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Abstract

This small-scale research explores how technology can support learners to experience maths in
new ways, supporting mastery skills and learner independence. The COVID pandemic drove
schools and colleges to move their teaching online, and this afforded the perfect opportunity to
investigate what exactly is required - for both learner and teacher — to design and effectively use
digital pedagogical approaches in mathematics teaching. It explores the digital and pedagogical
barriers faced by both teachers and learners and suggests ways to address these barriers.

The research involved fourteen teachers from six colleges and one secondary school. Over a
period of five months, they undertook three interventions exploring: collaboration supporting
learner interaction; independent work and formative feedback; using evidence-based strategies
in an online setting.

Data was collected via tutor reports, tutor reflective journals and questionnaires and charts. The
learner voice was captured via questionnaires and Socrative.

The research indicates that the role of the teacher is vital in building online relationships, but also
reveals that the ‘teacher’ role in a digital environment is often misunderstood or displaced in favour
of facilitating technological applications and software. There is a tendency to ‘replace’ classroom
teaching rather than ‘remodel’. Teachers lack both the time and confidence in their own digital
skills to create their own content, relying on more traditional classroom-based methods or ‘off the
shelf mathematics software packages.

The report makes a number of recommendations to address these issues which includes: a whole
college approach to a dedicated CPD policy that affords both time and regularity, and one that
takes into account tutor constraints, thus allowing teachers access to technology that can
enhance and expand the learner experience in maths; improving the awareness of digital
pedagogy as a threshold concept, avoiding ‘like for like’ classroom modelling; using digitally-
focused reflective models to improve maths TLA.



Table of Contents

Contents
Y 0111 = o PSPPI 3
Online: on Point Or OFf-KITEI? ..........u e 6
oo [¥ o 1o o PSSP 6
Research ENVIFONMENT........ooiiiiiiii e e et e e e e e eeeees 6
RESPONSE 10 COVIA 19 ...ttt 7
ReVIEWING the LIEIratUre.........coviiiiiiiiiiiiiiiiieeeeeeeeeeeeeeeeee e 8
Use of Technology iN @AUCALION ...........uuuuuuiiiiiiiiiiiiiiiiiiiiiiiiiibee e 8
Planning the use of teChNOIOQY ........coiiiiiiiiiic e e 9
Continuing Professional Development for digital competency............cccoeeeeveeenn. 10
[ [T o] ][ aTo B ==V 1] o 11
(T2 o] o T I = T 11
RESEAICN INTEIVENTIONS ....eviiiiii et e e ettt e e e e e e e e eeeaaaa e e e e eeeeeeeenes 13
Data ColleCtion MethOdS ..........ccoviiiiiiiiiiiiiiiiiiieeeeeee e 15
ENICS e 16
RESUILS N0 DISCUSSION ....ceevviiiiiiiiiiiiieiiiie ettt ettt ettt et e e e e e e e e e e e e e e e e eeeeeeeees 17
The importance of building online relationships..........cccoooooviiiiiiii, 17
ROIE Of the TEACNET ... .uuuiiiiiiiiiiiie b nnnnnnnne 18
DT [ =l = =To F= To oo |20 18
CPD and teacher CONfIAENCE.........coviiiiiieeiee e 20
Learner confidence and iNdEPENUENCE ..........uuuuiuiriiiiiiiiiiiiiiiiiiiiiieieeeeeeieeaees 22
Conclusions and RECOMMENTATIONS ........uuuuuuuuiiiiiiiiiiiiiiiiieiieeeeebbbbb bbb 24
ST TV F= 1 0 [0 VLY (ST (ST 0 1 25
] (=] (=] 1= USRS 27
APPENAICES .o 29
APPENIX 1 - INTEIVENTION 3. .. ittt aeanenanne 29
APPENAIX 2 — SOCTALIVE ...ttt snnnnnne 30



Table of Figures

FIQUIE 1 - INTEIVENTIONS ...ouiiiiii et e e e e e e et e e e e e e e e e e e e e aeeeeeeennes 13
Figure 2 - Data ColleCtioN CYCIE .......ouveeiiei e e 15
Figure 3 - Concept Diagram Of FINAINGS.......ccoovviiiiiiiii i e e e eeeaens 17
Figure 4 - Learner FEedDaCK..............uuiiiiii i 22
Figure 5 - Recommended Ground RUIES...............uuiiiiiiiiiiiiiicie e 24
Figure 6 - Whole College and Teacher Approach ...........cccccvvvviiiiiiiiiiiiiiiee 25


https://livelcwcac.sharepoint.com/sites/MathsCentreofExcellence/Shared%20Documents/Action%20Research%2020%20-%2021/Report%2020%20-%2021/LCWC%20AR%20report%202020%20-%202021%20(4)%20Dec%202020%20V7%20Proofread.docx#_Toc77865050
https://livelcwcac.sharepoint.com/sites/MathsCentreofExcellence/Shared%20Documents/Action%20Research%2020%20-%2021/Report%2020%20-%2021/LCWC%20AR%20report%202020%20-%202021%20(4)%20Dec%202020%20V7%20Proofread.docx#_Toc77865051
https://livelcwcac.sharepoint.com/sites/MathsCentreofExcellence/Shared%20Documents/Action%20Research%2020%20-%2021/Report%2020%20-%2021/LCWC%20AR%20report%202020%20-%202021%20(4)%20Dec%202020%20V7%20Proofread.docx#_Toc77865055

Online: on point or off-kilter?

Introduction

In undertaking this piece of action research, our aim was to:

Find out how we use technology to support learners to experience mathematics in new ways,
which give new insights into concepts and structures, whilst supporting the independent learner
at its heart.

