
REFLECTIVE LEARNING: USING A DIAGNOSTIC ASSESSMENT AS 
LEARNING – CONCEPTUAL THREAD APPROACH IN ADDRESSING 

ACQUIRED LEARNING DEFICITS IN MATHEMATICS  
IN SOUTH AFRICA 

Tracey Butchart1, Craig Pournara2, Patrick Barmby2 
1 Reflective Learning (SOUTH AFRICA) 

2 University of the Witwatersrand (SOUTH AFRICA) 

Abstract 
In South Africa, less than half of Grade 12 learners study Maths. Of these, barely half achieve above 
30% for Maths. Global assessments such as TIMMS expose South Africa’s problems in Maths at 
Grade 8 and Grade 4 levels. Poor performance and denied access to Maths and Science are a 
national problem. Learners acquire learning deficits – an absence of learning and a lack of remedial 
attention – due to socio-economic conditions and a poorly functioning educational system. Reflective 
Learning delivers diagnostics providing a complete audit of a learner’s Maths knowledge from Grade 1 
to Grade 9. Reflective Learning produces a personalised blueprint with detailed and explicit feedback 
addressing specific learning deficits acquired from past learning experiences for each learner. 
Diagnostics measure performance on seven conceptual threads running through Maths from Grade 1 
to 9. Eighty-one conceptual landmarks along these threads are benchmarked at Grade 3, Grade 6 and 
Grade 9 levels to collect evidence of the occurrence and extent of each learner’s difficulties in Maths. 
Results support an assessment as learning approach which enables teacher and learner to track back 
to rebuild understanding from each learner’s last secure place within the conceptual thread so as to 
fast-track mastery of the basics of Mathematics. Reflective Learning diagnostics are deployed online 
via computer, tablet or mobile phone. Each learner receives a unique log-in code to complete the 
tests. Cohort data is collected and analysed immediately after completion. Teachers log-in to access 
individual learner reports and download cohort analytics to facilitate intervention design based on their 
learners’ specific needs. In research and development of the Reflective Learning diagnostics, fifty 
Grade 10 learners in Mpumalanga, who were identified as all performing below Grade 6 level in Maths 
on the diagnostics, underwent an assessment as learning intervention, enabling metacognitive 
activation to fast-track learning and catch up learning deficits. Learners more than doubled their 
performance in just two terms after only one-hour a week contact time after following an assessment 
as learning approach using the conceptual threads design enabled by the diagnostic blueprint reports. 
Lessons learned from the research study were: if acquired learning deficits from early grades are not 
addressed, learners’ progress is blocked; that acquired learning deficits in Maths are not 
insurmountable and can be overcome using an assessment as learning – conceptual thread 
approach; that learners can catch up between three to six grade-levels within a one year period using 
this approach; and that Grade 10 is not too late to fix learning deficits as long as these can be pin-
pointed for remediation. Through the use of technology, the diagnostic has been delivered 
countrywide even to remote areas. Disadvantaged schools lacking resources can make use of a 
mobile testing unit and costs are subsidised by independent and well-resourced schools. Teachers are 
able to access instantly generated data to utilise for targeted remediation empowering meaningful 
data-driven practice in their classrooms. 

Keywords: reflective learning; diagnostics; formative assessment; assessment as learning; conceptual 
threads; conceptual landmarks; Mathematics catch-up; acquired learning deficits; metacognitive 
activation; metacognitive skills.  

