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Abstract

Lesson Study (LS) is a form of professional development, with a strong
foundation in mathematics education, based on teachers collaborating to design
lessons. This collaboration, however, can be challenging for isolated teachers. In
2017, a course was presented at the university to train 52 teachers from all over
South Africa as well as Botswana in the use of technology in teaching. These
teachers represented all subject fields, including mathematics. The purpose of
this course was to develop teachers’ knowledge and skills in the use and
integration of mobile technology in their teaching. The course was presented in a
blended mode. Participants attended a three-day face-to-face session, followed
by two-months online. The blended learning course had teachers working in
subject specific groups in a LS format to plan, present and perfect lessons that
can be taught using the technology available to them. In this study we
investigate how LS can be adapted into a blended format to support isolated
teachers who cannot meet face-to-face on a regular basis. We identified eleven
aspects playing an important role in this process, namely technology; group;
learning management system; online facilitation; technological pedagogical
content knowledge (TPACK); (mobile) learning strategies; a lesson planning form;
backward design; time; photos, videos and reports; and reflection questions. The
eleven aspects that emerged, lead to the development of a framework consisting
of three dimensions of LS namely Collaboration, Instructional Development and
the Iterative Improvement Process, supported by the identified aspects.

Key words: blended learning, Lesson Study, online communities of practice,
teacher professional development.

1  Introduction

The educational realm has experienced an infusion of technology in recent years
(Grant 2019). Smarter, more accessible and innovative devices are making their
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ways into classrooms at a rate that could never before have been anticipated. In
the light of this, computer integrated education as a research field has seen
growing interest in all levels of the education sector, including mathematics
education. There is, as Herselman et al. (2019) state, a growing expectation for
teachers to use technology as a part of their teaching practice, and to find and
share resources with each other (Hooks 2015), regardless of where they are
situated.

Teaching with technology creates many challenges - the most obvious being in
resource constraint and remote areas. Researchers (Herselman et al. 2019)
highlight that teachers’ anxiety and attitudes towards the use of technology in
teaching pose a challenge for educators to stay up to date with the technology
and with technology integration. In an attempt to address the challenges faced in
terms of teaching with technology, teacher professional development (TPD) is
needed (Callaghan 2018; Herselman et al. 2019).

Lesson Study (LS) is recognised internationally as being an effective form of
collaborative TPD in changing classroom practices. The cyclic process of LS
typically consists of the phases plan, teach and reflect (Takahashi 2014). In a
mathematics LS cycle, teachers meet to identify a problematic mathematical
topic and design a lesson that will improve students’ conceptual understanding.
Teachers present the lesson, whilst others observe. This is followed by in depth
reflection and improvement of the lesson for future presentation. The LS process
requires teachers to discuss and design a number of features of teaching and
learning (Takahashi 2014) through deep discussions with their colleagues around
teaching mathematics. This provides rich professional development focusing on
classroom practice (Xiaofeng et al. 2015).

Traditional face-to-face (f2f) TPD, however, is expensive, takes time away from
teachers’ work and requires from some teachers to travel great distances (Elliott
2017; Xiaofeng et al. 2015). In South Africa, many teachers are isolated from
their subject-peers geographically and thus isolated from others who can
support and encourage them in their practice.

This led to our interest in understanding how TPD, through sharing and
collaboration of teachers that are not close together, could be supported
through a blended LS approach, combining f2f and online aspects. The research
question that we address in this paper, is:

Which aspects should be incorporated into a blended Lesson Study
process to support isolated teachers in teaching with technology?

The aspects refer to essential elements that emerged during analysis of the
research data and the literature. In their absence or dysfunction, the blended LS
process may not be able to function.

A course, “e-Learning for the 21st Century Facilitator”, was designed and
presented through the university for a company that provides educational
technology to schools. The participating teachers (52 in total) were educators
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from schools in all nine provinces of South Africa as well as Botswana, and
represented most of the subject fields, including mathematics. The purpose of
this course was to develop teachers’ knowledge and skills in the integration of
mobile technology whilst planning to teach in their respective subject fields. The
course was presented in a blended mode consisting of a three-day f2f session,
followed by two months online. Teachers were divided in thirteen subject
specific LS groups, which collaborated to plan, present and perfect lessons,
incorporating technology. Three of these groups focused on mathematics.

2  Literature review

The literature review focuses on lesson planning (including planning for teaching
with technology); teacher collaboration in (online) communities of practice; LS as
professional development; and the LS process. Key aspects were identified that
can be incorporated into a blended LS process to support isolated teachers in
teaching with technology.

Lesson planning is a fundamental part of the professional practice of teachers.
Fürstenberg and Kletzenbauer (2015), propose an eight-step lesson planning
process. We use this process to unpack the literature

Many authors (Estes et al. 2014; Krulatz 2014) state that planning a lesson should
start with the careful selection of lesson outcomes that are specific (Krulatz
2014).

Next, a logical sequence of teaching activities is considered (Krulatz 2014) to
ensure the progression of the topic development (Estes et al. 2014).

Teachers also need to consider learner-centred methods (Estes et al. 2014;
Krulatz 2014) in order to assure learner achievement (Estes et al. 2014), and
tailor their methods to the learners’ abilities (Schraudner 2014). Further,
assessment should be built in continuously throughout the lesson (Krulatz 2014).
This implies that the teacher is applying their pedagogical content knowledge
(PCK). PCK (Gudmundsdottir and Shulman 1987) refers to the integration of
pedagogical knowledge (how to teach) and content knowledge (what to teach).

