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About CfEM  

Centres for Excellence in Maths (CfEM) is a five-year national improvement 

programme aimed at delivering sustained improvements in maths outcomes for 16–

19-year-olds, up to Level 2, in post-16 settings.  

Funded by the Department for Education and delivered by the Education and Training 

Foundation, the programme is exploring what works for teachers and students, embedding 

related CPD and good practice, and building networks of maths professionals in colleges. 
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Summary  

The Action Research project for 2020/21 was intended as a follow-up to the (COVID-19) 

interrupted project of the previous academic year, in which a team of teachers and colleges 

aimed to deliver a problem-solving (PS) curriculum.  A second lockdown was anticipated 

during the oncoming project and therefore a three-phase strategy was designed in order to 

incorporate an Assessment for Learning-style intervention in comparison to the much-used 

strategy of providing students a list of clips to watch at home prior to attending class. 

84 students were selected out of 477 GCSE Maths resit learners to take part. 

Whilst the department for GCSE Mathematics were to expect a 33.8% pass rate (on par for 

this college’s 4-year average), a PS-centred series of lessons showed a rise in in-year 

assessment results but resulted in examination pass rates no different from normal, which 

indicates improvements in mathematical understanding though not in exam performance. 

More successful strategies were to provide students with topic lists to review which contributed 

to an extra 24.6% passes, and the AfL-enhanced focused topic list also known as Gap analysis 

with an extra 71.9% boost in passes. 
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Background  

Leicester College is a General Further Education institution, it has around 20,000 students 

across its four main campuses, and over 80 local learning centres. It holds courses from entry-

level to degree level, but its main focus is on vocational skills training.  Leicester College was 

awarded a contract by DfE to become a Centre for Excellence in Mathematics in October 2018 

to support improvements in post-16 education. The resulting increase in focus on evidence-

based teaching and instruction has afforded the opportunity for dedicated CPD and 

encouraged collaborative planning and delivery for an enriched curriculum, beyond simply 

‘getting students through exams’.   

Problem-solving (PS) is a crucial yet fundamental skill of any area and level of mathematics 

and mathematical understanding. It is not just purely about being able to add two fractions or 

solve a simple algebraic equation through rote-learning or algorithmic methods but about 

understanding what you are trying to achieve, why you are trying to achieve it and, equally as 

important, how you are going to achieve it. It encompasses being able to be both fluent with 

procedures in mathematics and having conceptual understanding. Half of the GCSE Maths 

specification at the Foundation Tier is on problem-solving and reasoning which rises to two-

thirds at the Higher Tier and three-quarters % of Functional Skills maths is problem-solving. 

Yet we find that majority of the teaching in FE maths is based on developing students’ 

knowledge and factual recall, skills often leading to rote-learning and practicing simple skills. 

As a result, the learner often finds it difficult to access and understand exam-style questions 

when presented with these in Level 2 examinations. 

We therefore decided for the 2019/20 academic year that our action research would focus on 

developing students’ problem-solving skills. As an action research group, we decided to 

collaboratively plan an approach to developing this skill using a ‘plan-do-review’ model. This 

was very similar to the ‘Japan lesson-study’ model, where we collectively planned a series of 

lessons around a particular topic area, taught these lessons with peer-observations and 

reviewed these after. However, with the unforeseen impact of the Covid pandemic, some of 

the final elements of planning and data collection could not be fulfilled. 

For 2020/21, we decided we would build on our learning from the previous year and continue 

our focus on developing PS.  Our initial planning was based on the premise of face-to-face 

teaching but once again faced with the challenges of the pandemic, we had to refocus our 

efforts to remote teaching. This also meant an adjustment to our approach. We incorporated 

remote learning as part of PS delivery by setting students remote tasks using the online 

software, Hegarty maths. We ended up with three groups: 

1. One group, where the students would follow a diet of teaching problem-solving 

(“business as usual” from last year), 

2. one group where they would do the same work as group one but this time using 

Hegarty maths for remote learning and  

3. a third group where the remote learning was based on the use of AfL principles of 

identifying gaps in their understanding (a key principle of teaching for ‘Mastery’ 

approach in mathematics), through the use of Craig Barton’s diagnostic questions and 

then prescribing a set of Hegarty maths clips to the students, based on this diagnostic 

assessment. 

We collected both qualitative and quantitative data as part of the research. The qualitative 

data focused on how students felt when faced with PS questions. They indicated their 

confidence levels for a sample of problem-solving questions from past exam papers. The 
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quantitative data was based on collecting raw assessment scores from three assessment 

papers. 

The assessment scores were then collected and analysed for each of the above groups, as 

you will see later in the report. This produced some interesting results and provided some 

interesting ideas for further lines of enquiry for next year. 
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Literature Review 

The literature on mathematic PS provides a plethora of linguistic, conceptual, and pedagogical 

frameworks that have come to define the challenges associated with the nature of PS.  Kaur 

(1997:93), in seeking to review the challenges of this area, indicates that ‘PS in mathematics 

is a complex process which requires an individual who is engaged in a mathematic task to 

coordinate and manage domain-specific and domain-general pieces of knowledge’.  This 

agrees with Swan’s (2014) argument about the framework for designing a task including the 

development of factual knowledge and procedural fluency.  This involves providing 

opportunities for students to have repeated practice of specific and well-defined processes as 

well as memorisation of mathematical terminologies and notations.  Fluency is developed 

through engagement with various mathematical problems (Foster, 2013).  A possible limitation 

of the concept of fluency development is that it does not provide a timeframe and when 

preparing students who are resitting GCSE Maths exam, as in the case of this action research, 

time can be a determining factor in how much curriculum contents are covered before students 

are ready for their exam. 

