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Overview of thesis 

Chapter 1 outlines the existing literature and key terminology surrounding evidence-

based methods within education; including Precision Teaching (PT), the Say-All-Fast-

Minute-Every-Day-Shuffled (SAFMEDS) strategy, and Direct Instruction (DI). Chapter 2 

provides some additional context and justification with regards to the research methods we 

employed throughout this thesis. Here we also detailed the aims for the proceeding empirical 

chapters. 

Chapter 3 details a cluster-randomized controlled trial assessing whether ongoing 

support from a researcher is necessary to yield the best outcomes from a teacher led 

SAFMEDS mathematics intervention. Following teacher training, we randomly allocated 33 

schools to receive three in-house implementation support visits and ongoing email contact 

with a researcher. The remaining 31 schools received no implementation support following 

the same training. The results indicated that low-intensity support from a researcher has a 

positive effect on children’s ability to recall addition, subtraction, multiplication, and division 

facts fluently (Mathematics Fluency and Calculation (MFaCTs): Grades 1-2, d = 0.23, 95% 

CI: 0.06 to 0.39; MFaCTs: Grades 3-5, d = 0.25, 95% CI: 0.08 to 0.43).  

Previous quantitative studies have built up an evidence-base in support of using the 

SAFMEDS strategy in schools to promote fluency development across the curriculum. Yet, 

limited research has assessed the social validity key stakeholders associate with using the 

SAFMEDS strategy in schools. Using qualitative methods, Chapter 4 outlines teachers’ and 

children’s views on the SAFMEDS strategy. In study 1, we disseminated an online survey to 

teaching staff (N = 55) who had attended SAFMEDS training in North Wales. Their 

responses revealed five themes relating to the advantages and disadvantages of adopting a 

teacher led SAFMEDS program in schools: (1) factors that promote progress, (2) factors that 

limit progress, (3) impact of competition, (4) confidence, and (5) inherent advantages of the 

SAFMEDS strategy. In study 2, we present data from interviews with children (N = 26) who 
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had previously engaged with a SAFMEDS mathematics intervention program for at least one 

academic year. These transcripts revealed five further themes relating to the social validity of 

the strategy: (1) enjoyment, (2) data, (3) sense of achievement, (4) skills, and (5) home use.  

XLP are a London-based charity who initiated a literacy and numeracy program (XL-

LAN) in 2016. This program aimed to support young people from some of the most deprived 

areas in London to develop their basic literacy and numeracy skills through the SAFMEDS 

strategy. XLP recruited the expertise of researchers at Bangor University to help train, 

support, and develop the program. Chapter 5 outlines the process of this collaboration, the 

key results from the pilot scheme, and some recommendations for future practice. We 

analyzed the children’s (N = 263) in-session SAFMEDS data over the duration of their 

involvement with the program. The results indicated that children make session-by-session 

progress when they use the strategy, and this progress appears to be more stable for literacy 

skills compared to numeracy. We also identified some differences in the children’s 

performance progress at the level of supervision/provision. Following interviews with 

children who had been involved in program (N = 38), we identified five themes relating to the 

social validity of the program: (1) procedure, (2) improvement, (3) revision tool, (4) home 

use, and (5) withdrawal from class. 

Chapter 6 outlines a feasibility study evaluating the effectiveness of an instructional 

fluency approach (combining DI and PT approaches) to teach addition skills in a pupil 

referral unit. This study focuses on the progress of five boys who had been excluded from 

mainstream education. Over six school weeks, a researcher worked through a commercially 

available DI program (Corrective Mathematics) and randomized fluency practice sheets with 

each child on a one-on-one basis (adhering to PT methods). The results suggested that this 

intervention approach can help remediate early mathematics skill deficits and appears to be of 

most benefit to children who attend and engage with sessions regularly.  
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Chapter 7 provides an overview of chapters 2 through 5, highlighting some of the 

strengths, limitations, and applications of this research. We also present some ideas for future 

research in this field. 
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Chapter 1 : Introduction 
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The importance of mathematics and numeracy skills 

The term mathematics refers to an international discipline which integrates concepts, 

rules, and procedures involving quantities and symbols. This includes learning about the 

arithmetic operations (addition, subtraction, multiplication, and division) and mathematical 

functions (Resnick & Ford, 1981/2008). Reyna, Nelson, Han, and Diekmann (2009) defined 

numeracy as the ability to understand and use mathematical information. In order to be 

considered numerate, a person needs to be able to connect the mathematics skills that they 

have learnt in a classroom to real-world problems (Geiger, Goos, & Forgasz, 2015). The 

development of a basic mathematics and numeracy skills aids functioning within everyday 

life; for example, basic addition and coin recognition skills allow us to go into a shop and pay 

for essential items (Ojose, 2011; OECD, 2016a). From an academic perspective, many 

further education courses and employment opportunities state that applicants are required to 

have adequate numeracy skills and mathematics qualifications (House of Commons, 2014). 

The real-world applicability of mathematics and numeracy highlights the importance of 

helping children to develop a competent skillset as they progress through school.  

 “At risk” groups and the attainment gap  

 Perry (2016) claimed that we can attribute a significant proportion of variation in 

school performance to children’s background and their home learning environment. Whilst 

there are several factors that may influence attainment, there are two groups that are of 

specific focus within this thesis: children who are eligible for free school meals and children 

who attend pupil referral units. Internationally, children from lower socio-economic 

backgrounds are at increased risk of poor academic outcomes across the curriculum (OECD, 

2011). Eligibility for Free School Meals (eFSM) is a parameter used to assess levels of 

deprivation and social disadvantage in school age children across the United Kingdom (UK; 

Department for Education, 2016a). Nationally, children who are eFSM are more likely to 
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underachieve in mathematics and numeracy compared to their peers who are not eFSM 

(Dowker, 2016; Gorard, 2012; Perry, 2016; Taylor, 2017). Parliament UK (2014) claimed 

that this attainment gap is evident at preschool age and remains consistent throughout a 

child’s education. Within the context of Chapter 3, it is important to consider the effect that 

this parameter could have had on the children’s test performance. As such, we took this 

variable into account when analyzing the wider data set by adjusting for it as a fixed effect 

within the linear mixed effects model.  

 Within Chapter 6, we aimed to explore the effects of a remedial intervention in a 

pupil referral unit (PRU). PRUs accommodate children with complex needs (relating to 

behavior or illness) that cannot be managed within mainstream school settings (Estyn, 2015). 

A high percentage of children accessing alterative provision placements in PRUs have 

additional learning needs (approximately 75%), with many of the children also experiencing 

social, emotional, and behavioral difficulties (Department for Children, Schools and 

Families, 2008). Placements within a PRU can be either on a singular (full-time) or dual 

(part-time) registry basis depending on the nature of the child’s exclusion from mainstream 

education. Many children who attend PRUs do so on a dual registry basis—meaning that they 

spend part of their school week in a PRU and the remaining time in mainstream school 

(Department for Education, 2017). This raises some challenges with regards to the unique 

learning experiences and skill knowledge that children present with upon registry.  

In the academic year 2014/15, only 17% of children attending PRUs in England left 

education with a A*-C grade GCSE in mathematics (Ofsted, 2016). In a recent report, Estyn 

(2017) revealed that in four in ten PRUs in Wales children did not develop the skills they 

needed to support their learning across the curriculum. They also highlighted that the 

curriculum lacked challenge, did not ensure that all children in the classroom achieved, and 

that the pace of learning was too slow. This provides some national context to identify 
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effective pedagogical approaches that enable teachers to support mathematical learning in 

PRUs and remediate some of the skill deficits that the children may present with.  

Heckman, Pinto, and Savelyev (2013) investigated the long-term outcomes associated 

with the use of early childhood intervention programs for children from at-risk groups. They 

collected data over 35-years to provide strong evidence to suggest that high-quality early 

intervention programs can considerably improve outcomes in education, employment, and 

health. As well as having clear social significance for individuals, these programs also have 

long-term benefits in relation to strengthening the economy. That is, by investing in early 

education provision children do better in school, go into employment, and are less likely to be 

involved in crime. Consequently, early intervention leads to fewer individuals claiming state 

benefits and leaves the criminal justice system with lower expenditure. 

Mastery-based versus fluency-based learning 

Within educational practice, mastery reflects children being able to perform skills to a 

level of at least 80% accuracy (Dalton & Hannafin, 1988; Fuller & Fienup, 2018). However, 

this criterion does not reflect the rate at which children are able to perform these skills. 

Binder, Haughton, and Bateman (2002) highlighted that if classroom tasks enabled children 

to practice skills beyond traditional mastery, they will be able to recall facts fluently (i.e., 

accurately and at speed).  

The literature conceptualizing how children learn suggests that there are two core 

stages involved in being able to perform skills competently—acquisition and practice 

(Kubina & Wolfe, 2005; Miller & Heward, 1992). When learning a new skill, a child first 

needs to understand how to perform it. Miller and Heward explained that during this stage 

teachers should direct the instructional activity towards teaching the child how to perform the 

skill accurately. Teaching during this stage is often slower-paced and it is important that the 

child receives feedback relating to their performance after each attempt that they make. Delay 
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in this feedback is undesirable as it provides an opportunity for the child to practice making 

mistakes and learn bad habits (Van Houten, 1984). Once a child is able to perform the skill 

accurately, it is important that they continue to practice it. During this phase, Miller and 

Heward argued that the teacher and child should shift their focus towards fluency-building 

activities and the feedback should pertain to the child’s rate of performance. Since the child 

should be able to respond accurately to most, if not all, of the questions during this phase it is 

not necessary to provide verbal feedback following each response, as this would impede the 

child’s fluency.  

There are several advantages of using fluency-based instruction, including the 

associated learning outcomes. Once a child is able to perform a skill fluently it is more likely 

that they will be able to satisfy four learning outcomes—retention, endurance, stability, and 

application (RESA; Binder, 1996). In turn, a child should be able: to perform the skill at the 

same level after a period of not practicing it; endure the skill for an extended timing period; 

maintain high levels of fluent performance in the presence of distractions; and generalize the 

skill to novel tasks without additional instruction. Advocates for fluency-based learning 

believe that there should be predetermined numerical benchmarks (or fluency aims) that 

predict the occurrence of achieving these learning outcomes (Johnson & Street, 2004; 

Haughton, 1980). For example, the fluency aim for seeing an arithmetic fact and writing the 

answer is 80 to 100 correct answers per minute (Johnson & Street, 2012).  

Fluency-based learning may also have wider implications within the classroom with 

regards to how children perceive mathematics. Cates and Rhymer (2003) investigated the 

relationship between mathematical fluency and mathematics anxiety. A sample of college 

students completed timed tests in basic arithmetic operations. Those who measured high on a 

mathematics anxiety scale demonstrated consistently lower levels of fluency across the timed 

tests for each of the four arithmetic operations compared to those with low mathematical 
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anxiety, despite there being no difference in the error rates between these two groups. These 

findings suggest that mathematics anxiety may be related to the level of learning (fluency) 

rather than overall performance (accuracy).  

Complementary research also demonstrates the advantages of employing fluency-

based criteria in the classroom over mastery-based. For example, Jordan, Hanich, and Kaplan 

(2003) administered mathematics tests to children aged 7 to 9 years. These tests included 

questions assessing arithmetic operations, story problems, approximation, calculation 

principles (i.e., understanding the relationship between the arithmetic operations), place 

value, forced retrieval of number facts, and written computation. All of these skills, with the 

exception of place value, involved the operations of addition and subtraction. The group of 

children who were able to answer arithmetic facts fluently consistently performed more 

accurately across these tests compared to age-matched peers who were less fluent. This 

suggests that fluency in arithmetic skills may impact a child’s ability to perform 

complementary and higher-order skills within the curriculum.  