Our research objectives were as follows:

1. How can learners be supported to study independently online in order to maximise their
outcomes?

2. How can collaborative learning be delivered online to improve learners' self-efficacy and
make them into independent learners?

3. What s the role of the teacher in online learning and how can this be structured in order
to make the best possible use of teaching, learning and assessment?

4. What support/CPD does the teacher need to confidently deliver a package of online
learning resources?

5. What strategies can the teacher use to both increase initial learner engagement and
sustain it?

6. How can collaborative learning techniques promote peer support and reduce feelings
of isolation experienced with online learning?

Research Environment

The Lakes College Partnership consists of five colleges, with Lakes College as the lead,
supported by Carlisle, Furness, Kendal, and Lancaster and Morecambe Colleges. All five
colleges in the partnership are small to medium-sized community FE and HE colleges, serving
relatively distinct geographical catchment areas across the whole of Cumbria and the Lancaster
area.

Each college has an inclusive, non-selective recruitment philosophy and practices, and takes
great care to ensure the mix and balance of provision offered meets local needs. These needs
and the subsequent offer vary from college to college to some extent, noting the large
geographical area covered. For example, three of the colleges have A-Level provision, whilst two
do not. All are active in apprenticeships, and work directly with employers in their sub-regions,
committing to a wide and deep offer of FE and HE wherever economic and possible. Apart from
the Barrow area and Furness College, all colleges compete with local schools, to a greater or
lesser extent, to recruit 16-18-year-old students. Furness College merged with the local Sixth
Form College 4 years ago.

With the exception of Kendal, all colleges work with communities that exhibit varying degrees of
social deprivation, unemployment, and associated challenges. This includes ‘cold spots’ of HE
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participation. Whilst NEET levels and unemployment are relatively low, there are pockets of deep
and long-standing deprivation throughout the areas covered by the colleges.

11-16 education performance throughout the area has been at or below national averages for
several years; however, this has recently shown slight improvement. Relatively large numbers of
16-18-year-olds leave school and enrol at the partner colleges with poor attainment generally at
GCSE level and notably low attainment in mathematics. Invariably, they have a negative
disposition towards GSCE mathematics and resit starting points, which presents a considerable
challenge to each college.

Response to Covid 19

September 2020

Each college responded to the challenges of the Covid pandemic in slightly different ways in terms
of teaching and learning:

e Lakes College taught all mathematics remotely, online through the College’s VLE:
Canvas.

e Carlisle College adopted a combined approach with learners operating in bubbles.
Learners attended face-to-face for two days a week and worked remotely online for the
remaining three days. Their remote, online learning was through Century, MyMaths and
Microsoft Teams platforms.

e Furness College taught mathematics 100% face-to-face. Learners were using
MathsWatch in the classroom, together with several software applications, e.g. Padlet.

e Kendal College and Lancaster and Morecambe College taught 100% face-to-face
supported by online learning approaches using Microsoft Teams, One Note,
MathsWatch, Padlet and PowerPoint.

January 2021

In response to the Government’s directive for all face-to-face teaching in schools and colleges to
cease until February half term, all partner colleges moved to online learning.

At this point in our research, we decided to invite some wider network partners to participate in
the final action research activity. We approached three colleges and one secondary school from
the Lancashire and Cumbria area. The school (Energy Coast UTC) and one college (Hugh Baird)
replied with a positive response. These wider network partners agreed to collect data on which
online strategies work when delivering maths, and what digital CPD did they need as teachers in
order to facilitate effective online learning.



Reviewing the Literature

This action research sought to explore how technology was being utilised to support learners to
experience maths in new ways. The research focus was the use of technology both in the
classroom and remotely, to promote independence and learner collaboration, whilst also tracking
progress. The project sought to provide an important opportunity to advance the understanding
of teachers’ Continual Professional Development (CPD) needs in relation to the use of technology
in face-to-face, synchronous and asynchronous delivery, by empowering teachers with the
confidence and skills to experiment with diverse online teaching approaches to enhance their
learners’ experience of mathematics.

Use of Technology in education

A potential barrier to online learning for learners, and possibly teachers, is the availability of
appropriate hardware and a reliable internet connection. The pandemic highlighted this problem,
with the Government investing money into the purchase of laptops and local organisations
donating laptops to schools. Coupled with some teachers’ reluctance to explore different online
learning strategies through a lack of confidence/skill, the move to 100% online learning presented
a number of significant challenges.

Burns (2010) examined the limited use of technology in education and potential causes more than
10 years ago - a lifetime in technology terms! His research focused on the relationship between
the professional development required to confidently use technology, and the benefits it brought
to the learning experience. One hundred and fifty teachers were questioned regarding their
professional development needs. Feedback identified that all CPD should meet the “5Js”: it must
be ‘job related, just enough, just in time, just in case and just try it’ (ibid). The 5Js continue to be
pertinent today with ‘just try it’ of particular relevance to this action research project.

As already described, during this research, the COVID pandemic drove schools and colleges to
move their teaching online. Crawford-Thomas & Thomson (2020) state that ‘The pandemic has
triggered a re-think about the role of technology in education and has led to accelerated plans for
incorporating digital learning into teaching and learning.” Regardless of the mode of delivery —
one hundred percent online, face-to-face or a hybrid model - their research identifies a
requirement for intensive CPD to ensure that teachers feel confident in adopting and using online
learning approaches effectively.