One way that students in this research have benefited from time utility is using a flipped 

classroom model.  Flipped classrooms involve the delivery of curriculum contents to students 

outside of the classroom setting using electronic means to ensure that class time is used for 

practical activities (Arnold-Garza, 2014). Proponents of flipped learning have pointed to its 

various advantages including efficient use of time (Cole and Kritzer, 2009); possible increased 

in one-to-one interaction between teachers and their students (Lage et al, 2000) and increased 

active learning opportunities for students (Gannod et al, 2008).  A Flipped classroom model 

have also been linked to the development of students’ autonomy and taking responsibility for 

their own learning (Overmyer, 2012). Despite these advantages, the literature, and the 

experiences of the teachers in this research indicate that flipped learning must be used with 

caution.  Of course, the effectiveness of an online resource relies heavily on the selection of 

appropriate resources, technology gaps (Zhang et al, 2014) especially among students from 

low-income families that make up the majority of students in this study as well as the level of 

autonomy of these learners (Overmyer, 2012). Additionally, Romero-Garcia et al (2018) 

arguea that the effectiveness of flipped learning is also dependent on cooperative learning, 

involving small groups working together in such a way that the individual involvement of all 

members re-enforces the knowledge of individual members.  Leicester College opted for 

delivering flipped learning through HegartyMaths, which has the benefits of being able to 

deliver a personal approach to self-directed learning, whilst also to some degree learning from 

the user. However, the technology gap and the Covid-19 pandemic make cooperative learning 

a challenge in this case. 

One goal in Malcolm Swan’s task design is the development of conceptual understanding 

(Swan, 2014).  This can be juxtaposed with Sierpinska’s (1994:32) four mental operations that 

encapsulate understanding: identification of the required concept, naming and describing such 

concept; discrimination through the ability to see similarities and differences between 

concepts; generalisation of mathematical properties in specific cases, and synthesis of the 

principles required through unification of different concepts. Sierpinska’s four mental 

operations can also be seen through the literature as the factors that distinguish the different 

classes of problem solvers.  For example, Krutetskii (1976) and Silver (1979) indicate that 

good problem solvers can be distinguished from poor ones because the good problem solver 

has superior abilities at distinguishing relevant and irrelevant information; seeing quickly and 

accurately the mathematical structure in a problem; generalisation of concepts within a wide 

range of problems and remembering the formal structure of problems for a longer period.  The 



8 
 

questions that arise from distinguishing the good problem solver from the poor ones are how 

does a teacher support the poor problem solvers to develop and become good problem 

solvers and what are the limiting factors especially in cases like the one that involves preparing 

students for a limited time to re-sit their GCSE exam?  These questions do not negate the 

need for teachers and students to work together in the development of students’ conceptual 

knowledge for which it has been found to be a key factor in PS (Kaur, 1997). 

Also, very important in addition to conceptual understanding is strategic competence which 

involves the ability of ‘students to solve multi-step, non-routine problems’ as well as its 

extension to real-world problems (Swan, 2014:15).  The indication in this case is that 

developing students’ strategic competence involves pedagogical challenges because as 

Heller and Hungate (1985) argue, expert problem solvers undertake high-level planning as 

well as qualitative analysis before embarking on the solution to their problems while novices 

would usually go directly from the text of the equation to some equations.  This agrees with 

Span and Overtoom-Corsmit's (1986) finding which indicates that good problem solvers work 

systematically using more than one strategy.  Supporting students to develop strategic 

competence in PS in mathematics does not only involve developing their mathematical 

knowledge, but also agency and identity.  Various works have referred to Pickering’s (1995) 

‘dance of agency’ metaphor in connecting human agency to the social structure which creates 

a confluence between the independent and the dependent actions of people.  Using the ‘dance 

of agency’ metaphor, Boaler (2003) illustrates the need for mathematics students to be 

empowered to have their own identity.  Solving problems should be an endeavour that involves 

the development of strategic competence which does not restrain students from exploring 

different methods and combinations of methods in arriving at justifiable answers.  It is in this 

light that Powell (2004) works with African American students from mostly disadvantaged 

backgrounds uses the notion of agency and motivation to show the students from such 

background can achieve given the wherewithal to initiate investigations, reasoning, and the 

building of the foundational understanding of mathematical ideas.  Empowering students 

through agency and motivation requires time and collaboration among teachers in developing 

their own sense of learning and achievement by solving mathematical problems relying not 

only on their own knowledge but also that of the group (Burton, 2001).  Grootenboer and 

Zevenbergen (2009) work on identity and agency in mathematical learning in Australia 

indicates that empowering students so that they can take ownership of their mathematical PS 

is important in their development and achievement. 

Also pertinent to students’ achievement is Swan’s (2014) critical competence parameter in 

task design.  This involves analysing and critiquing mathematical explanations and PS 

strategies.  This process allows students to expand their repertoire of mathematic knowledge 

through critical analyses.  This agrees with Kaur’s (1997:104) argument that students with a 

positive attitude to mathematical PS monitor their own progress and they do not approach 

problematic tasks ‘as purely cognitive beings’, but that their behaviour is influence by their 

feelings of self-esteem.  Mohd and Mahmood (2011) in their study of student achievement in 

mathematic PS at the University of Kuala Lumpur in Malaysia found that attitude, patience, 

confidence, and willingness were paramount in high achievers.  Developing students’ 

competence at PS therefore requires various pedagogical challenges for which teachers’ 

collaboration is important.   

