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Abstract

This qualitative research reports the results of a short learning intervention programme conducted by 
South African National Roads Agency Limited (SANRAL) Chair in Science and Mathematics Education 
to enhance the mathematical knowledge of teachers in some South African schools. The short learning 
programme comprised the fostering of teachers’ mathematical knowledge and the formation of lesson 
study groups to apply the knowledge gained from the intervention programme in different schools in the 
country. The sample comprised 53 male and 72 female Mathematics teachers who were nominated from 
several school districts in the country. The participants were trained using Mathematical Knowledge for 
Teaching (MKT) which included the topics of probability/ratio and proportion (grades 1-9). The MKT 
consisted of these sets of expertise: Common Content Knowledge (CCK), Specialised Content Knowledge 
(SCK), Knowledge of Contents and Students (KCS), and Knowledge of Content and Teaching (KCT). The 
lesson study groups applied the knowledge acquired from the short learning intervention programme to 
engage in group activities, lesson studies, and to report the major challenges in doing the lesson studies. 
This model research comprised three stages: the first stage involved active participation in the workshops 
that took place at the University of the Free State; the teachers that attended the training workshops 
implemented the knowledge gained in the respective schools in their districts in the second stage; and the 
third stage  involved the compilation and submission of a Portfolio of Evidence (PoE) by the teachers that 
participated in the training workshops.
Keywords: mathematical knowledge, short learning intervention programme, South African teachers. 

Introduction

This research documents the experiences and breakthroughs of Mathematics teachers 
working in South Africa. The teachers that participated in this study received a short learning 
workshop from the South African National Roads Agency Limited (SANRAL) Chair in Science 
and Mathematics Education at the University of the Free State, South Africa. The article presents 
the training experiences of the teachers and the improvement it brought to their mathematical 
knowledge. As recently as 2014, a notable study (Jita & Mokhele) projects the importance of 
different programmes aimed at developing teachers professionally in the nooks and crannies of 
the world. This development came at a time the disappointing performance of South African 
school children in Science and Mathematics in Trends in International Mathematics Education 
(TIMSS) needed urgent attention from academic researchers. Jita and Mokhele (2014) believed 
that building the capacity of the teachers is the end that any ongoing professional development 
such as the SANRAL Chair in science and Mathematics Education is designed to achieve. 
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Need for an Intervention Programme for South African Teachers on Mathematical 
Knowledge

The short learning intervention programme is founded on scholars’ belief that the 
most veritable channel of improving learning outcomes is to improve instructional delivery 
(Labuschagne, 2016; Taylor, 2008). Evidences from the research of Venkat and Spaull (2015) 
showed that inadequate fundamental understanding of mathematical concepts by South African 
teachers is responsible for the poor performance of learners’ in Mathematics in South African 
Schools (p. 121). The disappointing performance of South African children in TIMSS justified 
the need for the short learning intervention programme. Furthermore, Reddy et al. (2012) noted 
that South Africa, Botswana, and Honduras had low performance in TIMSS in 2011. These 
countries whose Grade 9 learners were assessed were among the six countries that were rated 
below the least achieved benchmark in Science and Mathematics. It is consequent on this 
unfavourable performance that the short learning intervention programme was put together to 
enrich the mathematical knowledge of teachers in South Africa. 

The purpose of the short learning intervention was twofold: first, to foster teacher’s 
mathematical knowledge in South Africa; second, to set up lesson study groups that will apply 
the knowledge acquired from the programme in South African schools. The programme was 
designed with focus on two major objectives; to overcome teachers’ knowledge deficit in 
mathematical concepts that hinders empirically sound classroom practices, and to use strategies 
(i.e. teachers’ cluster) that are research-driven to train teachers with ample teaching experience in 
Mathematics. In view of this, the theoretical framework that is relevant to teachers’ professional 
development is reviewed and presented an overview of the activities of SANRAL Chair in 
Science and Mathematics Education. Finally, the nitty-gritty of the short learning intervention 
programme is outlined, the research questions presented, and the results of the preliminary 
exploration are given.

Theory of Peer Observation Process

The short learning intervention programme is underpinned by the model of the peer 
observation process developed by Bell (2002). Different scholars have demonstrated that peer 
observation is an effective tool to enhance teaching outcomes and experience (Bell, 2001; 
McGrath, 2016). The model evolved by Bell (2002) is cyclical in nature and is diagrammatically 
presented in Figure 1.

Figure 1. Peer observation process (Bell 2002). 