For teachers who were reluctant to embrace the use of technology in their practice, the pandemic
enforced engagement. Prior to this, in 2019 a JISC survey revealed that forty three percent of
staff in Further Education considered themselves ‘early adopters’ of digital technology when they
could see the clear benefit. The remaining 57% were still to be persuaded of the benefits of digital
learning (Thomson, 2019). This demonstrates the importance of using appropriate online learning
strategies, rather than the use of technology as a “gimmick” with little educational value.
Importantly, Thomson (ibid) proposes that engagement requires teachers to change their practice,
rather than organisations investing heavily in different technologies. Used appropriately,
technology can ‘maximise differentiation, independent progress and peer support.’ (ibid).



Jesso & Kondratieva (2015) found that a gap exists between teachers’ use of technology and its
implementation in the classroom. Their research showed that although teachers of mathematics
engaged with technology to support administrative and communication tasks, they rarely used
math-specific technology. They attributed this to several factors, including concerns about low
student engagement with technology, their own digital competency, and limited awareness of
rapidly changing technological developments. Interviews revealed that if students found content
difficult, teachers might be tempted to explore technology to support delivery, and if a tool was
familiar, they might also consider using it. The research concluded that maths teachers require
subject specific CPD, preferably led by a subject expert.

Dr R. Puentedura cited in Crawford-Thomas & Thomson (2020) introduced the SAMR model, a
valuable digital tool that analyses the use of digital technology to transform classroom
approaches. Reece & Walker (2007) liken this model, with its levels of increasing difficulty, to
Bloom’s Taxonomy of learning (1956). The SAMR model enables teachers to assess how they
are using technology to shape teaching and learning practice. The levels increase from
substitution to complete redefinition of a task, providing teachers with valuable insights into their
use of different digital approaches and allowing them to identify essential CPD in order to reach
the redefinition phase of the model. Throughout the action research interventions, some teachers
employed this model, reflecting on their use of technology using OneNote reflective journals.

Planning the use of technology

Kline (2020) emphasises the importance of planning and organisation to optimise online learning
and determine the best approaches to meet the growing need for information, ideas, reassurance,
and real human connection. Kline highlights the importance of a safe environment where learners
feel that their contributions will be listened to, respected, and equally valued. Geng et al (2019)
agree, discussing the importance of emotionally and socially engaging learners in the learning
process. This is further supported by Brindley et al (2009), who explored the importance of an
enhanced sense of community in the online environment, resulting in increased skill acquisition
and improved learning outcomes.

To better understand the use of technology in mathematical reasoning, Lassak (2015) used a
variety of technologies to engage students. As well as careful choice, they highlighted the
importance of planning. A key finding was that the use of technology allowed the teacher an
improved awareness of students’ understanding and, for the students, the opportunity to
“...communicate and share mathematical thinking in ways that may not have been previously
possible for them.”

Thomson (2019) asserts that online learning requires three stages: blended learning through tutor
input, self-paced practice with teacher and peer support, and mastery-based learning, with an exit
ticket issued on completion of an assessment activity to enable progression. The exit ticket
establishes an individual’s progress, enabling the tutor to target the next steps through an online
progress tracking system. This objectivist/constructivist stance promotes an individualised
approach to learning, enabling learners to progress at a level appropriate to their understanding
(Vygotsky, 1978).



Continuing Professional Development for digital competency

There is significant evidence supporting the need for robust training to support teachers in their
use of technology. During the pandemic lockdown of 2020, Joyce (2020) undertook research into
what works in online learning across the Further Education sector. Findings identified “The varying
competence and confidence of staff with information technology has affected providers’ success
in making the transition to online learning. Staff training has been crucial.’

Following the Further Education Technology Action Group (FETAG) report (2013), Swindon
College launched an initiative that required learners to complete one hour per week of online
study (York, 2017). Learners were required to independently complete work allocated by their
course tutor. Delivery methods were determined by the tutors, who were given flexibility as to the
mode of delivery. Evidence collected identified several themes, including practicality, purpose,
accountability and workload. Tutors found creating an hour’s online study more time consuming
than planning the equivalent face-to-face lesson, highlighting a requirement to learn how to use
and implement the technology. To overcome this barrier, Lakes College provided partners with a
Padlet of resources and suggestions for use during each intervention phase, together with an
additional short video of instruction where necessary.

A positive finding from York’s research (ibid) was improved learner independence and a decline
in incomplete work. Initial research with learners across several different curriculum areas, prior
to the start of this action research, highlighted the importance of learners and teachers being
technology-ready, with limited and inadequate equipment posing a major barrier to the
effectiveness of online learning.

Rycroft-Smith et al’s (2020) report on the design principles of digital maths learning resources
provides several important insights. Although “off the shelf” online maths resources are available
for teachers and learners, they are often considered to be of poor quality. This implies that there
is a need for teachers to have the skill set to produce their own appropriate digital resources, as
the selection of learning materials is crucial for remote learning. They concur with Thomson’s
(2019) view that objectivist and constructivist methods may be effective in remote teaching.
Furthermore, learner feedback revealed learners were more comfortable participating in online
learning than face-to-face, and that learning remotely gave more flexibility in terms of scheduling.