Additionally, developing effective questioning techniques such as open-ended questions as 

well as scaffolding and student-specific questions provide means of gauging the developing 

of the knowledge and competence of students.  The role of the students in presenting and 

sharing can be linked to their empowerment through agency.  This agrees with Almeida (2012) 

argument that it is important that classroom questioning transition from teacher-focused to 
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student-focused.  A Nepalese study involving questioning by mathematics teachers found that 

teachers who develop both lower-level and higher-level questioning following Bloom’s 

taxonomy saw higher progress in their students compare to those whose questioning stop at 

the lower-level.  Supporting students in the development of competence at PS must also 

incorporate assessment.  Assessment can be used by teachers in the monitoring of students’ 

learning and to inform future instruction, but it can also be used by policy makers to gauge 

mathematics knowledge (Suurtamm et al, 2016).  The US Nation Research Council (2001) 

indicates that various classroom and peer assessment approaches can support mathematical 

procedural fluency, reasoning, conceptual understanding, and strategic competence among 

others.  It can therefore be seen from this brief literature review that developing competent 

mathematical problem solvers is a complex task that does not only involve improving students’ 

knowledge of mathematical concepts, terms, and procedure, but also their motivation and 

independence that develop empowerment. 

 

We now move to the planning stage of our delivery. 
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Methodology 

Our Action Research methodology wll follow the process outlined in Kemmis & McTaggart 

(2000) summarised as PAR: Planning a change; Acting and observing the process and 

consequence of the change; Reflecting on the 

processes and consequences and then replanning.  It 

involves a spiral of self-reflective cycles, pinning 

together acting and observing, note, in the same set.  

Our research involved three such phase cycles: 

o Phase 1 – Scheme of Work with intervention 

designs (see appendices) applied. 

o Phase 2 - A PS-focused series of lessons (see 

appendices), with intervention designs applied. 

o Phase 3 - SoW resumes, ex PS and 

interventions. 

Each Phase ends with an assessment, where we can 

observe any progress and make necessary 

adjustments. Also, we utilise usage statistics in 

HegartyMaths (our LMS of choice) to measure 

participation and effort.  Overviews of the Interventions 

applied (Appendix I) and the three phases (Appendix II) can 

be viewed in the appendices. 

The research followed a mixed methods design that used both quantitive and qualititative data 

points. This helped inform planning and provided insights behind the numbers.  However there 

are limitations to this research. Nationally, we were beset by the COVID-19, which had 

somewhat of an effect, especially in the second Phase, which meant that in-class sessions 

could not take place and, we expected, to cripple the impact of the PS discussions. Another 

point to bear in mind is we are dealing with a small number of students (fewer than 100 in all 

groups) and student demographics necessarily impact on true randomisation, so buyer 

beware!  All student identifiable information has been removed from data reports to protect 

anonymity. 

As such, we seek to answer How to improve learners’ PS skills in FE Maths and, in 

particular: 

o Which methods are most effective and how do we know? 

  

Figure 1: The Action Research 
Spiral (Kemmis, Taggart 2000) 
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Results and Discussion 

We will now present the results and discuss in assessment order. 

But first, a note on correlation and predictors: Performance and participation in the gap 

analysis and associated HegartyMaths indicate a close relationship with assessment scores, 

leading to inevitable conclusion of “the more time devoted to practice with Hegarty Maths, the 

better one will do in the assessment”. We are careful not to make too strong a relationship, 

attesting to the correlation is not necessarily causation principle. A larger sample size might 

demonstrate stronger relationships, and therefore would encourage a larger participant size 

in future. We do feel, however, that performance in the three assessment objectives do 

correlate with overall performance, as the following data show. 

Initial assessment (assessment 0) 

Whilst offering an invitation to participants to take part in a Gap analysis of their knowledge 

and skills is a nod to student agency, there is also the problem of self-selection bias which 

results in nonprobability bias and therefore questions the applicability of such an intervention.  

We refer, therefore, to an initial assessment, taken at the beginning of the academic year. At 

this point we had not placed students into level streams (Foundation/Higher), nor do we know 

into which intervention they will be placed.   

After the intervention strategies were applied (November) we looked back at Assessment 0 

(initial assessment) to help track the groups’ marks. These are reflected in table 1 

Assessed 
National 
Mean 

Programme A Programme B Programme C 

AO1 16.0 [40] 17.8 (▲11%) 16.9 (▲5.4%) 14.9 (▼7.4%) 

AO2/AO3 18.1 [40] 16.8 (▼7.1%) 16.7 (▼7.4%) 15.2 (▼15.7%) 

Number 8.9  [23] 10.1 (▲13.8%) 10 (▲12.3%) 9 (▲1.2%) 

Algebra 4.0  [11] 3.5 (▼11.9%) 3.9 (▼0.5%) 3.5 (▼11.6%) 

Ratio 10.5 [23] 11.8 (▲12%) 11 (▲4.4%) 9.6 (▼8.7%) 

Geometry & measure 3.9  [11] 3.2 (▼17.9%) 3.4 (▼13.2%) 3.4 (▼12.7%) 

Probability & statistics 6.9  [12] 6.1 (▼12.1%) 5.5 (▼21.5%) 4.7 (▼32.7%) 

Common Questions 5.8  [21] 5.7 (▼1.6%) 5.6 (▼2.8%) 4.5 (▼21.7%) 

TOTAL 34.1 [80] 34.6 (▲1.4%) 33.6 (▼1.3%) 30.1 (▼11.8%) 

Table 1 Initial Assessment Mean Scores 

Note: Pass mark for this assessment is 42/80. Numbers in square brackets [80] indicate 

maximum mark for this topic. Fill arrows with % indicate performance against national 

average (▲= above national average; ▼= below national average). 

Whilst the national mean score for this assessment was not a pass mark, we see that 

students that ended up on Programme A (no interventions applied) and Programme B 

(Intervention A) performed similarly to the national mark, with the former at a slightly better 

overall mark and the latter slightly worse.  The group that ended up on Programme C (Gap 

analysis) underperformed compared with the national mean on both procedural fluency and 

reasoning/PS. All three groups did poorly in PS skills, so would benefit from a series of 

lessons on dealing with those types of questions and skills. 
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Phase 1 – Preload interventions 

We first assessed the participation rates for the three groups 

(Table 2). 

 

All three groups participated in some way in Hegarty Maths. 