1 INTRODUCTION 

1.1 A South African Problem in Mathematics Education 
Of all the South African Grade 12 learners writing their National Senior Certificate (NSC) examinations 
at the end of 2016, only 43.6% wrote Mathematics, and of these learners, only 51.1% achieved above 
30% for Mathematics and thus passed the subject. Despite this bleak level of achievement, these 
results are an improvement on the NSC Maths results in 2015 (DBE, 2015). 
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In a report for the Centre for Development & Enterprise (CDE) on South Africa’s education crisis, 
Spaull (2013, p. 6) said “for disadvantaged pupils, the gaps between what they should know and what 
they do know grow over time. This means that as time goes on, children fall further and further behind 
the curriculum leading to a situation where remediation is almost impossible in high school since these 
learning gaps have been left unaddressed for too long”. This culminates in poor achievement at the 
end of Senior Phase as evidenced by the 11% national average on the Annual National Assessment 
(ANA) for Grade 9 in Mathematics for 2014 (DBE, 2014). Nationally, only 3% of all Grade 9 learners 
achieved above 50% for Mathematics in the 2014 ANA (DBE, 2014). This means that the vast majority 
of learners, unable to pass Maths in Grade 9, are denied access to studying Maths in Grade 10 (the 
start of the Further Education and Training – FET band). The recent release of the International 
Association for the Evaluation of Educational Achievement’s Trends in International Mathematics and 
Science Study (TIMSS) results for 2015 show that no comparative progress is being made in South 
African Maths classrooms (IEA, 2015). Grade 8 Maths achievement results put South Africa second 
from the bottom of a list of 39 participating countries. Grade 4 Maths achievement was no better, with 
South Africa second from the bottom of a list of 49 countries. The ultimate result of our poor Maths 
education is that only low numbers of learners are eligible to choose to study Mathematics to Grade 
12 level and those that do so are producing poor NSC Mathematics results. Taylor, Muller and 
Vinjevold (2003, p. 129) sum up the problem when they state “ the … requirements of the high school 
curriculum make it virtually impossible for learners who have been disadvantaged by their early 
schooling to ‘catch-up’ later sufficiently to do themselves justice at the high school exit level.” This is 
why Spaull and Kotze (2015, p. 13) call these learning deficits “insurmountable”. Spaull and Kotze 
(2015, p. 15) define a learning deficit as “the difference between the actual performance of a student 
and some benchmark which is used as a reference category”. It refers to an absence of learning and a 
lack of remedial attention rather than any lack of a learner’s ability to learn. This is an important 
distinction to make as much of the global literature uses the term ‘learning deficit’ to refer to intellectual 
disabilities, sensory impairments and/or learning difficulties (neurologically-based processing 
problems). The commonly used term in international literature to refer to poor performance as a result 
of a learner’s socio-economic conditions is an academic achievement gap. As Reardon (2011) 
discusses in his analysis of academic achievement among the rich and poor over the past 50 years, 
as the income gap between high- and low-income families has widened, so has the academic 
achievement gap. This academic achievement gap is more akin to the South African learning deficit 
although the socio-economic issues in our country stem directly from our political past and this has 
had a massive impact on not only learners, but also on teachers, schools and education department 
districts. Spaull and Kotze (2015) in their research set out to measure these learning deficits in years’ 
worth of Mathematics learning and to see how these learning deficits change as learners proceed 
through grade-levels. Their findings confirm “the learning gap between the poorest 60% of students 
and the wealthiest 20% of students is approximately three Grade-levels in Grade 3, growing to four 
Grade-levels by Grade 9” (p. 13). In South Africa, only the top 16% of Grade 3 students are achieving 
at the Grade 3 level. Clearly the vast majority of South African learners are not meeting the 
Mathematics curriculum requirements even at the very start of their journey through the schooling 
system. 