According to Mayer and Land (2003, 2005, 2006) cited in Cousin (2015), threshold concepts are
key ideas essential for mastery of a subject. Once these concepts are understood, the experience
is transformational and may be likened to that of ‘passing through a threshold’, causing a
significant change in understanding. Threshold concepts are identified through five main
characteristics: they are transformational, resulting in a change in ontological perspective and a
conceptual shift; they are frequently irreversible; they are integrative, revealing hidden
connections; they are bounded, in that they can only illuminate until the next threshold concept is
encountered; they are likely to involve “troublesome knowledge” (ibid). Since all these
characteristics can be applied to the concepts of online teaching and digital pedagogy, it is
reasonable to identify them as threshold concepts for teachers of mathematics (and other
disciplines). This presents a significant challenge for those planning and delivering CPD.
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Flipping Learning

Previous research (e.g., Straw et al, 2016; DeSantis et. al, 2015) has established clear benefits
where a flipped learning approach is successful. For Straw et al (2016), these include providing
additional class time for active learning approaches (where learners can practice and apply
mathematical understanding), coaching on a one-to-one basis by the teacher, and collaborative
and whole-class discussion. A flipped learning approach facilitates independent learning by
requiring learners to take ownership of their learning, resulting in deeper knowledge and quicker
progress, which in turn improves confidence. However, challenges included whether teachers
were receptive to this type of delivery, their ability to deliver in this way, the availability of
technology and the suitability of resources used.

Joyce (2020) discussed critical factors that can impact engagement and are generally associated
with disengagement in online learning settings. A key finding of this research is that online
learners are at greater risk of feeling isolated. Online chat functions did not replace classroom
experience. They recommend engaging with learners to make personal connections as a teacher
and encouraging them to connect with peers. They draw attention to the value of differentiating
the curriculum using a variety of digital tools in order to maximize participation.

DeSantis et. al (2015) cited in Araujo et al. (2017) carried out a comparison of one occurrence of
flipped geometry instruction with non-flipped teaching and in terms of learners’ mathematical
progress found no noteworthy distinctions. However, their research stated that there was a
minimal preference for a non-flipped approach. Research in a university setting conducted by
Love, et. al (2014) and Sahin, Cavlazoglu and Zeytuncu (2015) was more positive about a flipped
learning approach. However, there was no detail regarding variability of flipped methods that
might affect learners’ views.

Keeping on track

The necessity to track and demonstrate student progress is an essential requirement for any
teacher. Beere (2010) states that in order for a lesson to be judged outstanding, it is essential that
all learners make progress, while Coe et al (2014) state that if students are not making progress,
then teaching is ineffective. This is linked to the concept of “effective teaching”, which is defined
as “...that which leads to improved student achievement” (ibid). Whilst admitting it is not easy to
define what ‘effective teaching’ is, they conclude that it can be measured through the progress
made by students. The research identified strong evidence to indicate that teachers with good
content knowledge are better able to understand how students think about a subject and are more
likely to identify common misconceptions leading to good progress. In contrast to this,
Fenstermacher & Richardson (2005) assert that that a direct link cannot be made between
teaching and student performance without addressing a range of complexities.

Day (2019) carried out research into the effects of teachers’ autonomy and students’ academic
progress, examining the tensions between those teachers who welcomed collegially agreed
change and those who did not. The research, in the form of a three-year case study, examined
the impact of ‘collegial autonomy’ and its effects on academic progress. Those who embraced
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this form of change in their practice saw an improvement in students’ academic progress and
performance, while those who resisted and challenged the collegial approach saw a decline in
progress and attainment over the research period.

In essence, an online learning environment has benefits and limitations for both the teacher and
the learner. Successful online learning requires careful planning and the inclusion of activities that
promote peer engagement to prevent disengagement. Supporting a teacher to gain digital
competence and increased confidence through focused CPD is essential to improve the learners’
online learning experience through engaging and thought-provoking interactive activities.
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Research Interventions

The Lakes College partnership consists of five colleges of Further Education. Twelve teachers
were involved in the action research intervention, covering both GCSE mathematics and level two
Functional Skills mathematics. The number of learners participating varied as delivery patterns
were adapted to the constraints of the pandemic lockdown and learners adjusted to 100% online
learning. An approximate number of learners who participated in the research across the five
colleges was four hundred and fifty. In addition, we invited four wider network partners to
undertake the final piece of research. One college of Further Education in Lancashire and one
University Technical College worked with us, providing data on our final piece of action research
based on a cohort of forty-four additional learners.

Through a series of online meetings with network partners, an action research plan was agreed.
The initial intention had been to undertake three different activities for partner colleges and four
activities for Lakes College. Our intended project start date was 9 November 2020, with an activity
completion date of 28 February 2021. All the colleges faced unforeseen challenges with regard
to the impact of the pandemic, and as a result, the plan was adjusted to start on 30 November
2020 and end on 12 March 2021, with a review after February half term. In addition, the fourth
activity, based on using breakout rooms, was included within the third activity as an additional
option for those colleges who had the capacity to offer them.

A lockdown in January made further adjustments necessary. With significant support and powerful
sharing of ideas across our college partners, we adjusted our final activity and revisited our
objectives to take account of new delivery patterns. Each online intervention was undertaken for
approximately four weeks.

One collaborative
Activity activity that 5 Reflection using
One (Pilot) ) supports learner SAMR Model

interaction

One piece of

Activity independent work As a result of *

] . feedback given, set
Two with formative :
an extension task
feedback

Reflection

‘ Using
w evidence-based Reflection
! strategies online

Activity
Three

Figure 1 - Interventions
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Throughout the data collection phase, Action Research Teachers had access to support from the
lead college. A Zoom meeting introduced each new phase, and suggestions and support given
with online pedagogy and applications. The first intervention was run as a pilot to identify possible
problems that might be encountered.

The first phase focused on learner interaction and collaboration. All colleges were asked to
undertake a collaborative activity online that supported and promoted learner interaction. The
second phase considered how learners engaged with formative feedback online through audio,
video or written feedback. The final intervention was the main focus, where we experimented with
different evidence-based activities online.