Programme A, as outlined above, were not assigned revision 

clips for the upcoming assessment, and merely had to complete 

work given to them either in preparation for upcoming lessons, 

or to review what had been covered in a previous session, 

therefore under Participation and Effort, their entries are not 

applicable. 

Notice, however, that average participation for the learners on 

Programme B, who had to complete the clips, was much lower 

than the group (Programme C) that had the option to take part 

or to not. Average effort also in Programme C was twice that of 

Programme B.  Effort, in this case, means clips students viewed 

and attempted questions for – what was the average completion 

of those? 

What effect did this have on Assessment 1 scores? 

Considering the progress (Figure 2, below) made from 

Assessment 0 and Assessment 1 – both based on a non-

calculator paper from AQA’s past papers there has been some 

promising advancement in procedural fluency, as one would 

hope.  There is some ability (non-zero scores, for instance) in 

PS, as demonstrated in the initial assessment, but there was a 

notable decline in both reasoning and PS. We have clear 

indication, therefore, to investigate these skill sets. 

Student 
Group 

Group 
size 

Average 
Participation 

Average 
Effort 

Usage 
time 

Prog A 22 N/A N/A 2.8 hr 

Prog B 19 10.6% 9.2% 8.8 hr 

Prog C 43 64.9% 19.5% 7.4 hr 

Assessed Max Mark Prog A Prog B Prog C 

AO1 40 21.9 22.9 26.1 
AO2/AO3 40 10.4 11.7 13.7 

Number 23 13.6 13.2 15.1 
Algebra 11 2.0 2.0 3.2 

Ratio 23 9.1 9.5 10.8 
Geometry 11 4.5 5.2 6.5 
Prob/Stats 12 3.1 4.7 4.2 

CQ 21 3.7 4.1 4.8 

TOTAL 80 32.3 34.6 39.8 

Phase 1 

In this first Phase, the 

department-wide scheme of 

work was taught across all 

groups - Programme A. 

 

HegartyMaths Intervention 

4 weeks prior to Assessment 1, 

one group (n=19) was given a list 

of 42 clips 

(https://hegartymaths.com/help-

resources) to complete. 

Students were advised that it 

would help them to prepare for 

their Assessment.  With 20 

working days (assuming learners 

not doing homework at the 

weekend), this means that it 

would be possible to complete all 

tasks if around 2 are done per 

day. Will they do so, though? 

This will be given the moniker 

Programme B. 

 

Gap Analysis Intervention 

Another group (n=65) were 

invited to take part in a Gap 

Analysis (see Appendix III) to 

prepare for Assessment 1, also 

4 weeks prior to the test date.  

The responses from the Gap 

Analysis would inform which 

clips from the Hegarty list each 

student should review. 

Those that accepted the 

invitation (which happened to be 

n=43) to take part in the Gap 

analysis would form a group on 

Programme C. 

The remaining students (n=22) 

from the group of 65 would form 

Programme A. 

 

Table 2: HegartyMaths Clips Participation 

Table 3: Assessment 1 scores 

https://hegartymaths.com/help-resources
https://hegartymaths.com/help-resources
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Figure 2: Student Progress 

Note: Positive values indicate an increased in performance for this area in Assessment 1 

when compared with the same assessed area in Assessment 0. Similarly, negative values 

indicate a decline in performance. 

 

A closer look at the results from the Gap analysis and Assessment 1 scores we found no 

correlation in confidence in topic knowledge and real-world performance for those topics.  One 

positive correlation popped out from the data analysis of this Phase, total learning time and 

intervention effort (hardly a revelation), and even this is not overly strong, with many outliers. 

 

Figure 3: Phase 1 Performance correlations = nothing to write home about 
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We return to the drawing board for Gap analysis. 

 

 

Paranthetical – Reassessing Higher Tier students at Assessment 1 

During lockdown, shortly after Assessment 1 and prior to PS planning, well performing 

students, and those that required a grade of 5 and above for their next stage of study were 

offered the chance to sit the Higher Tier version of Paper 1.  The vast majority of these 

students selected for the Higher Tier were subject participants of our action research project 

– the various interventions already making an impact. 

The following table shows the resulting scores. 

 

 

 

The pass mark at Higher Tier for this paper was 14/80.  Grade 5 is achieved at 23 marks out 

of 80 and 6 at 32/80.   

These marks will be used to measure attainment and progress for Higher Tier groups 

through Phase 2 and 3. 

 

 

 

 

 

 

 

 

 

 

 

Assessed Max Mark Prog A Prog B Prog C 

AO1 33 13.3 10.8 14.6 
AO2/AO3 47 12.3 10.4 14.4 

Number 23 6.5 5.3 7.2 
Algebra 11 5.3 5.1 6.9 

Ratio 23 5.7 3.4 6.2 
Geometry 11 2.7 2.0 3.8 
Prob/Stats 12 5.4 5.0 4.9 

CQ 21 9.4 8.2 10.3 

TOTAL 80 25.6 21.2 28.9 

Table 4: Assessment 1 Scores (H) 
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Preparing for Phase 2 – assessing the strengths and weaknesses of students’ 

PS abilities. 
Before we can make any headway to improving our learners’ performance in AO2/3 we 

wanted to find out what our students are capable of.  Some teachers believe it to be a matter 

of underlying knowledge as it was clear that students could perform some of these more 

challenging questions and there were indications that performance in some topic areas was 

quite weak, geometry, for instance, although there was some improvement in the first term.  

Others believed that students simply struggle with mathematical thinking, being able to link 

topics together, or breaking down questions.  To that end, a quiz was devised to ascertain 

the hurdles that students face when approaching PS questions.  The quiz was comprised of 

three questions, each assuming no prior knowledge of anything other than arithmetic or area 

of 2D shapes. Therefore, should a question involve anything other it should include a 

formula to help the student along.  Each question also would include a confidence level 

based on initial perception of question, the level of difficulty upon attempting it and 

confidence that answer was correct.  The full quiz can be found at Appendix IV. 