1.2 Addressing this Problem 
This study set out to evaluate an assessment as learning – conceptual thread approach to the 
teaching and learning of Mathematics. A key feature of this approach is developing reflective practice. 
This is achieved by using embedded formative assessment bridging the gap between what teachers 
teach and what learners learn (Wiliam, 2011). Specifically, the formative assessment approach was 
“assessment as learning” (Earl, 2003) in order to engage each learner in self-assessment, self-
reflection and self-evaluation of their own learning process and progress. The purpose of this is to 
metacognitively activate learners so that, through shared responsibility, their learning can be 
accelerated. The assessment as learning approach is supported using identified Maths conceptual 
threads running through from Grade 1 to Grade 9. These conceptual threads are similar to what 
Confrey described as a learning trajectory or “a path through a conceptual corridor in which there are 
predictable obstacles and landmarks” (Confrey, 2012, p.4). The conceptual landmarks along these 
conceptual threads are important concepts to master for learning progress. These conceptual 
landmarks were taught, learned and/or needed in Maths to achieve at Grade 9 level and are 
comparable to Charles’ identification of his “math understandings” in the development of his “Big 
Ideas” (Charles, 2005). The conceptual thread approach enables learners to comprehend the 
relatedness of concepts in Maths. The seven conceptual threads populated by 81 conceptual 
landmarks form a ‘route map’ which assists learners in identifying their own learning gaps within a 
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broader Maths ‘picture’ and to understand how their weaknesses impact on related topics in Maths. 
The assessment as learning – conceptual thread approach was developed as part of an intervention 
with 50 Grade 10 learners with acquired learning deficits that were causing functioning at levels as far 
back as Grade 2. These learners were participants in a donor-funded Maths programme called 
Learners for Excellence (L4E) which was initiated and implemented by Uplands Outreach in 
Mpumalanga. Focused on making an impact in the impoverished and poor-performing circuit of 
Insikazi, L4E launched in February 2012. Its aim was to increase both the numbers of learners who 
pass Maths as well as the quality of Maths results through a weekly Saturday Maths enrichment 
programme that ran over three intensive years. The 50 learners were selected from the ten Insikazi 
high schools by their teachers. Selection criteria favoured learners with an interest and/or aptitude for 
Maths, a positive attitude and a good work ethic. Administering the Reflective Learning diagnostics as 
a baseline assessment in the first L4E session produced disappointing results. The diagnostic design, 
which benchmarked achievement at the successive levels of Grade 3, Grade 6 and Grade 9 (even 
though the learners were in Grade 10), revealed the extent and depth of each individual learner’s 
acquired learning deficits. This served as a personal audit of each learner’s existing Maths knowledge 
and understanding as well as a gauge of the cohort’s collective difficulties in Maths. The learners’ poor 
results caused a change in the planned L4E programme. It was decided to include an hour-long 
weekly class in which an assessment as learning – conceptual thread approach would be employed to 
‘make up’ acquired learning deficits and fast-track learners to actual grade-level expectations of 
performance in the shortest possible time. The Reflective Learning results were shared with the 
learners as a personal blueprint for required remediation. Embedded assessment as learning practice 
directed an adaptive teaching intervention through 2012 (and the first half of 2013) within the L4E 
programme. Conceptual threads were addressed in such a way as to develop understanding from 
Foundation Phase level along a learning trajectory through to Senior Phase level. Activities were 
varied and interactive, and required focused participation of all learners. Daily customised homework 
was set for each weekday in-between the Saturday sessions at Uplands Outreach. Marked homework 
was analysed by the learners through self-reflective activities to develop their metacognitive skills. 
Learners were encouraged to identify, understand and conquer their own specific misconceptions and 
errors to reach Grade 10 levels of achievement and to fast-track mastery of the basics of Mathematics 
even at this later stage in a learners’ school career (as is often the case in interventions in South 
Africa). The intervention challenge was to try and fix identified issues in the shortest possible time as 
Grade 10 instruction was to proceed concurrently as planned and only a one-hour weekly contact 
session with the learners was able to be allocated to catch up. Considering that disadvantages in early 
schooling cause learning deficits later (Taylor, Muller & Vinjevold, 2003; Spaull & Kotze, 2015), and 
the need to fast-track these Grade 10 learners, a learning trajectory – learning progression approach 
was chosen in order to correct important conceptual landmarks. These trajectories or progressions 
were called ‘conceptual threads’. Each of the seven conceptual threads run from Grade 1 to Grade 9 
through the activity classified as Mathematics. As a proponent of formative assessment, the 
researcher’s approach included using assessment as learning to fast-track learning progress along 
these conceptual threads, to engage learners in the analysis of their own Maths learning and empower 
them as partners to build on their identified strengths, correct their misconceptions and construct their 
own understanding. The strategy of embedded assessment as learning included self-, peer- and group 
assessment activities as part of every lesson. This offered time-specific benefits: as the learners were 
older, their metacognitive engagement and their shared responsibility saved valuable contact time and 
also fast-tracked progress to efficiently utilise the limited time allocated in the programme timetable. 
When comparing the L4E programme to other South African Saturday Mathematics enrichment 
programmes, the unique feature of L4E was the focus on developing reflective practice. This feature 
was dependent on the adoption of embedded assessment as learning in order to fully engage each 
learner in their own learning process and progress. This approach was chosen for the benefit of 
metacognitively activating learners so that, through shared responsibility, their catch-up could be 
accelerated. It was supported with the use of conceptual threads to enable learners to see the ‘big 
picture’ of learning Maths and to be able to identify their own learning gaps within that picture and to 
understand how their weaknesses were impacting on other related concepts in Maths. It was a further 
strategy for sharing responsibility for learning to empower the learners to understand how they could 
build their own understanding in Maths.  
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2 METHODOLOGY 

