Learning in a Maths Support Learning Centre Study Overview

Cycle 1b Cycle 2b
Pilot Study

Case Study
Acad. Year 2020/21

Acad. Yr 2021/22

Reflect

Reflect Reflect & Redesign Reflect

Collect\Analysis of Data Collect\Analysis of Data

Collect & Analysis of the data

Cycle la
Pilot Study
Acad. Year 2020/21

Cycle 2a
Case Study
Acad. Yr 2021/22

As the study progresses, both focus groupsand sami structured interviews will be used to gauge studen t
progresson with themohile gpp and to identify potentid ways of improvement. Reledive eventsare scheduleq
throughout the studyto colled student feadbad<. Data will be collated and menaged on an ongoing basis ang
used to inform and improvethe reseachers sudy. The interviews will behel a the end of semester two afte
the pilot studyis completed and agan a theend of semester two in 2022 ocethe case studyis finished.
Flick (2009)describes the semi structured interview as a vauable way for the reseacher to explore subjedive
views and itadlowsthereseacher to gaher amore detalled acaount ofthe participan t eipsriences.

The Semi-structured interview dlows the participants the oppatunity to express their views and thoughtsin
their own terms. The open ended nature of the question provides opportunities for the interviewe ang
participantsto explore somearea in mare detall.

Page gof 49
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Appictian Fam Versém 7.1 NUI Gaway ReserchEthicsCammittes

Thereseacher will dso use focusgroupsto collect part of the data. A focusgroupinterview is a qualitative
techniqueused for collecting data. Denscombe(2007, p.115) states a dfocusgroup consists of asmall grouy
of people, usudly between six and nine in numler, who are brought togethe by a trained moderator (th¢
reseacher) to explore attitudes and perceptions, fedingsand idea about a topic 6T he focus group alows
the participantsto take part in alively discussion and raise avariety of questionsthat the reseacher may no
havethought ofor asked duing theindividw interview sessons.

Both theinterviews and focus-groupswill bererded, transcribed and analysed with diff erent themes
identified that ocaur acrossinterviews.

The findingsof the research study will be used to providefealback to acalemic gaff a IT Slgo tha are
involved in teaching modules with maths compaents. Varioussuppat services will then be developed tg
addressthe mathematicd problem aress.

References

Creswdl, J W. (2013)Quditative inquiry and research design: Choosing amongfive approadies (3rd ed.)
Thowsand Oaks, CA: Sage

Denscombe, M. (2007)Thegoodresearch guide for small-scde socid reseach projeds. (3rd ed.).New York:
McGrawHill.

Flick, U.W. E. (2009)An introduction to quditative reseach. London: & GE Publishing.

Traxler, J (2007)Defining, discussng and evauating mobilelearning: The movingfinge writes and having
wri t é Internationd Review of Reseach in Open and Disance Leaning 8, no. 2
http:// wwwi.irrodl.ag/ind ex.php/irrodl/ article/vi ewn/346/875.

11 Risks to participants and researcher
(i) List proceduresor investigations involving risks to participantsdwell-being or safety (what,
when, howoften; and risks associated with dl procedures)

N/A

(ii) List proceduresor investigations involving risks to researcherd well-being or safety
(what, when, how often; and risks asociated with dl procedures)

N/A

Page 9of 49
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Appictian Fam Versm 7.1 NUI Gawey ReschEthicsComiitte:

12. Sudy design (tick as appropriae)

SuveyQu egionnaire I nterviews
Case Study X A individwd X
Obsarvationd A group
Action reseach X A person-to-person X
Rewrd based A tdephone
Cohart A dedronic
Cae control
Other Forms of Rewrding
(Hessegeci) A Video
A Audio X
A Photography
A Notes
A Eledronicreording X

13. Size otthe study (including controls):
(i) How wes the size of thestudydetermined?

Fromthe2017/2018&calemicyea, basic datahas been collected on the studentsthat have cometo the
MSC. Thiswas pimarily doneto gauge thenumler of vists per semester, the percentage of visits pe
yea and course of sudyand thearea of difficulty. Thedata colleded duringthistime period, showthere
has been on average 350 students visits to the MSCeat semester, with 125uniquevisits. The samplé
sizeis currently unkrown a this stage of the applicaion and will depend on the suden t villsgnesstg
take part. The study however will look toreaquit 30studentsto take part in the reseach.

(i) Was thereformd dtetigticd inputinto the overdl study design? YES NO

(iif) What method of andysiswill beused?

Data colleded from the MSCand attained from semi structured interviews with studentsin thestudy
group will be anadysed using content andysis to classfy information into various caegries ang
emerging themes will be identified. From this andysis, the IT Slgo students mathematicd otroublg
spotsd will beidentified, for examplethetopics of Basic Numeragy or Algéora.

14. Where? will the study take place and in whasetting?
Thestudywill take place in the Maths Suppaot LeaningCentre (MSC) at I T Sigo which isafree drop
in centre to support dl IT Slgo suden t Mathematicd neals. The centre dso offers free onlineong
to oneor group help sesonswhich will mitigae any effed of COVID-19 on fae to fae meetingg
over the comingacalemic yea. Any anadysis of nformation gahered will take plae at the principal
investigaors plae of work.

2 Geographicd locaion; laboratory, hosptd, generd pradice homevisitsetc.
Page10 of 49
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Appiaian Fam Vergm 7.1 NUI Gawey ResschEthicsComiittes

15. Doesthe study involve:

(i) distribution of a questionnaire? YES: NO:
If YES, pkae gopend acopy of the questionnaireto this gpplicaion. Please indicae whether the
gopended quetionnareis: Non-validated: Validated: D

(ii) the use ofaexisting medicinal product or medical device?YES |:| NO
If YES, ighis medicd product or device beingused within thetermsof its current product licence?

YES NO X
If NO, pleae complete Annex 1of this gpplicaion. |:|

(ii) the use ofanew medicinal product or medical device?  YES |:| NO
If YES, pkae complete Annex 1of thisapplicaion.

(iii) the use ofionising or non-ionising radiation, radioactive substancesor X rays?
YESD NO If YES, peae complete Annex 2of this goplicaion.

16. PeerReview/ Critique®
H asthe protocol been subject to peerreview? YES |:| NO

If thereview formed part of the poces of obtainingfunding, pleae givethe rameand addres of the
fundingorganisation:

N/A

If thereview took plae as part of an internd proces, pleae givebrief ddtals:

N/A

If noreview hastaken place pleae explain why and dfer jutificaion for this:

17. Doesthe study fall into any ofthe following caiegories?

Pilot: YEY[ ] NO Not applicable ||

Multi-centre study YESD NO Not applicable |:|

If thisisamulti-centre study, please complete the followingdetails, otherwise go to quedion 18.

(i) Which centresare involved?

Contad¢ Name Depatment/ Centre
N/A
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Appictin Fam Vergm 7.. NUI Gawey ReserchEthicsCarmittes

(i) Which ethics committeeshave beergpproached, andwhat is the outcome to dae+

N/A

(iii) Who will have overall responsibility for the study?

Cillian O Murchu, hool of Busnes & Sacid Stiences, I T Slgo

(iv) Who hascontrol of the data gnerated?

Cillian O Murchu, fhool of Busines & Sacid Stiences, I T Slgo

Page 12 of 49
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Appictian Fam Vergm 7.1 NUI Gawey ReserchEthicCamnittee

SECTION 3 Recruitment of participants

18. How will the paticipantsin the study be selected”

IT Slgo studentswill voluniee to be part of the study. Any student, 18yeas and over that present themsealves
to the Maths Suppot Centre (MSC)will be deamed digible totake part in the study. At the begnning of the
acaemic yea, students aaoss the college compkte a maths dagndastic test (See gppendix 1) totry to identify
any wesknesss in thelr numeragy ills. (This degndastic test is similar to the one used by NUIG 6 Mathg
Suppot centre SUMS - Suppat for undergraduates in Maths & Sttistics). Lawson et d. (2003)describes
diagnastic testing as an effedive way to highlightingwidespreal areas of mathematicd weskness Thediaghostid
test isaccesed usngthecollege virtuad leaningenvironment (VLE) platform Moodlein theform of an onling
guiz. The quizconsists of twenty questionsaaoss a numier of basic numerica topics with the difficulty level
of the questionsroughly equivalent to Ordinary Level Junior Cetificae Maths. Ead Stu@nt is given instant
fealbadk on competion of thetest through araw mark only. As aresult, students obtiningless then fifteen
out of twenty questions corred are encouragel to attend the MSC to improve the numeracy sKkills ang
mathematicd competency. It isthiscohort of sudentsthat the reseacher will inviteto participate (voluntarily
in thestudy.

19. How will the paticipantsin the study berecruited?

(Pleae gopend advertisement meterias to gpplicaion)

At thebegnningof eath academic semester, saff from the Maths Suppaet Centre drop into the variousmath

clasestha takeplaeagossthel T Slgo campusand promotethe centre. Both the openingtimes of thecentr

and thefree services dfered are highlighted. All studentsat I T Slgo that take oneor mare moduks of math

during the acalemic yea are encouraged to atend theMSCand avail of the free suppat to help with thel

various nathematica modules. The marketing team a | T Slgo dso promotethe centre through the differen

college socid media platforms. Regilar emails are dso sent by staff and through thestuden t 6 s toud
students highlighting the opening hours for the MSCand the free oneto one mathematicd services dfered
All students have access to the MSCMoodlepage where they gé more information on who to contact, th

opening days and times (both drop in and onlinetimes). MSCTutors aso promotethe centre by maintainin

astand during college induction wesk a thebegnning of the academicyea and duringlunchtimehoursoutsid

the college canteen duingthefirst few weeksof each semester.

20.What criteria will be used forinclusion and exclusion of participants?
(i) Inclusion criteria

Participants will be students thet atend the maths leaning centre acoss the different schools inthe college
Any student that has performed poarly in the maths dagrogtic test or have presented themsdves tothe MS(
tutorsin neal of improvingtheir mathematicd skillswill beincluded in the study (once consent has been granted
by therelevant sudent) The MSCisin weekly contact with themathsledurersat IT Slgo and any student tha
the ledurer identifies as strugding in ther class are aso encouraged to see&k help and get in contad with the
math suppat centretutors. All students(agel 18and over) interested in takingpart must sign aconsent form(seg
gopendix 3for the Voluntee Informed Consent form) to participate in thestudy.

(i) Exclusion criteria
|Any student under 18yeas of age |

21. How many paticipants will be recruited and of what age goups?

Thesamplesize is unkrown a thisstage of the gpplicaion. Thestudywill @m to requit 30studentsthat
areagel 18 years and abovebut thiswill depend onthe studen t véllsignessto take part in thestudy.

Page 13 of 49
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22.1f applicable, how willthe cortrol group in the study be:
(i) Slected?

N/A

(i) Reauited?(pleae gopend advertisement maerids to gpplicion)

N/A

23.What criteria will be used forinclusion and exclusion of the cortrol group?
(i) Inclusion criteria

N/A

(i) Exclusion criteria

N/A

24.1f applicable, howmany cortrols will be recruited and of wrat agegroup?

N/A

25.Are the paticipants/con trols included in this study involved in anyother research
investigation at the present time?

YES: D NO:

If YES, péae givedetals

26.Will parti<|:if|ants receive any paynentor other incentive to participate?

YES: NO:

Page 14 of 49
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(i) If YES, giveletals of incentive per participant?

N/A

If YES,wha isthesource of theincentive?

N/A

Page 15 of 49
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SECTION 4 Consent

27.1swritten corsent for participation in the study to be oltained?
YES: NO: D

If YES, pbae a@tah acopyof the consent form tobeusal (Guidacen cnat isgwvenn teGuidaiceN dey

If NO written consent isto be obtained, pkase explan why

28.How long will the subject haveto decide whether to take part in the study?
(If lessthan 24 tours, pleaejugtify)

Theparticipantswill have gpproximetely two weeksto deddewhether to take part in the studyor not,

29. Doesthe study include paticipants whom are not canpetent English speake's and/or
do not comprehendspoken orwritten English?

YES: D NO:

If YES, givaletails of spedd arrangaments madeto assst these participants

30.Please atach a cqy of the written participant information sheet
If NO information shed isto begiven to perticipants, pleae justify

31 If you ae recruiting from vulnerable groups (Children under 18 yeas of age;People wih
learning difficulties; Unconscious or severely ill participants; Other vulnerable goupse.g.
personswith dementia, psychological disorders, etc.), please specify and justify

N/ A.
Only students over 18years of agewill bereauited for the study.
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(i) Wha spedd arrangements have been madeto ded with theissues of consent and asent for vulnerable
participants?

N/A

(i) In wha way if any, can theproposed studybe expeded to kenfit theindividud who participaies?
Thestudywill lookto identify the mathematica otroublespotso of students that cometo the MSCand
how the use of amobile naths app can assst in the students leaning. Any sudent that comes to thg
MSCwill benefit asthe studywill seek to develop effedive suppats and to addressthe ggpsidentifieg
from the data that is colleded. Thiswill enhance the students nethematicd leaning experiences and
improvether problem solving skills.

32.Are wamen of childbearing potential included in this study?

Answelhisqlestn alywhee vesiea aher ntevatiorsarepamednhichauld bearisk taa pragpaic

YES: D NO: D NOT APPLICABLE:

If YES, dasthestudydescription/participant information shed addres thefollowing:
- sdientific judtificaion
- negdiveteratogenic studies
- waning m@rticipants that foetus may be damaged
- requirement for initid negative pregnancy test
- formsof contracetion dfined
- durdion of useto exceal drug metabolism
- excludethose unlikely to follow contraceptive advice
- notify investigator if pregnency suspeded.