Our intention was to understand two things:

1. When delivering online maths, what strategies work in terms of learner engagement and
achievement? Additional themes might be increased independence and confidence.

2. What digital skills/CPD do teachers need to effectively and efficiently create and facilitate
these activities?

Each college was given a revised plan in the light of teachers’ responses in the context of Covid
(Appendix 1 Intervention 3). We selected five of the top evidence-based teaching strategies and
each college was asked a set of questions to inform their understanding.

1. How successful is the activity online in terms of learner engagement and achievement?
2. Are learners demonstrating increased confidence when participating in this activity?
3. What adjustments (if any) are needed to develop this activity?

4. Do you need any training to support the transition from face-to-face to online learning
strategies?

5. As afinal reflection, use the SAMR model to ascertain the effectiveness of this classroom-
to-online activity.

O

E A Padlet was shared with examples of resources that could be used.
See QR Code.
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Data Collection Methods

Data collection was undertaken throughout the project and adjustments were made following a
short pilot of different methods. In principle, the cycle followed was:

Ayl Activity [

Observation/ Observation/
Reflection Reflection

Activity

Figure 2 - Data Collection cycle

A mix of approaches was used with predominantly a qualitative focus. It was felt that the potential
challenges of analysing qualitative data would be outweighed by the rich data collected.
Quantitative data gave an indication of the percentage of learners’ responses to set guestions.
The table below outlines data collection methods for each intervention.

Data Collection Intervention 1 Intervention 2 Intervention 3 Intervention 4
Method All colleges All colleges All colleges Lakes only
9th Nov to 30th Nov to 4th Jan to 1st Feb to

27th Nov 2020 18th Dec 2020 | 29th Jan 2021 26th Feb 2021

OneNote Yes Yes Yes Yes
Reflective Journal

Questionnaires No Yes No No

Tutor reports Yes Yes Yes Yes

Table 1- Data Collection Methods

As a starting point, we asked all action research teachers to keep a reflective journal, using
OneNote, which could be shared easily with the Lead. An online tutorial on how to use OneNote
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was provided, together with a refresher on reflective practice and a suggestion as to a choice of
reflective models.

Teachers were asked to complete their reflective journal after each session. In practice, it quickly
became clear that teachers could only share their One Note journals within their own organisation,
which led to an extra step of copying and pasting the content into a Word document and sending
via email.

The next step was to gather data on the learner voice, complicated by a lack of face-to-face
interaction, forcing any data collection of their views via an online platform. A Socrative quiz was
created, which used a traffic light system for learners to identify, in real time, their level of
understanding during the activity. This was piloted by the lead college and shared with partner
colleges. After discussion, some colleges felt that they already had other methods of collecting
the learner voice and it was agreed that partners could use a method of their own choice.
Appendix 2 Socrative. As a result, a number of colleges adopted Microsoft forms as a tool to
collect learner feedback.

Tutors submitted short reports after the final intervention, outlining their findings and feedback.
These also provided us with a rich insight into those teachers’ lived experience of online
mathematics teaching during a global pandemic. Pseudonyms are used for colleges in the results
section to support participants rights to anonymity (BERA, 2018).

Ethics

Action research teachers made all learners aware of the research being undertaken through a
discussion at the start of the project, and permission was gained to use anonymised data.
Participants were also informed that they had the right to withdraw their data at any point (Bera,
2018). Interventions were designed to be easily embedded into lessons and not onerous for
teachers or detrimental to learners. In addition, regular reviews were implemented to ensure that
interventions maximised opportunities for learning. As reflective practitioners, adjustments could
be made quickly to respond to any ethical dilemmas, limiting risk and ensuring interventions were
beneficial to learning and well-being. Data was anonymised and stored securely in line with GDPR
guidelines (2018).

The action research teachers who took part in the research all had high workloads and additional
responsibilities within their own organisations. To support their well-being, project funding was
available in order to enable each college to release time, allowing them to focus on the research
and ensure their workload was manageable. Sadly, this was somewhat negated by the onset of
COVID and the requirement to move teaching online at short notice.
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Results and Discussion

Four key themes emerged from the data:
« The importance of building online relationships.
% The role of the teacher.
% CPD and teacher confidence.

+ Learner confidence and independence.

Digital
Pedagogy

Role of the Requires knowledge of

Mathematics

To support the

Teacher building of

Selection of !

effective . Learner
digital tools Online relationships Leading to confidence and
Requires independence

Resulting

in

Resulting
in

Teacher Confidence

Effective CPD Leading to Facilitates Positive Outcomes

v

and successful

in mathematics

D. .

online delivery

Requires

4| Tocomplete

Leading to
Dedicated time - . AL

To practise

I‘_

Figure 3 - Concept Diagram of Findings

The importance of building online relationships

Findings highlighted the importance of building positive online relationships between the teacher
and learners. The main barrier to building relationships online was a lack of learner engagement.

“It was difficult to judge if a learner was there.... and listening” (Teacher, Daisy
College)

“l hadn’t realised how much | relied on facial expression which was missing online”
(Teacher, Rose College)
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There was evidence of frustration with the challenges of applying effective, targeted questioning
online (Lavender, Tulip and Daisy colleges). Tutors acknowledged that this was a strategy they
relied heavily on in a face-to-face situation, but online -

“..some learners have problems with their microphones or do not like to talk in a
lesson that is being recorded.” (Teacher, Rose College)

The quality of sound also affected a tutor’s ability to hear a learner’s response. This was an
ongoing theme with most of the colleges.

“...targeted questions being difficult due to lack of microphones” (Teacher, Rose
College)

A lack of two-way communication “speaking into the void” (Teacher, Bluebell College and
Lavender College).