The model is sub-divided into the following stages: pre-observation, observation, post-
observation feedback, and reflection. Despite the benefits inherent in the peer observation 
process, Thomson, Bell and Hendry (2015) cautioned educational researchers on the inactivity 
related to peer observation process such as the procedural and documentation aspects of teaching 
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development. These inadequacies notwithstanding, Shulman (2000) argued that the scholarship 
of teaching is developed when teachers’ work is peer-reviewed, critiqued and shared with other 
colleagues in their professional communities (as cited in Engin, 2016, p.379).

The pre-observation stage of the peer observation process involves the discussion of 
learning objectives and setting of ground rules for the observation (see Rees, Davies, & Eatwood, 
2015, p.269). The observation stage is the primary focus of the peer observation process. 
Hendry and Oliver (2002) stated that this stage is focused on helping teaching colleagues to 
develop their teaching acumen. Martin and Double (1998) affirmed that the observing teacher is 
involved in the experience without interfering in the dialogue and intellectual debates going on 
in the classroom. Martin and Double (1998) proposed that the observing teachers should adopt 
a systematic approach to taking observation notes in order to enable the active intermittent 
teacher to note the contours of the teaching session. The post-observation stage is concerned 
with the provision of an honest and constructive report from the observing teacher to the active 
teacher. Rees et al. (2015) stated that the observing teacher is expected to trigger the goals 
for personal development in the observed teacher (i.e. Tutor). It is expected that the goals for 
personal development will provide the basis for the observed teacher to reflect. 

Figure 2. Peer observation process model. 

The Short Learning Intervention Programme reported in this research is founded on the 
peer observation process developed by Bell (2002) in Martin and Double (1998, p.165). Some 
of the elements of the intervention programme are also closely related with the contents of 
Shulman’s model of pedagogical reasoning and action, which stressed an open and flexible basis 
for handling the nexus between content and instructional delivery or strategies (see Shulman 
(1986; 1987), using Shulman’s model of pedagogical reasoning and action in a preservice 
programme. To this end, the researchers sought to answer these questions:

1.	 What are the pre-observational activities of the selected teachers after undergoing 
the short learning intervention programme?
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2.	 What are the observational activities of the selected teachers after undergoing the 
short learning intervention programme?

3.	 What are the feedbacks from the observing teachers to the active teachers after 
applying the knowledge acquired from the short learning intervention programme in 
their lessons (Post Observation Reflection)?

Research Methodology

Research Design

The research used the after-the-fact research design of a qualitative type. The data were 
taken from the ‘portfolio of evidence’ submitted by the teachers who partook in the short 
learning intervention programme to the SANRAL Chair in Science and Mathematics research 
office. The research focused on mathematics teachers at different grade levels in South Africa. 
The duration of the research activities was three months. The training workshops took place on 
15-16 November 2013, 7-8 February 2014, and 7-8 March 2014. The completed portfolios were 
submitted by the teachers that participated in the intervention programme to the 20 March 2014. 

Population and Sample

The population consisted of Mathematics teachers in public schools in Free State, South 
Africa. There are 26,000 public schools in South Africa, 1255 of these schools are located in 
Free State province (Free State Department of Education, 2017). 125 Mathematics teachers from 
60 of the 1255 schools in rural and urban locations in Free State province were nominated by 
the School Management Teams through the Free State Department of Education to participate 
in the programme. 72(57.6%) of the teachers were female, while 53 (42.4%) were male. These 
teachers taught Mathematics to grades 1 to 9 pupils in their various schools and were nominated 
by the management of their respective schools for the research.  

The Short Learning Intervention Programme (SLIP)

The SLIP was designed to improve teachers’ mathematical knowledge for teaching 
(MKT), the topics of probability or ratio and proportion in grades 1 to 9 in South African 
schools. The MKT included Common Content Knowledge (CCK), Specialised Content 
Knowledge (SCK), Knowledge of Contents and Students (KCS), and Knowledge of Content 
and Teaching (KCT). All teachers that participated in the study signed a binding contract with 
their schools of affiliation to complete the programme.

The SLIP was made up of training phases which comprised professional development 
workshops for the selected teachers, individual tasks, collaborative tasks, and group presentations 
on mathematical problems solved during the workshops. The implementation phase of the 
SLIP consisted of: Teachers’ formation of an active lesson study group which comprised 3-10 
members per group, collaborative lesson planning among members of the lesson study group. A 
minimum of 3 lesson plans were required. Lesson presentations which involved the presentation 
of a minimum of 3 lessons by the study groups. Members of the lesson study groups mutually 
observed the lesson of each other and submitted their observations. These observations were 
discussed among members of the group.

The teachers recorded and submitted evidence of participating in each of the different 
components of the lesson study with their group members. These evidences included pictures, 
videos, and audio and were put in a report form and signed by the principals of the schools the 
teachers in the lesson study group were affiliated to. The teachers submitted the ‘Portfolio of 
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Evidence (PoE)’ to the SANRAL Chair in Science and Mathematics and reported again to the 
principals and/or school management team where required.