If NO, pleae explan
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SECTION 5 Details of interventions

33. Doesthe study involve investigations and/ or intervertions on either participants or
controls?
(Plesdik YES/NO asappopiate.lf YES,detilsshadd bealaliein hepraad)

I nvestigation/ I ntervention

Sf-compktion guedionnares YES X NO

I nterviews/int erview administered questionnares YES X NO

Video/ audio peremrding YES X NO

Physicd examination YES NO X
Internd physicd examination YES NO X
Venepuncture' YES NO X
Arterid purcture* YES NO X
Biopsy materid* YES NO X
Other tissug/body sample* YES NO X
Imaging inegigation (not radietion) YES NO X
Other investigations not part of normd cae YES NO X
Additiord out-patient atendance YES NO X
Longe inpatient stays YES NO X
Locd anaesthesia YES NO X
Generd anaesthesia YES NO X

Other 0 pleae detall

Pleae indicae and jugtify where tredment is withheld as aresult of taking part in theprojed.

N/A

(i) Will treaments provided during thestudybeavailableif nealed a the end of the study?
YES: |j) NO: Not applicable:

(i) If NO, isthismadeclea in the participant information shed?
YES: D NO: D

If NO, pleae givereasns
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34. Doesthe study involve the use of a newmedicinal product or medical device, orthe use
of an exsting product outside the terms of its product licence?

YES: D NO:

If YES,pessemrpdeAnrex1 d theA ppictian Fam

35.Will any ionising or non-ionising radiation, or radioactive substances or X-Raysbe
administeredto a paticipant?

YES: D NO:

If YES,pesserpdeAnrex2 d theA ppictian Fam

36.Where research conducted in a geneal practice setting, will all GPs whose patients will
be involved, berequired to sign to indicate that they ae awae of and inagreement with the
planned project?

YES:D NO:|:| Not applicable:

If NO, pleae explan why not
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SECTION 6 Risks and ethical problems

37.Are there any pdential risks to participants or to the researcher?*

YES: D NO:

If YES, pkae complete Annex 3for eah procedure for which apotentia risk ocaurs,

38.Could this study cause any discomfort or distress either physical or mental?

YES: D NO:

If YES,egtimate the degree and likdihood of disconffort or distress entailed and the precaitionsto betaken to
minimise them. Please include other potentid causes of embarrasment to thesubject that shouldbe explained
prior to obtainingconsent (eg.state ofundress etc.).

39.What particular ethical problems or issuesdo you corsider to beimportant or difficult
with the proposed study?
Pleae indicae howyou plan to respond to these ethicd problems

Oneof the biggest chdlenges is the requitment of students to the study. Many students arrive a the MSC qui
anxiousand feaful of maths, they wish only toget their problem solved. They quickly leave the centre with

truly getting to understand theunderlying sKkills tha they neead to improve on. The reseacher will reasure the
studentsthat by engagingwith theMSCand the moblie mathsgpplicaion it will help dleviate their feasand anxiety
aroundmaths and enablethem to develop, degoen and increase their mathematicd understandingand knavledgg)

The current regrictions and safety concerns around COVID-19 poses another chdlenge for the groposed study;
IT Sliga@ ddivery plan for semester 1 will involvea blend of remote delivery and on canpusddivery only for
adivities that require adive fae-to-fae engegement with acalemic gaff. At this stage, it is most likely that the
MSCwill not beavailablefor students that seek fae to face support during semester oneof the 202/21 acalemig
yed. TheMSChowever is sdup to provideonline support and hes doneso for anumber of hours eat week for
thelast two aca@lemicyeas. Thereseacher has dso over six yeasdexperience of teatiingmaths onlineand is part
of the digil champion initigtivel colléboration with GMIT & LYIT(www.digited.i€).The reseacher is a digid
championfor the School of Busines and Socid Sciences a I T Sligo,where the role involves mentoring steff in
theschoolon developing Hended and onlineteatiingand keaningexperiences.

Thereseacher is dso involved in the wedly running ofthe centre together with asssting students that drop intd
the MSCwith their mathematicd problems. As aresult, the students that present to the MSCmay feé pressiriseg
to join thestudy. Thereseacher thoughwill reasure any student coming to the MSC for help, thet if they dedds
not to takepart in thestudyit will notin anyway afed the support they recéveat the centre.

4 Risksto patticipants may include sde effeds and adverse effects resulting from tregment or study evauaion. Risksto
researtiersmay arisein relation to persord safay, hedth, and well-being both during daa colledion/f ieldwork and
subsequetly.
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SECTION 7 Ind emnity

Pradict lablity ard ecnsurerpraedin Igisktion mekethesupdierard pradice(mandectrer)a ary pasn tengngthe
ndured asutsarce, @ by diution, stridy liabefa any hamresdltingfranacnaure ru®dsa pradict.

(Pleae refer to Page8 of the @GuidaiceN aesn CarpletigtheA piction Fanmbfor information onindemnity.)
For questions regarding theUniversity's |ndemnity Policy please email: sneal.aconnor@nuicgwayie

40.Arrangements for indemnification®co mpensation
(i) Wha arrangements havebeen madeto provideindemnificaion and/ or compensation in theevent of a
clam by, oron behdf of, aparticipant for negligent ham?

NUI Gaway Professond Indemnity.

(i) What arrangementshavebeen medeto provideindemnificaion and/ or compensdtion in theevent of a
clam by, oron behdf of, aparticipant for non-negligent harm?

NUI Gaway Professona Indemnity

(iif) Will an uncergraduate sudent beinvolved diredly in condcting theprojed?

YES: |:| NO:

41 In cases of equipment or medical devices, have gpropriate arrangements beenmade
with the manufacturer to provide indemnity?

YES: |:| NO: |:| Not applicsble:

If YES, pkase givedetals and enclose a copy of therelevant correspondence with this gpplicaion

42.1n casesof medicinal products, have apropriate arangements beenmade wih the
manufadurer to provide indemnity?

YES: |:| NO: |:| Not gpplicable:

If YES, pkase givedetals and enclose a copy of therelevant correspondence with this gpplicaion
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SECTION 8 Confidentiality

43.Confidentiality

If any persond information (e.g. rame, addres, identificgion numler, etc.) is colleded duingthe course of
thisstudy, wha meaures will betaken to ensure thisinformation is not made public?

A number of different meaureswill beused to ensure any persond information isnot made pubilic.
Theidentity of respondents will remain anonymousand any information gahered will only be used fo
the purpose of thisreseach orfor reseach publcaion.
Any hard copyfiles containing persona information will be stored in alocked filing cebinet, in the private
locked staff office of the Pl a IT Slgo. The principd investigaor will be the only individua that hag
accssto thestudydaa.

44.Anonymity

What measures will betaken to ensure that theidentity of participantswill not bedisdosed and thet a
participant® statementsor resultscannot belinked to the participan t idergtity?

Psaudorymswill beused to ensure that theidentity of participantswill not bedisclosed. Anyinterviews
that take plae will be transcribed with any names or idntifying comments removed during
transcription. Thedata will be destroyead five years after completion of the projed.

45.Will the study include the use of any ofthe following?
Audio/Video remrdings YES: NO: |:|
Observetion of participants: YES: NO: |:|

(i) Wha arrangements have been madeto obtain consent for these procedures?

A Consent form (see appendix 3) requesting participan t d@psova to be digitaly recmrded will be
distributed prior to the study commencing.

(i) What will hgppen to thetapes a theend of thestudy?

Any digita recordings will first be transcribed, then the data will be destroyed five yeas after completion
of the projed. Thetranscribed datawill be stored on an encrypted passvord proteded I T Sligo comput
for a period of five yeas, after which the ranscribed data will be destroyad in accordance with Genera
Data Protedion Regilation (GDPR).

Page 220f 49

330



Appendices

Appictin Fam Vergm 7.. NUI Gawey ReserchEthicsCarmittes

46.Will the study data be held on canputer?
YES[X | NO:[ ]

If YES,will the dtabehedd so that participants cannot beidentified from computer files (i.e. noname,
address medicd chart number or other potentid identifier such ass GMS orRS number)?

YES: NO: ﬁ
If NO, pleae givereasns

47.Will recards (preferably paperrecards) linking study participant 1D with identifying
featuresbe stored corfidentially?

Pleaerefer to our guideon Data Retention and theguide from the Daa Protedion Commesioner (both on
the REC website)

YES NO: |:|

Please giveddtails of arrangementsfor confidentid storage

Paper remrds will be stored in a locked filing cabinet, in the private locked office in the principd
investigaord [dace of employment a I T Slgo. Anydigitd fileswill befirst transcribed and then deleted
Thetranscribed datatogether with any other dedronic materid will be passvord proteded and stored
in thecloud, wing Microsoft® storage device One Drive which isGDPR compliant.

For how longwill re@rds be retained prior to destruction?

Oncethereseach iscompleted, thererdswill beheld for five yeas, after which any datawill be
then destroyed.

48.Will the paticipantsdmedical recards be examined by investigators in the study?
YES:|:| NO:

If YES,will information relevant only to thisstudybeextracted:YES:D NO:|:| Not applicable

(i) If extrainformation is extraded, pkeae justify
N/A

(i) Wha, if any, additiond stepshavebeen taken to safeguard theconfidentidity of persond medicd recrds?
N/A
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49.Will research workers outside the employment of NUI Galway exanine medical or other
personal recards?

YES [ | NO:

If YES, itistheresponsbility of the Principad Applicant to ensurethat reseach workers understand that:
Information obtained about and from reseach participants is confidentia to thestudyand must notbe
divulged except in legitimete methods of study data presentation or exceptiond circumstances as discussed
and ageel with theprincipd investigator

Please ensurethat you completethe chedklist on the front cover of this
application form and include all relevant enclosures.

THANK YOU.
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ANN EX 1

Thisfamisto beusedf thestdy invdveshe used a newredd pradicta medd daiceqr theused an existig pradict
autstethetensd itspradict lace.

(i) Doesthis project have Irish MedicinesBoard approval orhasan goplication beenmade?
YESE NO: |:| Not gppliceble: Applicéion isat present with IMB:

If gpprovd goplied for, state date of goplicaion: | |

(ii) I's a pharmaceutical or commercial company arranging this trial?
ves| ] NO:

If YES,atad indemnificaion.
If NO, hesthe lcensing authority been notified> YES:[ | NO:

(iii) Doesthedrug(s) or medical device have gproduct license(s) for the purpose for which it is to be
used?

ves[ ] No:

If YES, péae givedetals

(iv) Isanydrug or medical device teing supplied by a canpany with a Clinical Trial Exemption
Certificate or in response to aninvestigator with a Clinical Trial Exemption, or Doctorsd — dmption?
ves| | NO:

If YES, givaletails of:
Clinicd Trid Catificate Number: | |

Clinicd Trid ExemptionNumber: | |

DoctorsdExemption Number: | |

(v) Details of drug use or medical device (desennpldethetabiebebn)

Approved name: |

Generic name;

Tradename:

Stength _Dosxge _Frequency _Route _Duration of course
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(vii) Who will administer the drug or fit the medical device?

(viii) If amedical device,hasthe device ben through acceptanceand safety testing?
ves[ ] No [ ]

Pleae givedetails

(ix) Who is supplying the drug(s)/ medical device?(lf imported, name country)

(X) Who will dispense thedrug(s)/ medical device?

What isther qudificaion to dispense the drug&)/m edicd device?

(xi) Doesthe organisation and performanceof this trial conform to EuropeanDirectiveson Good
Clinical Practice?

YES| | No [ ]

If no, pleae detail and explan
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ANN EX 2

Thisfamisto beusedf thestuds invdves the used ianizinga narianising radatian, radcedive utstrcesr X-Rays. A
onpaat Radaion Praedtn A disr mustbeinvdvedn inperatingthisseia.

A. RADIOACTIVE SUBSTANCES
(i) Details of substancesto be alministered (desseanpletahetaltelbdow)
Investigation Radionwleide  Chemicd form  Quantity of Route Frequency
radioadivity to

beadminstered
_(MBa)

(ii) Estimated Effective Dose (Effective Dose Equivalent) (mSv)
(Please supplysource of reference or atad cdculaion)

(iii) Absorbed dose to organ or tissuesconcentrating radioactivity (mGy) (Specify dose and organ)
(Please supplysource of reference or atad cdculaion)

(iv) Administration of Radioactive SubstancesAdvisory Committee crtificate holder to
oversee/administer substance

Nameof Person: | |

Position: | |

CatificaeNo.: | |

| haeassstedh ard appoethepraad ard arrarggrentsthd havebeemade intisprgect € theadrinistetion o the
radcectieulsBrEs).