Amongst the behavioral science literature, Johnson and Layng (1996) identified that 

children need to acquire fluency of basic skills before progressing onto higher-level skills 

within any academic subject. If a child has a deficit in terms of acquisition and fluency of 

lower order skills within a curriculum, they will find it increasingly difficult to learn higher 

order content. For example, if a student cannot complete equations containing basic integer 

addition and subtraction then they will find it more difficult to master more complex 

calculations, such as those containing fractions (O’Connell & SanGiovanni, 2011). Binder 

(1996) coined this process as cumulative dysfluency and maintained that it can explain 

academic underachievement and failure within education. Across the UK, teachers follow a 

prescribed curriculum (see, for example, Department for Education, 2013; Welsh 

Government, 2016). This means that children are expected to master skills based on their 
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chronological age each academic year. The cumulative dysfluency theory has clear 

implications for children who cannot perform age-expected skills fluently by the end of the 

corresponding school year. This provides an avenue of focus with regards to identifying 

effective preventative and remedial interventions throughout the different stages of education. 

This may have particular implications for those populations who are statistically more at risk 

of underachieving. 

In terms of educational practice in Wales, the incoming mathematics curriculum and 

complementary guidance also identifies the need to support mathematical fluency 

development in the classroom. The incoming Curriculum for Wales 2022 guidance identifies 

that children need to be able to fluently use the four basic arithmetic operations and 

understand the relationship between them (Welsh Government, 2019). The Education 

Endowment Foundation (2017) also recommend that schools support children to be able to 

recall arithmetic facts fluently. They acknowledged that without this knowledge children are 

likely to encounter difficulty understanding and using the mathematical concepts that appear 

later in the curriculum. This reform within education will allow children to practice skills 

beyond the acquisition phase of learning.  

When considering how to implement time-trials to support fluency practice within the 

classroom, teachers and researchers may want to consider Miller and Heward’s (1992) 

guidelines. These include: (1) keeping timings short; (2) conducting time trials every day; (3) 

making time trials fun (i.e., framing them as a game rather than a test); (4) encouraging 

children to beat their own scores; (5) maintaining a fast pace by telling children not to be 

afraid of making mistakes; (6) providing more questions than anyone could possibly answer 

within the time trial to prevent artificial ceilings on performance; (7) keeping a record of the 

children’s progress; and (8) evaluating the effectiveness of the program by charting data and 

looking at it regularly. These guidelines have clear applications with regards to Precision 
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Teaching (PT) and Say-All-Fast-Minute-Every-Day-Shuffled (SAFMEDS) strategy, as 

outlined below. 

Precision Teaching (PT) 

Kubina and Yurich (2012) described PT as a system for defining, measuring, 

recording, and analyzing learning on a child-by-child basis. The PT approach provides a set 

of systematic procedures for measuring the fluency of behavior and facilitating data-driven 

decisions within the classroom (including the use of the Standard Celeration Chart; SCC). 

As such, PT serves to compliment and evaluate existing curricula (Binder & Watkins, 1990; 

White 1986).  

Underlying principles of PT 

Lindsley (1995) outlined the three founding principles that underlie PT: monitor 

fluency regularly, use-self-recording, and “the learner knows best”. Lindsley believed that it 

is not enough to report percentage correct when discussing learning. This is because fluency 

is a more sensitive measure and provides us with more insight into how well someone can 

perform a skill. The more frequently we measure fluency of performance, the more we can 

support our learners to reach their goals. Lindsley claimed teachers have found that changes 

in learning are much greater when the learners themselves take an active role in this process. 

As such, we should encourage learners to record their own data on an SCC and use it to guide 

their future study. The final principle, the learner knows best, refers to the idea that 

everybody’s learning experience is unique. Our learning experiences are shaped by our 

biology, interactions with the environment, and how we are taught specific skills. If a learner 

is progressing, the teaching is right for them. If their learning is not progressing, the 

instruction they are receiving or the task that they are doing needs to change. 
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The Standard Celeration Chart (SCC) 

By providing teachers and learners with the necessary scientific knowledge and tools, 

Lindsley (1972) reasoned that they could discover what procedures and materials produced 

the greatest improvements in performance. The SCC (see Figure 1.1) is a tool that enables 

teachers and learners to assess just that. If a learner’s progress is not desirable, then they can 

consider how to revise the components of instructional design. Since its conception, the SCC 

has become a hallmark feature of the PT approach and enables us to record, visualize, and 

interpret data using a standardized scale (Boyce, 2003; Calkin, 2005; Lindsley, 1995). 

 

One of the defining features of the SCC is that the Y axis displays a ratio 

(multiply/divide) scale. Calkin (2005) explained the theoretical underpinnings of using a ratio 

scale to measure behavior over an equal interval (add/subtract) scale. In summary, it takes 

less time to achieve our desired goals if we work towards doubling the rate of desired 

behaviour per week, opposed to adding one each day. In terms of real-world application, 

Figure 1.1. Image of an SCC as displayed in Street and Johnson (2014) 
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multiply/divide scales more accurately approximate behaviour change and can help us to set 

realistic goals. Teachers and learners use the Y axis to plot the frequency of the behaviour 

they are recording. They can calculate this value by dividing the behaviour count (e.g., 

number of correct answers to arithmatic facts) by the counting period, in minutes (White & 

Neely, 2012). Over time we can see trends in the data displayed on the SCC, with regards to 

whether the frequency of behaviour is increasing (acclerating) or decreasing (decelerating; 

Lindsley, 1992). 

The x-axis of the SCC is calendar-based, allowing learners to plot their performance 

over 20 consecutive weeks (Lindsley, 1991a). Each of the 140 days in this time period has its 

own vertical line on the chart, allowing for easy annotation. As well as plotting performance 

data, teachers and learners can evaluate the effects of breaks and school holidays on 

performance (White & Neely, 2005).  

The standardization of the X and Y axis on the SCC makes it a universal tool for 

recording and visualizing data. Lindsley (1990) found that before the adoption of the SCC 

evaluating and communicating information about progress was a time-consuming process. 

This was largely because teachers would need to describe their unique recording and charting 

systems. Moreover, manipulation of scales and proportions can affect the visualization of 

progress, making non-standardized scales subject to bias (White & Neely, 2012). By using a 

standardized chart, such as the SCC, we can become accustomed to reading the same scales 

and interpret data with ease. This in turn increases the time that teachers can invest in 

evaluating their learners’ progress, rather than explaining their charting practices (Lindsley, 

1990). 

An additional advantage of allowing teachers and learners to chart the frequency of 

classroom behavior against calendar days is that it enables users to implement interventions 

when they are necessary; preventing prolonged periods of non-progression (Hughes, 
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Beverley, & Whitehead, 2007). Johnson and Street (2012) explained that the visual patterns 

of data on the SCC—that are formed by the celeration lines of the corrects and errors—reflect 

learning pictures. Lindsley (1995) outlined 13 learning pictures that can emerge from data on 

the SCC (see Figure 1.2). If a learner’s correct responses are accelerating at the desired 

trajectory (i.e., displaying an improving picture) the instruction and materials are appropriate 

for their learning, and intervention is not required. If learners’ data shows that they are 

making little or no progress towards their aim (i.e., their data is displaying a maintaining or 

worsening picture), then a change to instruction or materials may be necessary. 

 

Aninao, Acevedo, Newsome, and Newsome (2015) explained that by reducing the 

latency between collecting data and charting it, teachers and learners can make data-driven 

and real-time decisions about interventions. They maintained the assertion that the SCC is a 

tool that allows us to concurrently assess learning and decide when an intervention is 

necessary. If a learning picture suggests that a learner is maintaining a skill or their rate of 

responding is decreasing, for three consecuative sessions, then we should consider making a 

change to support the learner’s progression. 

Figure 1.2. Lindsley’s (1995) learning pictures based on the visualization of data on a SCC 
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Stages of a PT program 

PT programs follow five strategic steps to help ensure learners are developing their 

skills: pinpoint, prepare, collect data, plot data, and make data-based decisions (Johnson & 

Street, 2004). During the pinpointing step, the teacher should identify what skill they want 

their learner to develop, how they are going to measure it, and what level they want their 

learners to be able to perform this skill at (i.e., they should set a fluency aim; for more 

information about some of the predetermined fluency benchmarks for mathematics skills see 

Johnson & Street, 2012). Once the skill has been defined, the teacher needs to identify and 

prepare the resources that their learner will need to assess it. The learner should then practice 

the pinpointed skill within a specified time sprint. Typically, timings vary between 1- and 5-

minutes in length. The learners will then take their best score for the day and plot it on their 

SCC. Once a learning picture begins to emerge, the teacher and learner can review the data 

and make decisions about how to proceed (i.e., keep following current practice or implement 

an intervention). 

Review of existing PT research 

Although sparse, the existing empirical literature supports the idea that PT approaches 

can be integrated into classrooms within mainstream primary schools to support children’s 

mathematical fluency development. Researchers have supported teachers to integrate the 

approach into their classrooms to support small groups of children (see Chiesa & Robertson, 

2000; Gallagher, 2006; Strømgren, Berg-Mortensen, & Tangen, 2014). In these studies, the 

differences between pre- and post-test data provide evidence to suggest that applying PT to 

paper-based tasks can help children notably to improve their mathematics skills within a short 

timeframe (8-12 weeks). This literature reflects the benefits of using PT to support typically 

developing children to write digits (Chiesa & Robertson, 2000; Gallagher, 2006) and answer 

arithmetic facts fluently (Chiesa & Robertson, 2000; Strømgren et al., 2014).  
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 Several empirical studies have also reported the benefits of using PT to support the 

mathematics learning of primary-aged children with additional learning needs. This includes 

children with unspecified learning disabilities (Peterson, Hudson, Mercer, & McLeod, 1990) 

and children who hold a diagnosis for attention deficit hyperactivity disorder (ADHD; Brady 

& Kubina, 2010). The results from these studies demonstrate improvements in fluency of the 

children’s written recall of multiplication facts (Brady & Kubina, 2010) and verbal recall of 

place value (Peterson et al., 1990). Many of the studies that have implemented PT strategies 

to support mathematical fluency development amongst samples of children with additional 

learning needs represent samples of less than 10 children (for a review please refer to Ramey, 

Lydon, Healy, McCoy, Holloway, & Mulhern, 2016). Whilst this research is still useful in 

providing us insight into the benefits of PT with these populations, further replications may 

be necessary to demonstrate the reliability of this approach.  