2.1 Research Design 
When choosing a framework for research design, the recommendations of Creswell (2003) were 
considered for a mixed method approach. The study was retrospective, conducted only after the three-
year L4E programme was completed. This necessitated a quasi-experimental approach as the sample 
was not randomised. In fact the researcher played no part in selecting the participants in the L4E 
programme. The Uplands Outreach Director and the Operations Manager drafted the criteria for 
selection of learners and the existing Teacher For Excellence (T4E) teachers in the participating 
schools made the selection. Quantitative data from this quasi-experimental approach and qualitative 
data from a narrative approach were collected concurrently from February 2012 to September 2012. 
Summative data for the two resistant conceptual threads of Fractions and Problem-Solving were 
included in the overall evaluation of the L4E programme in order to provide a full picture of the 
intervention’s impact even though the summative data for these threads was only collected in June 
2013. The mixed methods design was chosen to best suit the research questions of the study. These 
questions were: what is the value of using an assessment as learning – conceptual thread approach in 
addressing acquired learning deficits in Mathematics in South Africa? Specifically: can a teaching and 
learning intervention using an assessment as learning – conceptual thread approach ‘make up’ 
acquired learning deficits in Mathematics and ‘catch up’ low-achieving learners? The sample is 
composed of 50 learners in the Insikazi Circuit of the Ehlanzeni Region of Mpumalanga. These 
learners were drawn equally from Insikazi’s ten secondary schools, through consultation with the 
Circuit Manager and T4E teachers at the partner schools. Each high school selected five learners to 
participate in this Saturday Maths programme for three years, making this an inclusive circuit 
programme. The L4E programme officially ran for three years, from January 2012 when the learners 
started Grade 10 to November 2014 when the learners completed Grade 12. The data sources and 
collection of data were not made primarily for research purposes at the time but rather to inform the 
direction of teaching and learning over the three years.  

2.2 Developing the Reflective Learning Diagnostic Design  
To understand learners’ mathematical difficulties and the extent of these, a specific test was designed 
which, not only covered the curriculum-specified Maths content areas, but was diagnostic and able to 
benchmark achievement at Grade 3, Grade 6 and Grade 9 levels for a deeper analysis of learners’ 
existing knowledge. These seven components made up the conceptual threads: 

− Numbers: Concepts, Relationships & Operations 
− Fractions: Concepts, Relationships & Operations  
− Patterns, Functions & Algebra 
− Space & Shape 
− Measurement 
− Data-Handling 
− Problem-Solving 

Along each conceptual thread conceptual landmarks (critical concepts to be mastered) were identified 
and then prioritised for inclusion in the L4E diagnostic test. Table 1. presents the conceptual 
landmarks within each conceptual thread.  
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Table 1.  Conceptual Landmarks along Conceptual Threads 

CONCEPTUAL 
THREAD CONCEPTUAL LANDMARKS 

Numbers: 
Concepts, 
Relationships  
& Operations 

• comparing and ordering numbers 
• recognising place value 
• rounding numbers 
• decomposing numbers 
• adding numbers 
• subtracting numbers 
• multiplying numbers 

• dividing numbers 
• mixing number operations  
• squaring and cubing numbers 
• determining square and cube roots  
• working with factors and multiples 
• working with exponential form 
• working with integers 

Fractions: 
Concepts, 
Relationships  
& Operations 

• comparing and ordering 
• recognising equivalence  
• converting between fractional forms 
• adding fractions  
• adding decimals 
• subtracting fractions  
• subtracting decimals 

• multiplying fractions  
• multiplying decimals 
• dividing fractions  
• dividing decimals 
• working with mixed operations 
• working with percentages 
• working with ratio and proportion 

Patterns, 
Functions & 
Algebra  

• extending number patterns 
• describing and determining pattern rules 
• determining input and output values 
• simplifying expressions using laws 
• simplifying expressions using operations 
• simplifying expressions by factorisation 

• writing algebraic equations 
• solving algebraic equations 
• substituting in algebraic equations 
• drawing graphs 
• interpreting linear graphs 