Next, teachers should find up-to-date and relevant teaching materials (Hooks
2015). This can be collected and negotiated collaboratively between teachers
(Hooks 2015; Xiaofeng et al. 2015). These materials can include technological
devices and software, which should lead to considering the TPACK framework
(Ndongfack 2015). TPACK (Koehler and Mishra 2009) integrates the
consideration of the teaching strategy and content (PCK) with supporting
technology.

Typically, at this stage the teacher will teach the lesson, utilising clear
instructions (Krulatz 2014) to encourage learner participation (Estes et al. 2014;
Krulatz 2014) and using techniques like scaffolding to support high level learning
(Krulatz 2014).
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The last step is reflection, as an important part of a teacher’s practice (Naresh
2013) and habits (Estes et al. 2014). The reflection can focus on learners’ work
and progress (Krulatz 2014) and on the identification of improvements and
adaptations of the lesson plan to optimise future teaching (Souza et al. 2015).

This process reminds of the backward design process (Wiggins and McTighe
2005). The process starts with determining the outcomes (Estes et al. 2014;
Fürstenberg and Kletzenbauer 2015; Krulatz,2014) or the goal that they want to
reach during teaching (Wiggins and McTighe 2005). Next, they consider evidence
of learning (Wiggins and McTighe 2005), consisting of a range of formal and
informal assessment (Krulatz 2014). The last step is to design the teaching
(Wiggins and McTighe 2005). This step fits in with the lesson planning processes,
where methods, such as scaffolding and learner-centeredness, and materials are
considered (Estes et al. 2014; Fürstenberg and Kletzenbauer 2015; Krulatz 2014).

Teacher collaboration (Hooks 2015) and peer support (Cakir and Yildirim 2013) is
important in the development of teacher practices. By creating these
communities of practice (CoP) teachers can collaboratively look at their practice
as they develop their skills and knowledge (Xiaofeng et al. 2015). This strategy
supports the collaborative fabrication of knowledge (Hooks 2015; Xiaofeng et al.
2015), peer instruction and support (Cakir and Yildirim 2013; Xiaofeng et al.
2015) and reduces the isolation of teachers from each other.

Many authors (Kadroon and Inprasitha 2013; Naresh 2013; Takahashi 2014;
Wake et al. 2013; Xiaofeng et al. 2015) propose Lesson Study (LS) as a
collaborative lesson planning strategy.

LS has long been used as a form of professional development (Kadroon and
Inprasitha 2013) and collaborative lesson planning strategy (Ndongfack 2015).
The idea originated among Japanese teachers as a collaborative process of
planning and perfecting their lesson plans (Kadroon and Inprasitha 2013). LS has
since been formalised and is implemented in many contexts as a professional
development tool for teachers and to improve learner performance.

The following definition of LS is used for this study:

Lesson study is a collaborative instructional development process
(Kadroon and Inprasitha 2013; Mee and Oyao 2013; Stigler and
Hiebert 2009) that follows continual processes of improvement
(Chong et al. 2017) and allows teachers to consider subject matter,
the reasons for their teaching as well as the content and manner in
which learners learn (Chong et al. 2017).

From this definition we identified three main dimensions of LS. These are
Collaboration, Instructional Development and the Iterative Improvement Process.

LS has gained significant momentum worldwide in the mathematics education
community (Hart et al. 2011). Stigler and Hiebert (1999) introduced the Japanese
LS model in the USA by using the TIMSS (Third International Mathematics and
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Science Study) results and video evidence. The first LS group was formed at the
UCLA Lab School in 1993 and this created interest in this approach for improving
practice in schools in the USA. This resulted in a commercial operation for LS,
funded by the educational publisher, Pearson.

Although teachers in countries in Eastern Europe did not use the actual term
Lesson Study, they have a very informed approach to TPD in which teachers will
naturally observe and review lessons with colleagues (Burghes and Robinson
2010). In initial training of their teachers, small groups of students work in their
first practice with their mentor (expert teacher) in a University Practice School,
jointly planning, observing and reflecting on the lessons, with students taking
turns to deliver lessons. These students teach fewer lessons compared to their
counterparts in the UK, but they help plan lessons and have the chance to review
and reflect on lessons. Fujii (2018) discusses the interplay between LS and
teaching mathematics through problem solving and outlines suggestions for
educators.

Tall (2008) reports about a developmental project where LS is being incorporated
in different societies in Japan and Thailand, in cooperation with government-
supported participants from a number of other countries. He concludes that LS in
the end, supports learners towards a deeper, more meaningful and coherent
understanding of mathematics, in the process developing “powerful and
insightful ways of thinking” (Tall 2008, p 50).

The LS process can easily be adapted to suit the context. In some of the simplest
cases LS is a three-step process of Plan (a lesson), Do (teach the lesson) and See
(observe and reflect on the lesson) (Juhler and Håland 2016; Kadroon and
Inprasitha 2013; Takahashi 2014). Some contexts call for more refined processes,
such as in a study done by Chong et al. (2017) which refines the iterative process
of LS. Other authors (Lewis and Perry 2017; Mee and Oyao 2013) adopted a less
intense process. Here LS consists of Planning, Teaching, Observing, Reflecting,
and Refining. The process used by Mee and Oyao (2013), is illustrated in Fig. 1.