 It is worth noting that these published papers may not be the only data available to 

promote the use of PT in the classroom to support fluency of mathematics skills. Proponents 

of PT have suggested that practitioners have shared SCC data informally at events rather than 

through formal peer-reviewed publications. Binder (1996) explained that from the 1970s, 

laboratories have held open chart-sharing sessions for people to informally report their data 

and discoveries to others. SCC sharing sessions have since appeared in convention programs 

and applied behavior analysis (ABA) conferences; providing regular open events for people 

in the field to discuss fluency-based projects (Lindsley, 1991b). Calkin (2002) estimated that 

as of February 2000, practitioners have used over 1-million SCCs to record data. This 

estimation reflects self-reported usage of the SCC from projects that practitioners have 

supervised or completed independently. To the author’s knowledge this is the last recorded 

statistic on the usage of SCCs in this context, but still reflects the idea that practitioners use 

the SCCs more than publication records reflect (i.e., beyond research efforts).  
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Say-All-Fast-Minute-Every-Day-Shuffled (SAFMEDS) 

Procedure and theory 

Learners can apply the principles of PT to the SAFMEDS strategy. The SAFMEDS 

strategy serves as a learning tool that helps teachers to provide their learners with the 

materials they need to practice and assess basic fact-based skills. It also enables learners to 

fluently recall these facts at a performance level that promotes retention, endurance, stability, 

and application (Graf & Auman, 2005; Johnson & Layng, 1992). Learners engage with the 

SAFMEDS strategy using a deck of flashcards with a stimulus on the front (such as a 

question or a statement with a missing word), and the corresponding correct response on the 

back (Graf & Auman, 2005; Meindl, Ivy, Miller, Neef, & Williamson, 2013). Please refer to 

Figure 1.3 to see an example of a SAFMEDS card.  

 

 

  Lindsley (1992) and Graf and Auman (2005) explained that each letter of the 

SAFMEDS acronym aims to prevent learners from making the most common errors in 

fluency building whilst using the cards. Learners should: (1) say the answers to prevent silent 

viewing, making it easier to validate responses; (2) use all the cards in the deck, rather than 

learning them in sections and collating them later; (3) work through the deck fast so they do 

not need to focus on building fluency later; (4) see how many cards they can get through 

during one minute sprints to keep timings brief and focused; (5) run timings each day to 

Figure 1.3. Example of a SAFMEDS card 
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create habits and eliminate the need for cramming before tests; and finally (6) shuffle the 

cards between timings to prevent serial learning. Graf and Auman also provided additional 

guidance to support teachers and their learners during SAFMEDS sessions. For example, 

learners should read the front of the card silently to aid fluency and then verbalize the answer. 

Only after they have answered out loud should they turn the card over to check their 

response; this prevents them simply reading the answer and promotes anticipation. Receiving 

immediate feedback from the back of the card is an important aspect of the SAFMEDS 

approach. Lindsley (1996a) explained that by reducing the delay between the learners’ 

response and feedback, it helps to prevent continual rehearsal of the incorrect response.  

During each timing, learners should separate their cards into two piles; corrects and 

errors (Cihon, Strutz, & Eshleman, 2012). McGreevy (1983) maintained the idea that learners 

should not be punished for their mistakes, as they are simply “opportunities to learn”. As 

such, many proponents of PT approaches refer to errors or hesitations as learning 

opportunities (e.g., Beverley, Hughes, & Hastings, 2009; Cihon et al., 2012; Hughes et al., 

2007; Merbitz, Vieitez, Hansen Merbitz, & Binder, 2004). After each SAFMEDS timing, 

learners can go through their learning opportunities pile and ask their teacher questions about 

the content of the cards that they do not understand. Graf and Auman (2005) explained that 

teachers should teach to their learners’ requests rather than spending time explaining content 

that is self-explanatory and/or their learner has already mastered. 

 The SAFMEDS strategy is designed in such a way that encourages learners to 

complete many of the aspects independently. Lindsley (1996b) detailed the importance of 

freeing the operant during fluency trials to keep the rate of responses high. That is, we should 

ensure that our tasks and materials do not place any ceilings on our learners’ performance, so 

that they can answer questions at their own pace. During SAFMEDS timings, learners should 

work through a deck with more cards than they can possibly get through within one minute to 
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avoid any measurement-defined or procedure-imposed ceilings (Binder, 2010; Johnson & 

Street, 2004). Graf and Auman (2005) provided advice surrounding how to create flashcards 

that were suitable for SAFMEDS timings. This advice includes avoiding wordy stimuli on 

each card and providing a discriminative marking (such as a grey line) on one side of the 

cards to allow learners check their cards are facing the right way around before each timing. 

To further promote autonomy and free the operant, learners should hold and direct their own 

cards. Lindsley (1996b) found that learners are able to establish a rhythm which leads them to 

present the next card to themselves twice as fast as a partner-directed approach could.  

Review of existing SAFMEDS research 

Quigley, Peterson, Frieder, and Peck’s (2018) systematic review revealed that 27 

peer-reviewed data-based articles reported the effects of the SAFMEDS strategy. Of these 

articles, only four reported learners using the strategy to support arithmetic skills. These 

studies adopted small N within subject designs with children with a learning disability 

attending mainstream schools (Casey, McLaughlin, Weber, & Everson, 2003; Cunningham, 

McLaughlin, & Weber, 2012), children with neuropsychiatric conditions attending a 

residential setting (Hartnedy, Mozzoni, & Fahoum, 2005), and children who have sustained a 

traumatic brain injury (Chapman, Ewing, & Mozzoni, 2005). Due to the nature of these 

efficacy studies, a researcher delivered and maintained the programs and in some cases the 

learners received supplemental support, such as pre-timing practice (Casey et al., 2003; 

Cunningham et al., 2012; Hartnedy et al., 2005) and instruction to correct errors between 

each timing (Hartnedy et al., 2005). All of these studies demonstrated that the SAFMEDS 

strategy can elicit positive fluency gains in arithmetic skills. 

 Since the Quigley et al (2018) review, several further studies have emerged. These 

studies shifted towards group design paradigms and provided further insight into the 

scalability of SAFMEDS programs in mainstream schools to support fluency of mathematics 
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skills. Hunter, Beverley, Parkinson, and Hughes (2016) investigated the effects of class-wide 

implementation of the SAFMEDS strategy compared to teaching as usual. Their results 

demonstrated that all of the children who completed SAFMEDS timings at the end of their 

mathematics lessons could answer questions about percentages of money significantly more 

fluently after using the cards for four-weeks. This group also maintained this fluency after a 

month of no explicit practice. The children who did not engage with the SAFMEDS strategy 

also made sustained improvements, but the pre- to post-test differences were not as 

significant as the SAFMEDS group. Greene, Mc Tiernan, and Holloway (2018) provided an 

additional example of the practicalities and applicability of using the SAFMEDS strategy in 

mainstream classrooms. In their study, Greene et al. explored whether older children (10-12 

years old) could tutor younger peers (8-10 years old) through their SAFMEDS timings and 

the error correction procedure. The experimental group participated as tutees in the 

SAFMEDS program for 30 minutes, three-days per week, outside of their scheduled 

mathematics lesson. Analysis revealed that the cross-age peer tutoring approach helped 

children to significantly improve their fluency of arithmetic facts over just eight-weeks 

compared to the results of those who received no additional mathematics tuition.   

 Both Hunter et al. (2016) and Greene et al. (2018) provided promising results that 

support the use of SAFMEDS in mainstream educational settings. However, it is worth 

noting that in both studies a researcher was present at each SAFMEDS session to ensure 

procedural fidelity and support data-driven decisions. To the author’s knowledge Beverley, 

Hughes, and Hastings’ (2016) study is the only published paper that reports teacher led 

implementation of a SAFMEDS program; whereby a member of the research team was only 

present to administer the pre- and post-tests but were not in situ during the program itself. 

The results from their study suggest teachers are able to support a class of children to 

implement the SAFMEDS strategy to elicit positive fluency gains in second language 
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vocabulary. In Chapter 3, we explored teacher led implementation further to investigate 

whether coaching from a researcher with experience with the SAFMEDS strategy is 

necessary to yield the greatest fluency gains in the classroom. Moreover, in Chapter 5 we 

report the results of an exploratory impact study whereby a youth-based charity coached 

teachers and mentors to implement a SAFMEDS program in range of educational settings. 

 The vast majority of published research reporting the effects of the SAFMEDS 

strategy focus on the quantitative fluency development of learners. Beyond these outcomes, 

Fawcett (1991) highlighted the importance investigating the social acceptability of an 

intervention’s goals, procedures, and effects. As part of the research process, researchers 

should investigate whether key stakeholders will accept and use intervention. Moreover, 

researchers should assess whether the intervention is still viable when stakeholders (with less 

expertise in research and implementation) use it within an applied quasi setting (Schwatz & 

Baer, 1991). Some anecdotal reports claim that children enjoy using SAFMEDS as a method 

of learning (Beverley et al., 2016) and would choose to continue using it after the termination 

of a research study (Hunter et al., 2016). In Chapter 3, we present two qualitative studies that 

aimed to gain further insight into teachers’ and children’s experiences of using the 

SAFMEDS strategy in their schools. 

Direct Instruction (DI) 

Theory 

Similar to PT, proponents of DI believe that all children can learn if their teachers 

provide them with appropriate instruction and materials (Stockard, Wood, Coughlin, & 

Khoury, 2018; Flores & Kaylor, 2007). The initiation of DI was a systematic attempt to build 

a technology that would help children learn new skills in the most time-efficient way possible 

(Engelmann, Becker, Carnine, & Gersten, 1988). DI programs build upon the assumption that 

children can learn new material when they have mastered prerequisite skills to fluency and 
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the instruction is unambiguous (Stockard et al., 2018). Slocum (2004) used the analogy of a 

staircase to explain instructional programs. He explained that to be effective and inclusive, DI 

programs should enable as many children who arrive at the bottom of the staircase (i.e., those 

who have the prerequisite skills) to reach the top (i.e., to master the objectives) as possible. 

To get from the bottom to the top of the staircase, children must complete each step. There 

are five main strategies used within DI programs that make progress up the staircase as 

simple as possible: (1) clear and explicit instruction, (2) instruction sequencing, (3) sufficient 

practice and mastery criteria, (4) intention to fade support, and (5) clear instructions for 

teachers.  

Clear and explicit instruction. DI lessons focus on teaching children cognitive 

learning; this includes teaching rules, concepts (i.e., skills taught by providing learners with a 

definition), and strategies (i.e., skills that require learners to enact steps in a specific 

sequence; Kozioff, LaNunziata, Cowardin, & Bessellieu, 2000). To teach concepts and rules 

effectively, teachers much explain them to their learners clearly and directly. Kinder and 

Carnine (1991) explained that teachers should illustrate what they have verbally stated by 

using an array of true examples and non-examples. True examples are stimuli that vary on 

irrelevant attributes, but they should maintain the same critical features. On the contrary, non-

examples are stimuli that are similar to one and one another but each miss a critical feature. 

Teachers should present examples and matched non-examples one after the other. By doing 

this, they force the learner to attend to the small changes between the two stimuli and identify 

the critical features, as all other features remain consistent.  

One of the driving principles underlying DI is that teachers should organize the 

curriculum in such a way that teaches generalizable strategies (Engelmann & Carnine, 1982). 

That is, they should teach the skills, concepts, and other knowledge structures that allow 

learners to go beyond the examples taught and apply their knowledge to novel situations. 
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These foundations help educators to organize the content of DI curricula and design the 

scripts that teach this content (Kame’enui, Carnine, Dixon, Simmons, & Coyne, 2002). 

Instruction sequencing. Before introducing new concepts, rules, or strategies, 

teachers much first ensure that their learners have mastered any associated skills (Slocum, 

2004). To do this, Kozioff et al. (2000) explained that the curriculum developer must identify 

the basic (e.g., number recognition, place value, single digit addition) and complex skills 

(e.g., addition sums involving carryovers, algebra) that contribute to the overall knowledge 

system (e.g., mathematics). The curriculum developer then needs to design a lesson with 

precise wording and examples for each skill that a learner needs to master. Each lesson aims 

to help learners acquire new knowledge, review key ideas, and synthesize their knowledge 

across the curriculum 

Sufficient practice and mastery criteria. Most DI programs incorporate placement 

tests to help teachers to determine the skills that a learner has already mastered. By 

administering these tests, teachers are able to ensure that they deliver instruction at an 

appropriate skill level. The lessons should not include material that is either too challenging 

or repetitive of the skills that a child has already mastered (Stockard et al., 2018; Moran & 

Malott, 2004). If teaching at a group level, these assessments help teachers to place their 

learners into small instructional groups based on their skill level. By tailoring instruction to 

the strengths and needs of the group, all learners have the best chance of learning all of the 

material. Teachers are able to re-evaluate these groupings regularly throughout the program 

(through both the lesson activities and mastery tests). They can alter children’s membership 

to a group if they are mastering the content faster than their peers (Kozioff et al., 2000). 