Question and 
skill measured 

Notes Median 
Score 

First 
Impression 

Attempting 
Question 

Confidence 

1 – Volume of 
hemisphere/rate 

of change 

Formula of 
sphere 
included 

66.7% Scary Difficult 
Somewhat 
confident 

2 – Integer 
multiplication & 

division 

Assumption of 
basic 
arithmetic 

100%  Neutral 
Somewhat 
easy 

Confident 

3 – Area of 
circle/semicircle, 

find fraction of 
value 

Assumption of 
area of circles 
and basic 
arithmetic 

33.3% Scary 
Somewhat 
difficult 

Somewhat 
unconfident 

Table 5: Programme C Problem-solving quiz and confidence level. N=43 

We asked for feedback from the students that took part. Fifteen responded. Those that scored 

a zero on some questions expressed that they struggled to understand what the question was 

asking them to do or were unsure about the function of pi. One student wrestled with 

converting time into minutes for the answer. While another expressed fear of formulae – they 

“seem more scientific”.  Other themes where students tend to “freeze” when they see 

questions involving algebra or questions that are “too wordy”. 

Students readily admit that they would most likely skip these types of questions in exam 

conditions, but when it was revealed to them that the median score was 7 marks out of 10 for 

this group most learners responded by saying that it made them feel better by knowing this 

and that they will take more time over those questions. 

It is evident that confidence plays a big role in attempting these questions. Students feel that 

come exam time they have the option of skipping the question and would therefore rather not 

do it, and therefore miss out on the possibility of acquiring at least a mark. But there are also 

clear knowledge gaps.  We will return to this in our conclusion and recommendations. 

The next step was to design a sequence of problem-solving lessons, which was done over a 

course of a few meetings (over MS Teams, thanks to lockdown).  The rationale and a sample 

lesson can be found at Appendix V. 
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Phase 2 – Foundation/Higher Streaming. 

Interventions revisited + PS Delivery. 
At this point, we knew which of our students were continuing on 

Foundation Tier and which we could be placed on Higher Tier 

track. 

The interventions (in addition to the amendments made as per 

boxout – right) now required Tier-appropriate review clips. The 

table below shows their participation. 

Foundation Tier 

Here we see (Table 5), again, some usage across the board 

thanks to Flipped learning. Students on Programme B invest 

more time in HegartyMaths in general, but far less participation 

and effort in those clips that would help them more in their 

upcoming assessment, especially in comparison with 

Programme C. 

 

What impact would this have, together with our PS delivery on 

Assessment 2? Table 6 shows scores attained in Assessment 2 

for the Foundation Tier learners. 

 

 

NB: Some exam questions cover more than one Assessment 

Objective, for instance one may have AO1 and AO2, AO1 with 

AO3, AO2 with AO3 and sometimes all three together. Therefore 

AO1+AO2/3 in some tables may differ from the total score due 

to rounding and assignment error. 

The scores in Table 6 look unpromising after the series of PS 

sessions, however after controlling for the students that were 

moved away from Foundation and onto the Higher Tier track, we 

see some important changes (Figure 4). 

Students on Programme B (Foundation) had made some strong 

improvements, being the only group to increase the foundation 

of knowledge over the lockdown period, whilst the other two 

Student 
Group 

Group 
size 

Average 
Participation 

Average 
Effort 

Usage 
time 

Prog A  18 N/A N/A 2.4 hr 

Prog B 14 8.2% 7.1% 8.4 hr 

Prog C 28 52.9% 13.8% 7.9 hr 

Table 6: HegartyMaths Clip Participation Phase 2 (F) 

Assessed Max Mark Prog A Prog B Prog C 

AO1 40 16.8 19.5 18.5 
AO2/AO3 40 13.7 15.8 14.3 

TOTAL 80 30.0 34.9 32.4 

Table 7: Assessment 2 Scores (F) 

Phase 2 

In this central Phase we now 

deliver our collaboratively 

planned PS lessons. 

They began with an introductory 

concept in bringing together 

different skills in mathematics 

(AO2) to answer more 

comprehensive questions. We 

explained that often students 

may be able to answer a 

question by looking at the central 

image and demonstrating what 

they already know before even 

considering the question. 

Teachers encouraged use of 

questioning to consider the 

concepts in PS, rather than 

specifically answering the 

question presented.  All students 

in our groups took part in this – 

Programme A, B & C. 

Programme A received only this 

in lessons, whilst B and C groups 

had, in addition the interventions 

introduced in previous Phase, 

with a slight adjustment. 

 

HegartyMaths Intervention 

No change here. 

 

Gap Analysis Intervention 

Following analysis from Phase 1, 

the Forms quiz was built up using 

carefully selected questions from 

DiagnosticQuestions, whereby 

an incorrect response would 

reveal a potential misconception 

by the student (adding more 

useful feedback), in addition to 

providing the student with the 

relevant clip. 
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groups diminished (perhaps because of demotivation, or lack of access to resources?).  All 

groups greatly improved in their PS skills, with Prog.B vastly outperforming the other groups. 

 

Figure 4: Student Progress (Foundation) 

 

Higher Tier 

Again, the learners on Programme A, like their Foundation Tier counterparts spent little time 

during those 4 weeks prior to Assessment 2 in preparation, just a smidgen over 2.5 hours. 

 

Learners that were provided additional clips spent, on average, 4 hours per week on Hegarty 

Maths preparing for their assessment, but only 15.3% of them towards specific clips, tackling 

only a tenth of those available. Conversely, over half the students that took part in Gap analysis 

completed one fifth of all available clips. 