6

Fig. 1: The LS process

Planning is done collaboratively by the teachers (Ndongfack 2015; Xiaofeng et al.
2015) meeting in groups (Mee and Oyao 2013). Teachers scrutinise instructional
materials in order to assure the quality and relevance of the material for the
lesson (Juhler and Håland 2016). Planning can have a pre-set format, goal or
strategy in mind (Mee and Oyao 2013).

After carefully considering the planning (Fürstenberg and Kletzenbauer 2015;
Wiggins and McTighe 2005), teachers then teach. In standard LS practice, this
phase would see one teacher of the group teaching the lesson and the rest of the
group observing the lesson (Chong et al. 2017; Mee and Oyao,2013).

Some studies show that observation is done by teachers physically sitting in each
other’s classroom viewing the lesson (Mee and Oyao 2013). Lewis and Perry
(2017), however, suggest that teachers can also video record their lessons. This
brings about the advantage that the observers can be anywhere and does not
have to meet at the same place and time (Xiaofeng et al. 2015). These
observations should focus on elements that need to be discussed during
reflection.

Good teacher practice is to reflect after teaching (Naresh 2013). During LS,
teachers have a detailed discussion of the lesson (Wake et al. 2013). This is a
collaborative reflection and critical exchange of ideas (Ndongfack 2015) in terms
of classroom practice (Kadroon and Inprasitha 2013; Wake et al. 2013), lesson
content (Ndongfack 2015) and learner interaction (Wake et al. 2013).

Refining, or revising, is a process of improving the lesson (Chong et al. 2017).
Reflection is an inevitable part of the refining process as it serves as an
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instrument of improvement (Kadroon and Inprasitha 2013). By questioning each
other’s practices, teachers can make the necessary refinements for future
teaching (Mee and Oyao 2013).

3  Conceptual framework

The Technology Integration Planning (TIP) model of Roblyer and Doering (2014)
provides an effortless connection to the LS process. The model proposes three
phases needs-analysis; planning; post-instruction-analysis and refining,
incorporating seven steps to assure successful technology integration into
teaching.

Fig. 2 depicts a combination of the TIP model and the LS process. The first two
phases in the TIP model aligns with problem identification and planning in the LS
process. The teach phase in the LS is depicted between the second and the third
phase in the TIP. The third phase in the TIP model can be aligned to observe,
reflect and refine in the LS process.

Fig. 2: Conceptual framework based on the TIP model
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Phase one of the TIP model consists of two steps that develop the teacher’s
understanding of the teaching and learning needs associated with the
technology-based teaching. Step 1 considers which challenging topic to focus on,
and the implicit benefits of the inclusion of technology (Sweeney-Burt 2014).
Step 2 deals with the assessment of the TPACK integration (Koehler and Mishra
2009). TPACK within the TIP gives planning purpose, efficacy and meaning and
engages teachers meaningfully in the integration process (Roblyer and Doering
2014).

Phase two is focussed on planning. This is done in three steps that correspond to
the backward design process. Step 3 determines the outcome and assessment. In
Step 4 teachers interrogate fitting strategies and activities for teaching,
incorporating technology. During Step 5 teachers need to design conditions
within the classroom to support the use of technology.

Phase three commences after teaching, in two steps to review the success of the
technology integration (Roblyer and Doering 2014). In Step 6 (analysis of results)
the first important consideration is whether the desired outcome has been
achieved through validation of the assessment – as set out in Step 3 (Wiggins and
McTighe 2005). Learner feedback also supports the revision of instructional
strategies. In Step 7 relevant improvements are made, based on the analysis in
Step 6 (Roblyer and Doering 2014).

4  Research design

The study followed an explorative qualitative case study strategy (Creswell
2007). The case focused in the blended learning course “e-Learning for 21st
Century Facilitators”, as introduced in section 2. This course was designed to
include the aspects identified in the literature review, such as a blended
approach (a f2f session followed by two months online collaboration); the
implementation of the LS process; inclusion of the TPACK and backward design
to introduce planning for teaching with technology; a structured lesson planning
form to facilitate the planning process; a subject-specific group-focused
approach to online collaboration in the LS process; and the use of a Learning
Management System (LMS) to facilitate online processes. Two LS cycles were
completed during the course. This implies that the groups planned, taught and
refined two different lessons. During the online phase of the course, participants
took part in discussion forums on the LMS. Some of the more general forums
were open to all participants, but each subject specific group participated in the
LS process in a closed forum accessible to the group members and the
facilitators.

4.1 Participants

The participants in the research were teachers from across Southern Africa who
attended the course and consented to participation in the research. These 52
teachers were isolated in the sense that they were separated from their peers in
terms of geographic location or field of expertise. This means that a teacher
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could, for example be the only mathematics teacher who uses technology as part
of their instruction in a particular school, district or province. Further, the schools
where the company implemented their technology were far from each other,
isolating the teachers geographically.

Our interest in these participants came from the fact that they represent a
diverse set of attributes. The teachers were at different levels of their teaching
careers, taught learners from different backgrounds and had all been introduced
to teaching with technology in some way due to the technology provided to
them by the software company.