Instruments

An instrument tagged ‘Lesson Study: individual Report was developed by SANRAL 
Chair in Science and Mathematics Education. The LSIR was constructed in line with stages 
of Bell (2002)’s peer observation model. These stages are pre-observation, post-observation 
feedback, and reflection. The LSIR has the following sections: setting up the lesson study 
groups; group activities, lesson study and challenges and opportunities (See Appendix 1). 
Another instrument that was used in this research was the ‘Mathematical Knowledge for 
Teaching UFS Short Learning Programme (MKTUSLP)’. This outline describes the nitty-gritty 
of the SLIP, and other expected outcomes for the trainees that participated in the research. 
Section 1 of the outline provides information on the sponsor of SLIP, section 2 highlights 
the expectations of the service provider from participating teachers such as commitment and 
responsibility, active participation during workshops, and implementation of workshops in 
schools the teachers are affiliated to. Section 3 of this outline covers the administration and 
logistics regarding the participation of teachers during the learning workshops that were held at 
the University of the Free State (See Appendix 2).

Credibility and Trustworthiness

The instruments used to collect data in this study were designed by a Professor of 
Mathematics Education at the University of the Free State. The Professor has taught and 
conducted research on Mathematics education for more than twenty years. The LSIR and 
MKTUSLP were made available to officials of the Free State Department of Education 
(FSDoE), Education, Training and Development Practices Sector Education and Training 
Authority (ETDP-SETA) for their assessment and comments. These officials of the government 
were brought in to ascertain if indeed the contents of the instruments were in line with best 
practices for teachers’ professional development in Mathematics Education as stipulated in 
government policy documents. Their comments and observations were used to improve the 
research instruments.  

Data Collection

Each teacher that applied the knowledge gained from the short learning intervention 
programme in his/her school used the LSIR to create an individual report. Each Mathematics 
teacher created a portfolio of evidence with his/her report and submitted to the Research Office 
of SANRAL Chair in Science and Mathematics Education at the University of the Free State. 
The data for the study were gotten from the portfolio of evidence submitted by the teachers 
that participated in the intervention and these were collected from the Research Office of the 
SANRAL Chair in Science and Mathematics Education.

Procedure

The research was divided into four phases (see Rossi & Stuart, 2007, p.141), namely: 
• the development of short learning intervention programme by the SANRAL Chair in 

Science and Mathematics Education, 
• the implementation/use of the short learning intervention programme to train 

Mathematics teachers, 
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• the application of the knowledge acquired from the short learning intervention 
programme to teach Mathematics lessons in the benefitting teachers’ school, 

• and submission of a Portfolio of Evidence on the impact of the short learning 
intervention programme to the SANRAL Chair in Science and Mathematics Education 
at the University of the Free State, South Africa. 

• The short learning intervention programme took place from 15 November 2013 to 
20 March 2014. The learning workshops component of the SLIP took place on 15-16 
November 2013, 7-8 February 2014, and 7-8 March 2014. The teachers concurrently 
implemented the new knowledge gained from these training workshops in their 
respective host schools. All the Portfolios of Evidence (PoE) were submitted on or 
before 20 March 2014.

Integrated Quality Management System

These steps outline how the teachers that participated in the study implemented the short 
learning intervention programme:
 (Implementation of the Short Learning Intervention Programme by Mathematics Teachers)

1.	 The teachers’ convened a meeting in the Principal’s Office with a proposed agenda 
tagged ‘information on Lesson Study’.

2.	 The teachers that have benefitted from the short Learning Intervention Programme 
formed an active lesson study group consisting of 4-10 members.

3.	 The teachers exhaustively discussed strategies to teach the mathematical concept of 
Probability (Grades 1-9) or Ratio and Proportion (Grades 1-9) which were the focus of 
the short learning intervention programme.

4.	 The teachers collaborated to create teaching materials that would enable students to 
effectively learn the selected mathematical concepts (i.e. Probability or Ratio and 
Proportion).

5.	 The teachers convened another meeting at the Principal’s Office to collaboratively 
prepare three lesson plans to teach the selected mathematical concepts.

6.	 Teachers in the group presented the lessons one after the other on a daily or weekly 
basis while the other teachers in the group observed and wrote such in the teaching 
observation forms.