Small group instruction can be advantageous as it is more time efficient than one-on-

one teaching and places an added emphasis on oral communication (Kinder & Carnine, 

1991). Each child should have multiple opportunities within each lesson to engage in verbal 
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exchanges with their teacher, to allow for increased engagement and continual progress 

monitoring. In group settings, this is achieved by children responding in unison when their 

teacher provides a signal (Wolery, Ault, Doyle, Gast, & Griffen, 1992). This means that all of 

the children in the group have lots of opportunities to respond throughout, rather than relying 

on the same children in a class to answer questions (Moran & Malott, 2004).   

The ultimate aim of an instructional program is to help learners to master the skills 

within the curriculum. Like in PT, DI programs help children to be able to perform skills 

independently and fluently (Kozioff et al., 2000; Kamps et al., 2004). Englemann (2007) 

stated that in order for program design to support mastery, lessons should not present lots of 

new information. New concepts, rules, strategies, and training should only account for 10-15 

percent of the total lesson. The rest of the lesson should focus on firming up and reviewing 

the material that the children have learnt earlier in the program. This design provides children 

with plenty of opportunities to practice the skills that they have learnt in the preceding few 

lessons, to consolidate and apply new skills, and build fluency. 

Intention to fade support. In line with Lindsley’s (1996a) and Van Houten’s (1984) 

beliefs, proponents of DI believe that teachers should minimize the delay between a child’s 

response and feedback; particularly if a child makes a mistake. To help minimize and remedy 

errors, DI developers generally follow the model-lead-test-delayed test method (Kozioff et 

al., 2000). Bechtolt, McLaughlin, Derby, and Blecher (2014) explained that first a teacher 

should model the skill they want the child to learn (e.g., state the arithmetic fact “1 add 2 

equals 3” orally). The teacher and child should then perform the skill together, in unison. To 

assess that the child has understood, they should then perform the skill without their teacher 

providing leading questions and guided prompts. If the child makes an error, the teacher can 

repeat this process with them to build confidence and firm up the skill. As a teacher 

progresses through the model-lead-test-delayed test approach, they gradually reduce the 
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intensity of the prompts they provide (Swanson, 1999). Over time this causes children to 

apply the strategies silently and independently (Archer & Hughes, 2011; Kinder & Carnine, 

1991). The delayed testing element of this method involves children demonstrating retention 

and their understanding of the skill in subsequent lessons (Kozioff et al., 2000; Slocum, 

2004).   

Clear instruction to teachers. DI programs prescribe specific teaching procedures to 

ensure that teachers have the necessary materials to deliver content effectively and 

unambiguously. Kozioff et al. (2000) explained that a script accompanies each lesson so that 

teachers present exercises in a systematic order; with skills increasing in difficulty as the 

curriculum progresses. A lesson might begin with a teacher-directed segment (verbal). The 

teacher may then set the children a group or independent activity so that they have the 

opportunity to practice and generalize skills to new problems.  

Teachers should deliver the contents of each lesson at a brisk pace (Kinder & Carnine, 

1991). Carnine (1976) explained that by engaging in rapid question-answer exchanges, 

teachers are able to cover as much content as possible in each 30-45-minute lesson. The rate 

of exchange also helps to keep children engaged throughout. This is particularly important 

when considering children who are not performing at a level that reflects their chronological 

age and school year group. By engaging in DI sessions, these children should be able to make 

significant progress in the subject and work towards closing the attainment gap (Engelmann, 

1999). The scripts also emphasize the importance of positive reinforcement throughout the 

instructional process (e.g., providing verbal praise for good listening, responding on signal, 

and providing correct answers). This makes the learning process rewarding for children and, 

by proxy, more rewarding for the teachers as they watch their group progress (Engelmann et 

al., 1988; Engelmann, 2014).  
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Importantly, teachers test scripts with small groups to validate that the instruction is 

unambiguous before being field tested at scale in schools. During the field-testing stage 

teachers provide detailed feedback regarding the problems that their students have faced 

whilst engaging with the program. This feedback feeds into the revisions before the designers 

release it for further field testing. Only when teachers and students report no further problems 

with the program it can be sent for publication, commercialization, and wider dissemination 

(Huitt, Huitt, Monetti, & Hummel, 2009; Kozioff et al., 2000).  

Review of existing DI research 

In the 1960s the federal government in the United States legislated a large-scale social 

project entitled ‘Project Follow Through’. This project aimed to evaluate the outcomes of 

curricular programs on three dimensions: basic academic skills (reading, arithmetic, spelling, 

and language), problem-solving skills, and self-concept (including developing positive 

attitudes towards learning). Specifically, this project evaluated programs that claimed to 

eliminate the discrepancies in achievement between children from disadvantaged 

backgrounds and their peers (Watkins, 1997). At its peak, Project Follow Through had 

60,000 children enrolled onto one of the 20 programs on offer, with the sample representing 

varying demographics across 178 communities (Egbert, 1981). The final analysis reported the 

outcomes across nine curricular programs: DI, Parent education, Behavior Analysis (token 

economy, programmed instructional materials, data-driven decisions), Southwest Labs, Bank 

Street, Responsive Education, Tucson Early Educational Model (TEEM), Cognitive 

curriculum, and Open Education (Watkins, 1997). The results from this project favored DI 

across all three dimensions (Adams & Engelmann, 1996). However, after the publication of 

the results from Project Follow Through, House, Glass, McLean, and Walker (1978) 

highlighted several critiques. This included problems with the project’s vague and ill-defined 

classification systems, biased assessments, and lack of sophistication with regards to the data 
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analysis technique. Despite project follow-through being one of the largest education 

experiments to date, further research was necessary to establish the true impact of DI 

programs.  

Stockard et al. (2018) conducted a comprehensive meta-analysis on studies and 

reports using DI methods between the 1960s and 2017. They defined a report as an individual 

publication (e.g., an article or dissertation) and a study as a data-gathering effort (e.g., an 

experiment) upon which a report is based. Their search identified 328 eligible studies and 393 

eligible reports that focused exclusively on the delivery of a DI program in a school-based 

setting. By using mixed effects models, Stockard et al. were able to consider the impact of 

several variables on the reported effect sizes amongst the literature. As such they were able to 

predict the variance that certain factors account for, such as the age of the children in the 

sample, deprivation levels, program dosage, and experience the teacher had delivering DI 

programs. In line with preceding systematic reviews (e.g., Kinder, Kubina, & Marchand-

Martella, 2005) and meta analyses (e.g., Borman, Hewes, Overman, & Brown, 2003) 

focusing on DI, Stockard et al’s results indicated that DI programs elicit consistently positive 

results. Most effect sizes fell within the range considered medium (d = 0.50 to d = 0.79) to 

large (d ≥ 0.80) in the context of the criteria used within general psychology literature 

(Cohen, 1988). However, in the context of educational interventions, most of the studies 

reported effects larger than d = 0.25, which reflects educational significance (Lipsey et al., 

2012). These findings appeared to be robust with no impact of variables related to the nature 

of publication (year published and type of report/article), methodological approach, or 

sample. It is worth noting that these data reflect DI programs generally, but Stockard et al 

identified that studies evaluating mathematics programs, especially those aimed at older 

students (including the Corrective Mathematics program) were sparse. 
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Corrective Mathematics program 

In Chapter 6, we used the Corrective Mathematics (CM) program to teach addition 

skills to children who attended a PRU. McGraw-Hill (2019) promote CM as a remedial DI 

program for children aged 8 to 18 years. Engelmann and Carnine (2005) organized the 

program into seven strategic modules, each progressing in difficulty: (1) addition, (2) 

subtraction, (3) multiplication, (4) division, (5) basic fractions, (6) fractions, decimals, and 

percentages, and (7) ratios and equations. Like other DI programs, CM comes with a 

placement test to help teachers assess which module and corresponding lesson each of their 

children should start on (Parsons, Marchand-Martella, Waldron-Soler, Martella, & 

Lignugaris-Kraft, 2004). 

 To the author’s knowledge, only three published empirical studies have investigated 

the efficacy of the CM program. Glang, Singer, Cooley, and Tish (1991) reported a case 

study of an 8-year old boy, Thomas, who had sustained a traumatic brain injury after being 

hit by a vehicle. During the intervention, Thomas’ teacher delivered lessons from both the 

CM program and the Corrective Reading Comprehension program (Engelman, Osborn, 

Haddox, & Hanner, 1978), to help develop his reasoning skills, ability to work out 

mathematics story problems, and develop his ability to recall arithmetic facts. The authors 

employed a multiple baseline design across content areas to evaluate the effectiveness of the 

program. As such, the teacher began instruction sequentially in each area after Thomas’ 

baseline performance stabilized. Following instruction, Thomas’ accuracy when answering 

story problems increased from 11.4% correct (baseline) to 91.25% correct. With regards to 

arithmetic facts, Thomas was able to answer an average of 6 facts per minute during the 

baseline phase and this increased to an average of 11.5 facts per minute during the 

instructional phase. However, the authors noted these data might be an underestimate of 

Thomas’ performance due to his limited fine motor skills. If he had provided oral responses 
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rather than writing, his performance would likely have increased further. These results reflect 

Thomas’ progress over seven to eight DI sessions.  

 Sommers (1991) conducted an evaluation of DI programs in a school that had a 

program for at-risk children. The children in their sample were aged between 10 to 14 years 

and each scored below the 50
th

 percentile on standardized mathematics and/or reading tests. 

None of the children qualified to access the special education resource room in their school 

but all were struggling to complete the content in their mainstream lessons. Following initial 

assessment, their teacher placed the children into groups of 5-10 to work on an appropriate 

DI program. They offered programs to support reading, mathematics, spelling, and expressive 

writing. The teacher delivered CM lessons to the children needing additional mathematics 

support from the following modules: multiplication; division; basic fractions; fractions, 

decimals, and percentages and; ratios and equations. Collecting data between 1985 and 1991, 

Sommers was able to establish the average age equivalence gains on standardized measures 

for each of the children receiving DI support. On average the children completed 7.6 months 

of instruction each academic year and their grade-equivalent scores on the standardized test 

improved by a mean of 1.01 years. These results provide evidence to suggest that the CM 

program helps children to learn more content in a reduced amount of time to close the 

attainment gap. However, it is unclear from this study the extent to which the literacy-based 

interventions impacted the children’s results (particularly in the higher order modules that 

involve children to apply comprehension skills to written mathematics problems).   