Space & 
Shape 

• identifying 2-dimensional shapes 
• describing 2-dimensional shapes 
• identifying 3-dimensional objects 
• describing 3-dimensional objects 
• working with straight lines 
• working with angles 
• working with similarity and congruency 

• working with symmetry, enlargements 
and reductions 

• working with transformations 
• working with position, orientation 

and direction 
• solving geometrical problems 

Measurement • estimating time, length, mass, volume and temperature 
• measuring time, length, mass, volume and temperature 
• calculating time, length, mass, volume and temperature 
• converting units of measurement 
• determining perimeters 
• determining area and surface area 
• determining volume 

Data-Handling • collecting and organising data 
• summarising data (measures of central tendency and dispersion) 
• representing and displaying data 
• interpreting data 
• analysing data 
• drawing conclusions from data 
• working with probability 

Problem-
Solving 

• completing logic patterns 
• using sequential/ conditional reasoning 
• using spatial reasoning 
• using deductive reasoning 
• using inductive reasoning 
• using abductive reasoning 
• using creative reasoning 
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Due to the fact that the learners were already in Grade 10, the focus of the diagnostic test was on 
Grade 9 level and on Numbers and Fractions (the most important component in primary school) and 
Algebra (an important component in high school) and this is reflected in the weighting of the 
conceptual threads. Considerations in the weighting of the conceptual threads were: time allocated to 
them in the Curriculum and Policy Statements (CAPS) from Foundation Phase through to Senior 
Phase; their importance for success in the Further Education & Training (FET) band and existing 
assumptions about early difficulties in Maths.  

2.3 Collecting the Data 
On the first Saturday in February 2012 at the first gathering for the L4E programme, the learners wrote 
the Reflective Learning diagnostic as a baseline measure which was marked, scores captured and 
analysed immediately afterwards. After completing 26 weekly one-hour contact sessions focusing on 
catching up their basic Maths knowledge, 33 weeks later on Saturday September 15, 2012 the 
learners wrote the Reflective Learning diagnostic again in similarly controlled conditions. One 
difference was that the questions testing the conceptual threads Fractions and Problem-Solving were 
not included in the test. Formative assessment activities in the classroom had already shown that little 
progress had been made in these more resistant conceptual threads so it was decided to hold these 
over until 2013. Testing of these conceptual threads took place on June 22, 2013.   

2.4 Analysing the Data  
To establish whether this intervention had an impact on learners’ achievement in Mathematics, the 
baseline test scores and the summative test scores were analysed. A comparison was made between 
overall achievement on each test, as well as overall achievement on each conceptual thread. While 
the mean scores of the L4E cohort of 50 were compared for these measures, overall achievement for 
individual learners was also compared. All overall results were benchmarked against Grade levels – 
Grade 3, Grade 6 and Grade 9 levels. The diagnostic test was designed such that learners who were 
functioning at a Grade 9 level in Maths would achieve at least 90% on the Grade 3 level questions, 
80% on the Grade 6 level questions and 70% on the Grade 9 level questions. Applying this to the 
collected Grade 3-level, Grade 6-level and Grade 9-level questions enabled me to identify ranges of 
achievement on the overall test which corresponded to these benchmark levels. Thus a learner 
achieving 75-100% was classified as on Grade 9 level, one achieving 36-74% on Grade 6 level, one 
achieving 13-36% on Grade 3 level and achieving less than 13% was classified as not yet at Grade 3 
level. This data ensured that the starting point of the teaching and learning intervention would be at an 
appropriate level to build on learners’ existing knowledge for greater probability of success in 
remediation. The comparisons of pre- and post-intervention measures were used to establish the 
overall success of the intervention. The data was subjected to statistical measures to clarify 
distribution and a t-test was carried out for paired difference to calculate significance of the difference 
between the start and the end of the intervention. 

3 RESULTS 
The Reflective Learning diagnostic test was administered as a baseline measure in February 2012 
with disappointing results produced by the learners. Overall, the learners achieved only a 23.8% 
average. The highest achievement among the group of L4E learners was 48% while the lowest 
achievement was just 10%. This should not have been a surprise as the Annual National 
Assessments (ANAs) had been administered for the first time in 2011 to Grade 3 and Grade 6 
learners with disappointing results. 83% of both Grade 3 and Grade 6 learners in Mpumalanga were 
scored on Level 1 or ‘Not Achieved’ in the Mathematics ANAs. 