Four university facilitators, experienced in teaching with technology, online
facilitation and different subject areas, also were participants in the research.
The first and second author of this article designed the course. Fig. 3 illustrates
how the sample was framed (Shapiro 2008). Participants grouped themselves
into 13 subject specific groups.  The three groups that chose to work with
mathematics is indicated with the * in Fig. 3. The ratio of facilitators to
participants was one facilitator to six groups (24 people).

Fig. 3: Study population

The research project received ethical clearance from the university, as well as
permission from the company to use the data, and adhered to the prescribed
principles of voluntary participation, anonymity and confidentiality. During the
face-to face session of the course the research was discussed, and consent
letters provided to participating teachers. All teachers consented to participate
in the research.

4.2 Data collection instruments

Three data sets were utilised for data analysis, a final survey, completed by all
participants, the lesson plans, developed by participants and an observation
schedule. The LMS was used to capture and access the data in electronic format.
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Final survey

At the end of the course participants could complete an anonymous open-ended
survey on the LMS, completed by 33 of the 52 participants. The questions used
for this research are presented in the results section.

Lesson plans

A lesson plan template (Fig. 4) was designed to support teachers in the planning
process for teaching with technology. The template incorporated the aspects
identified in the literature review, such as alignment in the backward design (1-
3); and unpacking of various teaching activities (5-9). Each activity was described
as the integration (TPACK) of teaching strategy (5 - PK), content (7 - CK) and the
relevant technology (4, 8, 9 - TK). Participants utilised symbols to indicate
different decisions, such as teaching strategy and technology. Participating
teachers were advised to assure that their teaching strategies are learner-
centred, modular (as indicated in the time column – 6) to promote variety in
teaching and learning activities and incorporate mobile technologies available to
them in their classrooms.

Fig. 4: Lesson plan template
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The teachers used a hard copy during the f2f session to plan for their first LS
cycle lesson. These forms were photographed and shared on the LMS for all
groups to see. – an example in Fig. 5. Participating teachers could provide advice
and comments through post-it notes on each other’s work during the f2f session.
This emulated the process to be followed online.

Fig. 5: Example of a hard copy lesson plan

Participating teachers submitted two versions of the lesson plan for each or the
two LS cycles. The first cycle commenced with the hard copy form, and after
teaching and reflection, a revised digital lesson plan was submitted online. A
similar process was followed for the second LS cycle.

In the first cycle, 10 refined lesson plans were submitted and 11 in the second
cycle.

Lesson planning was negotiated and designed through the online discussion
forums and file exchanges on the LMS, and submitted as online assignments. Fig.
6 is an example of a revised electronic Geography plan and Fig. 7 is an excerpt
from a mathematics lesson plan.
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Fig. 6: Geography example lesson plan

Fig. 7: Mathematics grade 7 triangles - lesson plan excerpt
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Observation schedule

To support the analysis of the lesson plans, an observation schedule was
designed. This schedule was structured to observe “predefined” aspects of the
lesson plans (McKechnie 2008). Three items were observed by the researchers,
namely the backward design process (1.1-1.4); the TPACK framework (2); and
mobile learning strategies (3). The schedule is illustrated in Fig. 8.

Fig. 8: Structured lesson plan observation schedule

The backward design process was observed by evaluating the outcome (1.1) in
terms of its level on Bloom’s taxonomy (Bloom and Anderson 2014). The levels of
the assessment (1.2) and teaching strategy (1.3) was evaluated next. Lastly, the
alignment of the outcome, assessment and teaching on the levels of Bloom’s
taxonomy was considered (1.4). Backward design was considered aligned (all
three parts align); partially aligned, (two parts align) or not aligned.

Secondly, the lesson plan was interrogated to determine whether teachers
selected technology supported the pedagogy and content. This allowed for a
binary answer (yes/no) and a comment on the choice. This could be, for
example, choosing a mathematics practice app focusing on triangles for the
partial lesson plan indicated in Fig. 7.

Lastly the application of mobile learning strategies was investigated. This also
allowed for a yes/no choice. The researcher examined the activities set out in the
lesson plan to assure that they were short, modular activities, learner centred
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and varied, before assuring that participants made use of relevant mobile
technology in their activities.

In Fig. 9 we give a scanned image of one of the completed observation
schedules. Note that the annotations are concise and specific to the investigation
as suggested by McKechnie (2008).

Fig. 9: Completed observation schedule

4.3 Data analysis

The conceptual framework (Fig. 2) was used to guide the analysis of the data.
Some aspects were identified from literature (some examples indicated in italics
in section 2), after which participant data was scrutinised for references to these
aspects and identify new aspects. Next, concept maps of potential aspects were
compiled (Fig. 10).

Survey questions were analysed according to themes linked to the conceptual
framework and emerging codes from literature.  All responses were scrutinised,
whereafter any similarities in responses or correspondences to the framework
were noted. These similarities informed themes that would emerge to inform the
claims made in this study
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The observation schedules of the two refined lesson plans of each participating
group were captured and collated in MS Excel.

5  Results – aspects identified per LS phase

This section commences with an illustration of concept maps (Fig. 10) that
summarises the aspects identified in each LS phase. The process of determining
aspects is described in full in Joubert (2019). Table 1 provides a summary of all
aspects, as well as the relevant LS phase/s where identified.