Sigrature: Dae

B. X-RAYS

(i) Details of radiographic procedures (dessennpldethetaldebebw)

| nvestigation _Organs _Frequency
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(ii) Estimated Effective Dose (Effective Dose Equivalent) (mSv)
(Pleae supplysource of reference or atad cdculaion)

C. NON IONISING RADIATION
(i) Details of procedures (dessexnpletehetabiebebw)

| nvestigation _Organs _Frequency

(iv) Who hasgiven safety advice”

Nameof Person: | |

Position: | |

Qudificéion to advise: | |

| haeassstedh ard appoethessfetyd thepraodd ard arrargemantstha haebeemadkin hisprgec

Sigrature: Date:
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ANN EX 3

Risk Assessment Form & Procedures I nvolving Human Subjects

Procedure no.: | |

Title of Procedure:

N ame of Assesor(s):

Assesament Date: | |

Doesthisprocalure drealy have ethicd approva?YES |:| NO I:'
If YES,enter Approvd No. and Expiry Date: Approvd No: |

Expiry Dae:

1 Please provide a lrief description of the procedure;

2. Location in which the Procedure will take place
(e.g.Reseach Laboratory d RoomNo. , TeahingLaboratory 8 RoomNo., Hospita clinic & spedfy, €c)

3. Subjedt(s) to beused

| How many humen participants? [ ]

(tick as gppropriate)
Undergraduate student(s)
Postgraduate sudent(s)
University gaff or canpuspersonre
Members of the generd public

4.What s the level of any ptential risks for participants?
[To beexplained BEFORE obtaining consent]

None
Minimd only
Moderate
Signficant
(i) If therisk is other than minimd, pleae givedetals and likdihood of risk ocaurrence
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(ii) If therisk is other than minimd, please givedetails of precaitionstaken to minimise therisk

5. Actionsto be taken inthe eventof adverse response ormedical energency
Please providedetails of arrangementsto ded with adverse events, includingreporting to therelevant
authorities and follow-up

6. Appropriate level ofsupervision required for procedure (pleae tick as gppropriate)

Post-graducte reseacher
Reseach/ | eduring S#ff
Paramedicd personnd
Medicd personnel 6 Nurse
Medicd personnel 6 Doctor
Medicd personnd & Other

If other personnel, please spedfy title and/or required qudificaion

7. Other documentation required for this assessment

Pre-test subjed questionnare
Detaled protocol
Other

If other documentation isrequired, pkeae describe

8. Signdure

Signed: Date:
Sigrature of Principad Applicant
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FORCOMPLETION BY HEAD OF DEPARTMEN

Risk Assessment Form & proceduresinvolving human subjects

In the Department/ Institute/ Center of: |

Procedure no.: | |

Title of Procedure:

Name of Assesr(S):

Assesanent Date: |

9. Approval of Procedure
|:| Granted
I:' Subgd to condtions (see kelow)
I:' Refer to Hospita Ethics Committee

Other, please spedfy

10. Comments and/ or conditions

11 Signédure

Signed: Date:
Sigrature of Heal of Department/ Centre

(Pleasecopy thisAnnex as necesary)
Page 31of 49

339



Appendices

Appiction Fam Vergm 7.] NUI Gawey ResgchEthicsComiitte:

Appendices

Appendix 1: Degnostic Test

Appendix 2 :Participant Information Sled for Students

Appendix 3 :Volurtee Informed Consent Form

Appendix 4 Participant Information shed (Focus Group/Interview)
Appendix 5 :FocusGroup/Interview Volunteeg Informed Consent Form
Appendix 6 :Focusgroup SmpleQuestions

Appendix 7 :Maths Suppet Centre Feadbadk Suvey

Appendix 8 : GrdaVettingfor Reseachers

Appendix 9 Pl CV

Appendix 10 : Spervisor Cornelia ConnollyCV
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Appendix 1 Diagnostic Test Description & Sample Diagnostic Test

Thediaghostic test consigts of twenty questions covering ninebasic numerica topics that the student
will endeavour to complte. All questions must be answered. The topics examined in the test are
outlined below.

1 Arithmetic Operations: Designed to examine knowledge of the order of the variousarithmetic
operationsand theuse of bradets in mathematical expressons.
Example: Cdculate 7 x4 (10+ 4)

2 Fractions: Designed to examine the studen t d@ibty to evauate expressons involving different
types of fradions.

NI w
X
Nl w
1
ol

Example: Cdculate

3. Percentages: Designed to examinethe studen t kixasviedge of workingwith percentages,
Example: What is 15% 0f360°

4.Decimal Representation: Designed to teg thestuden t ability to describenumbersmore predsdy
and torepresent nunericd amountscorred to aspedfied numter of dedmd places.

5 1
Example: Smplify 5 8 and give your answe corred to two dedmd places.

5. Exponerts: Designed to test thestuden t kivasviedge of exporentsand toexaminetheir ability to
represent such expressonsin their dedma form.

Example:

Evduae(2.3x 10 2) x (14 x 10 1) Giveyouranswer corred to three dedma places.

6. Averages: Designed totest the sudentsdability to find theaverageof a set of data vaues.
Example: Find theaverage of thefollowing sampleof datapoints 15, 18, 28, 382, 4!

7. Geanetry of a line: Designed to examinethe studen t kixasviedge of linear equetionsand graphs.
Example: Find thedopeof theline 50 3w= 2

8. Manipulation of algebraic expressons: Designed to test the studen t abilgty to manipukte and
simplify an dgebraic expresson,

Example Express (w+ 3)(4® 6) in theform ¢xf + ox+ @

9.Num erical evalation of algebraic expressons: Designed to test thestuden t &bility to evduate
different types of dgéorac expressonsnunericdly.

Example: If "®c) = 26§ 3w+ 7

find thevdueof "(2)
A sampleof the numeragy diaghostic test ison thenext page

Page 33of 49

341



Appendices

Appiction Fam Vergm 7.] NUI Gawey ResgchEthicsComiitte:

Sample Maths Diagnostics Assessment

Q1.Evduate thefollowing. (Give your answer corred to two deamad place)

Wl N
N
ol b

Q2.Solvefor x (Giveyour answe corred to two dedma place)

3x =16

Q3.If themean of thefollowing is40,what isthevdueof theunknovn datavduen?

45, 32,12, 16, 18, 4l

Q4.Find 69%of 7. Giveyou answer corred to two decima places.

Q5.What isthevadueof p inthefollowing expresson”
P ?=af
Q6.What isthemean of thefollowing sampleof numbers (Giveyour answer corred to theneaest

wholenumber)?

12, 8,42, 16, 6

Q7.If 3 barscogt 75cents, find thecost of 5 bars.

Q8. Find 17%of 98.(Giveyour answe corred to onedeama place)

Qo. Writegf% as adecimal

Q10. Evduatethefollowing Giveyour answe asafradion orcorred to two deamd places)

4 2
5 3
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Q11

Q12

Q13.

Q14.

Q15.

Q16

Q17.

Q18

Q19.

Q20.

Sample Maths Diagnostics Assessment

Find thevadue of thefollowing expresson: (Giveyour answe to theneaest wholenumler)

1000 (1 + 5%)?

Solvethefollowing equetion for x:

= 3(& 5)

N =

2w

Evduate the following:

NN
gl w

If in theformulap = zt ,z=36and p=144,what isthevdueof t?

If a= -1 and b=4,what isthevdueof 3¢¥ 40O+ 6

Evauae (2.4 x 10 4)(1.3 x 10).
Inputyour answe asadedmd corred to three decimal place.

Evduae (5.6 x 10 3)+ (7.1 x 10 4).
Inputyour answe asadedmd corred to three decimd places.

If themean of thefollowing sampleis 80,what isthevaueof the unkrown data vaue n

112, 58, 23.87.7, n,120.4, 18.8, !

Consider g(x) =( 2 xL)6k +4).Wha isthevaueof g(-1)"

Find thedopeof theline3x + 4y= 7. Enter your answe corred to onededmad plae.
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Appendix 2:Participant Information Sheet ér Students
Project Title: MobileTechnologySuppating Leaning in aviaths Suppet LeaningCentre

Researcher: Cillian O Murchu omuchucillian@itdigo.ie

You are being invited to take part in areseach study. Before you make any dedsion, it is important
that you understand why the reseach is taking plae and what the study entails. This Participant
information shed will explain the reaoningbehind thereseach togaher with any risks and benefits
of the study being undertaken. Please take as much timeas passbleto real through it and pleese fed
freeto ask any questionson anythingthat you are unsure of. If you deddeto take part, we will ask you
to sign aconsent form.

You shouldonly consent to take part in the reseach when you are fully awae of what is being askec
of you and you have taken plenty of timeto thinkabout your dedsion.

Thank you for taking timeto real this.

What is the study abou?

Theam of the studyis to identify the most commonmathematica chalenges students attendingthe
Maths Suppet Centreat 1T Sligo present with and to explore the eff ediveness of amobilemaths apg
on student engagement and leaningin the Maths Suppad Centre. The study will look to develop ar
effedive suppat and to address the gas identified, enhancing students mathematicd leaning
experiences.

What will you haveto do?

Thestudywill lookto identify the mathematicd 6roublespotsithat students present with at the maths
suppat centre. Basic college detals will becolleded first from ea student that presentsto the MSC
This cita together with the topic and area of mathematicd difficulty identified in the maths support
sesson will beandysed at alater stage. Studbntswill make use of amobilemathsapp to help improve
their leaning and undrstanding of different mathematicd concepts. The study will explore the
eff ediveness of the mathsgpp on student engagament and leaningin the Maths Suppat Centre. You
will then be interviewed in relation to your experiences of themaths suppat centre as wel as the
eff ediveness and chdlenges of the mobilemaths app to your leaning needs. All interviews will take
place either onlineor in person a the mathssuppat centre. Thelnterviews will berecrded, with the
recrdings themsalves destroyed ornce they have been transcribed.

What are the benefts?
The study is pat of a PhD study. Both you and future third level students will benefit from this
reseach aswdl asvariousHigher Educaion stakeholders.

What are the risks?
There is no obviousrisk asciated with this study as the information sought is not of a sensitive
nature, and you can withdraw from thestudyat any time.

What if you do notwish to take pat?
It isup to you to dedde whether or not you wish to take part. If you decideto take part, you are still

free to withdraw from thestudya any stagewithout anee to give any reason. Fallure to take part ir
the studywill not affed in any way the suppat offered to thestudent in themaths suppat centre.
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What happensto the information?

Any information that is colleded about you during the course of the study will be kept srictly
confidentia and will not be shared with anyoneelse. The data colleded will be stored searely and ir
away that proteds your identity. The study resultswill only report aggregéae findings and as aresul
will not identify you in any way All data will then be destroyed five yeais after completion of the
reseach.

Who else istaking part?
Any student that attendsthemathssuppat centrea IT Slgo can take part in the study once they
givetheir consent.

What happensif | havemore questions or do not understand something?
If you have any questions in relation to the study, please fed free to contad Cillian O Murchu
(omuchucillian@itdligo.ie) to discuss any issies that you mey have or if you wish any further details.

If you agree to take part in thestudy, please sign theconsent form.

Thanksyou for taking timeto consider being art of thisstudy.

Kind Regards

Cillian O Murchu (T Sligo Ledurer and PhD student & NUI Gaway)

This study has been gpproved by the NUI Gaway Ethics Committee (gpprova number: X). If you
have any concens about this study and wish to contad someoneindependent, you may contad NUI

Gaway Research Ethics Commitiee Reseach Office Room 212, Reseach and Innowation Centre
NUI Gaway Td: 353 9149531 2Email: ethics@nuigdway.ie
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Appendix 3:Volunteerl nformed Consent Form
Volunteerlnformed cansent form
Project Title: Mobile TechnologySuppating Leaning in aViaths Suppet Leaning Centre

Shouldyou ageeto participatein thisstudy, pleaeread thestatementsbelow andif youageeto them,
please sign theconsent form.

A | havereal and undrstood theparticipant information she

A 1 understand what the study is about, and what theinformation will be used for.

A 1 understand that the interviews will be digitaly recorded and recrdingswill be deleted once
they have been transcribed.

A | understand that what the reseachers find out in this study may be shared with others but
that my namewill not be given to anyonein any written meteria developed.

A | amfullyaware of dl the proceduresinvolvingmyself, and of any risks and benefits asciated
with thestudy.

A 1 knowthat my participation is voluntry and that | can withdraw from the projed at any stage

withoutgivingany reason.

| consent to myinvolvement in thisreseach projed &fter agreang toal the abovestatements.

Name: (Please print):

Spnaure(participant):

Dae

Sgnature (investigdor):

Witness
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Appendix 4:Participant Information Sheet(Focus Group/ | nterview)

Project Title: Mobile TechnologySuppeting Leaning in aviaths Suppet Leaning Centre

Researcher: Cillian O Murchu omurchucgillian@itdigo.ie

You are being invited to take part in areseach study. Before you make any dedsion, it is important
that you understand why the reseach is ta&king plae and what the study entails. This Participant
information shed will explain the reaoningbehind thereseach togaher with any risks and benefits
of the study being undertaken. Please take as much timeas pasbleto real through it and please fed
freeto ask any questionson anythingthat you are unsure of. If you deadeto teke part, we will ask you
to sign aconsent form.

You shouldonly consent to take part in the reseach when you are fully anare of what is being asked
of you and you have taken plenty of timeto thinkabout your dedsion.

Thank you for taking timeto real this.

What is the study abou?

Theam of the study s to identify the most commonmathematica chalenges students attendingthe
MathsSuppat Centre at 1T Slgo present with and to explore the eff ediveness of amobilemaths apg
on student engagement and leaningin the Maths Suppad Centre. The study will look to develop ar
effedive suppat and to address the gaos identified, enhancing students mathematicd leaning
experiences.

What will you haveto do?

Thestudywill lookto identify the mathematicd droublespotsithat students present with at the maths
suppat centre. The Studnt will make use of amobile maths app to help improvether leaninganc
understanding of different mathematica concepts. The study will explore the effediveness of the
maths app on student engagenent and leaningin the Maths Supprt Centre. Thereseacher will ther
ask you guestions in a group setting with other participations smilar to you in relation to the
effediveness and chalenges of the mobilemaths app to your leaning needs. All interviews will take
plae ether onlineor in person a the mathssuppat centre. TheInterviews will beremrded, with the
recrdings themselves destroyed orce they have been transcribed.

What are the benefits?
The study is part of a PhD study. Both you and future third level students will benefit from this
reseach aswdl as variousHigher Educdion stakeholders.

What are the risks?
There is no obviousrisk asciated with this sudy as the information sought is not of a sensitive
nature, and you can withdraw from thestudyat any time.

What if you do notwish to take pat?