This was overcome using the private chat function for learners, giving them direct access to the
tutor for advice in a private capacity (teacher, Tulip College, Violet College, Lavender College,
Carnation College). Some tutors also overcame this by showing PowerPoints with questions and
asking learners to put answers in the chat box. However, this strategy did not help to build online
relationships, although there were some examples of peers answering their peers’ questions with
the public chat option, promoting a surface level of communication. This evidence is supported
by Scull et al. (2020) who identified that online chat functions did not replace classroom
experience. Evidence highlighted that interactive, fun activities increased collaboration and
engagement.

Online learning is more than a learner just turning up to the session, it is about a learner’s
contribution to and engagement in the learning, which proved to be more challenging online than
face-to-face. Lavender college introduced a strategy whereby learners only received an
attendance mark if they had actively participated in the lesson. This quickly improved online
contributions and participation.

Role of the Teacher
Digital Pedagogy

Data collection methods produced some rich data through tutor reports, tutor reflective journals
and questionnaires and charts, capturing tutor reflections and feedback from learners.

A survey by Carnation College found that sixty percent of learners felt that support from their tutor
was very important/important in online learning, suggesting the role of the teacher online is key
to a rewarding learning experience. As discussed in the literature review, a JISC survey reported
by Thomson, 2019, revealed that only forty three percent of staff in further education considered
themselves to be ‘early adopters’ of digital technology, demonstrating that there is still some way
to go.

Some tutors felt their role was divided between being a maths tutor and an IT facilitator. Typical
responses included:
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“It is interesting to see how the role of the teacher in an online setting slightly shifted
to become an IT facilitator in addition to a maths teacher.” (Marigold College);

“It took me a while to get to grips with and to understand how | could adapt them into
my lesson delivery.” (Lavender College);

“The teacher’s role is as a facilitator, to locate or direct to the most efficacious
resources, to be ready to respond to queries and encourage questions in a timely
manner.”

“There were assumptions about digital skills and devices.”
(Tulip College).

For some colleges (Rose and Lavender), lesson focus was on modelling examples using an |
do/We do/You do approach. There was an emphasis on “show and tell” with some tutors “sticking”
to the format they would use in class.

“Teachers found that the pace of the lesson needed to be slower, with a requirement for extra
help and simpler explanations”. (Tulip College).

The teacher’s role involved more encouragement and praise than they would normally give in a
classroom situation, with learners missing the support from the teacher they experienced in a
face-to-face situation where they could put up their hand and get immediate help. However,
three colleges felt online learning gave opportunities to provide more support out of class time
(Daisy, Rose and Carnation colleges), illustrating the benefits of an online setting for feedback
and guidance between lessons.

In some cases, there was evidence of the learning cycle fracturing after the “doing” phase, with
tutors reporting on a lack of in-class feedback about how a learner had understood a topic and
the limitations of being able to quickly assess a learner’s work online. Kline (2020) identified the
importance of planning and organising to enhance online learning, thus ensuring teachers had a
clear understanding of an individual learner’s progress.

Typical responses identified that interactive approaches engaged the majority of learners. A
multi-user whiteboard promoted peer support and interaction, although its success was plagued
by technical problems if used on a phone.

Quizzes with a competitive element engaged many learners, but there was a need to be aware
of the potentially negative impact on the confidence of others (Violet College). Polls were an
effective tool to develop skills and timing for multiple choice question skills (Carnation College).
Learners experienced feelings of isolation suggesting a lack of interaction, lots of PowerPoints
and not much writing. Videos with tutor explanations and support proved popular at Violet
College.

There was a limited choice of, or potentially a lack of time, to research “off the shelf’ online
resources. All tutors felt they had limited time, and sometimes skill, to create their own resources
from scratch, with attempts to research “off the shelf’ online resources proving frustrating. This
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finding is supported by Rycroft-Smith et al (2020) research on the need for teachers to have the
skill set to produce their own appropriate digital resources.

There was a significant difference in approach between those who adopted a face-to-face
approach online, and those who had a greater understanding of, and confidence in, digital
pedagogy. This was supported by Thomson (2019), who suggested that technology can
‘maximise differentiation, independent progress and peer collaboration.

Where available, break out rooms gave learners time to think and share ideas. They enabled
tutors to differentiate activities in each breakout room (Marigold, Carnation and Tulip Colleges).
However, there was an acknowledgement that facilitating break out rooms was challenging, and
greatly helped if there was a support assistant in the lesson (Carnation College). One college
noted that collaboration in public chat dispelled feelings of isolation and encouraged peer support,
but that this was only evident with higher ability groups (Carnation College). Evidence showed
that all tutors made use of private and public chat to gather learner feedback, which was most
effective when learner responses only went to the tutor.

For many teachers, a barrier to engagement was the lack of response from learners and limited
digital skills.

“I was speaking into the void, and it was hard to check for understanding.” (Teacher,
Lavender College).

This had a direct impact on the pace of the lesson, for example, as teachers were forced to wait
while learners typed answers into the chat.