Fig. 10: Aspects identified in LS phases

Fig. 10 illustrates that eight aspects were identified in the LS Plan phase (TIP
steps 1 to 5); four aspects in the LS Teach phase; three in LS Observe and four in
LS Reflect (TIP step 6); and five aspects in the LS Refine phase (TIP step 7). This is
unpacked in Table 1.
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Table 1: Summary - aspects linked to LS phases

Aspect Plan Teach Observe Reflect Refine
1. Technology x x
2. Group x x x x
3. LMS x x x x
4. Online facilitation x x x
5. TPACK x
6. Mobile learning strategies x
7. Lesson planning form x x x
8. Backward design x
9. Time x
10. Photos, videos and reports x
11. Reflection questions x x x

Each aspect is presented next in brief discussion of how it emerged from the
research, linked to the relevant LS cycles and data sources.

5.1 Aspect 1: Technology

Plan Data sources providing information were the final survey and the lesson
plans.

Question 1 (final survey): Which technology interventions are in your school?

Interventions noted included the solution provided by the software company (19
of the 33 participants), technology through a municipal initiative (2), two “Smart
Classrooms” which were equipped with “internet-connected tablets”, and a
departmental initiative and an e-learning classroom initiative.

Devices available were tablets (7), laptops (3) and desktop computers (2). Six
participants confirmed that all their learners had tablets, with another stating
that only some learners had tablets. Two participants mentioned that their
learners had laptops and another that only the teaching staff had laptops.
Schools supplied with technology from the municipality had desktop computers
available.

The two refined lesson plans per group (submitted at the end of each LS cycle)
were analysed to determine which technology the teachers preferred to include
in their lessons. Fig. 11 summarises these technologies.
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Fig. 11: Technology chosen - 2 Cycle comparison

The figure illustrates the different technological devices; software and apps; and
other resources utilised. Notably, only 6 of the 21 lesson plans pertinently stated
that a Wi-Fi or internet connection was needed for the lesson.

Teach

Two questions from the final survey are relevant.

Question 7: How did you experience the process of lesson planning – first plan a
lesson, then teach the lesson, then refine and submit a final lesson plan?

Technology was a noticeable aspect of the teaching phase of the LS process. Five
participants mentioned learner as well as the educator motivation. Learners
enjoyed their lessons because (i) it included the use of technology and (ii) they
were excited by technology integration in the lesson. One participant mentioned
that the availability of technology in their classroom made it possible for them to
explore new teaching strategies and move away from old habitual classroom
strategies.

Question 15: How did the blended learning course impact your teaching practice?
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From seven responses to this question, technology emerged as an important
aspect during the teaching phase of the LS process. These participants
mentioned that the blended learning course influenced their teaching practice in
such a way that they were now including technology in their teaching. A
participant mentioned that technology now “is part of [my] system of teaching
…”

5.2 Aspect 2: Group

Plan

The group aspect allowed participants to plan collaboratively and discuss their
ideas with other teachers. The LMS facilitated the online processes, allowing
participants to be in contact with their groups every week.

Question 3 (final survey): How did you experience the online collaboration?

Of the 29 responses, 17 indicated having only positive experiences. Six of the
participants stated that working online was “interesting”. They found online
collaboration as a pleasant experience due to the “interaction with the
facilitators and other groups”, “sharing ideas” and “getting feedback … because it
was motivation”. Three participants commented on the fact that they were
isolated from each other and that the online collaboration was “the best way in
which [they] could communicate given the distance between everyone”, that
they had an “amazing experience interacting with my colleagues from [other
parts] of the country” and that they “learned to work as a team irrespective of
the distance between [them]”.

Nine participants had both positive and negative experiences. Four participants
indicated that their negative experiences were mainly at the beginning of the
online collaboration phase and “but as time went on” they managed to
“overcome the challenges and continue with the course”.

Three participants experienced online collaboration with their groups as negative
because of other group members not participating in the LS process or network
issues and technical difficulties with their personal devices.

Question 4 (final survey): How often did you access the LMS to collaborate with
your group members?”
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Fig. 12 summarises the 29 replies on LMS access for collaboration.

Fig.12: LMS - Access per week

The frequency of accessing the LMS varied, but the responses indicated that it
was possible to meet online at least once a week to collaborate with group
members.

Three participants indicated that they accessed the LMS seldomly – again
because of unresponsive group members or network difficulties.

Teach

Question 7 (final survey): How did you experience the process of lesson planning
– first plan a lesson, then teach the lesson, then refine and submit a final lesson
plan?

Three participants enjoyed the availability of a group allowing them to share
ideas with others. One participant mentioned that “the ability to share play[ed] a
huge role in developing [themselves] when it comes to teaching”. Two
participants mentioned that the group influenced their teaching as they could
gain information from their group members and were able to explore new
teaching strategies with their groups.

Observe and reflect

The group aspect emerged from the investigation of this phase through the fact
that the groups shared their observations and reflected as groups in the initial
group discussion forums.  Mathematics teachers reported that online
collaboration gave them the opportunity to gain mathematical insights as they
shared experiences, which allowed them to improve their understanding and
teaching approaches, supporting the findings of Li and Qi (2011).
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Refine

Question 7 (final survey) above

Nine participants stated that their experience was positively influenced by the
fact that they were working in groups. The consensus seems to be that the
participants found that their collaboration (4), feedback (2), communication (1)
and sharing of ideas (1) lead to their positive experience of the group as an
aspect in the refine phase.