7.	 Each lesson presented by the teachers that taught the selected concept lasted for one 
hour.

8.	 The observing teachers gave a constructive feedback to the teacher that taught the 
concepts one after the other.

9.	 The teachers collaboratively prepared a portfolio of evidence containing different 
components of a lesson study (i.e. minutes of mention)

10.	 The teachers submitted the portfolio of evidence created to the SANRAL Chair in 
Science and Mathematics Education.

Ethical Scrutiny

The ethical blueprints of the host university were stringently followed, while SANRAL 
Chair in Science, Mathematics, and Technology obtained permission from the Free State 
Department of Education (FSDoE) to train the selected mathematics teachers. The researchers 
further collected informed consent from the teachers and made avenues for them to disengage 
at any point during the research. However, the selected teachers signed a contract with the 
nominating schools to complete the training programme before they can train other mathematics 
teachers with the knowledge acquired from this research in their schools. 
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Data Analysis

The data put together by the participants in the ‘Portfolio of Evidence’ which was presented 
in line with the reporting format provided by SANRAL Chair in Science, Mathematics, and 
Technology. These ‘Portfolios of Evidence’ were analysed to identify the patterns of participants’ 
responses and observations in line with the format of the individual reports (i.e. setting up 
the lesson study groups, group activities, lesson study, and challenges and opportunities). The 
constant comparison technique developed by Glasser and Strauss (1967) was used to open code 
the data in an initial code list until analysis had reached theoretical saturation. The discussion 
section highlighted the themes that characterised the data submitted in ‘Portfolios of Evidence’ 
by the mathematics teachers that participated in the short learning intervention programme. 

Research Results 

To ascertain how the participants used the knowledge benefitted from the short 
learning Intervention Programme to teach the mathematical concepts of probability or ratio 
and proportion, the korero (i.e. discussion or meeting) was thematically triaged along pre-
observational activities and feedback from the observing teachers. By repeatedly comparing 
the contents of each pre-observation preparation from what was included in the portfolio of 
evidence by the group of teachers, the elemental theme of pre-observational activities that 
emerged is ‘clustered’ lesson plan preparation. 

The excerpts below confirm the ‘clustered’ lesson planning that evolved from the 
interactions of the participants after the intervention programme.

Table 1. Excerpts of clustered lesson planning.

DATE 27 February 2014

Place/School Nthapelleng Intermediate School

Time 13:30 (40 minutes)

Group Facilitator/Leader (+ contact details) Kyman N.D 0842593280

Planning Team (all teachers in the group) Kynman NT Kesebo TJ, Pkhlabi TM, Ramoshane DJ, 
Ekhulergeni JM

Topic Selected Probability: Tossing a coin

Learner Prior: Knowledge (Key ideas only) (content to be 
covered) (key ideas only)

Simple experiment 
Tallies 
Perform simple experiments
List outcomes based on the conditions of the activity
Determine probability of possible outcomes

Intended Outcomes of the lesson 
Compare relative frequency and probability
List and predict outcomes
Conduct probability experiments

Resources to be used during the lesson 
Textbook
Coin 
Chalkboard

Lesson activities (what will the learners do? What will the 
teacher do?)

Teacher introduces the lesson; 
Explaining keywords; show learners examples.
Learners toss coin, record the outcomes in a tally table 
and find the frequency 

Advisor (any external invited participants supporter: 
principal/Deputy Principal (Signature and Stamp)) Mr. Khema
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Table 2. Excerpts of clustered lesson planning II.

The implementing teacher taught the mathematical concept ‘probability’ to Grade 7 
learners.

Date 03 February 2014

Place/School Retsamaile P. School 

Time 15h00

Group facilitator/leader (+ contact details) 0714786509 
JJ Motokenk

Planning team (all teachers in the group implementing 
teacher)

Ms. Mathe, Ms. Motokenk, Ms Haknka-Munzi, Fr. 
Kodike, Mr. Kefane
Ms. CS Kather

Topic Selected Probability 

Learners’ prior knowledge
(Key ideas only)

Counting figures
Money

Content to be covered
(key ideas only)

Define probability,
Explain tally
Complete the tally table
Recording the results 
Discuss results

Intended Outcomes of the lesson To be able to record the results on a tally table

Resources to be used during the lesson

-coin 
- chalkboard 
-worksheets
- textbook Premier LB page 219 
- 220

Lesson activities (what will learners do? What will the 
teacher do?)
Adviser (any external invited participants)
Supporter: principal/
Deputy Principal

-the teacher explains how the experiment is going to 
be done/ performs and asks questions

No 

Observational Activities

The observational activities adopted by the teachers were guided by the Lesson Study 
Observational form. The observing teachers noted their observations every ten minutes 
describing what the implementing teachers and observing teachers were doing. A teacher 
observing the implementing teacher during a model lesson described what the teacher was 
doing as follows:

- Explanation was brief and straight to the point 
- Gave real life examples
- Explained the activities or experiment to the learners and allowed them to record the 

results
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- Teacher did not explain how tally marks work
- Struggled with the idea of fair and unfair coin 
- This teacher also described what the learners were doing as follows:
- Learners were listening attentively 
- Each pair of learners was busy spinning a coin and recording the tally table.