It is up to you to dedde whether or not you wish to take part. If you decideto take part, you are till
freeto withdraw from thestudy a any stagewithout anee to give any reason. Failure to take part in
thestudywill not affed in any way the suppat offered to thestudent in themaths suppat centre.
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What happensto the information?

Any information that is colleded aout you during the course of the study will be kept strictly
confidentia and will not be shared with anyoneelse. The data colleded will be stored searely and ir
away that proteds your identity. The study resultswill only report aggregae findingsand as aresuls
will not identify you in any way All data will then be destroyed five yeas after compktion of the
reseach.

Who else istaking part?
Any student that attendsthemathssuppat centrea IT Slgo can take part in the studyonce they
givetheir consent.

What happensif | havemore questions or do not understand something?

If you have any questions in relation to the study, please fed free to contad Cillian O Murchu
(omuchugillian@itdigo.ie) to discuss any issues that you mey have or if you wish any further details.

If youageeto takepart in thestudy, please sign theconsent form.

Thanksyou for taking timeto consider being part of thisstudy.

Kind Regards

Cillian O Murchu (T Sligo Ledurer and PhD student a NUI Gaway)

This study has been gpproved by the NUI Gaway Ethics Committee (gpprova number: X). If you
have any concensaboutthisstudyand wish to contad someoneindependent, you may contad NUI

Gaway Research Ethics Committee Reseach Office Room 212, Reseach and Innowetion Centre,
NUI Gaway Td: 353 9149531 2Email: ethics@nuigdway.ie
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Appendix 5:Focus Group / I nterview Consent Form
Focus Group / Interview Consent Form
Project Title: Mobile TechnologySuppating Leaning in aViaths Suppet Leaning Centre

Shouldyou ageeto participatein thisstudy, pleaeread thestatementsbelow andif youageeto them,
please sign theconsent form.

A | havereal and undrstood theparticipant information she

A 1 understand what the study is about, and what theinformation will be used for.

A 1 understand that the interviews will be digitaly recorded and recrdingswill be deleted once
they have been transcribed.

A | understand that what the reseachers find out in this study may be shared with others but
that my namewill not be given to anyonein any written meteria developed.

A | amfullyaware of dl the proceduresinvolvingmyself, and of any risks and benefits asciated
with thestudy.

A 1 knowthat my participation is voluntry and that | can withdraw from the projed at any stage

withoutgivingany reason.

| consent to myinvolvement in thisreseach projed &fter agreang toal the abovestatements.

Name: (Please print):

Spnaure(participant):

Dae

Sgnature (investigdor):

Witness
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Appendix 6:Focus Group Sanple Questions

1.

2.

8.

9.

What was your first reat¢ion when using themobileagpp?
How often didyou use the mobileapp?

Do you think thegpp hes helped with your understanding ofthe diff erent mathematica
concepts?

Did you find thegpp easy to use?
How do you likethe gpp design?

Which of theissies below were the biggest problem you experienced whilst using themobile
p?

App was visudly ungppeding

Theapp was confusing to se

| experienced bugs whilst operating theapp

Theapp did not tavedl thefeduresthat | needed to help me
Other, pleae spedfy.

PoooTp

Can you describeasituation inwhich thegpp proved maost useful ?
What did you like most about themobileapp?

What did you like least dbout themobileapp?

10. Arethere any functionsthat you would Ike to add to thegpp*

11 Haveyou any suggetionsto help improvethe app”

12 Wouldyou recmmend the mobilegpp toyour friends?

13. How wouldyou rate the app”
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Appendix 7:Maths Support Centre Feedbackform

Q1. Howdid you find outabout theMaths Suppat Centre?
| Direded byacademic staff

[ Student email

1T Sligo website

[ Other students

Q2.Wha wasthereaon thet you wsed theMaths suppat centre?
| Regllar Assstance

| Generd help with coursework

[ Exam/ Assssnent revision

" Irregilar use astheneed aose.

Q3. Haveyou consdered leavingyour course becaise of the maths requirements of your course?
“ Yes
“ Maye

“ No
© Yes, but not kecaise of themahs

Q4. Howoften haveyou used theMaths Suppat Centre?
" Once

[ 2-5times

" 6-10times

[ 10 ormoretimes

Q5. Doyou thinkyour maths skill shaveimproved byvisiting theMahs Suppat centre? (Please
seled oneoption kelow)

© A gred deal

“ Alot

© A moderate amount
“ Alittle

© Noneat dl
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Q6. Howsdtisfied were you with thetimeand help you were given?
© Very stisfied

¢ sisfied

© Naither satisfied nordissatisfied

© Disstisfied

© Very disstisfied

Q7.Wouldyou viit theMaths Suppot Centre again
© Yes

" No
Q8. Has your confidence in mathsbeen improved byvisting themathssuppat centre? (Pleae

seled oneoption kelow)

A gred deal

" Alot

* A moderate amount

© Alittle

* Nonea dl

Q9.TheIT Slgo Mahs Suppet Centre is lookinga making a number of improvements over the

comingmonths. Please state which of thefollowing you would consider most gppropriate (fed free
to mention maethan ore)

r More opening hous

" More personrel

r Compuers or extrasoftware to demonstrate problems

[ Classs given on \ariousbasic mathstopics

[ A dedicated student meths suppat website or Moodle page with resources
[ Other (pleae spedfy)

Q10.What doyou ke about theMaths Suppot Centre?

Q11. Howdo you thinkthe Maths Suppat Centre can beimproved”

Q12.Wouldyou remmmend themaths suppat centreto anyoneelse?If Yes, what are your man
reasonsfor doingso?

Q13. Doyou have any further commentsto passon to staff that run and arganise the Maths
Suppat Centre?
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Appendix 8: Gada Vetting for Researchers

~ - -
An Garda Siochana

Bitra Miisiunta Grinnfhiosrichdin,

Bathar am Risehursa,

Durlas,

Contae Thiobraid Arann,

Mational Vetting Bureau,
Racecourse Road,
Thurles,

Co. Tipperary.

Teilealn £ Tel: (1504) 27300
Facs / Fax: (0504) 27373

Bi linn/Join us

Liiihedn Greasain/Web Siee: www.parda,ie

Luaig an uimhir tagata B.N.G. a leanas le do thoil/
Please quote the following NV B, Ref. No: ITS002-20170619-02101

Vetting Disclosure

Ciara Compton
IT Sligo (HR)

Re: Cillian Omurch, 17/11/1975, 59 Rathedmond, Sligo, F91AHSR

Pursuant to your application within the provisions of Section 13 of the National Vetting Bureau (Children
and Vulnerable Persons) Acts 2012 to 2016 in respect of the above named, the herewith vetting disclosure is
issued to you within the provisions of Section 14 of the National Vetting Bureau (Children and Vulnerable
Persons) Acts 2012 to 20] 6.

Searches were conducted on the 04/07/2017 .
Criminal Record
NIL

Please Note: If the above-named asserts that this criminal record is inaccurate, the Liaison Person should
address the matter in writing to the National Vetting Bureau.

Specified Information

NIL

QM,&/ MEV]/&‘/ Superintendent

Sarah Meyler
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Appendix 9:Principal I nvestigator Cillian O Murchu CV

Cillian O Murchu

Lecturer at IT Sligo

School of Business8oc# Science
Email:omurchu.cillia@itdigo.ie
Mobile: 0872830549

WORK HISTORY

IT Sligo (Sept 201® present)
Lecturer in Mathematics in the School of Busimss

Lecturer of Maths &atidics, mainly across tBeshess courses both daytand online courses
have also lecturedroputer applications andi&nciaManagement to busissstudents.

| am currently lectuny onthe data analytics, Bigtaand BusinesSnalyticanodules for Business &
marketing students.

| am currently the Bgranme Chair of the Higer Gatificate in Businessid Year Coeordinator for he
Bachelor of Busineksvel7 and Higher Certifate irBusiness in Accountj.

| currently tutor fothe Meths Support Clinic tstudents across the Instieuand am currently inveed
with the Irish Mathkearring Support group.

| was part of the pgpamme design team fomanber of new businessursesncluding the BA i
Insurance Apprentigaip programme. | havesbn Involved in the varioumllege open days &
promotion of the déege irschools around th@untry.

Maths Tutor Excelles Award Winner 20:

Research Interests

Currently pursuingRnhD in maths & educatian NUIG.

Presented a papertat Tech 2017 "Using PeAdvice to Overcome Omie Texching Challenge
Presented &AISE16: Online experiences asiticent engagement

Ursuline Secondaryschool (Sept 2009 June 210)
Maths Teacher

National University College Galway (Sept 29 April 2001
Part- time lecturer in Applied Statistics

| taught an appliedagistts course totlyear anghosgraduate students microbiology &
biochemistry.

Computer labs tedcolg thestatistical packagenifabwere given

Office hours were &g toprovide additionalpportto thestudents.

| also liaised with viausheads of departmeritscanstructing the coursentent that bes
suited the needs dfd stulents.
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National University College Galway (Feb 199April 2001

Tutor
From early 1993April 2001, | waslso emplad byNUIG as a tutor. Myate involved givin
tutorials in stats, mah& business maths to stk of commerce (bothndegrad. and post
grad), sciencengireering& arts.
I was also involved the correction of assigrents & helped irthe corretion of a stats exarnr

HC Financial ServiceqJdune 20063 Jan 200¢
Senior Investment Alministrator

Dolmen Securities,Dolmen House, 4 Earlsfot Terrace, Dublin 2. Quly 20@®-Sept 200&
Credi & Peformance Attribution Analyst
My role involved nmaging h e ¢ r e d ibh portfalicsokBlueGhip carpoiiate credits.
Duties included therpduction on a timely bastseditanalyses / updates 8pecified credits i
the Blue Chip Poufio
Keeping up to dateith Issues on a Sectorafidusty basis in both thdS & Europe.
Monitor stock price& spread levels of the Bl@hipportfolio- and reporexcetions.
Focus specifically donvetment Grade creditgjth specific focus on 38000names that
dominate the Crediiefaut Swap universe.
Establishment of ebactswith Analysts at UKUSInvestment banks.
ReportwritingforBe i p6s Quar Reortl y I nvestor
Identification & escutionof trading opportuties forthe Blue Chip trang#on.
Schedule/ distribuin of Credit Papers for Blughip Credit Meetings.
Training new staff

Whilst working ilDolmenSecurities, | have alsassd the registered regeatdive (stock broking
exams.
St George Margin énding, Sydney, AustraligMay 2003April 2002) Risk Analyst

Europa General Inswance (Jan 200@ March 2001) Statistical Analyst
EDUCATION

DCU: MSc in Finandal & Industrial Mathe matics (Ist Class Hons) (Sept19986 Sept 199¢
NUIG: Higher Dipl omaIn Education (Pass)(Sept 19978 Sept 199¢

BSc in Mathematics(1st Class Hons) (Sept 993 Sept 1997)

National Universitgf Ireland, Galway (Awardgmtizefor 1st in maths in NIG in 1992 &
Awarded prize for 18t maths in NUIG in 199}

Other ills

A Professional, versatiebitious, sefnotivated
A Strong Interpersonskills ethics andnitiative
A Desire and aptitude kean a wide range of inessand technical inforation

A Excellentcommunication skill®2roven track record, good problem solving skillsand solutior
orientated.

A Fluent Irish, conversanalFrench.
General Interests

I am a keen sportsmandplay golf on a copetitivelevel. | also like toarelwhenever | can and jeg
meeting new peopdmd eperiencing differemiultures.

Page 470f 49

355



Appendices

Appictin Fam Vergm 7.1 NUI Gawey ResschEthicsComiitte:

Appendix 10: Supervisor, Cornelia Connolly CV

Cornelia Conndly

Ledurer AbovetheBar,

School of Educdion,

Nationd University of Irdland, Gaway;
Ireland.

T:+353 (0)91 492369

E: corndiaconnolly@nuigdway.ie

PROFESSONAL EXPERIENCE

(20170 present) Ledurer, Abovethe Bar, Shool of Educaion, NUI Gaway (201 7present)
(20040 2017)Ledurer, Department of Mathemeatics and Computing, Dundk I ngtitute of
Tednology

(20092012)Foundr and OperationsManage, LeanOpt.

(20025 2004)ConsultingAnayst, Accenture, (20@-2004).

(20008 2002)Researcher, Wirdless Access Reseach Group, Unirsity of Limerick. (200€2002)
(2002, 2004JAD Design Enginee, Anaog Devices, Limerick (work placenent).

EDUCATION

20038 200¢  PhD, Uniersity of Limerick
i ThesisTitle 0 Adressng ProgrammingAnxiety and Underperformance AmongFirst Yea
Computing Stuehtsthrough Pedagbdcd Innowetion: an In-depth Andysis. 6

i Pedaghgy, Stulent Leaningat Higher Education, CognitiveDevelopment, Anxiety, Retention.

200008200z  Magters of Engineeing, Reseach, University of Limerick
i ThesisTitle 0 A Andysisof QueuingMedanisms, a Laye 2, for Wirdess Locd Area
Networkso

i QueuingTheory, Mathematics, Communcaions, Networking, Wireless Access Tedhnologies.

19960 200(C  B.Eng. inComputr Engineeging .1 Hors) University of Limerick.