One participant did not have any support from his group and therefor struggled
to come up with a refined lesson. This participant further stated that having
access to the larger group, and also seeing the work that those participants did
“[he] had an idea of what to do and was able to post [his final] lesson plan.”

5.3 Aspect 3: LMS

Plan

Question 2 (final survey): How did you access the LMS?

Seven participants had an internet connection at their home as well as at work.
Six participants only had internet access at home and five only had access to the
internet at work. Three mentioned that they accessed the internet at their local
library. One participant noted that he had internet access at an internet café.

As for devices used for access, 30 participants (of the 31 who answered this
question) indicated a device. Most participants had access to laptops (18) and
smart phones (16). Eight mentioned the use of desk top computers and six used
tablets.

Eleven participants used their personal data accounts to access the LMS. Seven
participants stated that they used the internet access available to them in public
places such as school Wi-Fi (3) libraries (3) or other public access points (1).

Question 5 (final survey): What did you do when accessing the LMS?

The most common activity that participants were involved in on the LMS was to
read and reply on the posts of others (20), followed by submitting material (16),
posting comments (12) and downloading material (6).

Observe and reflect

Groups were managed through the LMS, and this created a space where
observations and reflections could be shared.

Refine

The LMS served as the facilitation tool for the groups to collaborate and share
files and ideas to refine their lesson plans.
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5.4 Aspect 4: Online facilitation

Plan

Question 6 (final survey): How did you experience the online facilitation process?

Of the responses, 21 of 28 indicated that the aspect of online facilitation is
necessary to include in the LS process. Firstly, the participants (7) stated that the
use of online facilitation “assisted” the blended learning course. Secondly, the
participants (6) explained that the online facilitation made use of “clear
instruction” that was “effective”, “efficient” and “monitored”. The third reason
that participants (4) provide is that the use of online facilitation provided them
with the experience to be online peer-facilitators themselves.

Two sets of facilitators were involved. The first set was the formal course
facilitators. Participants mentioned that their duties were to “monitor” (4) their
interactions on the LMS, provide assistance (2) with technical issues as well as
misunderstandings related to the blended learning course, and to give feedback
(1) were necessary. A second set of facilitators emerged as peer-facilitators. This
set included members of the participants’ groups, both from the smaller subject
groups and the large group of participants. Online facilitation allowed these
facilitators to “share [their] ideas” and provide support in order to “overcome
challenges”

Observe and reflect

The online facilitation aspect provided a virtual space to share observations and
reflections and to guide participants. Results for mathematics participants
suggest that after they have reflected collaboratively, they continue to reflect on
their own lessons, supporting the findings of Cavanagh and McMaster (2015).

Refine

Seeing that refinement of lesson plans within LS strongly supports the idea of
group members going through this process collaboratively, online facilitation and
the group members’ duties as peer-facilitators became an important aspect in
this phase. Once again, the LMS served as a vehicle for interaction whilst refining
the lessons.

5.5 Aspect 5: TPACK

Plan

Participants’ interaction with the TPACK framework in the lesson planning forms
were analysed using the observation schedule.

Observation 2: Could the participants choose technology to support pedagogy
and content?

The observation schedule was used to analyse the implementation of TPACK.
Fourteen (of the 21 refined) lesson plans illustrated TPACK integration.
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5.6 Aspect 6: Mobile learning strategies

Plan

Observation 3: Were the participants able to apply mobile learning strategies?

Evidence of mobile learning strategies were available in six of the 10 refined
lesson plans for the first cycle, and six of the 11 in the second LS cycle. The
remainder of the groups either did not show evidence of mobile learning
strategies or omitted this section in the lesson plan.

5.7 Aspect 7: Lesson planning form

Plan

Question 9 (final survey): How did you experience the lesson planning form for
the planning and refinement of lessons?

The 27 responses were mostly positive with only three participants indicating
that they had some challenges. Seven participants mentioned that the lesson
planning form was easy to use for planning (4), teaching (2) or both (1).

Participants who were challenged by the planning form were challenged in
diverse ways. One participant stated that the lesson planning form is “difficult to
use when your school has no technology”.

Teach

Question 9 (above) is also relevant here. Five participants commented on
experience of the lesson planning form in the teaching phase. Four participants’
replies indicated that the lesson planning form served as an important guide
during the teaching of their lesson as “it is a guide on how to go about teaching”.

Refine

Responding to question 9 (above) some participants indicated a positive
experience as they could use the lesson planning form to “see what worked and
gave [them] an opportunity to improve” and to “correct each other before
[submitting]” a refined version. Participants added that the lesson planning form
provided “structure and guidance” in their refinement of the lesson plan as it
showed them “what was expected” and “work wonders if you want to share the
lesson with [others]”.

5.8 Aspect 8: Backward design

Plan

Seeing that the lesson planning form was used to facilitate the backward design
process, the observation schedule was used for analysis. Bloom’s taxonomy was
used as a means to assess the level of the Outcome, Assessment and Teaching
and as an instrument to check the alignment of the planning process.
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Observation 1.1 (observation schedule): Outcomes

The results of outcome levels in LS Cycle 1 are depicted in Fig.13. Participants
were not limited to a certain number of outcomes, neither were they given
advice on the outcome cognitive levels.