CPD and teacher confidence

Traditional mathematics teaching tended to be ‘non-digital’ with a teacher-centred approach
involving a whiteboard, class discussion and practical exercises. Although there have been
advancements towards the inclusion of technology in the mathematics classroom, this has largely
depended on the teacher, their digital confidence and attitude to technology used as a tool to
support teaching and learning. The COVID pandemic forced teachers and learners, regardless of
digital competence, to engage with technology. Despite all teachers in this study receiving some
digital training, there was evidence that the shift to online learning was, for some, confusing and
stressful. The majority had received training in Microsoft Teams; however, there was often a
requirement to interact with multiple platforms and software with little or no training, leading to a
sense of frustration and stress. One teacher commented:

“Much of the in-house training received is too short and does not allow time to
practice the skills. It also does not prepare you for when things do not function as
they should.” (Teacher, Tulip College)

They went on to emphasize the importance of providing ongoing support and the need to invest
time and money into regular digital training for staff. This echoes Crawford-Thomas & Thomson
(2020), who identified the need for rigorous CPD to support online teaching. Then again, providing
CPD is no guarantee of application.
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“I have received CPD training on Microsoft Teams and Forms, along with other
applications that | have not yet incorporated into my lessons.” (Teacher, Rose
College).

The majority of teachers who took part in the research used technology as a delivery mechanism
rather than an innovative tool with the potential to shape practice. This is similar to the findings of
Jesso & Kondratieva (2015) who found a gap between mathematics teachers use of technology
and its implementation. This has implications for teachers of mathematics as there is the potential
for mathematics to be left behind in a digital world where other subjects are embracing the use of
technology.

Findings indicate that a mathematics teacher’s personal self-confidence in their digital skills and
mindset has a direct impact on their attitudes towards digital tools and pedagogical delivery.

“I have to say I'm not a fan of online teaching and would much rather be in the
classroom.” (Teacher, Daisy College).

Feedback from teachers indicated it was common practice to attempt to duplicate what would
happen in a physical classroom online, as a method of reassuring learners by providing a familiar
structure to lessons.

“I have not used PADLET or breakout room options as | have tried to stick to the
format that | would use in class to keep the teaching consistent.” (Teacher, Rose
College).

The indication is that a teacher's self-confidence, and how this might influence approaches to
engagement with technology, is an important consideration for future Continued Professional
Development.

Even teachers who developed confidence in their digital skills tended to use a more traditional
approach to teaching mathematics, using digital tools as an appendage to support this. From the
data collected, there was limited evidence of developing materials to support and move
mathematics delivery forward. Mathematics as a subject seems to have been eclipsed in the hasty
transition to online delivery. Instead, the focus appears to have firmly shifted towards developing
the digital skills necessary for lesson delivery. Learners also appeared to be following this
trajectory.

“Students often ask how to do ...?7 Instead of what to do...? How to attach their
work, how to share a screen, how to access Socrative ....” (Teacher, Marigold
College).

Since mathematics was only part of their study programme delivered online, it is interesting to
note that some learners reported that they struggled to use technology effectively. This raises the
guestion as to whether they encountered similar issues with their digital skills in other subjects.
The ability to provide digital support for learners appears to have been hampered by teachers'
rudimentary technical skills. Most teachers acknowledged that they lacked the basic digital
competencies to enable them to provide advice about technical issues, or to know whether the
technical difficulties a learner encountered were real.
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Our findings indicate that the use of technology in teaching mathematics is a threshold concept
with the potential to transform teaching and learning (Meyer and Land, 2006). This also holds true
for the many learners who, despite being ‘digital natives’ (Prensky, 2001), struggled to use
technology to access and engage in learning. Those teachers (and learners) could be considered
to be in a state of liminality. This is a dynamic phase on the journey to competency where it is
necessary to grapple with problematical ideas. The state of liminality is a space that must be
negotiated in order to move across the threshold from lack of competence to full competency.
Once this is navigated, there is a new intellectual capacity that transforms understanding. Many
of the teachers and learners who struggled with technology were unable to enter a liminal state,

which presented a further barrier to the teaching of mathematics and poses added challenge to
the delivery of CPD.

Personal confidence plays an important part in the successful traversing of threshold concepts.
Felton (2014) confirms this notion stating that to permanently cross a threshold you have to
believe that you “belong on the other side”.

Learner confidence and independence

There is potential conflict when a learner is taught a subject that they do not feel confident in, on

a medium or platform that they do not also feel confident in, or which does not always work or is
fit for purpose.
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Figure 4 - Learner Feedback

As shown in Figure 4, when online maths teaching goes well, the responses are ‘casually’ positive
— “great” “good” “enjoyable” “useful” “helpful” (learners, Tulip College). Compare this with the
much more emotive feedback from those learners for whom online maths learning does not work:
“mentally draining” “horrible” “traumatic” “stressful” (learners, Tulip College). Maths anxiety is well

” i, UNT
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documented and there has been much research on it in the past. Combine this with online anxiety,
when learners lack the digital confidence to participate in the lesson effectively and then the
outcome is doubly difficult. Teacher responses indicate that students more often ask “how to” in
the context of finding and using digital information rather than “how to” apply the maths they are
learning (teacher, Marigold College) Learners’ responses showed that they have a lack of
understanding of how they can be supported in their studies online:

“l am supposed to get support — how can that happen when we are on Teams?”
(Learner, Daisy College); ‘1 find it easier to work in a classroom so | can speak to
the teacher face-to-face and that way she can see my work and | can get help
easier” (Learner, Daisy College);

‘It can be complicated because we aren’t in the classroom and we don’t have our
books to write in and the teacher isn't there to help in person” (Learner, Tulip
College)

Many learners need considerable support in mathematics, particularly those for whom
mathematics still feels like a huge barrier they cannot cross. Therefore, a lack of understanding
as to how they should be supported in an online class will further impact on their learning.

In addition, learners often use phones, adding another layer of problems if the work set does not
suit being completed via this medium. Many learners gave feedback about the annoyance of
using phones with signal interruptions, and certain activities being unsuccessful when tried on a
phone. Other barriers to learning online included:

e Having to share devices with siblings.
e Lack of equipment.
¢ Microsoft Teams did not work on a phone.