 Finally, Parsons et al. (2004) assessed the efficacy of a peer-delivered CM program in 

a mainstream high school. Their sample consisted of ten learners who had previously failed 

the lowest-level mathematics class available at their school (entitled: integrated algebra), as 

well as nine peer tutors who had all passed a higher-level mathematics class (entitled: algebra 

II). A DI consultant trained the tutors in the use and delivery of the CM program so that they 
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could run one-on-one sessions with the learners. Across a 10-week period, the learners and 

tutors completed five instructional sessions per week. On average, the learners made a 

standard score gain of 11.60 on the Woodcock-Johnson Psychoeducational Battery (WJ-R 

ACH) calculation subtest (i.e., they improved their score at pre-test by 2 standard deviations; 

SD) and a standard score gain of 5.80 on the applied problems subtest (i.e., they improved 

their score at pre-test by 0.89 SD). Interestingly, the peer tutors also made significant gains 

on the applied problems subtest across their engagement in the program; improving their 

standard score by 13.00 (1.30 SD). Collectively these studies suggest that the CM program 

can help children improve their mathematics skills, but further research is necessary to build 

a robust evidence base across other samples at risk of poor academic outcomes. 

An instructional fluency approach 

While DI helps children to acquire skills and knowledge, PT offers the tools for 

criterion referenced assessment and data-driven decision making. The strengths of these 

instructional technologies complement each other well. As such, educators have been 

combining PT and DI to help the learners that they work with make unprecedented academic 

gains (Binder & Watkins, 1990). To provide one applied example, Morningside Academy, in 

Seattle, integrate both technologies within their classrooms. Johnson (1997) explained that 

teachers at Morningside Academy allocate children with poor performance skills into classes 

that use DI programs to improve their reading, writing, and mathematics skills. Immediately 

following the completion of a DI lesson, the children continue to practice their new skills 

using PT methods. During this aspect of the session, children work on fluency-building tasks 

either independently, with their teacher, or with a peer tutor. This aims to help the children 

retain the skills that they have learnt, endure the skills for extended periods, and apply them 

to novel situations (i.e., achieve RESA). Within Chapter 6, we adopted a similar model 

whereby children completed timed practice sheets after each CM lesson to help assess and 
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consolidate their skills. We subsequently used the SCC to help guide decisions about future 

practice.   

The existing published literature exploring the instructional fluency approach 

(combining DI and PT) focuses largely on literacy skills. Case studies suggest that this 

approach can help children with autism learn to read in Icelandic (Adda Ragnarsdóttir, 2007), 

help adults to improve their reading of passages and nonsense words (Hulson-Jones, Hughes, 

Hastings, & Beverley, 2013) and help children holding a label of a learning disability to read 

sight words more fluently (Morrell, Morrell, & Kubina, 1995). When the sessions are 

delivered to children in small groups, the evidence suggests that children with special 

educational needs can improve their sentence construction (Datchuk, 2017). To the author’s 

knowledge, little to no published research reports the combination of these techniques in 

relation to mathematics programs nor their application within a PRU.  
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Chapter 2 : Methods and aims 
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 This chapter aims to provide some context and justification for the research methods 

and analysis techniques we adopted throughout Chapters 3, 4, 5, and 6. Collectively, the 

empirical chapters within this thesis help to address some wider research questions with 

regards to using PT and DI approaches within everyday classroom settings. 

Generating an evidence-base 

Thornicroft, Lempp, and Tansella (2011) conceptualized the journey towards 

establishing an evidence-base for medical and psychosocial interventions. Their model 

explains the key types of experimental research and some of the challenges that prevent the 

effective translation of evidence from early research to later implementation (see Figure 2.1).  

Within phase 0, researchers build theories, generate hypotheses, and conduct some small-

scale laboratory studies to identify initial confounding variables. In some cases, researchers 

conduct these studies with animal populations which can affect the transfer of new 

knowledge to humans (translational block 1). Within phase 1, researchers conduct studies 

that identify the key components of an intervention and begin to manualize it by testing its 

effects on human participants. Once an intervention has been clearly defined, we can begin 

some larger-scale exploratory studies (phase 2). Researchers use efficacy designs to evaluate 

the outcomes of an intervention when used with the target population. Typically, researchers 

use randomized controlled trials (RCTs) to evaluate the intervention under high levels of 

experimental control in ecological valid environments. These studies enable us to establish 

the outcomes of an intervention under optimal circumstances (i.e., when the environment is 

conducive to success) and also enable us to compare the intervention with an appropriate 

alternative (e.g., a competing intervention or treatment as usual group). Translational block 2 

indicates an interface between the outcomes of research from efficacy designs and those 

conducted under routine real-world conditions. Effectiveness studies enable researchers to 

establish whether an intervention can still yield positive results within the target population 
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when the experimental control is reduced (phase 3). Sometimes the intended stakeholders do 

not adopt or maintain the intervention after the termination of a research study, despite the 

evidence-base for that intervention (translational block 3). The final phase, phase 4, 

encapsulates implementation research. This research identifies factors that interrupt the 

uptake of evidence-based interventions under everyday conditions in the real-world. This 

includes factors associated with the intention to implement the intervention, early 

implementation, and the persistence of implementation. 

 

In recent years, there has been a shift within education to ensure that evidence, rather 

than political will, informs policy (Morrison, 2001; Head, 2015). Hammersley (2005) 

explained that evidence-based practice within education is about integrating teachers’ 

professional expertise with the best research evidence to improve the quality of educational 

practice. Professional development guidance often suggests that teachers should engage with 

the process and outputs of research in order to achieve this goal (Centre for Use of Research 

Evidence in Education; CUREE, 2011; Gorard, Huat See, & Siddiqui, 2020; OECD, 2016). 

When considering what evidence is necessary to inform practice, Nelson and Campbell 

(2017) argued that researchers and teachers should consider two questions: “what works?” 

and “what matters?”.  In order to answer these questions, we need to adopt different research 

Figure 2.1. An adaptation of Thornicroft et al’s (2011) model depicting the generation of an 

evidence-base for an intervention 
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methods depending on the phase of research and the context in which we are using the 

intervention. 

Cluster-randomized controlled trial 

Within Chapter 3, we employed a cluster-randomized controlled trial (c-RCT) to 

evaluate the benefits of teacher coaching (i.e., a researcher providing teachers with 

implementation support) on children’s fluency of arithmetic facts during a SAFMEDS 

program. Assessing the impact of coaching was a timely research question in the context of 

the growing uptake of the SAFMEDS strategy in schools across North Wales (Tyler et al., 

2019). As discussed in Chapter 1, the vast majority of existing SAFMEDS literature focuses 

on individual or small N delivery of a program by someone with prior expert knowledge of 

the strategy. Little research has explored how the strategy functions under the everyday 

conditions of a classroom, whereby a teacher or teaching assistant (TA) introduces and 

manages the program with the children in their class. At the beginning of our study, all 

members of teaching staff received the same SAFMEDS training before being randomly 

allocated to one of two research conditions (trial arms). Importantly, this study aimed to 

evaluate whether support after training improves fluency outcomes from a SAFMEDS 

program compared to receiving no support. The support model that we employed provided an 

option for delivering professional development and support to teachers at scale. Moreover, if 

effective, this coaching would provide teaching staff with the skills that they need to sustain a 

SAFMEDS program beyond the termination of the research study. Figure 2.2 is the graphic 

representation of the logic model underlying this study. This model outlines how our 

activities intended to improve the academic outcomes of the children within our sample. 

Connolly, Biggart, Miller, O’Hare, and Thurston (2017) outlined the key 

characteristics of RCTs. In education, these trials assess whether a particular 

program/intervention is effective by comparing children’s progress against a comparison (i.e., 
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a group of children using a competing intervention) or a control group (i.e., a group of 

children who receive no additional intervention support and continue with classroom 

instruction as usual). During RCTs, a researcher randomly allocates children to a trial arm. 

As long as a study has enough participants, individual randomization aims to ensure that the 

arms of the trial have a similar profile of measured and potentially confounding baseline 

outcomes (Reich & Milstone, 2014). In theory, we can then attribute any differences between 

baseline and follow-up outcomes to the intervention itself; assuming that there are no threats 

to the validity of the randomization process or any substantial differentiated attrition of the 

sample throughout the study (Kraft, 2020). Subsequently, RCTs allow researchers to assess 

causality rather than correlation and many consider them to be the ‘golden standard’ research 

design within education (Connolly et al., 2017).  

 The distinguishing feature of a c-RCTs is that a researcher randomly allocates pre-

existing groups, also known as clusters (e.g., schools), to each trial arm rather than individual 

participants (Piaggio et al., 2001). There are several reasons why a researcher may opt to use 

cluster randomization. For example, if the intervention occurs on a class-wide or school-wide 

level it may not be possible to randomly allocate individual children or teachers to a trial arm 

(Connolly et al., 2017). Clustering also helps to prevent contamination across trial arms. 

Borm, Melis, Teerenstra, and Peer (2005) explained that contamination can occur when 

individuals in different trial arms come together and influence each other. In the context of 

our study (Chapter 3), if schools shared a headteacher we treated them as one unit and 

allocated them to the same trial arm. In doing this, we hoped to prevent teachers receiving 

coaching from discussing their feedback and guidance with those allocated to receive no 

implementation support after training. During the allocation we also stratified schools based 

on their local authority area (county) and predominant teaching language (English or Welsh) 
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to further anticipate some of the confounding variables that might have affected children’s 

outcomes during the trial.  

 To assess the outcomes from c-RCTs, multilevel modelling enables us to analyze data 

that are hierarchically organized, such as children being enrolled in their corresponding 

schools. Connolly et al. (2017) explained that due to this hierarchy we can no longer treat 

each child as being independent from one another. Rather, statisticians assume that there is 

likely to be a correlation between characteristics of children that attend the same school. For 

example, schools tend to enroll children from the same neighborhoods (catchment area) and 

the children share the same classroom environment and instruction. Multilevel modelling is 

an increasingly popular analysis approach, which outperforms classical regression in terms of 

predictive accuracy. One feature of multilevel modelling that enhances its sophistication over 

classical regression is its ability to separate estimates for the predictive effects of covariates 

to produce group-level marginal means (Gelman, 2006). Multilevel models also produce an 

intraclass correlation coefficient (ICC), which is the proportion of variance in the outcome 

variable that can be explained by the levels (groupings) within the hierarchical model 

(Murray & Blitstein, 2003). It reflects the ratio of the between-cluster variance at that level of 

the hierarchy comparative to the total variance in the outcome variable.  

A c-RCT was an appropriate research method for us to use to assess the need and 

impact associated with providing teachers with implementation support following SAFMEDS 

training. Cluster randomization enabled us to directly compare children’s arithmetic fluency 

outcomes (using the Mathematical Fluency and Calculation Tests) and account for some of 

the naturally occurring confounding variables that may have otherwise affected the children’s 

baseline outcomes or the success of the intervention. The associated analysis technique 

(multilevel modelling) provided some additional sophistication to the interpretation and 

accuracy of our results.  
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Effect sizes  

In recent years, effect size has become a contemporary topic within education 

(Leonard & Woolcott, 2017). Effect size calculations allow us to quantify the magnitude of a 

phenomenon, by taking into account the average outcomes for different groups within a trial 

and the variance within the sample (e.g., SD; Kelley & Preacher, 2012). In education, 

researchers analyze outcome data that use arbitrary scales, such as academic achievement. 

Calculating an effect size from baseline and follow-up outcomes allows us to convert data 

onto a common scale that allows more meaningful comparisons between studies that used 

different measures. In turn, this enables researchers to compare the relative magnitude of 

different educational interventions (Kraft, 2020).  