RESEARCH

Reseach funding

i GoogleCompuer Stience Profesiond Development Educaor Award (2018)
i Googlefundingfor C*4M? : Credive Codingfor Maths Makers (2017)
1
|

NUI Gaway reseach seed fundingMathematics and Computer Science Education (2017
HEA Stratedc Innowation Fund ($F) Projed Title: Individualised Digitised Educaiond
Advisory Systems, (2006)

i HEA Stratedc Innowtion Fund ($F) Projed Title: Educaion in Employment, (2008)
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i Il Indgitute Planning Gant, Titlee 0 Wmen inReseach a DkIT - A SAf Assssnent Studyof
Femade Involvement in Séence Engireering and TechnologyReseach a Dundak Ingtitute of
Tednologydy (2005)

i DkIT Reseach Seal Funding, Title: 0Development of an Action Programmeto Improve
Studnt Reention onComputingCoursesd ( 200 5)

KEY PUBLICATIONS

Book:
Moore, S., Mville, C., Murphy, M., and Connolly, C. (2010%The Ultimate Sudy SkillsHan d b o
Open Uniwersity Press London

Book Chapters:

Connolly, C., Mayak, SP. and Marsden, N, (2018) Onlin€eadingand Communtéaion: Emotions
in Compuer-Mediated Communcaion, Encydopaediaof Educetion and Information Tednologes,
Spinge

Connolly, C., Murphy, E. and Moore, S. (2008) AultsLeaningComputr Progamming,
Pedagpgicd Understanding and theRole of Anxietyd, in Aung, W. et d. (eds), Innovetions 20083
Spedd Edition, World Innovationsin Engireging Educaion and Reseach, VA: Begdl House.

Journals

Hal, T., Connoll, C., (219)MobileLeaning inTeaber Education, TechTrends, pp. 13

https:// doi.org/ 10.1007/ s11528-019-00438-7

Connolly, C., Cosgrove, T., Forthcoming),Applying Lonergan 6Tkeory to Action Reseach and
Action Leaning inMathematicd Pedagogy, Educéaiond Philosophyand Theory

Parke, K., Marsden, N.,Connolly, C. (2017)Lay Theories RegadingCompuer-Mediated
Communcaion in Remate Collaboration' Open Praxis, 9(1), pp. 130

Connolly, C., Marsden, N., (2016)Constructivism in Compuer Mediated CommuncéaiondDigita
Leaning, aSdtware Engneging Moduk European Journa of Open, Distance and E-leaning,
17(2)

Lynch R, Malon B, Connolly C. (2015pThe Pedagogicd Applicaion of Alternate Redity Games:
using Game-Based Leaning toRevisit Historyd Internationa Journa of Game-Based Leaning, 5(2)
p.1838.

Connolly, C., Murphy, E. and Moore, S.(2008Undergraduate Computing Sidentsand
ProgranmingAnxiety d A Key in theRdention Debate? | EEE Transadionsin Educdion, $edd
Issueon Microdedronics, 51(4)
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9.1.1.1 Appendix 1: Diagnostic Test Description & Sample Diagnostic Test

4

An Institigid Teicneolaiochta,

The diagnostic test consists of twenty questions covering nine basic numerical topics
that the student will endeavour to complete. All questions must be answered. The

topics examined in the test are outlined below.

1. Arithmetic Operations: Designed to examine knowledge of the order of the
various arithmetic operations and the use of brackets in mathematical expressions.
Example: Calculate X T Pl T

2.Fractions: Designed to examine the student’s ability to evaluate expressions

involving different types of fractions.

Example: Calculate - - -

3. Percentages: Designed to examine the student’s knowledge of working with
percentages,
Example: What is 15% of 360?

4. Decimal Representation: Designed to test the student’s ability to describe numbers
more precisely and to represent numerical amounts correct to a specified number of

decimal places.

Example: Simplify - - and give your answer correct to two decimal places.

5. Exponents: Designed to test the student’s knowledge of exponents and to examine
their ability to represent such expressions in their decimal form.

Example:

Evaluate ¢& p 1t p& p 1 Give your answer correct to three decimal

places.
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6. Averages: Designed to test the students’ ability to find the average of a set of data
values.

Example: Find the average of the following sample of data points 15, 18, 28, 39, 62,
45

7. Geometry of a line: Designed to examine the student’s knowledge of linear
equations and graphs.

Example: Find the slope of the line vw oW C

8. Manipulation of algebraic expressions: Designed to test the student’s ability to
manipulate and simplify an algebraic expression,

Example: Express @ O T® @ intheform ¢ @ ®

9. Numerical evaluation of algebraic expressions: Designed to test the student’s
ability to evaluate different types of algebraic expressions numerically.

Example: If Qo ¢w ow x find the value of 'Q ¢

A sample of the numeracy diagnostic test follows.
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Sample Maths Diagnostics Assessment

Q1.Evaluate the following. (Give your answer correct to two detaoes)p

C T

—_Z —
c ¢
Q2.Solve for x (Give your answer correct to two decimal places)

3x =16
Qa3.If the mean of the following is 40, what is the value of the unknown data value n?

45, 32,12, 16, n, 18, 40
Q4.Find 69% of 7. Give you answer correct to two deplags.

Q5.What is the value of p in the following expression?

Q6.What is the mean of the following sample of numbers (Give your answer correct
to the nearest whole number)?

12,8,42,16, 6
Q7.If 3 bars cost 75 cents, find the cost of 5 bars.

Q8. Find 17% of 98. (Give your answer correct to one decimal place.)
Q9. Writew-P ABGAAAEIT Al

Q10. Evaluate the following (Give your answer as a fraction or correct to two decimal
places)

L

U O

Sample Maths Diagnostics Assessment Continued on the nepdge
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Q11.

Q12.

Q13.

Q14.

Q15.

Q16.

Q17.

Q18.

Q109.

Q20.

Sample Maths Diagnostics Assessment Continued

Appendices

Find the value of the following expression: (Give your answer to the nearest

whole number)

prtmpt v b

Solve the following equation for x:

C W

Evaluate the following:

c

X< |N
clq

O OW UL

If in the formula p = zt ,z =36 and p =144, what is the value of t?

If a=-1 and b =4, what is the valueoof

Evaluateq@

p T )(P®

p 1.

0

Input your answer as a decimal correct to three decimal places.

Evaluate (&

p )+ (XD

p 1)

Input your answer as a decimal correct to three decimal places.

If the mean of the following sample is 80, what is the value of the unknown data

value n?

Consider g(&

112, 58, 23.2, 87.7, n, 120.4,18.8, 95

(2x

1) ( 6x

+

49)2.

Wh at

S

t

he

Find the slope of the line 3x + 4y = 7. Enter your answer correct to one decimal

place.
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9.1.1.2 Appendix 2: Participant Information Sheet for Students

Project Title: Mobile Technology Supporting Learning in a Maths Support Learning
Centre

Researcher: Cillian O Murchu omurchu.cillian@itsligo.ie

You are being invited to take part in a research study. Before you make any decision,
it is important that you understand why the research is taking place and what the study
entails. This Participant information sheet will explain the reasoning behind the
research together with any risks and benefits of the study being undertaken. Please
take as much time as possible to read through it and please feel free to ask any
questions on anything that you are unsure of. If you decide to take part, we will ask
you to sign a consent form.

You should only consent to take part in the research when you are fully aware of what
Is being asked of you and you have taken plenty of time to think about your decision.

Thank you for taking time to read this.

What is the study about?

The aim of the study is to identify the most common mathematical challenges students
attending the Maths Support Centre at IT Sligo present with and to explore the
effectiveness of a mobile maths app on student engagement and learning in the Maths
Support Centre. The study will look to develop an effective support and to address the

gaps identified, enhancing students mathematical learning experiences.

What will you have to do?

The study will look to identify the mathematical ‘trouble spots’ that students present
with at the maths support centre. Students will then make use of a mobile maths app
to help improve their learning and understanding of different mathematical concepts.
The study will explore the effectiveness of the maths app on student engagement and
learning in the Maths Support Centre.

All students taking any mathematical module at IT Sligo will complete a maths
diagnostic assessment. The data from the diagnostic test will be used as part of the

overall analysis for this research. Basic college details will be collected first from each
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student that presents to the MSC. This data together with the topic and area of
mathematical difficulty identified in the maths support session will be analysed at a
later stage. At the end of the first semester you will be asked to take part in a focus
group which will allow the participants the opportunity to express their views and
thoughts the mathematical difficulties they encountered throughout the semester in
their own terms.

You will be asked to engage with the app on a weekly basis, typically spending two
hours per week over a 12-week period where you will work through different problems
and short videos in your own time. The app will allow you to practice specific pieces
of knowledge to help improve your confidence and provide a deeper understanding of
the different mathematical concepts. You will be asked to take part in another focus
group to discuss your experiences of the maths support centre as well as the
effectiveness and challenges of the mobile maths app to your learning needs. All focus
group sessions will take place either online or in person at the maths support centre.
In both instances pseudonyms will be used to ensure student anonymity and cameras
will also be switched off in the event that the sessions take place online. The focus
group sessions will take place at the end of each 12-week period and will typically
take up one hour of your time. They will be recorded, with the recordings themselves

destroyed once they have been transcribed.

What are the benefits?

The study is part of a PhD study. Both you and future third level students will benefit
from this research as well as various higher education stakeholders. Any information
gathered will only be used for the purpose of this research or for research publication.
What are the risks?

There is no obvious risk associated with this study as the information sought is not of
a sensitive nature, and you can withdraw from the study at any time.

What if you do not wish to take part?

It is up to you to decide whether or not you wish to take part. If you decide to take
part, you are still free to withdraw from the study at any stage without a need to give
any reason. Failure to take part in the study will not affect in any way the support

offered to the student in the maths support centre.
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What happens to the information?

Any information that is collected about you during the course of the study will be kept
strictly confidential and will not be shared with anyone else. The data collected will
be stored securely and in a way that protects your identity. The study results will only
report aggregate findings and as a result will not identify you in any way. All data will
then be destroyed seven years after completion of the research. Data drawn and
analysed from student engagement with the mobile maths app will be used for research

purposes.

Who else is taking part?
Any student that attends the maths support centre at IT Sligo can take part in the study
once they give their consent.

What happens if | have more questions or do not understand something?
If you have any questions in relation to the study, please feel free to contact Cillian O
Murchu (omurchu.cillian@itsligo.ie) to discuss any issues that you may have or if you

wish any further details.

If you agree to take part in the study, please sign the consent form.

Thank you for taking time to consider being part of this study.

Kind Regards

Ci”icm (3 Muechd

Cillian O Murchu (Lecturer, IT Sligo and PhD student, NUI Galway)

This study has been approved by the NUI Galway Ethics Committee (approval
number: X). If you have any concerns about this study and wish to contact someone
independent, you may contact NUI Galway Research Ethics Committee, Research
Office, Room 212, Research and Innovation Centre, NUI Galway. Tel: 353 91 495312.

Email: ethics@nuigalway.ie

365


mailto:ethics@nuigalway.ie

Appendices

9.1.1.3 Appendix 3: Participant Informed Consent Form

Participant Informed Consent Form
Project Title: Mobile Technology Supporting Learning in a Maths Support Learning
Centre
Should you agree to participate in this study, please read the statements below and if

you agree to them, please sign the consent form.

| have read and understood plagticipant information sheet

1 1 understand what the study is about, and what the information will be used for.
| understand that the interviews will be digitally recorded and recordings will be
deleted once they have been transcribed.

1 lunderstand that whthe researchers find out in this study may be shared with
others but that my name will not be given to anyone in any written material
developed and any information gathered will only be used for the purpose of this
research or for research publication.

1 1 understand that | will asked to participate in a focus group.
| am fully aware of all the procedures involving myself, and of any risks and
benefits associated with the study.

1 1'know that my participation is voluntary and that | can withdraw from thet proj

at any stage without giving any reason.

I consent to my involvement in this research project after agreeing to all the above

statements.

Name: (Please print):

Signature(participant):

Date:

Signature (investigator):

Witness:
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Appendix 4: Participant Information Sheet (Focus Group)

Project Title: Mobile Technology Supporting Learning in a Maths Support Learning
Centre

Researcher: Cillian O Murchu omurchu.cillian@itsligo.ie

You are being invited to take part in a research study. Before you make any decision,
it is important that you understand why the research is taking place and what the study
entails. This participant information sheet will explain the reasoning behind the
research together with any risks and benefits of the study being undertaken. Please
take as much time as possible to read through it and please feel free to ask any
questions on anything that you are unsure of. If you decide to take part, we will ask
you to sign a consent form.

You should only consent to take part in the research when you are fully aware of what
Is being asked of you and you have taken plenty of time to think about your decision.
Thank you for taking time to read this.

What is the study about?

The aim of the study is to identify the most common mathematical challenges students
attending the Maths Support Centre at IT Sligo present with and to explore the
effectiveness of a mobile maths app on student engagement and learning in the Maths
Support Centre. The study will look to develop an effective support and to address the

gaps identified, enhancing students mathematical learning experiences.

What will you have to do?

The study will look to identify the mathematical ‘trouble spots’ that students present
with at the maths support centre. Students will then make use of a mobile maths app
to help improve their learning and understanding of different mathematical concepts.
The study will explore the effectiveness of the maths app on student engagement and
learning in the Maths Support Centre.

As you know, all students taking as mathematics module at IT Sligo will complete a
maths diagnostic assessment. The data from the diagnostic test will be used as part of
the overall analysis for this research. Basic college details will be collected first from

each student that presents to the MSC. This data together with the topic and area of
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mathematical difficulty identified in the maths support session will be analysed at a
later stage. At the end of the first semester you will be asked to take part in a focus
group which will allow the participants the opportunity to express their views and
thoughts the mathematical difficulties they encountered throughout the semester in
their own terms.

You will be asked to engage with the app on a weekly basis, typically spending two
hours per week over a 12-week period where you will work through different problems
and short videos in your own time. The app will allow you to practice specific pieces
of knowledge to help improve your confidence and provide a deeper understanding of
the different mathematical concepts. You will be asked to take part in another focus
group to discuss your experiences of the maths support centre as well as the
effectiveness and challenges of the mobile maths app to your learning needs. All focus
group sessions will take place either online or in person at the maths support centre.
In both instances pseudonyms will be used to ensure student anonymity and cameras
will also be switched off in the event that the sessions take place online. The focus
group sessions will take place at the end of each 12-week period and will typically
take up one hour of your time. They will be recorded, with the recordings themselves

destroyed once they have been transcribed.