If this is combined with a lack of tutor confidence, then a third layer of difficulty is added to the
mix.

“The students were very helpful in teaching me technology” (Marigold College)

— although this is positive comment/interaction, does the fact that the learners are having to ‘teach
the teacher’ the technology detract from the importance/urgency of the subject/method they may
be studying in that session/term?

The layers of difficulty mathematics teachers encountered when using technology, highlights the
requirement for teachers (and learners) to have a minimum level of digital skills to be able to work
confidently and minimise disruptions to learning. It is also important that teachers develop a firm
understanding of “technological know-how” in terms of the suitability of devices chosen and the
selected applications/software to enable learners to successfully engage with and achieve a task.
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Conclusions and Recommendations

Our recommendations identified the importance of a whole college approach to support teachers
and learners in an online learning environment.

Figure 5 - Recommended Ground Rules

A series of simple ground rules would benefit both teachers and learners, leading to enhanced
confidence in a digital world.

Key outcomes from our research identify the following recommendations:

1.

abrwn

o

Engage in relevant CPD and allow time to practice and trial new applications in order to
gain confidence.

Embed and measure using the college observation process.

Identify what online facilities learners have access to.

Insist that all learners have cameras turned on when requested.

Spend time building (online) relationships between tutor and learner, and between
learners themselves (icebreakers).

Use interactive approaches, sometimes with a competitive element.

Avoid modelling practice on classroom/face-to-face lessons.
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8. Chunk learning, providing different pathways for faster progression.
9. Be confident to use breakout rooms to promote collaboration.
10. Use public and private chat to give and receive feedback.

WHOLE COLLEGE APPROACH

TEACHER APPROACH

Online ground rules e.g., camera on, Online ground rules e.g., camera on,

Set microphone on microphone on

The SAMR Model to reflect on digital . . :
Use rerokme o et 9 Reflect On online delivery using SAMR Model
Ea!;[()i D el el e T ST i Identify gr;[;))s in teacher’s knowledge and access

Provide Dedicated time Dedicated time for CPD

Interactive delivery approaches

Embed Using college observation processes Icebreakers, breakout rooms, quizzes, chat function,

polls, multi-user whiteboard

Figure 6 - Whole College and Teacher Approach

So what did we learn?

A whole college approach is required to provide an effective and cohesive online learning
environment. Tutors need to be supported through targeted CPD, which is timely, accessible and
appropriate for teaching mathematics, evidenced in practice, and could be part of the observation
process. Tutors should be given time and support to explore and implement online strategies to
promote an understanding of digital pedagogy and a consequent increase in confidence.

Whilst it is not necessary to invest large sums of money in hardware and software, it is important
to ensure that all learners have access to the right equipment in order to maximise learning
opportunities.

A whole college approach to ground rules regarding learner presence online — cameras and
microphones on, will support the building of relationships and provide better opportunities for
participation. It is important that teachers are provided with safeguarding training to support a
‘cameras on’ approach.

Procedures should be in place to ensure that the learner takes responsibility for their own digital
issues such as using a ‘student helpdesk’ so that problems accessing and taking part in lessons
may be addressed swiftly and without disruption to the lesson and to other learners.
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Finally, an interactive approach to online learning maximised opportunities for collaboration and
engagement.
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Appendices

Appendix 1 - Intervention 3

Start Date — week beginning Monday 18 January 2021

Review Date — week beginning Monday 22 February 2021

This piece of research involves experimenting with different activities online.

There are 2 main things we need to find out: what works and what you need to help make it work

We want to find out:

1.

2.

When delivering online maths, what strategies work in terms of learner engagement and achievement?

Additional themes might be increased independence and confidence.

What digital skills/CPD do you need to effectively and efficiently create and facilitate these activities?

During this period, use one or more evidence-based strategies from the list below.

We would like EVERYONE to use number 1 — a graphical organizer for at least two sessions. For the remainder of the
intervention, please select a different strategy from the list. A more detailed explanation is available in the link below —
The Core List.

1.
2.
3.

Summarise new learning in a graphical way. (this works well with Show and tell)

Show and tell, | do — We do — You do, model.

Questioning to check understanding — use a variety of questioning techniques and use some form of student
response system.

Provide your learners with feedback - “dollops” and “dollops” of it to ensure they understand what they did
well, where they are at and what they need to do next.

Productive group work —where this is possible for you to use break out rooms or work in Teams. Make sure
that each member of the group is responsible for a specific task and allocate one person to bring all the different
elements together.

Evidence Based Teaching Strategies - The Core List

You may wish to use an activity that you have previously used face to face. If you choose to do this, please ensure that
you are adjusting it to be a fully interactive activity.

Using your OneNote reflective journal, you will reflect on the following:

How successful is the activity online in terms learner engagement and achievement?

Are learners demonstrating increased confidence when participating in this activity?

What adjustments, if any, are needed to develop this activity?

Do YOU need any training to support the transition from face to face to online learning strategies?

As a final reflection, use the SAMR model to ascertain the effectiveness of this classroom-to-online activity.
Use the Socrative tool or a method of your choice to find out what learners think about the strategy you have
used.
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https://www.evidencebasedteaching.org.au/evidence-based-teaching-strategies/

Appendix 2 - Socrative

L J .
o* socrative Name

Date

Your Voice Matters (‘Copy’) Score

1. How well did you understand the starter?

2. What previous skills would have supported in the starter?

3. How does the format/structure of the lesson support your online learning?

4. What ideas do you have to make the lesson more interactive?

5. Do you get enough time to answer the questions in the online lesson?
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