We see this reflected in the performance at assessment 2, with the mean mark at 21, 15 and 

29.5 respectively. 
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AO1 AO2/3 Total

Skills Progress - % Change from Assessment 1 to 
Assessment 2 (Foundation Tier)

Prog A Prog B Prog C

Student Group Group size Average 
Participation 

Average Effort Usage time 

Prog A 4 N/A N/A 2.6 hr 

Prog B 5 15.3% 10.9% 16.0 hr 

Prog C 15 54.5% 19.3% 9.9 hr 

Table 8: HegartyMaths Clip Participation Phase 2 (H) 

Assessed Max Mark Prog A Prog B Prog C 

AO1 27 7.4 6.4 10.8 
AO2/AO3 53 13.4 8.5 18.4 

TOTAL 80 21.0 15.0 29.5 
Table 9: Assessment 2 scores (H) 



18 
 

We now compare the performance between Assessment 1 and 2 on the Higher Tier to see 

any advancement between these two. 

 

Figure 5: Student progress (Higher) 

In this Phase, the students on Programme B appear to have fared the worst during lockdown, 

in spite of greater time spent on HegartyMaths. Programme A and C, however, whilst dropping 

performance in Procedural fluency, picked up the pace in PS. 

 

Gap Analysis, HegartyMaths learning time and Student Performance. 

Thanks to the reviewed process for the gap analysis on Programme 3, we see more 

correlations between how students perform in the knowledge check and how we expect them 

to perform for those question-types in the assessment. Recall that if students answer 

questions correctly in the gap analysis, these topics are removed from a student’s review list. 

 

Figure 6: Gap Analysis predictor of performance for AO1 
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We also see in mathematical reasoning (AO2) that the expected score/actual score ratio is 

strongly correlated with participation with Hegarty Maths.  The greater the time invested in 

Maths practice, commensurate with revealed knowledge gaps improves scores. 

 

Figure 7: Gap Analysis + Hegarty Participation predictor for AO2 

As for AO3, the correlation between performance therein and at AO1 appear to be strongly 

correlated. 

 

Figure 8: AO1 & AO3 performance linked 

 

Our project now resumes normal SoW, removing the interventions and PS scheme. 

  

y = 0.1608x - 0.2011

-50.0%

0.0%

50.0%

100.0%

150.0%

200.0%

250.0%

300.0%

0 0.002 0.004 0.006 0.008 0.01 0.012 0.014 0.016

A
O

2
 A

fL
/A

ss
es

s

Hegarty total learning time (Minutes)

Thousands

AO2 Predictor of Assessment Performance

AO2 AfL/Assess

Linear (AO2 AfL/Assess)

Linear (AO2 AfL/Assess)

y = 0.7341x + 0.3608

0.0%

50.0%

100.0%

150.0%

200.0%

250.0%

0.0% 50.0% 100.0% 150.0% 200.0% 250.0%

A
ss

es
se

d
/Q

u
iz

ze
d

AO3 AfL/Assess

AO3 Predictor of Assessment Performance

Assessed/Quizzed

Linear (Assessed/Quizzed)

Linear (Assessed/Quizzed)



20 
 

Phase 3 – Leicester College GCSE Maths normal scheme of learning resumes 
What happens when all interventions are removed? Are students able to continue to apply 

what they have learned independently? 

When we take a look at the overall performance at Assessment 3, it seems that the students 

on Programme B have been unable to sustain the edge over Programme A, but students on 

Programme C continue to improve.   

 

 

 

A similar picture emerges for the Higher tier 

 

 

When we take a look at PS performance across the three assessments, however, another 

pattern is unveiled. 

 

Figure 9: PS performance all grades 

In the first Phase, the two groups that were provided with additional clips (Programme B with 

all clips, and Programme C with a trimmed down version of the clips following Gap analysis) 
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Assessment 1 Assessment 2 Assessment 3

PS Median Scores - Assessments 1 - 3

Prog A AO2/3 Prog B AO2/3 Prog C AO2/3

Assessed Max Mark Prog A Prog B Prog C 

AO1 40 20.7 19.9 24.9 
AO2/AO3 40 18.2 16.8 22.6 

TOTAL 80 38.9 36.7 47.5 

Table 10: Assessment 3 scores (F) 

Assessed Max Mark Prog A Prog B Prog C 

AO1 35 10.8 8.5 16.4 
AO2/AO3 45 11.0 10.9 20.4 

TOTAL 80 21.8 19.4 36.8 
Table 11: Table 3 scores (H) 
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performed similarly in PS. The group that lost out on the clips trailed 10 marks behind.  Then, 

during the second Phase, everybody’s PS improved at a similar rate. But, when all the 

interventions were removed, one group saw its performance in PS plummet, whilst the others 

continued to improve, Programme A never caught up with Programme C, but it overtook the 

group that were initially given the additional clips. 

What was the end result, by the time we had assessed all our groups? 

Programme Number of Passes/out of Pass Rate for Group 

A (PS only) 5/18 27.8% 
B (Hegarty Clips) 4/14 28.6% 
C (Gap Analysis) 12/28 42.9% 

Table 12: Pass rate per Programme (F 

Programme Number of Passes/out of Pass Rate for Group 

A (PS only) 2/4 50.0% 
B (Hegarty Clips) 4/5 80.0% 
C (Gap Analysis) 13/15 86.7% 

Table 13: Pass rate per Programme (H) 

Of course, with a small n, one pass can mean a great deal, so we need to look at a larger 

picture.  Figure 9 appeared to demonstrate some impact on PS performance, how did this 

reflect in pass rates? 

 

Figure 10: Average pass rates before and after PS 

 

Figure 10 shows our pass rates before PS was applied, which is on a par with average pass 

rates for Leicester College as a whole, if a few percentage points lower (it IS early in the 

academic year).  Following a good session of PS, this seems to have had a positive effect on 

Assessment grades, boosting average pass rate to just under 45% for those groups. 
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In addition, those learners that accepted the invitation to take part in Gap analysis boosted 

their grades from below average for the college to double their original mean, in fact 

outperform all other groups. 