What are the benefits?
The study is part of a PhD study. Both you and future third level students will benefit
from this research as well as various Higher Education stakeholders. Any information

gathered will only be used for the purpose of this research or for research publication.

What are the risks?
There is no obvious risk associated with this study as the information sought is not of

a sensitive nature, and you can withdraw from the study at any time.

What if you do not wish to take part?

It is up to you to decide whether or not you wish to take part. If you decide to take
part, you are still free to withdraw from the study at any stage without a need to give
any reason. Failure to take part in the study will not affect in any way the support

offered to the student in the maths support centre.
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What happens to the information?

Any information that is collected about you during the course of the study will be kept
strictly confidential and will not be shared with anyone else. The data collected will
be stored securely and in a way that protects your identity. The study results will only
report aggregate findings and as a result will not identify you in any way. All data will
then be destroyed seven years after completion of the research. Data drawn and
analysed from student engagement with the mobile maths app will be used for research
purposes.

Who else is taking part?
Any student that attends the maths support centre at IT Sligo can take part in the study
once they give their consent.

What happens if | have more questions or do not understand something?

If you have any questions in relation to the study, please feel free to contact Cillian O
Murchu (omurchu.cillian@itsligo.ie) to discuss any issues that you may have or if you
wish any further details.

If you agree to take part in the study, please sign the consent form.

Thanks you for taking time to consider being part of this study.

Kind Regards

Ci”icm 0 Miecha
Cillian O Murchu (IT Sligo Lecturer and PhD student at NUI Galway)

This study has been approved by the NUI Galway Ethics Committee (approval
number: X). If you have any concerns about this study and wish to contact someone
independent, you may contact NUI Galway Research Ethics Committee, Research
Office, Room 212, Research and Innovation Centre, NUI Galway. Tel: 353 91 495312.

Email: ethics@nuigalway.ie
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9.1.1.4 Appendix 5: ParticipanEocus Group /Interview Consent Form

Focus Group /Interview Consent Form

Project Title: Mobile Technology Supporting Learning in a Maths Support Learning

Centre

Should you agree to participate in this study, please read the statements below and if

you agree to them, please sign the consent form.

1 1 have read and understood the participant information sheet
| understand what the study is about, and what the information will be used for.

1 Ilunderstand that the interviews will be digitatlgrded and recordings will be
deleted once they have been transcribed and any information gathered will only
be used for the purpose of this research or for research publication.

1 lunderstand that | will asked to participate in a focus group.

1 lunderstad that what the researchers find out in this study may be shared with
others but that my name will not be given to anyone in any written material
developed.

1 1 am fully aware of all the procedures involving myself, and of any risks and
benefits associatedtiwthe study.

1 1know that my participation is voluntary and that | can withdraw from the project

at any stage without giving any reason.

I consent to my involvement in this research project after agreeing to all the above
statements.

Name: (Please print):

Signature(participant):

Date:

Signature (investigator):

Witness:
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9.1.1.5 Appendix 6: Focus Group Sample Questions
1. What was your first reaction when using the mobile app?
2. How often did you use the mobile app?

3. Do you think the app has helped with your understanding of the different
mathematical concepts?

4. Did youfind the app easy to use?
5. How do you like the app design?

6. Which of the issues below were the biggest problem you experienced whilst
using the mobile app?

App was visually unappealing

The app was confusing to use

| experienced bugs whilst operatingaihye

The app did not have all the features that | needed to help me
Other, please specify.

PO T O

7. Can you describe a situation in which the app proved most useful?
8. What did you like most about the mobile app?

9. What did you like least about the mobile app?

10. Are there any functions that you would like to add to the app?
11.Have you any suggestions to help improve the app?

12.Would you recommend the mobile app to your friends?

13.How would you rate the app?
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9.1.1.6 Appendix 7: Maths Support Centre Feedback form
Q1. How did you find out about the Maths Support Centre?

" Directed by academic staff

" Student email

T Sligo website

" Other students

Q2. What was the reason that you used the Maths support centre?
" Regular Assistance

" General help with coursework

" Exam/Assessment revision

- Irregular use as the need arose.

Q3. Have you considered leaving your course because of the maths requirements of

your course?
“ Yes

© Maybe

“ No

“ Yes, but not because of the maths

Q4. How often have you used the Maths Support Centre?
" Once

" 2-5times

" 6-10times

" 10 or more times

Q5. Do you think your maths skill shave improved by visiting the Maths Support
centre? (Please select one option below)

© A great deal
“ Alot

© A moderate amount
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“ Alittle

“ None at all

Q6. How satisfied were you with the time and help you were given?
© Very satisfied

© satisfied

© Neither satisfied nor dissatisfied

© Dissatisfied

© Very dissatisfied

Q7. Would you visit the Maths Support Centre again?
-
Yes

“ No

Q8. Has your confidence in maths been improved by visiting the maths support centre?

(Please select one option below)
© Agreat deal

“ Alot

“ A moderate amount

“Alittle

~

None at all

Q9. The IT Sligo Maths Support Centre is looking at making a number of
improvements over the coming months. Please state which of the following you

would consider most appropriate (feel free to mention more than one)
" More opening hours
" More personnel

- Computers or extra software to demonstrate problems
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" Classes given on various basic maths topics
" A dedicated student maths support website or Moodle page with resources

" Other (please specify)

Q10. What do you like about the Maths Support Centre?

Q11. How do you think the Maths Support Centre can be improved?

Q12. Would you recommend the maths support centre to anyone else? If Yes, what

are your main reasons for doing so?

Q13. Do you have any further comments to pass on to staff that run and organise the

Maths Support Centre?

374



Appendices

9.1.1.7 Appendix 8: Garda Vetting for Researcher
9.2

- - ,
An Garda Siochana

Biura Miisivnta Grinnfhiosrichdin,

Bathar an Wischursa,

Durlas,

Contae Thiobraid Arasn.

Mational Vetting Bureau,
Raceeourse 1Load,
Thurles,

Co. Tipperary.

Teilealn / Tel: (1504) 27300
Facs / Fax; (0504) 27373

Bi linn/Join us ﬁ

Laithedn Gréasain/Web Site: www.parda.ic

Luaig an uimhir tagarta B.N.G. a leanas le do theil/
Please quote the following N.V. B, Ref. No: ITS002-20170619-02101

Vetting Disclosure

Ciara Compton
IT Sligo (HR)

Re: Cillian Omurchd, 17/11/1975, 59 Rathedmond, Sligo, FOIAHOR

Pursuant to your application within the provisions of Section 13 of the National Vetting Bureau (Children
and Vulnerable Persons) Acts 2012 to 2016 in respect of the above named, the herewith vetting disclosure is
issued to you within the provisions of Section 14 of the National Vetting Bureau (Children and Vulnerable
Persons) Acts 2012 to 2016.

Searches were conducted on the 04/07/2017 .
Criminal Record
NIL

Please Note: If the above-named asserts that this criminal record is inaccurate, the Liaison Person should
address the matter in writing to the National Vetting Bureau.

Specified Information

NIL

Qtﬂ%&/ M&/J/&‘/ Superintendent

Sarah Meyler
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9.2.1.1 Appendix 9Principal Investigator Cillian O Murchu CV

Cillian O Murchu

Lecturer at IT Sligo

School of Business & Social Sciences
Email: omurchu.cillian@itsligo.ie
Mobile: 0872830549

WORK HISTORY
IT Sligo (Sept 2010 — present)
Lecturer in Mathematics in the School of Business

Lecturer of Maths & Statistics, mainly across the Business courses both daytime and
online courses. | have also lectured computer applications and Financial Management to

business students.

I am currently lecturing on the data analytics, Big data and Business Analytics modules

for Business and marketing students.

I am currently the Programme Chair of the Higher Certificate in Business and Year Co-
ordinator for the Bachelor of Business Level 7 and Higher Certificate in Business in
Accounting.

I currently tutor for the Maths Support Clinic to students across the Institute and |1 am

currently involved with the Irish Maths Learning Support group.

| was part of the programme design team for a number of new business courses including
the BA in Insurance Apprenticeship programme. | have been Involved in the various

college open days & promotion of the college in schools around the country.
Maths Tutor Excellence Award Winner 2019

Research Interests

Currently pursuing a PhD in maths & education in NUIG.
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Presented a paper at Ed Tech 2017 "Using Peer Advice to Overcome Online Teaching
Challenges"
Presented at RAISE 16: Online experiences and student engagement.

Ursuline Secondary School (Sept 2009 — June 2010)
Maths Teacher

National University College Galway (Sept 1999- April 2001)

Part- time lecturer in Applied Statistics

A | taught an applied statistics course to 4™ year and postgraduate students of
microbiology & biochemistry.

Computer labs teaching the statistical package Minitab were given

Office hours were setup to provide additional support to the students.

| also liaised with various heads of departments in constructing the course
content that best suited the needs of the students.

T > >

National University College Galway (Feb 1997-April 2001)

Tutor

A From early 1997 —April 2001, | was also employed by NUIG as a tutor. My role
involved giving tutorials in stats, math’s & business maths to students of
commerce (both undergrad. and post grad), science, engineering & arts.

A I was also involved in the correction of assignments & helped in the correction
of a stats exam.

HC Financial Services (June 2006 — Jan 2009)

Senior Investment Administrator

Dolmen Securities, Dolmen House, 4 Earlsfort Terrace, Dublin 2. (July 2002-Sept
2005)
Credit & Performance Attribution Analyst

A My role involved managing the credit risk on a €1bn portfolio of Blue Chip
corporate credits.

Duties included the production on a timely basis credit analyses / updates on
Specified credits in the Blue Chip Portfolio

Keeping up to date with Issues on a Sectoral/ Industry basis in both the US &
Europe.

Monitor stock prices & spread levels of the Blue Chip portfolio- and report
exceptions.

Focus specifically on Investment Grade credits, with specific focus on 300-400
names that dominate the Credit Default Swap universe.

Establishment of contacts with Analysts at UK/ US Investment banks.

Report writing for Blue Chip’s Quarterly Investor Report.

> > > > >
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A Identification & execution of trading opportunities for the Blue Chip transaction.
A Schedule/ distribution of Credit Papers for Blue Chip Credit Meetings.
A Training new staff

Whilst working in Dolmen Securities, | have also passed the registered representative
(stock broking) exams.
St George Margin lending, Sydney, Australia (May 2001-April 2002) Risk Analyst

Europa General Insurance (Jan 2000 — March 2001) Statistical Analyst

EDUCATION

DCU: MSc in Financial & Industrial Mathematics (1% Class Hons) (Sept 1998 — Sept
1999)

NUIG: Higher Diploma In Education (Pass) (Sept 1997 — Sept 1998)

BSc in Mathematics (1%t Class Hons) (Sept 1993- Sept 1997)

National University of Ireland, Galway (Awarded prize for 1st in maths in NUIG in 1992
&

Awarded prize for 1st in maths in NUIG in 1993.)

Other Skills

Professional, versatile, ambitious, self-motivated

Strong Interpersonal Skills, ethics and Initiative

Desire and aptitude to learn a wide range of business and technical information
Excellent communication skills, Proven track record, good problem solving skills and
solution orientated.

9 Fluent Irish, conversational French.

General Interests

= =4 —a A

I am a keen sportsman and play golf on a competitive level. | also like to travel whenever

I can and enjoy meeting new people and experiencing different cultures.
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9.2.1.2 Appendix 10: Supervisor, Cornelia Connolly CV

Cornelia Connolly

Lecturer Above the Bar,

School of Education,

National University of Ireland, Galway,
Ireland.

T: +353 (0)91 492369

E: cornelia.connolly@nuigalway.ie

PROFESSIONAL EXPERIENCE

(2017 — present) Lecturer, Above the Bar, School of Education, NUI Galway (2017-
present)

(2004 — 2017) Lecturer, Department of Mathematics and Computing, Dundalk
Institute of Technology

(2009-2012) Founder and Operations Manager, LearnOpt.

(2002 — 2004) Consulting Analyst, Accenture, (2002-2004).

(2000 — 2002) Researcher, Wireless Access Research Group, University of Limerick.
(2000-2002).

(2002, 2004) CAD Design Engineer, Analog Devices, Limerick (work placement).

2003 — 2008 PhD, University of Limerick

- Thesis Title: O0OAddressing Programming A
First Year Computing Students through Pedagogical Innovatiotegrhin
Anal ysis. o

- Pedagogy, Student Learning at Higher Education, Cognitive Developnietyt, Anx
Retention.

2000 — 2002 Masters of Engineering, Research, University of Limerick

- Thesis Title: 0OAn Analysis of Queuing N
Area Networ ksbo

- Queuing Theory, Mathematics, Communications, Networking, Wiceless
Technologies.

1996 — 2000  B.Eng. in Computer Engineering (2.1 Hons) University of Limerick.