Another teacher recorded her observations of the Mathematics teachers that taught probability 
to Grade 9 learners at Rankwe thus:
School: Rankwe Intermediate    Subject: Mathematics Grade nine (9):
Implementing Teacher: Pkohla G.A   Date: 28-03-2014

Table 3. Excerpts of lesson study observations.

Time in minutes (every 10min) Describe what the teacher is 
doing

Describe what the learners are 
doing 

5 

Introduction: she started by asking 
questions?
What do you know about 
probability?
The teacher explained: it is the 
chance of getting something.

One learner answered according 
to his understanding

5

A teacher got into subject matter.
She showed learners a formular of 
calculating probabilities. She took 
a coin, showed two sides of the 
coin, tail and the head. 

-learners changed fractions to 
decimal and percentages.

10
Teacher’s demonstration of 
probability of getting one was 1/6 = 
0, 166 =1/6 x 100/1 = 100/6

10

She made questions of 5 blue 
pens and 15 black pens.
What possibility of getting 5 pens.
She made a wheel spinner and let 
the learner do the problem

Learners calculations:
5/20 = 0,25 = ¼
=25%

Learners did the probabilities 
without a problem.

The observing teacher inferred that:

Learners are able to do identifications and all the necessary calculations.

Post Observation Reflections

These are the post-observation reflections of the teachers that observed the implementing 
teachers in one of such selected schools (Rankwe).
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Table 4. Excerpts of post-observation observations reflections.

What worked well 
and why?

What did not work 
well and why?

What were the 
challenges? 

What should be 
changed?

Pkohla, G.A. 
(implementing 
Teacher)

Collected enough 
resources that 
helped the better 
understanding of the 
topic.
I let the leaners 
manipulate the 
resources and 
calculate probability.

Not all the learners 
had a chance to 
manipulate the 
resources and go to 
the board.

Overcrowding in 
the class and the 
fear of going to the 
board as they were 
surprised to see 
other teachers in the 
class. 

Creation of classes with 
reasonable numbers 
of learners so that the 
teacher can reach most of 
the learners.

More time should be 
allocated for Maths 
periods.

Kefane T.S 
(Observing 
Teacher)

Planning and teaching 
aids.
Planning was well 
done and worked 
together with the 
teaching aids.
Learners seemed to 
be understanding and 
were involved through 
the lesson.

Time was enough 
for learners to show 
their calculations 
on the board and 
in their workbooks 
as feedbacks. Only 
few learners were 
able to

Mathematics should 
be allocated enough 
time for learners 
to have chance of 
learning very well.

Chance: 
-creating of space and re-
arranging the groups.

Gakjalane 
G.S. 

The educator was 
well- prepared and 
the lesson plan was 
also good because it 
was well structured 
and understandable; 
presentation was 
good and learners 
understood very well 
what the educator 
said. Teaching aids 
were used in a good 
manner.

The learners 
didn’t take part 
in manipulating 
chalkboard due 
to lack of time. 
Grouping of 
learners did not 
allow them to take 
part in using some 
of the teaching 
aids.

Overcrowding of 
the class was a 
challenge
Some learners 
were shy to do for 
independent work 
on the black board.
Time was also a 
challenge.

Creation of learning 
space should meet the 
favourable condition of 
learners.
Groups of 5-6 learners 
should be done to allow 
them to take part in 
activities.

Dlamni T.C. 
(Observing 
teacher)

 The lesson was well 
prepared, and the 
teaching was relevant 
LTSM.

The learning 
space should 
be created for 
effective teaching 
and learning

Some of the learners 
were afraid to come 
to the front to solve 
problems on a 
chalkboard.

The teacher should apply 
group work and encourage 
learners to work together 
and help one another.

Tshabalah 
G.S 
(Observing 
Teacher)

The flow of the 
lesson went well. The 
educator was well 
prepared and brought 
to the classroom all 
necessary teaching 
aids. Learners could 
see and touch the 
teaching aids.

The learners were 
many in class and 
the teacher could 
get every learner 
to manipulate or 
touch the teaching 
aids.

The challenge was 
overcrowding.

The space in the 
classroom must be 
created so that groups are 
formed, and each group 
has the learning aids to 
manipulate.
This can create the lasting 
memory of what was 
tough.
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Teachers in another lesson study group in Botshabelo met and reflected on the lesson 
taught by a teacher in the group on the mathematical concept of probability, which was observed 
by other members of the group. The teachers individually commented as follows:

Table 5. Excerpts of post-observation observations reflections II.