 

Figure 11: Pass rates for groups with Gap analysis against those without 
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Conclusions and Recommendations 

Delivering a compulsory topic in post-compulsory education is problematic. Teachers in FE 

know this. We struggle with keeping our students motivated (also one of the four themes of 

CfEM) and they can cotton on when we surreptitiously add homework, or they see it as such. 

We are preparing our students for work; they are no longer school children. They have been 

making decisions of various importance for some years (especially our adult learners). Whilst 

they are under compunction to complete their education by 19, hopefully attaining a Grade 4 

in Maths GCSE, they do not feel it is necessarily their responsibility to complete homework, 

attend all lessons and so forth. They may not see the point, after all their parents are fine. It is 

especially difficult if they’re not sure how to revise or what to revise. 

The students truly benefited from PS sessions across the board. We saw their performance 

boosted by 50%. This, together with a flipped learning approach can help students to increase 

learning opportunities and do better in assessments. Where learners truly shone though, 

especially in the Foundation Tier when compared with their peers was in AfL/Gap analysis 

stream, where an additional 50% performance was reflected in their results.   The foundation 

tier students did not seem to benefit much from simply providing additional video clips, 

although this did work well with the Higher Tier.  

The majority of students on a GCSE resit course do tend to be Foundation Tier learners, so 

we would recommend a programme that includes assessment for learning, where some type 

of gap analysis is applied so that students can focus their attention on building their skills 

appropriately.  

Students value utility Sure, they have to attend college and ‘do’ maths until they’ve got the 

magic grade, or until they’re 19 anyway. But what’s the point of all this stuff? ‘When will I use 

trig, or volume of a sphere?’ We get it. We need to acknowledge this and face it head on.  Why 

do you teach GCSE Maths? I tell our students that both employers and educational 

establishments want to see that whomever they are recruiting can work well with others, can 

solve problems, and has good reasoning skills; GCSE maths is simply one of the best ways 

to demonstrate they have some of these skills (the last two anyway).  

Gap analysis offered the opportunity to give to students a trimmed-down list of learner-focused 

topics rather than the full gamut of topics to revise. This, together with communicating with 

learners the rationale for carrying out a gap analysis helped them engage more with online 

revision.  

Recommendation – think about what you will tell your students about why GCSE maths is 

important for them.  Do you give your students the rationale behind certain interventions or 

topics? 

Students value agency – giving students the choice to improve their scores rather than 

simply foisting it upon them moved a good number of learners to take up the offer for Gap 

analysis. Two-thirds of students from one group took up the offer, which led to (as mentioned 

earlier) a high uptake of pre-class learning and revision and good scores as a result. 

Recommendation – invite students to take part in their own improvement but demonstrate its 

power. For instance, at the end of assessment 1, students were given average scores and 

total passes of those that took part in Gap versus those that did not. However, when inviting 

students to extra tuition without giving the rationale led to low attendance. Invitation without 

demonstration leads to ambivalence.  
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Students value guidance. Students don’t know what they don’t know. The gap analysis in 

Phase 1 asked students whether they knew how to do a certain topic. The student might just 

say they can, thinking they can and not having to demonstrate it. This led to a disconnect 

between their expectation and reality.  

The sessions on PS, which was more to do with breaking down an idea rather than the maths 

behind it helped students to see the framework of a question. 

Recommendation – get students to demonstrate they know, and how so.  Help students with 

exam questions and PS strategies  
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Appendices           Appendix I – Intervention Overview 
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Appendix II – Three Phases Overview 

 

At Phase 1, the two interventions (see Appendix I) are applied during the Department-wide SoW.  For the first term, as Leicester College would 

be submitting over 500 students for the November series (a large portion of our resit intake), the first term would be to ready students for sitting 

the exams. So, an intense programme of laying down GCSE foundations and covering crossover topics was key. 

Phase 2 lesson structure for the SoW involved covering Ratio topics; Pythagoras and Trigonometry of right-angled triangles (non-RA also for 

Higher Tier); solving equations and inequalities and graphs; and some from Probability & Statistics review.  Delivery of PS during this time 

urged students to cover AO1 topics remotely whilst delivering contextualised and PS exploratory questions around these topics. An example 

lesson structure is included in Appendix IV 

Phase 3 lesson structure SoW looked at the top 10 topics students tend to struggle with and incorporated a series of past exam questions 

similar to those to be covered in the final assessment. 

  

Phase 1
Department-wide GCSE 

Maths SoW

Group B
Assign HegartyMaths clips 

@Assessment 1 day -30
Complete Assessment 1 Feedback given

Groups A & C
Invite learners to Gap 

analysis Forms quiz 
@Assessment 1 day -30

Group A Complete Assessment 1 Feedback given

Group C Gap analysis
Complete trimmed Hegarty 

Maths clips
Complete Assessment 1 Feedback given

Higher/Foundation 
learners identified

Higher Tier clips provided
Higher Tier Assessment 1 

Completed
Feedback given

Phase 2
Collaborative design and 

planning of PS suite of 
lessons.

PS Delivery to groups A, B, 
C

Group A Complete Assessment 21 Feedback given

Group B
Assign Hegarty Maths Clips 

@Assessment 2 day -30
Complete Assessment 2 Feedback given

Group C
Assign Gap analysis 

@Assessment 2 day -30
Complete trimmed 
HegartyMaths Clips

Complete Assessment 2 Feedback givenPhase 3
Department-wide GCSE 

Maths SoW Resumes
Groups A, B, C complete 

Assessment 3
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Appendix III – AfL Knowledge Gap Analysis 
 

Phase 1 Phase 2 

Mobile View Description Mobile View Description 

 

Students are invited to take part 
in a quiz to help them prepare for 
the upcoming assessment. 
 