379



Appendices

RESEARCH

Research funding:

- Google Computer Science Professional Development Educator Award (2018)

- Google funding for @M?: Creative Coding for Maths Makers (2017)

- NUI Galway research seed funding Mathematics and Computer Science Education

(2017)

- HEA Strategic Innovation FundkpProject Title: Individualised Digitised
Educational Advisory Systems, (2006)

- HEA Strategic Innovation Fund (SIF) Project Title: Education in Employment,

(2008)
- SFI I nstitute Planning Gr atAtSelf Ti t |

Assessment Studf/Female Involvement in Science, Engineering and Technology

oW

Research at Dundal k I nstitute of Techno

- Dk1' T Research Seed Funding, Title:

o0Dev

| mprove Student Retention on Computing

KEY PUBLICATIONS

Book:
Moore, S., Neville, C., Murphy, M., and Connolly, C. (2010) “The Ultimate Study
Skills Handbook™ Open University Press, London

Book Chapters:

Connolly, C., Mayank, S.P. and Marsden, N, (2018) Online Teaching and
Communication: Emotions in Computer-Mediated Communication, Encyclopaedia of
Education and Information Technologies, Springer

Connolly, C., Murphy, E. and Moore, S. (2008) “Adults Learning Computer
Programming, Pedagogical Understanding and the Role of Anxiety”, in Aung, W. et
al. (eds), Innovations 2008 — Special Edition, World Innovations in Engineering

Education and Research, VA: Begell House.
Journals

Hall, T., Connolly, C., (2019) Mobile Learning in Teacher Education, TechTrends,
pp. 1-3 https://doi.org/10.1007/s11528-019-00438-7
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Connolly, C., Cosgrove, T., (Forthcoming), Applying Lonergan’s Theory to Action
Research and Action Learning in Mathematical Pedagogy, Educational Philosophy
and Theory

Parke, K., Marsden, N., Connolly, C. (2017) 'Lay Theories Regarding Computer-
Mediated Communication in Remote Collaboration' Open Praxis, 9(1), pp. 17-30
Connolly, C., Marsden, N., (2016) 'Constructivism in Computer Mediated
Communication-Digital Learning, a Software Engineering Module' European Journal
of Open, Distance and E-learning, 17(2)

Lynch R, Mallon B, Connolly C. (2015) “The Pedagogical Application of Alternate
Reality Games: using Game-Based Learning to Revisit History” International Journal
of Game-Based Learning, 5(2), p.18-38.

Connolly, C., Murphy, E. and Moore, S. (2008) “Undergraduate Computing Students
and Programming Anxiety — A Key in the Retention Debate? IEEE Transactions in

Education, Special Issue on Microelectronics, 51(4)
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Appendix 11: Gatekeeper letter

A

An Institivid Teicneolaiochta,

Appendices

Institute Research
Ethics Committee
(IREC), Institute of
Technology

Sligo

Date: 9/9/20

Dear Cillian,

Research into Maths Teaching with NUIG

Many thanks for informing me of your research project setting out to
identify the most common mathematical challenges students attending the
Maths Support Centre at IT Sligo present with and to explore the
effectiveness of a mobile learning maths application on student engagement
and learning in the Maths Support Centre (MSC).

Having obtained ethical approval for the broader project through NUIG, |
am happy to confirm that this approval is also valid for the purposes of IT
Sligo and that you can proceed to collect data in the Institute as part of this

project.

| wish you every success with the study. Yours sincerely,

e om&@j

Dr. Chris O’Malley Chairperson

Institute Research Ethics Committee (IREC),

Institute of Technology

Sligo
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Appendix C: Maths I7s
Learning Sligo Institute of Technology
Centre Report Maths Support Centre Report 2017-2018
Cillian O'Murchu
2017-2018

Introduction

The Maths support Centre (MSC) at the Institute of Technology, Sligo was set up in
2012 as a special inter-school initiative of the institute with the purpose of supporting
students’ mathematics learning across all programmes by:

1 providing a dedicated area with supervised access and resources to support
students in a relaxed environment

1 delivering appropriate support services for students on service mathematics
courses

1 addressing the mathematics needs of special groups

The MSC opens for 2 hours during academic term in semester 1 and 3 hours in
semester 2. The centre, to date, has been a success and has proved to be a valuable
resource to both struggling and able students based on feedback received from students
who have used the centre.

Large increases in the number of students attending the MSC over the previous
semesters led to a re-evaluation of opening hours. With the support of the newly
appointed Educational Development Manager, Institute management agreed to
provide an additional 4 hours in semester 2 (7 hours in total) for the MSC in order to:

1 extend the existing mathematics support it currently provides to both incoming
and existing students in terms of the drop-in clinics, and

1 expand MSC services to include structured mathematics sessions Monday -
Thursday, provide revision sessions close to examination times, and deliver
online support tutorials, group tutorials, etc.

The overall aims of the centre include:

1 Support IT Sligo students who may experience difficulty with mathematical
and/or statistical contents in their courses/modules regardless of year or
programme

1 Enhance the quality of mathematics/statistics provision at IT Sligo which
invariably will promote/market IT Sligo to prospective students as being a
supportive Institute to students

1 Enable IT Sligo students to develop, deepen and increase their understanding
and knowledge of mathematics/statistics

1 Continue to target improved retention and achievement

1 Engage learning in a structured and student-centred learning environment

Publicity

At the beginning of the week of the 6™ of March, Students were contacted on a daily
basis via email and were also reminded of the new maths support times during their
own course maths lectures.
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I sligo

The Maths support centre took place at the following location and times from the 13* of
March.

Day Time Room
lpm-2pm B1086
I 3pm - 4pm D1024
[ —

10am - 11am D1024
N 1pm - 2pm B1086
[

10am - 11am B1086
N 1pm - 2pm B1086
|| —— |

3pm - 4pm B1086

The Maths support centre fook place mainly in room B1086. Due to timetabling restrictions
mid semester, D1024 was also used. B1086 can comfortably accommodate about 20 students
at any one time. This room is an ideal location for the maths support centre as it contains a
mumber of useful facilites ideally suited to the centre. There is a large white board at the top
of the room with a number of smaller white boards around the room. The stadents make use of
the “Node™ chairs (see photo below) i the room which facilitate group leaming and mdividual
leaming seamlessly. There is also ample space in the room to allow the use of laptops.

Datz Collecticn

A googledocs sheet of all students that attended the MSC was mamtained. At each wisit the
student fills out an attendance sheet recording his or her name, student mumber, programms,
module for which help is being sought and email address. At the end of the MSC session, the
tutor added the topics covered for each student that attended the session.

Semester Visits to the MSC since 2016

The numbers of visits to the MSC since semester one of the 20162017 academic year are given
in the chart below. There has been a steady increase i the numbers attending the MSC since
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semester one of 2016. However, we can clearly see the dramatic rise m numbers attending the
MSC since the addition of the extra hours during this semester. This put severe pressure on the
staff of the MSC to cope because of the current numbers attending the MSC.

No. of Visits to the MSC
%0

200

150

No. of Visis

Sem114/17 Sem2 1417 Sem117/18 Sem2iV/1a
Semesters

There were a total of 185 visits to the maths support centre over the 7 week period from the
12% of March.

There were a total of 69 distinct students that attended the maths support centre from the middle
of March. (The beginning of the new hours for the MSC). The weekly wisit breakdown since
the first week in March is shown i the @able below. The falloff m week 9 and week 12 before
picking up again in the ensuing weeks. This fall off is explained by the shorter week of week
9(comdmgwlhdn$thmcks¢hyndasmsofmﬁsexmsimnokplxemsﬂn
various courses during week 12.) The large attendance dunng week 14 was a result of exam
revision sessions that took place resulting m a large number of student visits.

New Maths Support Centre Weekly Visits

Week S Week? WeskI0 Wesk Il Week 12 Week1d Week14

The 185 wisits to the MSC (smce the addition of the new howrs) are broken down by the
different departments in the college as shown in the table below:
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Visits by Department

e — | & S— |

One of the key objectives of the Maths Support centre is to assist first year students with the
transition from second lewel to third level mathematics. We welcome the fact that 83% of all
visits to MSC during semester two were contributed by first year undergraduates as illastrated
in the pie chart below.

% Visits by Student year

Yeur3
1%

Findings

Times of opening during both semesters were adjusted from the previous year as it was found
that the 10:00 to 11:00 hour was poorly attended and the previous year's evaluation had
indicated that an evening session should be available to evening students or those whose lecture
tinetable did not allow them attend at normal opening hours:
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Maths Support Centre Survey

All smudents who visited the MSC during the year were invitad to complete a short online
survey. A summary of some the responses are given below.

How did you find out about the Maths Support Centre?
sedora i sl
-ty
Cnr wuerts -
Tl ™

~ L "~ L1 s, a0 LA e N LOA L

Have you considered leaving your course becanse of the maths requirements of your
course?

DA OWN O OIIN OID% % 0N BN O TTA BUWM X% W
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‘What was the main reason that you used the Maths Support Centre?

Regukr
e —— Aszistance
e need sroce 26%
3%
General held with
SxamyAszessment corsework
revision 26%
%

How often have you used the Maths Support Centre?

e-.-. LR
-~tauru- 1538

LU N A Al i~ o o LS LA
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Do you think your maths skill shave improved by visiting the Maths Support centre?

T _ Il
o - e
A rosonir
e A =™
A)"w. IEN

Noneat dl

LS S Y X% o 905 N w% %N "%

0% 0%
How satisfied were you with the time and help you were given?
s
e
G 00
0w
£.00%
aje
N . S
—
c
ey BN Neine (e TRRTLES 220 ey
wrfied saisted roe ANsyTNTea
chenatafied
Has your confidence in maths been improved by visiting the maths support centre?
100%
0%
o
18.46%
39,62%
40%
0a%
20 : 7.69%
o%
A great dosl &t & modarate Alltele None at all
amoure
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The IT Sligo Maths Support Centre is looking at making a number of improvements over the
coming months. Please comment on the improvements that you think can be made to the MSC.

Improvements to MSC

MORE OPENING MORE MORE PCS BASIC MATHS MOOOLE OTHER
HOURS PERSONNEL TOMCS QLASSES  PAGE/WERSITE
Types of Impocevments

Student Feedback
Some of the feedback recerved from students that attended the MSC s listed below. (Note that
names and other semsitive information have been remowved.) The feedback from students
indicate an extremely positive attitude from students towards the Maths Support centre and the
service it provides.

"I am a marure student and one of my greatest fears on my renwn to coilese this year was
maths. Like most mature students, I would not have used much maths in my workpiace and I
knew that jearning this skl after twenty years would be an uphiil battie. However when I
discovered that there was a maths support class dwring coliege howrs I was relieved. It s a
great service and I have not missed a iunchrime tuition. I found it a great help and advantage,
which led me to recenve a high grade in the midterm assessment. Civil engineering is a mahs-
based course and maths is used in every subject. Withour a good nowledge of maths, I would
fail to progress in my cowrse and to gain this inowiledge I need support. I'was shown a simpie
step-By-step manner fo approach each probiem which I find mvaluable. I foel there shouid be
more time aliocated to this service, if there were I for one would avail of'it. ™

"I foel 1o me that {f'i did not have access to these much needed Marhs Support classes i would
putting it simply not have the confidence to walk into the maths exam i May. This s a valuable
source of help for mysejf and fellow students that may be as mentioned having some minor
izsues or having a lot ¢f difficulty with variows mathematical topics or may be simply looking
to improve therr understanding and confidence in maths.

"I have recenved excelient marks so far in my maths work and this is in no small way due fo
Your gentie and gffective heip in the support centre.

“Weil for me the maths was gomg and stli is going far 100 fast for me to catch up with it and
without your suppart I wouid have fatied. It is that simpie, your help is invaluabie and there
s no way that I could have survived the maths and indeed other modules without your heip.”
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“Jhst to let you know that I certamiy bengfited from the Math: Support Group and wouid
recommend it to anyone to arfend.. "

"I found the maths support classes a great help through the year they are a grear way 10 revise
Jor a test or just to go through tfopics thar are difffcut I aiways had difficulty with maths
without these support classes I would have soruggled big ame. I would highly recommend the
maths support class to anyone who is having difficulty. ”

"Helped me prepare for my exams and improved my understanding gf maths i my cowrse. "
"Definitely would recommend marh support as it is easier o foliow because it is a one on one
class.”

“I'd like to take this chance to thank the maths support team. For me it was a gift and I hope it
stays as qften as it is because I intend to use it and promote it as much as possible. I think it's
a really good initiative the probiem is gerting heip to ones who need to be dragged over the
threshold due to either their own lack of imitiative or confidence in admitting they need a hand ™
A much needed resource for smudents. I can teil the Maths Support Centre is going o be used
very qften over the next fow years. ”

"Keep up the good work."”
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Appendix D: ATU Sligo Maths Support Feedback Form

Q1.How did youfind out aboutthe MathsSupportCentre?
- Directedby academistaff

" Studenemail

T Sligowebsite

" Otherstudents

Q2.Whatwasthereasorthatyouusedhe Mathssupportcentre?
- RegulaAssistance

N Generahelpwith coursework

" Exam/Assessmemévision

- Irregulauseasthe needarose.

Q3.Haveyouconsideretkaving/ourcourseébecausef the mathsrequirementsf your
course?

“ Yes

© Maybe

“ No

O Yes but not becausef themaths

Q4.How oftenhaveyouusedthe MathsSupportCentre?
" Once

" 2-5times

" 6-10times

" 100r moretimes

Q5.Do you think your mathsskill shaveimprovedby visiting the Maths Support

centre{Pleasselecbneoptionbelow)

“ A greatdeal
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A lot

A moderatemount

~

A little

“ Noneatall

Q6. How satisfiedvereyouwith thetimeandhelpyouweregiven?

© Verysatisfied

© satisfied

“ Neithersatisfiedor dissatisfied
Dissatisfied

Verydissatisfied

Q7.Wouldyouvisitthe MathsSupportCentreagain?

“ Yes

“ No

Q8. Hasyourconfidencen mathsbeenimprovedby visitingthe mathssupportcentre?