What worked well and 
why?

What did not work 
well and why? 

What were the 
challenges?

What should be 
changed?

Ms. Mathe 
(Implementing 
Teacher)

Ms. Motokenk 
(Observing 
Teacher)

Explanation was so 
interesting because the 
teacher was using real life 
examples.
Learners were actively 
involved

The teacher failed 
to control the class. 
Because learners 
were so excited when 
they were performing 
the events, spinning 
the coin.

-Learners were 
so excited to the 
extent that they 
saw the activity 
as an opportunity 
to be noisy and 
disruptive.

= Next time when 
learners perform 
actively like this one 
the teacher must 
give them rule to 
keep order.

Me. Haknka-
Munzi, 
(Observing 
Teacher)

The explanation of the 
term probability by the 
teacher to learners. 
The learners actively 
participated to the asking 
question activity

The recording of 
the Tallies to the 
learners the teacher 
failed to explain to 
the learners. So, it 
caused disruption to 
the smooth running 
of the activity.

The class was a 
little bit tense.
-time taken was 
longer than the 
planned time.
The observing 
teacher took a 
long time to fill in 
the forms.

Explain how tally 
marks work, work 
in groups than in 
pairs.
Recording of tallies 
on the tables.

Fr. Kodike 
(Observing 
Teacher)

The explanation of 
probability is brief and 
supported by real life 
examples.

Failing to explain 
how tally marks work.

Time taken is 
longer than 
planned because 
learners are 
excited. 

Explained how tally 
marks work with a 
larger group of

Mr. Kefane 
(Observing 
Teacher)

The teacher used simple 
and useful teaching aids.
The teacher used the 
correct daily life teaching 
aids.

They didn’t know 
how to toss the count 
spin.

The learners 
didn’t know how to 
group the tally on 
the tally table.
The learners 
didn’t know the 
term probability

They need thorough 
practice of the term 
probability.
They use the 
probability on their 
daily life activities.

Discussion

To understand the changes brought about by the intervention programme in teachers’ 
mathematical knowledge, the discussion was arranged around pre-observational activities, 
observational activities, and post observation reflection. At this point, we discuss how the 
respondents transferred the knowledge gained from the SANRAL Chair in Science and 
Mathematics Education workshops, reflect on what the implementing Mathematics teachers 
have done well, and where the teachers need to improve in future lessons.

The findings of this study show that the selected teachers changed from a personalised or 
individual lesson planning to clustered lesson preparation. Jita and Mokhele (2012) described a 
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cluster as ‘a group of teachers’ that collaborates on specific subject matter issues’ (p. 5). These 
teachers worked together to plan the lesson, implement the planned lessons, and reflect on their 
instructional deliveries of the Mathematics lessons collectively planned. The clustered lesson 
planning that emerged from the current study confirmed Jita, Maree, and Ndlalane (2008)’s 
assertion that ‘teachers from different schools are opportune to discuss their own work when 
they meet in a cluster’ (p. 482). Jita et. al. (2008) further asserted that feedbacks received from 
the cluster meetings enable teachers to develop trust and confidence in their colleagues that 
culminate into sharing and exchanging of aide-memoire on classroom practice. It is also noted 
from the sample lesson plans included in the portfolio of evidence submitted by the teachers 
that there was a transition from the conventional lesson plan to an activity-based lesson plan. 
The inclusion of action activities that involved learners tossing a coin, recording the outcomes 
on a tally table that enabled the learners to find the frequency change learning landscape 
created by the teachers in the grade Mathematics classrooms. The emergence of an activity-
based lesson plan from the selected teachers ‘clustered’ interactions confirmed Lijanporn and 
Khalisang (2015)’s assertion that ‘an activity-based learning should have essential features such 
as motivation and experience, knowledge and practice, feedback and evaluation’ (p. 1709). 
These four essential features highlighted by Lijanporn and Khalaisang (2015) were evident 
in the model lesson plans included in the portfolio of evidence submitted by the teachers that 
participated in the study.

The observational activities enabled the teachers in each cluster to collaboratively 
assess each Mathematics lesson taught by their colleagues. This act exhibited by teachers in 
the cluster networks was described by Jita and Mokhele (2014) as the ‘process’ benefits of 
clustering. The findings from observational activities describe the utopian Mathematics lessons 
that emanated from the improved mathematical know-how of teachers. It will be appropriate 
to call the classrooms that emerged in this study ‘the ideal Mathematics classroom’. It is ideal 
because a teacher implemented the lesson planned through clustering, other teachers in the 
cluster observed the lesson to provide information on the worth of the instructional delivery 
carried out by their colleagues. The evaluating teachers also learnt the pitfalls peculiar to the 
delivery of such a concept in Mathematics, and techniques of preventing or arresting such a 
trend in their lesson delivery.