Ordering the L4E learners’ overall results and adding Grade-Level benchmarks highlighted the 
challenge the L4E programme was facing. 
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Figure 1. Overall Learner Achievement on L4E Pre-intervention Diagnostic Test with benchmarks 

Five Grade 10 learners (10% of the group) were performing below Grade 3 level. Thirty-eight learners 
(76% of the group) were performing above Grade 3 level but below Grade 6 level. Seven learners 
(14% of the group) were performing above Grade 6 level but not at Grade 9 level yet. No one had 
mastered Grade 9 level. When considering overall learner achievement on each individual conceptual 
thread, strengths and weaknesses become a little more apparent. 

 
Figure 2. Achievement on Conceptual Threads for L4E Pre-intervention Diagnostic Test 

Results across the seven conceptual threads were consistently poor. Data-Handling, with an average 
of 37.4% was the conceptual thread in which learners achieved the highest scores, while Problem-
Solving, with an average of 14.0%, showed the lowest achievement. Algebra was particularly worrying 
as the focus on Algebra shifts to about 40% of time allocated in Grade 10. Overall, in most conceptual 
threads, learners were operating at a level between Grade 3 and Grade 6. Only in Numbers and Data-
Handling were learners above the Grade 6 level, and then barely. 

Further understanding was gained of which levels the majority of learners were operating at by 
applying the same analytical approach to the cohort data in order to inform on intervention design.  

 
Figure 3. Grade-level Mastery on Conceptual Threads for L4E Pre-intervention Diagnostic Test 
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The Reflective Learning diagnostic design established that the proportion of learners functioning at 
Grade 1-2 level (ranging from 0% in Measurement to 66% in Problem-Solving), the proportion at 
Grade 3-5 level (ranging from 28% in Problem-Solving to 98% in Fractions) and the proportion at 
Grade 6-9 level (ranging from 0% in Fractions to 34% in Patterns & Algebra) for each conceptual 
thread. In this way conceptual threads could be prioritised, ordered and balanced within the time 
allocated. 

Although achievement in the Numbers conceptual thread was third highest, the importance of 
Numbers underpinning all of Maths, resulted in this thread being prioritised. That more than 70% of 
learners were below Grade 6 level in this important conceptual thread convinced the project team that 
this must be the starting point. There was particular concern about the bottom 30% of learners who 
were performing below Grade 3 level. The choice to focus on Numbers was further justified by two 
additional reasons: the teaching approach provided differentiated activities and opportunities for the 
more able learners to work independently on more challenging tasks so the top 28% would still 
progress; and the CAPS curriculum extends learners in number range and operations in the 
Intermediate Phase (Grade 4 –6) with the bulk of Senior Phase (Grade 7 –9) involving just practising 
with these numbers and operations so the extra practice would be beneficial too. 

The evidence of the extent of learners’ difficulties with Fractions motivated a postponement of dealing 
with this conceptual thread in 2012. All 50 learners were at a level below Grade 6 with two learners not 
even at Grade 3 level. Initially Problem-Solving was addressed through providing weekly challenges 
but learners were not improving without learning problem-solving strategies, so the active teaching of 
this thread was postponed until 2013 too. 

On the 22nd September 2012 the diagnostic test was administered again to the L4E learners under 
the same stringently controlled conditions and marked, collected and analysed in the same way. 
Questions related to the conceptual threads Fractions and Problem-Solving were held over until June 
2013 once further teaching and learning sessions focusing on these two more problematic conceptual 
threads had taken place. After administering these questions in June 2013, the Fractions and 
Problem-Solving results were included in the overall results and are presented in Figure 4. 