With leading educational organizations, such as the EEF, using effect size as a means 

of comparing interventions are becoming increasingly more cited within educational policy 

and decision making (Department for Education, 2016b; Higgins & Katsipataki, 2016). By 

default, in social sciences, researchers tend to evaluate the magnitude of their effect sizes 

using the thresholds proposed by Cohen (1988), whereby ≥ 0.20 SD is a small effect, ≥ 0.50 

SD is a medium effect, and ≥ 0.80 SD is a large effect. However, Cohen himself 

recommended that researchers should only use these benchmarks when no better index is 

available (Kraft, 2020). Previous meta-analyses of field experiments within education have 

since demonstrated that effect sizes reported within intervention literature often reflect effects 

that are considered small or negatable by Cohen’s original benchmarks (e.g., Cheung & 

Slavin, 2016; Lortie-Forgues, & Inglis, 2019).  

We acknowledge that researchers, educators, and policy makers should be cautious 

when reporting and interpreting effect sizes in education. Simpson (2019) noted that effect 

size does not directly inform us about how educationally influential an intervention is. The 

calculation evaluates the trial as a whole rather than the intervention alone. Any changes to 
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the fundamental elements of the trial (e.g., the population in which we recruit a sample, the 

chosen assessments) can influence the magnitude of the resulting effect size (Simpson, 2017).  

Kraft (2020) provided a new schema to outline several key trial elements that may 

significantly affect the magnitude of effect sizes (i.e., Cohen’s d) within education studies. 

These include whether the effect sizes arise from correlational or causational studies; what, 

when, and how researchers assess outcomes, and; how researchers recruit their sample and 

the subsequent effects of selection bias. Moreover, the cost and scalability of an intervention 

may influence key stakeholder’s views with regards to adoption of the intervention over 

alternative program with similar effects. That is, they may view the effect sizes from less 

costly interventions more favorably than similar effects from a more expensive alternative. 

Stakeholders may also favor the outcomes of research conducted with a larger-scale sample 

as it more accurately reflects how the intervention will operate at scale under real-world 

conditions.  

 In light of this information, Kraft (2020) proposed new empirical benchmarks and 

guidelines to reflect the effect sizes associated with student achievement. Researchers and 

educators should consider the effects of studies of preschool to Key Stage 5 educational 

interventions (3 to 18 years old) as small if the effect size is <0.05 SD, medium if the effect 

lies within the range 0.05 to £ 0.20 SD, and large if the effect is ≥ 0.20 SD. These 

benchmarks are contextually important when considering the academic outcomes in Chapter 

3, whereby the comparisons between Cohen’s (1988) benchmark and the effect sizes reported 

in the wider teacher coaching literature vary. We were able to report effect sizes for the 

analysis we presented in Chapter 3 due the large sample size of the study and the inclusion of 

a treatment as usual condition. 
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Qualitative research 

Chapter 4 details two qualitative studies focusing on the social validity of the 

SAFMEDS strategy from the perspective of teachers and children who have used it in 

schools across North Wales. Specifically, the questions that we asked aimed to gain insight 

into teacher’s experiences of implementation, perceived usefulness of the strategy, and 

factors that may affect children’s engagement. By gaining insight into how the strategy works 

under everyday classroom conditions, we can better understand how to support schools with 

any unanticipated challenges that they may face (and pre-emptively troubleshoot, if 

appropriate). In turn this may contribute towards supporting teachers to persist with the 

implementation of the strategy and maintain/improve children’s engagement. Furthermore, 

we can reflect upon the positive elements and consequences of the strategy to ensure that we 

continue to promote these factors in practice. To date no known published research has 

robustly examined the social validity that these key stakeholders associate with the 

SAFMEDS strategy. Figure 2.3 provides a graphical representation of the logic model 

underpinning the qualitative research we conducted and presented within Chapter 4. 

Social validity refers to the perceived importance, acceptability, and viability of a 

program (Foster & Mash, 1999). Wolf (1978; as cited in Schwartz & Baer, 1991) formally 

introduced the term into the field of applied behavior analysis (ABA) to make researchers 

aware that non-acceptance of interventions by key stakeholders could lead them to reject the 

program. Surveys and interviews can be useful research tools to help us gather information 

about stakeholder’s thoughts, experiences, and feelings. These methods enable us to access 

and understand behavior that is not always directly observable and quantifiable (Braun & 

Clarke, 2013). 

To understand teacher’s experiences of using the SAFMEDS strategy in schools, we 

disseminated an online survey (Chapter 4). Qualitative surveys provide a research method for 
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gathering information about the diversity and experiences within a target population (Debski 

& Gruba, 1999). Van Selm and Jankowski (2006) highlighted some of the advantages of 

collecting research data using online surveys. For example, it is cheaper to deploy an online 

survey relative to the pen-and-paper alterative, it is more time efficient to disseminate an 

online survey, respondents can complete them at their own convenience, and online surveys 

have the potential to reach a larger number of respondents. Due to their in-built ability to 

preserve anonymity, online surveys may allow respondents, who may otherwise be difficult 

to reach, the space and confidence to share their experiences and opinions.  

We devised the questions for our online survey to broadly capture teacher’s/TA’s 

experiences of using the SAFMEDS strategy within their school. These questions were direct 

in the sense that we asked teaching staff to identify what they perceived the benefits and 

challenges of the SAFMEDS strategy to be, but we tried to avoid priming any specific 

responses (for example, we did not ask “did any of the children in your group engage in 

cheating?”, instead we asked “is there anything that the children do during a SAFMEDS 

session that you think hinders their performance?”). We believe that this helped us to collect 

a more holistic view of how the strategy functions under the everyday conditions of a 

classroom. If the teachers identified any unexpected consequences of using the strategy or 

factors that affected implementation, then this may provide the basis for more direct 

questioning in future qualitative studies.  

Patton (2002) defined an interview as a series of open-ended questions that gain 

insight into people’s experiences, perceptions, opinions, feelings, and/or knowledge. Within 

Chapter 4, the researcher conducted one-on-one semi-structured interviews with children who 

had used the SAFMEDS strategy with a teacher/TA in school. By nature, semi-structured 

interviews begin with pre-defined questions, but the interviewer can ask additional un-

scripted follow-up questions (Patton, 2002). Prompting for elaboration during a semi 
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structured interviews can be an invaluable tool for ensuring the reliability of data. It allows 

the researcher to ask for clarification of any interesting and relevant issues raised by the 

interviewee (Hutchinson & Wilson, 1992). It also allows the researcher to clarify any 

inconsistencies within an interviewee’s responses (Barriball & While, 1994).  

We opted to use the semi-structured interview approach with the children in our 

sample for two main reasons. Firstly, we wanted to observe them engaging in the SAFMEDS 

strategy to assess for fidelity. This may have led to further questions if they had adapted the 

procedure in any way (e.g., if they asked the researcher to hold and direct the cards for them). 

The researcher may also have decided that the child did not follow the strategy closely 

enough (compared to the manualized program) to continue to interview. Secondly, the 

children included in the sample within Chapter 4 were aged between 6 and 10 years old. We 

believed that using semi-structured interviews would lead to the richest and most detailed 

responses for us to be able to analyze. Semi-structured interviews are somewhat reactive, so 

this gave the researcher the opportunity to rephrase the question if a child did not demonstrate 

understanding, ask additional questions for clarity or expansion, and explore additional 

relevant information as the interview unfolded. Kortesluoma, Hentinen, and Nikkonen (2003) 

explained that using interviews with children can be a favorable method of collecting 

qualitative data over surveys because it allows them to have space and time to discuss their 

views and experiences, without limiting their responses to a narrow range of categories or 

Likert scales. Their responses are also not bound by their written comprehension abilities. 

Researchers can interpret meaning in qualitative data by identifying themes across 

participant’s responses (Tolich & Davidson, 2003). Ritchie and Lewis (2003) explained that 

there are no clearly agreed rules for analyzing qualitative data. Rather, analysis approaches 

vary based on their epistemological assumptions, the nature of enquiry, and the main focus of 

the analytical process. Thematic analysis is a method that researchers can use to 
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systematically identify and organize qualitative data into themes (patterns of meaning) across 

the dataset. Crucially, thematic analysis allows researchers to make sense of a targeted group 

of people’s experiences by identifying commonalities as opposed to analyzing data on a 

person-by-person basis (Braun & Clarke, 2012). The form of thematic analysis that we used 

within Chapter 4 focused on using an inductive (bottom-up) approach to data coding. This 

means that the codes and themes emerge from the content of the transcripts themselves. This 

is opposed to a deductive (top-down) approach, whereby a researcher would align the data 

extracts with pre-conceived concepts, ideas, or theories (Braun & Clarke, 2006). By 

following an inducive approach we hoped to report a more holistic overview of the strengths 

and challenges of using the SAFMEDS strategy as a learning tool, as this is something 

lacking in the current literature.  

Braun and Clarke (2006) provided clear and comprehensive guidance to support 

researchers through the phases of thematic analysis. First, a researcher should familiarize 

themselves with the participant’s responses. They should transcribe the data (if necessary) 

and then read through the completed transcripts several times before beginning analysis. This 

is to ensure that they become immersed in the data and become familiar with the depth and 

breadth of the content. Through repeated iterations of reading the transcripts the researcher 

should become increasingly more active in the way they respond to it. That is, they should 

start searching for meaning and patterns within the dataset. As the researcher progresses 

through this immersion phase, they should start to take notes about the data that they can go 

back to during later phases of analysis (i.e., note any interesting and salient ideas that they 

notice).  

The second phase of thematic analysis involves generating some initial codes from 

the data. Codes reflect the most basic element of raw data that the researcher can assess in a 

meaningful way in relation to the phenomena of interest (Boyatzis, 1998). Braun and Clarke 
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(2006) advised that researchers code for as many potential themes as possible, as they will 

not know what they might consider as interesting and relevant until later on in the process. 

They also advised that researchers should keep some surrounding text in their extracts to 

ensure that context is not lost in later phases. 

During the subsequent phase, the researcher should focus their analysis to look at 

broader level themes, rather than codes. Braun and Clarke (2006) recommended using visual 

aids to help organize these ideas, such as writing each code on a piece of paper and 

rearranging them into theme-piles. This process should lead the researcher to start drawing a 

thematic map that depicts the relationship between codes, between themes, and between sub-

themes. Researchers should end this phase with candidate themes and the corresponding 

extracts of data that they have coded in relation to them. Whilst the researcher will have a 

sense of the significance of each theme, Braun and Clarke warned against excluding anything 

at this phase (even if there are miscellaneous codes) as they will not know whether the 

themes are robust until they evaluate all of the extracts in detail.  

When reviewing themes, it will become clear to the researcher that some of the 

candidate themes do not hold (e.g., there is not enough data to support them or they are too 

diverse), whilst other candidate themes may need to merge because they reflect the same 

thing. Braun and Clarke (2006) explained that data within themes should come together in a 

meaningful way and there should be clear distinctions between separate themes. There are 

two levels to the refining and reviewing process. Within level one, the researcher should 

review the themes at the level of the data extracts. The theme should capture the contours of 

the coded data. Within level two, the researcher should review the themes at the level of the 

entire dataset. They should consider the validity of individual themes and whether the 

thematic map accurately captures the data as a whole, if not they can redefine and recode the 
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data until they achieve this. By the end of this phase, the researcher should have a good idea 

of what the themes are, how they fit together, and the story that the data tells. 

Once the researcher has a completed thematic map they can then name and define 

each theme (Braun & Clarke, 2006). The researcher should identify the essence of what each 

theme is about without each theme being too diverse and complex. To do this, they should go 

back to the data extracts for each theme and organize them into a coherent account that 

follows a narrative. During this process, the researcher should not simply paraphrase the data 

extracts, rather identify what is interesting about them and why. The name of each theme 

should be concise and immediately inform the reader what the theme is about.  