A teacher that observed a Grade 9 Mathematics class at Rankwe intermediate school 
where the Mathematics teacher taught ‘probability’ declared that learners could do the 
identification and all the necessary calculations in this excerpt:

The way this teacher deconstructed the classroom that emerged from the clustering lesson 
implementation exemplified a ‘collaborative’ Mathematics classroom. It is collaborative because 
the Mathematics classroom encouraged teacher to teacher observation, teacher to student 
interaction, and learner to learner involvement in solving the mathematical problems related to 
probability.

The clustering teacher engaged in post-observation reflection after each Mathematics 
lesson. Zeichner (2008) credits the emergence of post-observation reflection to Shulman and 
colleagues at Michigan State University and states that it is aimed at developing teachers’ 
capacities to make intelligent decisions to achieve educational goals. The clustering teachers’ 
post-observation reflected on what worked well and why? What did not work well and why? 
What were the challenges? And what should be changed?

The use of appropriate instructional materials to teach probability emerged as the 
dominant theme in the clustering teachers post observation reflection on what worked well. The 
dimensional use of instructional materials by the clustering teachers is in line with Firmender, 
Gavin and McCoach (2014) that the mathematical community is the classroom where learners 
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can engage in both verbal and written forms of mathematical communication. Firmender et al. 
(2014) further assert that a teacher that implements instructional practices as exhibited by the 
clustering teachers in this study listens to the ideas of students and challenges such students to 
peoples’ rational basis for such ideas. The reason why the use of instructional insufficient time 
allocated to Mathematics lesson thematically emerged as a primary factor of what did not work 
well. 

Materials worked well for the teachers because learners could see and touch the 
instructional materials. The implementing teachers used the instructional materials in an 
interactive manner which enabled the learner to carry out mathematical calculations on the 
chalkboard. One of the observing clustering teachers responded to the question on what worked 
well and why by stating that: 

Planning and teaching aids. Planning was well done and worked together with the teaching aids.
Learners seemed to be understanding and involved throughout the lesson.

Insufficient instructional time allocated to Mathematics in the selected schools 
thematically emerged primarily as what did not work well. Cattaneo, Oggenfuss, and Wolter 
(2016) in comparing the efficiency of an additional hour of instruction for learners with varied 
academic abilities and school environment in Switzerland discovered that an hour of instruction 
might have a common productivity for all subjects but, with a possibility that different students 
profit differently from extra instructional time from the descriptive analysis those scholars 
applied to the data sets they used. A teacher that observed the delivery of the clustered-planned 
Mathematics lesson in one of the selected schools illustrated a point that justified that some of 
the learners might benefit from extra instructional time in these excerpts:

Time was not enough for learners to show their calculations on the board and in their workbooks 
as feedbacks. Only few learners were able to.

Another teacher in the observing clustering team stated that:

The learners didn’t take part in manipulating the chalkboard due to lack of time.

These quotations from the clustering teachers show the importance of allocating 
adequate time for Mathematics lessons. The observations of these clustering teachers confirm 
the findings of Baker, Fabrega, Galindo and Mishook (2004) in their analysis of three global 
datasets of instructional time in four curricular subjects namely Programme for International 
Student Assessment (PISA), TIMSS, and International Study of Civic Education (CIVICS) 
2000, and 1999 respectively. Baker et. al. (2004) discovered that Macedonia and South Africa 
devoted the least time for instructional delivery in Mathematics, while Italy and Denmark 
had approximately five hours of Mathematics classes per week. Baker et al. (2004) further 
discovered students in a country like Greece received 4.8 hours of weekly Mathematics classes, 
New Zealand and Iceland afforded learners approximately 4 hours of Mathematics weekly 
instructions, while other countries in the Schengen area did not devote up to three hours for 
Mathematics classes per week.

Researchers should be aware that despite the benefits of reconstructing teachers’ 
mathematical knowledge through clustering, there are challenges inherent in it. Amosun and Ige 
(2014) state that ‘all coins usually have two sides’, overcrowded classes and learners’ diffidence 
emerged as the challenges that confronted the clustering teachers in the implementation or 
delivery of the model Mathematics lessons. One of the clustered teachers stated that:
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Overcrowding of the classroom was a challenge. Some learners are shy to do individual work on 
the black board. Time factor was also a challenge. 

The challenge peculiar to the utilisation of knowledge acquired by the clustering teachers 
from the short learning intervention programme is further encapsulated in this narrative:

Some of the learners were afraid to come to the front to solve problems on a board. Overcrowding 
in the class and fear of going to the board as they were surprised to see other teachers in the class 
when I am teaching.