(Pleasselecbneoptionbelow)

“ A greatdeal

“ Alot

“ A moderatamount

“ Alittle

“ Noneatall

Q9.ThelT SligoMathsSupporiCentraslookingatmakinganumberof improvements
overthe comingmonths.Pleasetatewhichof the followingyouwouldconsideimost
appropriatéfeelfreeto mentionmorethanone)

- Moreopeninghours
- Morepersonnel

- Computer®r extrasoftwareo demonstratproblems
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- Classegivenon varioushasianathstopics
A dedicatedtudenimathssupportwebsiteor Moodlepagewith resources

- Other (pleasspecify)
Q10.Whatdo youlike aboutthe MathsSupportCentre?
Q11.How do youthink the MathsSupportCentrecanbeimproved?

Q12.Wouldyourecommendhe mathssupportcentreto anyoneelse?f Yes,whatare

yourmainreasongor doingso?

Q13.Do youhaveanyfurthercommentgo passon to staffthatrun andorganise¢he
MathsSupportCentre?
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Appendix E: Diagnostic Test Description

The diagnostic test consists of twenty questions covering nine basic numerical topics
that the student will endeavour to complete. All questions must be answered. The

topics examined in the test are outlined below.

1. Arithmetic Operations: Designed to examine knowledge of the order of the

various arithmetic operations and the use of brackets in mathematical expressions.

Example: Calculate X T pPpT T

2. Fractions: Designed to examine the student’s ability to evaluate expressions

involving different types of fractions.

Example: Calculate - - -

3. Percentages: Designed to examine the student’s knowledge of working with

percentages,

Example: What is 15% of 3607

4. Decimal Representation: Designed to test the student’s ability to describe numbers
more precisely and to represent numerical amounts correct to a specified number of

decimal places.

Example: Simplify - — and give your answer correct to two decimal places.

5. Exponents: Designed to test the student’s knowledge of exponents and to examine
their ability to represent such expressions in their decimal form.

Example:

Evaluate ¢& p 1t p& p 1 Give your answer correct to three decimal

places.
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6. Averages: Designed to test the students’ ability to find the average of a set of data

values.

Example: Find the average of the following sample of data points 15, 18, 28, 39, 62,
45

7. Geometry of a line: Designed to examine the student’s knowledge of linear
equations and graphs.

Example: Find the slope of the line vw oW C

8. Manipulation of algebraic expressions: Designed to test the student’s ability to
manipulate and simplify an algebraic expression,

Example: Express @ o T® @ intheform ¢ @©O® @
9. Numerical evaluation of algebraic expressions: Designed to test the student’s

ability to evaluate different types of algebraic expressions numerically.

Example: f'Qo  qw ow X findthe value of 'Q ¢

A sample of tke numeracy diagnostic test is on the next page.
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Appendix F: Sample Maths Diagnostics Assessment

Q1.Evaluate the following. (Give your answer correct to two decimal places)

aln,
N
Sl

Q2.Solve for x (Give your answer correct to two decimal places)

3x=16

Q3.If the mean of the following is 40, what is the value of the unknown data value n?

45, 32,12, 16, n, 18, 40

Q4.Find 69% of 7. Give you answer correct to two decimal places.

Q5.What is the value of p in the following expression?

Q6.What is thenean of the following sample of numbers (Give your answer correct to
the nearest whole number)?

12,8,42,16, 6

Q7.1f 3 bars cost 75 cents, find the cost of 5 bars.

Q8. Find 17% of 98. (Give your answer correct to one decimal place.)

Q9. Writtw-b AGAAAET Al
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Q10. Evaluate the following (Give your answer as a fraction or correct to two decimal
places)

LI
v (o)

Q11. Find the value of the following expression: (Give your answer to the nearest
whole number)

prtmpt v b

Q12. Solve the following equation for x:

O OW U

cdoE
C

Q13. Evaluate the following:

>X|N
cl

Q14. If in the formula p =zt ,z =36 and p =144, what is the value of t?

Q15. If a=-1 and b =4, what is the valueodf T X

Q16. Evaluateq@ p m )(p® p m).
Input your answer as a deciomtect to three decimal places.

Q17. Evaluatey® pTm)+(X®» p ).
Input your answer as a decimal correct to three decimal places.

Q18. If the mean of the following sample is 80, what is the value of the unknown data
value n?
112, 58, 23.2, 87.7, n, 120.4,18.8, 95

Qu9.Consider g(x) = (2x 1T AWpP(6Xx + 4). Whalt

Q20. Find the slope of the line 3x + 4y = 7 t&ryour answer correct to one decimal
place.
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Appendix G: Blutick Maths App Feedback Questionnaire

1.Gender
© Male
“ Female

2.Describe your mathematical confidence/ability before the use of the Blutick Maths
App?
|

3.Did you find the Blutick Maths App helpful? If so what were the good features of
the application?

4.What do you like least about the Blutick mobile application?

5.
Which feature would you likely use the most in the future?

6.Are there any features that you think you need but are missing in the maths
application?

7.
Would you recommend the App to a friend that is having difficulty with maths?

8.Do you feel the Blutick App has helped improve your maths confidence/ability? If
so how do you feel it has helped you?

9.
Any Suggestions for Improvement?

10.Rate how the Blutick App has helped your confidence in maths on a scale of 1 to 5
wherel = Not at all Helpful and 5 = Extremely Helpful.

Not at all Helpful ~ Not Helpful Neutral ~Somewhat Helpful Really Helpful
Options C C C C

11.Rate how the Blutick App has impacted on your maths performance (in
exams/tests) so far on a scale of 1 to 5 where 1 = No impact at all and 5 = Has had a
large impact.
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No impactat  Not Much Has had some Has had a big
Neutral
all Impact Impact Impact
Options” C C C C

12.0n a scale of One to five, how would you rate the maths app?
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Appendix H: Focus Group Sample Questions

Q1.What was your first reaction when using the mobile app?
Q2.How often did you use the mobile app?

Q3.Do you think theapp has helped with your understanding of the different
mathematical concepts?

Q4.Did you find the app easy to use?
Q5.How do you like the app design?

Q6.Which of the issues below were the biggest problem you experienced whilst using
the mobile app?

Q7.App was vigally unappealing
a. The app was confusing to use
b. | experienced bugs whilst operating the app
c. The app did not have all the features that | needed to help me
d. Other, please specify.

Q8.Can you describe a situation in which the app proved most useful?

Q9.What did gu like most about the mobile app?

Q10. What did you like least about the mobile app?

Q11. Are there any functions that you would like to add to the app?
Q12. Have you any suggestions to help improve the app?

Q13. Would you recommend the mobile app to jremds?

Q14. How would you rate the app?
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Appendix I: Blutick Application
https://blutick.com/

https://www.youtube.com/watch?v=vJdpfvOSJpo

°
- 7 =

b | U t l c k. AboutUs Pricing Resources Blog | Login )
-

maths with confidence

Transforming
mathematics learning

for 11-16 year olds b | $ [ 4 l(

Built by teachers and powered by Artificial Intelligence, Maths confidence
Blutick puts tutors and teachers in control of their
students’ learning. It teaches and guides students
through mathematical concepts with a unique
combination of video content, worked examples and
interactive questions. Instead of telling students

Watch on (8 Youlube

they're wrong, it offers encouragement and

meaningful help, which increases engagement and
results.

It’s the future of mathematics learning, and we
want to share it with you.

Book A Demo Try It FREE

Why choose Blutick?

Responsive teaching that
builds confidence and
understanding

Students love Blutick’s Al-powered teacher avatars!
They give instant and intelligent feedback at every
single line of working. This means students
understand their mistakes, learn from them, stay
engaged and keep trying. Students can go at their
own pace, choosing their favourite teacher avatar
and practising each topic as much as they need
before moving on. No more time wasted on incorrect Keep going!

lines of working. No more wrong answers without ; /, You're doing great!
knowing why. No more disengaged students. ]

See How It Works
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Appendix J: Descriptions of the different Blutick Tasks Assigned

Basic Arithmetic
Tasks

Task Description

Adding &
Subtracting

Fractions

Addition and Subtraction of Fractions involve the adding
or subtracting or two or more fractions with the same or

different denominators

Adding And
Subtracting

Decimals

The addition & subtraction of decimals is similar to the
addition and subtraction of numbers, but these numbers
contain decimal points where a decimal number has two

components: a whole number part and a fractional part.

Calcs with Mixed

Numbers

Adding, subtracting, Multiplying, and dividing Mixed
numbers - where a mixed number is an integer with a
fraction, whose value equals the total of the integer and

the fraction together.

Convert Fractions &
Decimals

Converting fractions to decimals and decimals to

fractions.

Decimal Places

Rounding numbers to a certain number of decimal places.
This involves shortening a decimal number to a given

degree of accuracy.

Dividing Decimals

Dividing numbers in decimal format.

Dividing Fractions

Division of factions.

Division Methods

Dividing two integers.

Equivalent
Fractions and

Mixed Numbers

Converting fractions and mixed numbers into their

simplest form.

Equivalent Ratios

Reducing a ratio (a relationship between two or more

guantities) in its simplest form.

EXxpress as a

Percentage

Converting fractions and decimals into percentages

(Numbers or ratios that represent a fraction of 100).

Find a Percentage

Change

Working out a percentage change between two quantities.
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Finding a

Percentage
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Finding a percentage of a number.

Fractional Powers

Evaluating numbers with fractional powers.

Factors & Multiples

Working out factors (one of two or more numbers that
divides a given number without a remainder.) and
multiples (a number that can be divided by another
number a certain number of times without a remainder) of

various integers.

Fractions and
Percentages

Conversions

Converting fractions to percentages and percentages back
to fractions.

Multiplication

Methods Multiplying two or more numbers together.
Multiplying

Decimals Multiplying two or more decimal numbers together.
Multiplying

Fractions Multiplying two or more fractions together.

Multistep Fractions

Calculations

Addition and subtracting of more than two fractions.

Operations with
Brackets

Working with integers and brackets.

Operations with

Negative Numbers

Adding and subtracting positive and negative integers

Order of

Operations

Working through the different rules that explains the
correct sequence of steps to evaluating different maths

expressions.

Ordering Numbers

Ordering integers correctly.

Percentage

Decrease

Decreasing numbers by a certain percent.

Percentage Increase

Increasing numbers by a certain percent.

Percentages and
Decimals

Conversions

Converting decimals to percentages and percentages back

to decimals.
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Place Value

Identifying the numerical value that a digit has by looking

at its position in a number.

Positive Integer

Powers Working out the value of positive index numbers.

Ratios and

Fractions Ratios and fractional amounts of different quantities.
Working out questions to find the root of a number - the

Roots number that when multiplied by itself produces the

original number.

Rounding Whole

Numbers

Converting a number to a whole number, whose value is
close to what it was, but making the number simpler to

use.

Significant Figures

Identifying the number of digits that are meaningful in a
number which can help to decide the accuracy and

precision of any measurement.

Simplify
Expressions with
Surds

Working with expressions involving surds - square roots
of number that cannot be simplified into a whole or

rational number.

Simplifying Surds

Simplifying surds into a number of decimal places.

Types of Numbers

Identifying the different types of numbers.

Zero & Negative

Powers

Calculating values for zero and negatively powered

numbers.

Highest Common
Factor

Finding the highest number that two or more numbers can
be divided by evenly with no remainder.

Lowest Common

Factor

Finding the smallest number that is a multiple of two or

more numbers.
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Basic Algebra Tasks

Task Description

Add & Subtract Equations with
Fractions 1

Add & Subtract Equations with

Fractions 2

Solving linear equations involving fractions

Cancelling Common Factors 1

Cancelling Common Factors 2

Simplifying Algebraic Fractions by cancelling

common factors.

Collecting Like Terms 1

Collecting Like Terms 2

Collecting similar terms together to simplify a

mathematical expression

Difference of Two Squares

Factorising algebraic expressions that includes two
squared terms, where one term is subtracted from the

other.

Discriminant

Working with the part of the quadratic formula that

is underneath the square root symbol.

Equations with Fractions 1

Equations with Fractions 2

Solving linear equations involving fractions

Evaluating Expressions 1

Evaluating Expressions 2

Finding the value of expressions when the variable

is replaced by a given value.

Expand & Simplify Equations 1

Expand & Simplify Equations 2

Expanding Brackets and Simplifying linear

expressions

Expanding a single Bracket

Expanding Two Brackets

Multiplying every term inside the bracket by the
term on the outside and then collecting like terms and
in the process removing the set of brackets.

Expressions with Powers

Evaluating algebraic expressions with powers.

Factorising Quadratics

Factorising Quadratics 1

Factorising Quadratics 2

The process of converting various quadratic

expressions into the product of two linear factors.

Finding Common Factors

Finding common factors among

Linear Equations

Solving an equation in which the highest power of
the variable is 1. Solving equations of the form y =

mx +C

Multiply and Divide Fractions
(Equations)

Multiplying and dividing equations with fractions.
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Solving quadratic equations (of the form ax? + bx +
¢ = 0) with fractions where the highest power of the

variables is 2.

Quadratic Formula

Working with the quadratic formula that gives the
solutions of the general quadratic equation ax? + bx

+c=0
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Basic Algebra Tasks Task Description
Rules of Indices 1 Working with the different rules of indices, that help
to simplify calculations involving powers of the
Rules of Indices 2 same base.
Simple Linear Equations Solving basic linear equations.
Simplifying Products Multiplying 2 or more algebraic terms by each other.
Simplifying Quotients Dividing algebraic terms by each other.

Solving a set of two equations, with two different
variables whose values can simultaneously satisfy
Simultaneous Equations - both equations - by initially eliminating one

Elimination variable.

Solving a set of two equations, with two different

variables whose values can simultaneously satisfy

Simultaneous Equations - both equations - by rewriting one variable in terms
Substitution of the other.

Subject of a Formula Inverse 1 Rearranging formulae so that a new variable is
Subject of a Formula Inverse 2 written in terms of the other variables in the formula.

Working out the value of a formula by replacing the

Using Formulae variables with known values.
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