The final phase of thematic analysis consists of producing the report/publication. 

Braun and Clarke (2006) outlined that researchers should aim to tell the story of their data in 

a way that convinces the reader of the merit and validity of their analysis. During the write-

up, researchers must provide sufficient evidence to support each theme in the form of the 

original data extracts. When choosing extracts to present, Braun and Clarke advised that 

researchers select quotes of vivid and simplistic examples that reflect the essence of each 

theme. These quotes should support the narrative to help the researcher to make an argument 

in relation to their original research question(s), rather than being purely descriptive. 

The two studies that we present in Chapter 4 aimed to help us gain insight into 

teacher’s experiences of implementing the SAFMEDS strategy under the day-to-day 

conditions of the classroom, perceived usefulness of the strategy, and factors that may affect 

children’s engagement with the strategy. By using open ended questions and an inductive 

analysis approach, we hoped to explore the social validity that these key stakeholders 

associate with the strategy and identify factors that may impact implementation of the 

strategy over time.  
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We decided to present and analyze the data within Chapter 4 as two separate studies 

for a few core reasons. Firstly, we asked the children and teachers different questions; whilst 

some of the emerging codes might have overlapped, there was no guarantee upon data 

collection and analysis that this would be the case. Secondly, we used two different research 

methods to generate the data across the two studies. We expected teachers’ responses to the 

survey to be more in depth and unprompted, whilst the semi-structured interviews required 

more prompting and exploration during the data collection process. Finally, by combining the 

datasets we were worried that some key ideas would lose their saliency and therefore not 

accurately reflect the experiences of the two discrete samples (teachers and children). 

Impact reports 

XLP are a youth-charity based in London, United Kingdom. As well as supporting 

social issues such as unemployment and preventing gang involvement, XLP provide 

resources to try and remediate and prevent educational failure (XLP, n.d.a). The charity 

contacted the research team at Bangor University after hearing about how the SAFMEDS 

strategy can help support children’s fluency of basic academic skills. After an initial 

consultation and some training, we worked collaboratively over two years on the XLP 

literacy and numeracy project (XL-LAN). Chapter 5 outlines the process underlying this 

collaboration—from sharing and designing SAFMEDS packs, to the analysis of project data, 

and generation of the impact report. This report aimed to provide some exploratory 

descriptive statistics to better understand how this demographic of children typically progress 

on a session-by-session basis when using SAFMEDS to practice and assess their skills.  

Close-to-practice research helps to generate knowledge that is relevant to key 

stakeholders and addresses practice concerns. This type of research helps to develop a 

research culture within organizations by supporting individuals and/or teams to think 

critically about gaps in their knowledge and services, use appropriate methods to elicit 
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change, and evidence/evaluate outcomes (Cooke, 2005). The British Educational Research 

Association (BERA) has identified close-to-practice research as an area of interest, 

particularly in the context of teacher education and professional development. The 

association have also identified that such educational research should focus on addressing 

problems in practice and encouraging researchers to develop working partnerships with key 

stakeholders within education (Wyse, Brown, Oliver, & Poblete, 2018). 

Chapter 6 illustrates an example of how schools, charities, and researchers can work 

collaboratively to foster a closer-to-practice project; specifically focusing on raising 

children’s fluency of basic literacy and mathematics/numeracy skills. This project did not 

follow a typical pre-and-post-test design, rather the quantitative results reflected the data 

generated through the SAFMEDS timings themselves. We used these data to establish the 

average progress that children can make using the strategy and how this may differ 

depending on whether they are focusing on literacy or mathematics skills.  

Moreover, we captured some qualitative data from the children who participated in 

the project to gain insight into their experiences and opinions of using the strategy to support 

their learning. The age of children involved in the XL-LAN project ranged from 7 to16 years 

old. In order to promote consistency and inclusivity in the research methods that we used, we 

opted to conduct semi-structured interviews (as outlined and justified earlier within this 

chapter). Whilst we appreciated that conducting a fidelity check before the interviews would 

have been beneficial to enhance validity, there were some additional timing and practical 

constraints attached to this project (e.g., the time XLP staff had allocated to be in schools, the 

time they could spend with the children before they needed to go to their next lesson, having 

to conduct some of the interviews in small groups rather than one-on-one). However, the 

project coordinators at XLP had worked closely with the schools involved in the XL-LAN 

project to provide support with implementation. As such, if there were any major concerns 
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with how the children engaged with the strategy the staff would have addressed these earlier 

in the school year.  

Together, the data we presented within the impact report served to support two 

outcomes. First, to provide XLP and the schools with an evaluation of the XL-LAN project 

and some recommendations for future practice. XLP needed this information to provide to 

the charities and external bodies that had provided funding for the project. The data and 

recommendations aimed to help inform future proposals for extensions to the service that 

XLP can offer to schools and the communities that they work with. Second, the quantitative 

data provided us, as researchers, with some additional insight into how groups of children 

may progress using the SAFMEDS strategy to support their learning, whilst the qualitative 

data provided an extension to what we had discovered within Chapter 4. The qualitative data 

also helped develop our understanding of how children attending secondary schools (ages 11-

16 years) perceived the strategy.   

Small N design 

In the final empirical chapter, Chapter 6, we present a small N pilot study focusing on 

using an instructional fluency approach to teach addition skills to children attending a PRU. 

There are no known published studies that have reported the use of DI and/or PT to support 

children who attend these provisions. As such, we piloted the use of the Corrective 

Mathematics (CM) program to support a small sample (N = 5) of children to develop their 

addition skills and complemented the curriculum with paper-based fluency timings (adhering 

to PT methods). We hoped that the outcomes of this efficacy study would form a foundation 

for future research investigating the use of these methods to raise attainment within PRUs. 

Refer to Figure 2.4 to see the logic model underpinning this study.  

Graham, Karmarkar, and Ottenbacher (2012) explained that small N designs require 

several observations of participants before, during, and after an intervention period. 
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Conventionally, researchers visually inspect the graphed and tabulated data within and across 

phases to draw conclusions about the results. Small N studies rely on replication rather than 

large sample statistics to establish reliability and enhance generalizability to other people and 

settings. The Small N approach is well established within ABA literature; including assessing 

the effects of PT (for examples, see Casey et al., 2003; Chiesa & Robertson, 2000; McDowell 

& Keenan, 2001) and the instructional fluency approach (for examples, see Blackwell, 

Stookey, & McLaughlin, 1996; Gregory, McLaughlin, Weber, & Stookey, 2005) to teach 

academic skills. Small N research can be particularly useful when exploring individualized 

interventions and working with children with additional learning needs. They are also a 

favorable research method if researchers lack funding and resources to recruit larger samples 

or when the population comprises of a small sample size, so it is not viable to recruit a large 

sample (Barnett et al., 2012).  

PT methods lend themselves well to Small N designs due to the use of the SCC to 

monitor progress on a child-by-child basis. As discussed within Chapter 1, the SCC provides 

a way of visualizing fluency data. Practitioners can assess celeration trends (i.e., the 

trajectory of the data at a certain portion of the SCC) and the variability of the data (also 

referred to as bounce) via visual analysis. Moreover, the addition of phase change lines on the 

chart allow a practitioner to see whether the change they have implemented had the desirable 

effect on the dependent variable or not (White & Neely, 2012). An additional advantage of 

continuous analysis, such as this, is that practitioners are able to identify and control 

confounding variables and thus stabilize the dependent variable. For example, the practitioner 

could manipulate something in the environment instantaneously to determine whether it, or 

another confounding variable, is responsible for an observed fluctuation in the dependent 

variable (Saville & Buskist, 2003).  



USING EVIDENCE-BASED METHODS TO SUPPORT MATHEMATICS  50 

We opted to use a Small N design for this study primarily due to the diversity of the 

sample. As discussed in Chapter 1, PRUs accommodate children on either a singular or dual- 

registry basis, with a large proportion of children also holding a statement for at least one 

additional learning need (Department for Children, Schools and Families, 2008; Parliament 

UK, 2018). This raised challenges in terms of creating a control group based on a matched 

pairs design, as children attended different mainstream schools for varying hours per week, 

they were different ages (so have been exposed to different quantities of the curriculum), and 

due to their additional learning need(s) may have faced different challenges accessing the 

material. It is also worth noting that due to the timescale available to conduct the study, the 

researcher was also unable explore the possibility of using the children as their own controls 

(e.g., employing an AB design). 

At the beginning of our study (Chapter 6), we assessed the children’s baseline 

mathematics ability. By using published standardized academic tests (the Test of Early 

Mathematics Ability and the Wide Range Achievement Test) we hoped to gain a broad 

overview of the children’s skill set. In doing so, we were able to better understand where they 

had deficits in their knowledge and, if appropriate, use this information to tailor subsequent 

instruction during the program. By re-administering these tests after the intervention period, 

we were also able to provide some additional data regarding each child’s progress across the 

intervention. 
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Figure 2.2. The logic model underpinning our c-RCT (Chapter 3) 
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Figure 2.3. The logic model underpinning our qualitative research (Chapter 4) 
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Figure 2.4. The logic model underpinning our small N pilot research (Chapter 6) 
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mathematics strategy: A cluster randomized controlled trial 

 

 

Owen, K., Hunter, S. H., Watkins, R. C., Payne, J., Bailey, T., Gray, C., Hastings, R. P., & 

Hughes, J. C. (under review). Implementation support improves outcomes of a 

fluency-based mathematics strategy: A cluster-randomized controlled trial. 

Manuscript submitted for publication. 

 

 

Preface  

As outlined in Figure 2.2. there were several contextual factors that led us to 

investigate how researchers can support teachers to implement the SAFMEDS strategy in 

schools. With recent reform efforts in Wales to improve the use of evidence-base practice in 

schools (Furlong, 2015), it is important that we understand how these interventions work 

under the day-to-day conditions of the classroom. In order to promote professional 

development and high-quality implementation, leading educational organizations such as the 

EEF (2019) suggest that schools invest in follow-on support after attending training. Over 

recent years, a growing number of teachers in North Wales have received training to 

implement the SAFMEDS strategy in their schools to support the mathematics and numeracy 

development of the children that they work with (Tyler et al., 2019). Despite this, the vast 

majority of the published papers reporting the effects of the SAFMEDS strategy use 

efficacious designs and focus on researcher led implementation (e.g., Casey et al., 2003; 

Hunter et al., 2016). Our paper aims to provide insight into the follow-on support a researcher 
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can offer after teacher initial training. This aimed to help us understand whether this support 

is necessary in the context of a teacher led SAFMEDS program.  

This chapter contains the manuscript of the paper that we have submitted for 

publication. At the time of the submission of this thesis, this paper has undergone peer review 

and the journal have conditionally accepted it. Here we present the latest revision, which we 

have edited based on the feedback from the reviewers. We have also edited the formatting in 

line with APA guidelines (including placing figures and tables in the main body of the text). 

In Chapter 7 we discuss the implications, applications, and limitations of this research in 

more detail. 
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Abstract 

The Say-All-Fast-Minute-Every-Day-Shuffled (SAFMEDS) strategy promotes fast and 

accurate recall. The existing literature suggests that the strategy can help learners 

improve academic outcomes. Through a cluster randomized controlled trial, we 

assessed the impact of implementation support on children’s mathematics outcomes 

during a teacher led SAFMEDS intervention. Following training and prior to baseline 

assessments, we randomly allocated schools to receive either no (n = 31) or ongoing (n 

= 33) support from a researcher. Support consisted of three in-situ visits and email 

contact. Assessors remained blind to the condition of the schools throughout. We 

analyzed the outcomes of children (nSupport = 294, nNoSupport = 281) using a multi-level 

mixed effects model; accounting for the children nested within schools. The results 

suggest that implementation support has a small effect on children’s fluency of 

arithmetic facts (Mathematics Fluency and Calculation Tests (MFaCTs): Grades 1-2, d 

= 0.23, 95% CI: 0.06 to 0.40; MFaCTs: Grades 3-5, d = 0.25, 95% CI: 0.08 to 0.42). 