This narrative justifies the inclusion of strategies to control overcrowded classes and 
support timid learners in Mathematics classes in clustering lesson plans.

In stating what should be changed in using the clustering teaching approach that emanates 
from a short learning intervention programme by teachers, a teacher commented on those things 
that must be changed for effective clustering instructional delivery in Mathematics:

The space in the classroom must be created so that groups are formed, and each group has the 
learning aids to manipulate. This can create the lasting memory of what was tough.

The teacher that implemented one of the Mathematics lessons also proposed changes in 
her post-observation reflection. As the teacher commented:

Creation of classes with reasonable number of learners so that the teacher can reach most of the 
learners. More time should be allocated for Maths periods.

From the reflections of this implementing teacher, it is evident that instructional 
periods will become inadequate when teachers’ mathematical knowledge is improved using an 
intervention programme. It should be noted that the implementing teacher taught the class she 
is suggesting improvement to before her involvement in the short learning programme. From 
the discussion, clustering teachers must pay attention to the following when implementing a 
Mathematics lesson that is found on knowledge gained from an intervention programme:

1.	 The use of instructional materials which are essential to the mastery of the 
mathematical concepts being taught.

2.	 Use of enough instructional time to teach the mathematical concepts.
3.	 Grouping of learners in a crowded classroom. 

These emerging themes confirmed process benefits by Jita and Mokhele (2014) which 
constituted the values of teamwork, instructional guidance, and pedagogical leadership.  Fischer, 
Borowski, and Tepner (2012) stated that Shulman (1986) described pedagogical knowledge 
as classroom knowledge of general principles pertaining to organisation and management) 
(Recast this. It’s confusing). It could be inferred from Shulman’s (1986) assertion that Jita and 
Mokhele (2014) educational leadership connotes leadership in general principle of classroom 
organisation and supervision.

The benefits of teaching observation are adequately documented in literature (Bulterman-
Boss, Terwel, Verloop & Wardekker, 2002). Bulterman-Bos et al. (2002) affirmed that informal 
assessment such as observation enables teachers to become acquainted will their learners. The 
observational activities carried out in this study enable teachers to get to know their colleagues. 
Jita and Mokhele (2014) establish that the networks emanating from observational activities 
that enable teachers to communicate share and address issues, observe each other’s lesson, and 
develop expertise in multi-faceted aspects of teaching practice.
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Khachatryan (2015) stated that in her professional roles as a researcher, teaching leader 
and teacher, it was discovered that teachers desire eagerly qualitative feedback on their teaching 
practice, which they rarely receive. The Short Learning Intervention programme was put together 
to meet the professional needs of in-service teachers discovered by Khachatryen (2015). Klette 
and Blistad-Balas (2017) note the benefits of teaching observation and further posit that it 
affords teachers opportunity to observe each other; school leaders such as principals, vice-
principals can observe their teachers, and teacher educators and teacher mentors can observe 
student teachers. 
Despite the immense benefits of using teaching observation as a tool for teachers’ professional 
development, Klette and Blikstad-Balas (2017) reiterated Stuhlman, Hamre, Downer, and 
Pinnta (2010)’s warning on the use of unstandardized, informal and un-validated instruments for 
such a programme. This intervention programme used a standardized instrument to report the 
post-teaching observations of the participants which involved the implementing and observing 
teachers).

Conclusions

Consequent on the outcomes of this research, the teaching clusters that emerged from the 
SANRAL Chair Science and Mathematics Education’s short learning intervention programme 
were formed by the teachers themselves. The non-attachment of the teaching clusters to any 
official organ of educational authority protected them from bureaucratic ethos and allowed the 
teachers to focus on the utilisation of knowledge acquired from the intervention programme to 
improve instructional delivery in Mathematics classes in the schools that nominated them for the 
programme. In conclusion, despite the evidences emanating from this research on the benefits 
of using intervention programmes for Mathematics teachers, further educational fact-finding 
is proposed to juxtapose the findings reported in this research in other teaching clusters across 
the world. The teacher clusters reported in this study are limited to South Africa. Educational 
researchers should exercise caution in generalising the findings to other teacher clusters in 
other countries of the world. However, the teacher clusters notified the School Management 
Team (SMT) in schools selected for the implementation of the study. This research is one of 
the earliest efforts on training mathematics teachers in South African public schools, and it has 
contributed to current knowledge on the improvement of instructional practices in mathematics. 
It is recommended that future educational researchers should replicate this type research in 
science, technology, and engineering subjects to build the capacity of teachers for optimal 
lesson delivery. 
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