Fig. 13: Outcomes observed - Cycle 1

Note that the outcomes were mostly on the lower levels of Bloom’s taxonomy.
Fig. 14 depicts the second LS cycle outcome distribution.

Fig. 14: Outcomes observed - Cycle 2

The lesson in this phase, although still mostly positioned on the lower three
levels of Bloom’s taxonomy, included more high-level outcomes. This could be an
indication that the teachers were more comfortable with this process of planning
and expected more from their learners.
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Observation 1.2: Assessment

Participants included 11 assessment strategies to determine whether or not the
outcomes were reached, as in Fig. 15.

Fig. 15: Assessment methods in lesson plans

Observation 1.3: Teaching

In total 20 different teaching strategies were mentioned by the participants in
their lesson plans, as indicated in Fig. 16.

Fig. 16: Teaching strategies in lesson plans

Nine groups included direct instruction, but the results indicate a high level of
learner-centred interactive strategies, and a modular approach.
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Observation 1.4: Alignment

Bloom’s taxonomy was used to determine the levels of the outcome, assessment
and teaching strategies respectively.

In the first LS cycle, four of the ten lesson plans had been designed in an aligned
fashion, four were partially aligned (for example that the outcome and teaching
align well, but the assessment strategies are misaligned) and two lesson plans
were not aligned at all.

In the second LS cycle, ten of the 11 lesson plans contained a fully aligned
backward design. In this cycle, there were no partially aligned lessons and only
one lesson plan that was misaligned. This group also did not have an aligned
lesson in the first cycle.

5.9 Aspect 9: Time

Teach

In discussion forums participants mentioned the time that it takes to plan for
teaching with technology, as well as of other commitments of teachers, which
created a challenge to find resources as well as to find time for the LS process.

Question 10 (final survey): Which challenges did you experience during the
teaching of the lessons planned?

Five participants viewed time management as a challenge during the teaching of
their lessons.

5.10 Aspect 10: Photos, videos and reports

Observe and reflect

Participants were not physically in each other’s classrooms, nor did they observe
the lessons that were taught, in a synchronous manner. The participants were
rather asked to share their lesson experiences on the discussion boards with
their groups. Participants used three avenues, namely photos (82), videos (5) and
reports (17).

5.11 Aspect 11: Reflection questions

Observe and reflect

In the first LS cycle, ten refined lesson plans were submitted of which six included
this aspect as a group reflection. In the second cycle eight of the eleven lesson
plans included this reflection. Individual participants also used these questions to
reflect in different discussion forums after each lesson, as mentioned above.
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5.12 Relationships between the LS process and aspects

The interconnectedness of the eleven aspects and the various LS phases can be
somewhat daunting. In Fig. 17, the aspects are indicated as they link to the LS
phases.

Fig. 17: Relationships between the LS process and aspects.

6  Discussion and conclusions

Traditionally the LS process is conducted in an f2f setting. However, researchers
such as Teele et al. (2015) and Lewis and Perry (2017) incorporated videos to
introduce an asynchronous approach to the observation and reflection phase.
Xiaofeng et al. (2015) investigated online collaborative lesson planning for
teachers that are isolated from each other.

We have defined LS as a collaborative instructional development process that
follows continual processes of improvement and allows teachers to consider
subject matter, the reasons for their teaching as well as the content and manner
in which learners learn. In our research we investigated which aspects are
necessary to support these isolated teachers through all the phases of LS in a
blended approach. The eleven aspects that emerged, lead to the development of
a framework consisting of three dimensions of LS namely Collaboration,
Instructional Development and the Iterative Improvement Process. Fig. 18 below
indicates how the 11 aspects contribute to this framework.
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Fig. 18: Framework of LS dimensions with the identified aspects

In the discussion that follows, the aspects will be discussed and how they
contribute to the three dimensions of LS, as in Fig. 18. In the discussion the
different aspects are in italics to highlight their connection to the dimensions.

6.1 Collaboration

As with more traditional modes of conducting LS, the underlying aspect of
collaboration in this study was the subject groups that participants were divided
into. The blended nature of this course allowed for different types of groups
namely, subject groups and the larger course group. Online facilitation was
provided by various participants and online facilitators. Results indicate
motivational value of bringing isolated teachers together through online
interaction and “teamwork”. Where groups were not functional, collaboration
was constrained.

Supporting the LS process through group interactions and facilitation is not
uncommon in traditional LS approaches, but in our case, this took place in a
blended format, and mostly online. Results indicated that teachers could manage
to meet in this virtual environment, as facilitated by an LMS, at least once a
week. This approach implied that teachers did not have to be in close proximity
to each other or travel long distances to partake in LS.

The online interactions were strengthened at its core by the fact that all the
course participants had access to the LMS, at least on a weekly basis. This
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allowed for the sharing of photos, videos and reports that created an opportunity
for participants to be closer to each other’s reality. Reflection questions and a
generic lesson planning form allowed all collaboration interactions to be
focussed and organised. The ability for these teachers to send each other photos,
videos and reports of their lesson presentations was a viable way for the
observation phase of the LS to be conducted online. This allowed for
asynchronous lesson observation.