Here they are instructed to select 
Yes, No or Maybe for each topic 
depending on whether they feel 
they understand the question and 
could complete it. 
 
Any answer other than a yes 
would provide the respondent 
with a HegartyMaths clip to watch 
and question practice so that they 
can become familiar with it. 
 
Students are also encouraged to 
have a go at a practice 
assessment on another platform 
(MathsWatch) 
 
Neither of these tasks are 
compulsory. 

 

The Phase 1 Gap Analysis 
demonstrated no correlation 
between the confidence score 
and revealed knowledge. So, the 
Phase 2 variant would require the 
students to select the correct 
answer. Of course, this may be 
subject to randomisation by the 
selector, but there is an option to 
skip the question altogether, 
resulting in a suggested clip as 
with an incorrect answer (which 
would also reveal a 
misconception). 
 
The questions were carefully 
selected from 
DiagnosticQuestions.com (a free 
assessment tool containing a 
bank of over 25 000 questions). 
 
This proved to be a more effective 
tool for teachers to observe 
needs, and for students revision. 

You are welcome to view and try out this quiz at 
https://forms.office.com/r/UaV4SkWLhY 
Which can be accessed via desktop or mobile. 

This (much better) quiz is also available for you to try out at  
https://forms.office.com/r/Zeai6Y5YYv (Foundation) 
https://forms.office.com/r/M3qmcD0mp2 (Higher) 

 

  

https://forms.office.com/r/UaV4SkWLhY
https://forms.office.com/r/Zeai6Y5YYv
https://forms.office.com/r/M3qmcD0mp2
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Appendix IV – Assessing hurdles in Problem Solving 
For homework, students were assigned these 3 PS questions, which they were instructed to complete at the best of their ability. Also, to 

provide a score of their review. Before answering each question, they should mark First Impressions. As they’ve answered them, mark 

Attempting the Question, and upon reviewing them mark their Confidence level. 
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Appendix V – PS Example lesson (and notes) – Pythagoras 

 

  

These clips are to help students to prepare for PS 

lesson, and would’ve been assigned a week prior 
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Examiners report: Although some students gave a fully correct 

solution, many students added 82 and 32 and gave the answer 8.5. 

A small minority of students simply added or subtracted the two 

given sides. 

Identify what the question is asking. 
Will they split the shapes? 
Will they know they have to use area of a triangle to help find a 
side? 
Will they try to use Pythagoras first? 
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Non calculator question 
Is 6 the longest side? What are the other lengths? 
Why is it only worth 3 marks? 

Carry out discussion, make notes, sketch the information, try 
possible answers.   Show question and ask learners to try to solve 
 
Examiner’s report: This question was well done. Some students 
lost a mark because they did not give the answer to 3 significant 
figures. Others made errors when working out the horizontal and 
vertical side lengths of the triangle. 
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Rationale, Reflection and Results of this session 

This lesson on Pythagoras was planned so that it is 
delivered before the learners sit the second mock 
assessment. The thinking behind this was so that we can 
see whether the learners are able to answer one particular 
question on Pythagoras correctly or gain some marks: 
question 22 (foundation) or question 7 (higher).  

 

The teacher researcher felt like this was a good question as there are several topics linked, and students would be aware of some of the words 
used such as area, rectangle, right-angled triangle. The numbers used in the ratio element were not difficult and manageable.  
 
Prior to the lesson - learners were asked to complete some tasks using Hegarty. The video clips selected focused on Pythagoras, finding 
missing sides. As usual, not all learners completed all the tasks, and some learners did not complete any tasks (as we saw in the Results 
section). Participation for Clip 498 was 70%, with 84% effort, for Clip 499 45% and 91% respectively, and for clip 503 25% and 55% 
respectively. 
 
Class time – teachers worked through the PowerPoint which focused on a scaffolding approach. However, a lot of emphasis was focused on 
problem solving questions, AO2 and AO3.  
 
During one observed lesson, the learners seemed engaged and asked for clarification. Learners demonstrated good understanding of AO1 
questions, but they needed prompting or they needed guidance for the starting point. Learners were encouraged by the teacher to start thinking 

Figure 12: PS Pythagoras Question from Assessment 2 
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about the questions posed and then repeat those questions in their heads, to attempt on their own. Towards the end of the lesson, majority of 
the learners said they had a fairly good understanding. 
 
Six weeks later, learners sat Assessment 2, which featured the above exam question (Figure 12), and the results from this group were 
analysed. Below are the scores foundation and higher learners. 
 

Higher tier learners scored well compared 
to the foundation tier learner. This could be 
due to the possibility that the higher 
learners are able to link topics more quickly 
and possibly had a better understanding of 
those topics to gain some marks.  
 
Teacher’s initial reflection – “Initially I felt 

that the question was manageable and that 

the learners would be able to work in some 

order but from looking at the responses 

from the mock paper, I think they could not 

see a starting point. The question was not 

‘wordy’, and I was hoping more learners 

were able to pick 2 of 3 marks, even 

attempting the question” 

Learners (Tier) Assessment 2 
Pythagoras PS 
Questions - 4 

marks 

Teacher comment 

Learner A (F) 0   

Learner B (F) N/A   

Learner C (F) 0   

Learner D (F) 0   

Learner E (F) N/A   

Learner F (F) 2 Use pythagoras correctly, did not use ratio to calculate area 

Learner G (F) 0   

Learner H (F) N/A   

Learner I (F) 0   

Learner J (F) 4 Good structure 

Learner K (F) 0   

Learner L (F) 0   

Learner M (F) N/A   

Learner N (F) 0   

Learner O (F) 1 Substitute value into formula 

Learner P (H) 4 Good structure 

Learner Q (H) 2 Use pythagoras correctly, did not use ratio to calculate area 

Learner R (H) 1 Substitute value into formula 

Learner S (H) 0   