 
Figure 4. Overall Learner Achievement on L4E Post-intervention Diagnostic Test with benchmarks 

These results were much better. All learners were now above the Grade 3 level of expected 
achievement. One learner was still below the Grade 6 level. This was the weakest learner. She was 
the lowest performing learner in the baseline test (10%) and she was still the lowest performing 
learner in the summative test but nevertheless her result had improved to 32%. Thirty-four learners 
(68% of the group) were above Grade 6 level but had not yet achieved Grade 9 level after the seven 
month period of intervention. Fifteen learners (30% of the learners) had reached or exceeded the 
Grade 9 level of expected achievement. The greatest improvement was made by learner code Sb4 
who improved by 68 percentage points. He was the top learner in the summative test (achieving 93%). 
This was after he had been ranked 18th in the baseline test with a poor 25% result seven months 
earlier.   The smallest improvement was made by learner codes Sb2 and Z3 who each improved by 22 
percentage points. These increases were still improvements of 150% to 220%. 
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Figure 5. Overall Individual L4E Learner Progress 

The ‘skyscaper’ graph of Figure 5 of individual results encouraged the L4E team as even though not 
all learners had reached Grade 9 level as hoped for, 44 out of the 50 learners had more than doubled 
their baseline scores in the summative test. To further analyse these improvements from pre-
intervention to post-intervention scores for each learner, statistical measures were applied as shown in 
Table 2. 

Table 2.  Statistical Summary of L4E Results. 

Statistical Measures Pre-intervention Post-intervention 

Mean 23.8 65.5 

Variance 88.6 217.7 

Standard deviation 9.41 14.75 

Sample within 1SD 66% 64% 

Sample within 2SD 96% 98% 

The data indicates a normal distribution. A paired t-test was conducted on the pre-intervention and 
post-intervention data and produced a t-value of 16.86. When comparing this value with those on a t-
distribution table and using 49 degrees of freedom allows the statement with 99.9% confidence that 
the difference in pre- and post-intervention is statistically significant. (The t-table threshold value is 
3.5004). As is evident in Table 2, overall average achievement improved from 23.8% to 65.5%. Figure 
6 compares the change in average achievement for each conceptual thread.  

 
Figure 6. Progress in Average L4E Achievement for Conceptual Threads. 
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Plotting the baseline results and summative test results on the same graph shows the extent of 
improvements in average achievement. The largest improvement was achieved in the conceptual 
thread of Measurement (+51.8 percentage points). The smallest improvement was achieved in the 
conceptual thread of Fractions (+28 percentage points) although it is still more than a 100% 
improvement. Results across the seven conceptual threads were much better after the intervention 
with learners’ average achievement on all conceptual threads well above Grade 6 level. However 
achievements on only two conceptual threads, Numbers and Data-Handling, were above Grade 9 
level. Again Data-Handling, with an average of 86.6% was the conceptual thread showing the highest 
achievement, while Problem-Solving, with an average of 43.2%, showed the lowest achievement. 

4 CONCLUSIONS 
The L4E intervention with its assessment as learning – conceptual thread approach made a significant 
difference in learner achievement on the seven conceptual threads that comprise basic Mathematics 
over a comparatively short period of time. It has ‘made up’ acquired learning deficits and ‘caught up 
learners’ to varying degrees. The study can conservatively claim to show that these 50 learners have 
caught up at least three to six grade levels of Maths education with some learners making even larger 
gains in only a one year period with limited contact time. With an overall average improvement of over 
40 percentage points, by the end of the intervention all learners were either approaching, meeting or 
exceeding grade-level achievement for the end of Senior Phase. Individually, the greatest 
improvement was learner code Sb4 who improved by 68 percentage points. The two smallest 
improvements (learners Sb2 and Z3) of 22 percentage points were still an increase of more than 
250% on their baseline scores. When comparing achievement on the seven conceptual threads, it is 
noticeable that the greatest improvements were made in Measurement (up nearly 52 percentage 
points) and Data-Handling (up almost 50 percentage points). Smallest improvements were made in 
Fractions (up 28 percentage points which was an improvement of over 100%) and Problem-Solving 
(up 29 percentage points which was an improvement of over 200%). It must be noted that strong and 
supportive relationships were developed between the learners from the different schools and 
especially with the L4E staff team. Learner levels of motivation, engagement and interest were high 
which is evident in the fact that the project achieved an overall attendance of 96% over the three 
years. Key findings are therefore: that acquired learning deficits from early grades are not necessarily 
insurmountable and that Grade 10 is not too late for learners with acquired learning deficits to catch up 
and achieve in Mathematics. The L4E intervention and specifically the design, development and use 
of the diagnostic test has evolved into the on-line Reflective Learning diagnostics in order to scale the 
tool for identifying the acquired learning deficits prevalent among South African learners in public 
schools for targeted remediation to catch up to grade levels of mastery in Mathematics. 
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