Our results show how online environments can support collaboration, but the
issue of how online communities can grow as an environment where learning
and teaching takes place, remains open (Borba and Llinares 2012).

6.2 Instructional development

The instructional development that was envisaged in this TPD course, required
that teachers employ two of the aspects, namely technology and mobile learning
strategies. To support the use of technology, the TPACK was used to assist
teachers in successfully integrating technology in their teaching. The results
show that the participants integrated various forms of technology in their
teaching and that two thirds of the lessons planned illustrated a clear illustration
of successful TPACK integration. The Backward design process also assisted in the
instructional development as it allowed the teachers to design their lessons
collaboratively in well-defined stages. Both of these processes were built into the
structured lesson planning form to facilitate instructional development.

The structured lesson planning form supported coherent planning processes and
guidance in implementation of agreed aspects in the planning, especially for
teachers who are isolated from each other. The results show that as participants
became more used to the structure of the lesson planning form, they were able
to design lessons with increasing quality

Photos, videos and reports as well as the reflection questions provided the
instructional development process with information that could inform upcoming
LS cycles.

6.3 Iterative improvement process

It is clear from the literature that in its nature, LS is reliant on the ongoing
improvement that it brings to teaching and learning. Learning from each round
of the LS process, participants improve on their teaching approach in the next
iteration of the process.

The aspect required for this process to be successful in an online environment is
time. The results show that time was not only a necessity in the classroom, but
also in the preparations of lessons. Time emerged as an important aspect when
implementing this LS approach on a large scale. Our results indicated that
teacher time should be carefully considered to allow teachers to make the most
of their collaboration with others without being overloaded by other
commitments. The schedule of such an approach should also be kept flexible to
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allow the interaction of teachers not to interfere with the schools’ internal
schedules.

An aspect such as the lesson planning form, incorporating both TPACK and the
backward design process, allowed for time spent on the preparation to be
focussed and supported.

The LMS, with all its functionalities and online facilitators it brought with it,
provided assistance to teachers in a timely manner. The strong online presence
of the facilitators in this adapted LS approach played an important role. Teachers
who participated in the activities also discovered their role as online peer-
facilitators of the LS approach. It was seen from the approach followed in this
study that the groups should be kept small (3-5 participants) to ensure the
success of peer-facilitation. Results show that online facilitation was successful in
that it was monitored in a timely manner.

Reflective practice was a guided process. It is the researchers’ opinion that the
use of positive reflection questions motivated participants to reflect on their
practice individually and as a group. The use of the guided reflection also
provided a way for the participants to create a collaborative reflection with ease.

6.4 Framework intersections

The diagram provided in Fig. 18 shows four intersections between the three
dimensions of LS. At the very centre are the LMS and the lesson planning form.
These two aspects strongly supported the LS process for the isolated teachers.
The LMS enabled the sharing of photos, videos and reports. Furthermore, the
LMS allowed for real time and asynchronous conversations to be conducted with
online facilitators.

Our study clearly shows that isolated teachers need some guidance and structure
to support them in participating in LS in a blended environment. Structure was
provided in the form of the lesson planning form that incorporated other
structures such as the backward design and TPACK. The reflection questions also
provided structure to the reporting that teachers did online and made it easier
for online facilitation to support any arising gaps.

The initial blended professional development course was an important driver for
the LS process presented here.

The blended nature of the course proved to be beneficial. The initial f2f session
were valuable as teachers were introduced to the concepts (as with other
professional development courses) and to group members and facilitators. This
was followed by the online session including aspects such as group, LMS, online
facilitation, lesson planning forms and the reflection questions.

Lastly, our research indicates that this adaptation of LS is relevant to
mathematics teaching, but also generic in that results were similar for all the
other subjects represented in the research.
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Our results confirm that LS, done through a blended approach is a viable solution
to support isolated teachers in teaching with technology.

7  Shortcomings and limitations

The course programme was presented during a time that some schools had
examinations and others had holidays. This impacted negatively on the first LS
cycle, and thus the available data. This was, however, not the case for the second
LS cycle.

Some participants reverted to also work through the WhatsApp messenger
application during the first cycle. The researchers did not have access to these
group discussions. It was also corrected for the second LS cycle.

8  Proposed new research

It would be interesting to see the application of this blended approach to LS in a
setting where it is not administered by an academic institution. This could be
done, for example if the Department of Basic Education would implement this
form of LS on a national or provincial level in mathematics education initiatives.

9  Final conclusions

The most significant contribution of this study is the practical illustration of
applying LS in a blended format on a relatively large scale despite distance
between participants. The ensuing core aspects can support the adaptation of
the traditional LS process for a blended environment. This expands on the work
of Teele et al. (2015), Lewis and Perry (2017) and Xiaofeng et al. (2015) in the
quest to adapt LS for isolated teachers. The combination of the TIP model and
the LS process is also unique to this study.

This LS approach can be a teacher development tool that can address some of
the challenges and expectations that isolated teachers are introduced to in their
everyday life. LS is already a recognised TPD process in mathematics education.
This adaptation can open up possibilities for these educators that can enhance
mathematics teaching and learning in guiding them to collaborate and share
their practice and grow professionally regardless of where they are in the
country and maybe even in the world.
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