These results are larger than the average effect sizes reported within professional 

development literature that apply coaching elements to mathematics programs.  
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Introduction 

Evidence-based practice has the potential to generate effective educational programs and 

promote positive outcomes for students. Yet, Klingner, Boardman, and McMaster (2013) 

outlined that educators are less likely to adopt and sustain these practices at scale without 

strategic and systematic support from researchers. Implementation science suggests that 

researchers first conduct efficacy studies on a small scale to validate an intervention before 

implementing them at a larger scale under real-world (day-to-day) conditions. The quality of 

implementation during the latter phase may bound the benefits of evidence-based programs 

in school environments (Cook & Odom, 2013). Implementation fidelity refers to the extent to 

which someone implements a program according to the original and intended design (Lee, 

Penfield, & Maerten-Rivera, 2009). Durlak and DuPre (2008) found that educators who do 

not specialize in research (e.g., teachers) often do not implement an intervention to 100% 

fidelity under the real-world conditions of a classroom. They also found that low-quality 

implementation of evidence-based interventions results in smaller effect sizes on outcome 

variables; including those linked to student achievement. This highlights the importance of 

identifying effective implementation support models to ensure that teachers are able to elicit 

desired and intended outcomes from evidence-based educational interventions.  

Training can be an effective way of helping teachers to develop conceptual 

understanding of interventions but alone may not yield sufficient changes in practice 

(Education Endowment Foundation, 2019). Coaching teachers offers a lever for improving 

the quality of implementation by supporting them to translate knowledge into classroom 

practice (Kraft, Blazar, & Hogan, 2018). Sailors and Shanklin (2010) used the term coaching 

to describe a process of sustained school-based support from a knowledgeable individual. 

Coaches model research-driven interventions and work with teachers to explore how they can 

use the strategies with their own students. Coaching programs can take a variety of forms, but 

generally consist of one-on-one interactions between a coach and a teacher. These 
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interactions provide a platform for teachers to receive individualized feedback based on their 

professional development (PD) needs (Fletcher & Mullen, 2012). 

Following a meta-analysis of 60 studies, Kraft et al. (2018) found that teachers often 

receive coaching in conjunction with additional treatment elements (i.e., in 90% of the 

reviewed studies teachers received coaching alongside group training, instructional content, 

and/or video resources). Their analysis revealed a pooled effect size of +0.18 standard 

deviations (SD) relating to the effect of these programs on student achievement and +0.49 SD 

relating to teachers’ instructional practices. In their theory of action, Kraft et al. outlined that 

training sessions help improve teacher pedagogical and content knowledge. This knowledge, 

alongside coaching and the availability of relevant materials, positively influences teaching 

behavior. As a result, teachers implement higher-quality teaching practices and are better able 

to identify and use strategies that support student outcomes. However, it is worth noting that 

most of the interventions that met Kraft et al’s inclusion criteria focused on applying these 

practices to literacy and content-based interventions; with only two studies reporting the 

outcomes of mathematics programs. Moreover, Kraft et al’s. analysis revealed that the effects 

on student outcomes from larger-scale effectiveness trials were smaller (+0.10 SD) than those 

employing smaller-scale efficacy designs (+0.28 SD). Whilst coaching might be a valuable 

tool, research is still needed to disentangle the effects of coaching from additional treatment 

elements and to establish the effects of using coaching programs at scale.  

In a complementary meta-analysis of 95 studies, Lynch, Hill, Gonzalez, and Pollard 

(2019) reviewed mathematics and science interventions supported by PD and/or curriculum 

materials. Lynch et al. defined PD as a set of experiences that intend to affect change in 

teacher- and classroom-level phenomena. They too highlighted that PD programs can be, and 

often are, multifaceted. As such, their inclusion criteria focused on the number of hours a 

teacher spent experiencing PD; the focus on improving knowledge of content, pedagogy, 
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and/or use of curriculum materials; as well as the format of the program (e.g., one-on-one 

coaching, summer workshops, online learning). Curriculum materials are instructional 

practices, guided by activities and text within the program itself. Their review identified that 

22% of studies focused on PD alone, whilst 75% used PD in combination with curriculum 

materials. Overall, they found PD programs to be effective. However, only 20% of the PD 

programs included a coaching element. There was no evidence that coaching elements added 

value in terms of outcomes but neither did they reduce intervention’s effectiveness. The vast 

majority of included studies with a coaching element were multi-component programs. With 

few published studies reporting the outcomes of coaching as a standalone PD format to 

support mathematics interventions, further research is needed. 

SAFMEDS overview and prior research 

The current study is set within the context of North Wales, United Kingdom. 

Following disappointing results in the internationally comparative Programme of 

International Student Assessment tests in 2009 (OECD, 2010), the Welsh Government 

identified a need to raise educational standards in their schools. In recent years, education 

policymakers in Wales have focused on improving the use of evidence-based practice within 

education (Furlong, 2015; OECD, 2016). As a result, an increasing number of teachers in 

North Wales are using the Say-All-Fast-Minute-Every-Day-Shuffled (SAFMEDS) strategy in 

their classrooms to improve children’s fluency of basic mathematics skills (Tyler et al., 

2019). 

 Traditionally within educational practice, teachers deem children to have mastered 

skills if they are able to perform them to a level of 90-100% accuracy (Fuller & Fienup, 

2018). Binder, Haughton, and Bateman (2002) argued that a percentage correct criterion is 

too simplistic—being accurate is necessary, but not sufficient to demonstrate mastery of 

content. If children practice skills beyond mastery, they will be able to develop fluency (the 
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combination of accuracy and speed). Adding a dimension of time into assessment provides 

more detail about performance and can more accurately predict whether children will be able 

to retain, apply, and generalize learned skills (Binder, 1996; Johnson & Street, 2012). 

SAFMEDS is a practice and assessment strategy that applies the principles of precision 

teaching (PT) to help children develop their skills to fluency (Lindsley, 1995). 

Kubina and Yurich (2012) described PT as a system for defining, measuring, 

recording, and analyzing teaching effectiveness on a child-by-child basis. To achieve this, 

teachers must reflect upon children’s learning regularly, and use these data to make 

subsequent decisions about their teaching approach (Lindsley, 1995). A child engages with 

the SAFMEDS strategy using a deck of flashcards, with a question or statement on the front 

and the corresponding correct answer on the back. They read the front of the card silently 

before vocalizing the answer (Quigley, Peterson, Frieder, & Peck, 2018). During each 1-

minute timing, they aim to get through as many cards as possible, whilst separating their 

correct responses from their “not yets” (Cihon, Strutz, & Eshleman, 2012). The child then 

plots their best score from the session on a Standard Celeration Chart (SCC), which develops 

a learning picture over time (for more details see Lindsley, 1995). Learning pictures enable 

teachers, children, and/or other practitioners to decide if additional support is necessary. For 

example, if a learning picture shows that the number of cards a child can answer correctly in 

1-minute has plateaued over several consecutive sessions, an intuitive approach might be to 

assess if the child has mastered all of the necessary prerequisite skills, and if not, to ensure 

that they do so (Johnson & Street, 2012).  

The SAFMEDS strategy has clear utility within schools, with a growing quantitative 

evidence-base suggesting some of the associated advantages. For example, practitioners can 

adapt the strategy to implement it on a one-on-one basis (e.g., Cunningham, McLaughlin, & 

Weber, 2012), with small groups of children (e.g., Beverley, Hughes, & Hastings, 2018), or 
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class-wide (Hunter, Beverley, Parkinson, & Hughes, 2016). The strategy also has evidence to 

support its effectiveness amongst different populations including learners attending 

mainstream classes and children with additional learning needs (e.g., Casey, McLaughlin, 

Weber, & Everson, 2003; Greene, Mc Tiernan, & Holloway, 2018; Kubina, Ward, & 

Mozzoni, 2000).  

Much of the available literature on the SAFMEDS strategy documents small N and 

case study research designs. These studies demonstrate the positive effects of the approach in 

improving academic outcomes of learners across a variety of domains. This includes helping 

children become more fluent at arithmetic (see for example, Casey et al., 2003), recalling 

content specific terminology and definition dyads (see for example, Stockwell & Eshlelman, 

2010), as well as sight reading Dolch words (Lambe, Murphy, & Kelly, 2015). More 

recently, comparative group studies have investigated the effectiveness of the SAFMEDS 

strategy against an education as usual control group (e.g., Hunter et al., 2016, Greene et al., 

2018). Within these studies, a researcher with experience using the SAFMEDS strategy was 

present at each intervention session to support implementation and ensure high levels of 

fidelity.  

Although sparse, there is some evidence to suggest that teachers can elicit positive 

student outcomes from a SAFMEDS intervention even when researchers offer no in-situ 

support following training. Beverley, Hughes, and Hastings (2016) acknowledged the 

importance of providing teachers with the training necessary for them to implement and 

manage a SAFMEDS intervention. Following training, the teachers participating in their 

study did not receive any in-situ support from a researcher to implement the strategy on a 

class-wide scale. The results demonstrated that the class of children who engaged with the 

SAFMEDS intervention made more reliable fluency progress between pre- and post-test 

compared to the class of children who did not use the strategy.  
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To date, the majority of empirical research investigating the SAFMEDS strategy 

focuses on efficacy designs with researcher driven implementation. Beverley et al’s (2016) 

study suggests that teachers can elicit positive student outcomes under conditions with no 

researcher input following training. Whilst both of these approaches have shown positive 

results, it is still unclear whether researcher involvement after initial teacher training is 

important for implementation and children’s outcomes. The aim of the current study was to 

provide direct insight into the impact of coaching (i.e., in-situ individualized implementation 

support from a researcher) during a teacher led SAFMEDS mathematics program in schools. 

The teachers and teaching assistants used the SAFMEDS strategy with the children in their 

schools to help develop fluency of arithmetic.  

In our theory of action, the initial training intended to support teacher’s pedagogical 

knowledge of the SAFMEDS strategy and the associated data-driven teaching practice (PT). 

We anticipated that coaching support would improve the fidelity of the teacher’s 

implementation. A researcher tailored each in-situ visit to the individual needs of each 

teacher, but broadly these sessions aimed to address challenges such as: interpreting learning 

pictures; identifying and correcting children’s procedural steps as they progressed through 

each SAFMEDS timing; and managing challenges such as cheating and identifying 

appropriate learning materials. As a result of more accurate implementation, our theory of 

action proposed that children attending schools where their teacher received coaching would 

make greater fluency progress between baseline and follow-up, compared to those attending 

schools that did not receive coaching following training.  

In line with previous studies that have investigated the effects of the SAFMEDS 

strategy, the outcomes from this research relate to children’s arithmetic fluency. We 

acknowledge that it would have been beneficial to collect data directly relating to fidelity of 

implementation but were unable to due to practical and funding restraints. To our knowledge, 
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this is the first randomized controlled trial (RCT) investigating the effects of providing 

implementation support to teachers following SAFMEDS training. Answering this question 

would provide a foundation for further research investigating the mechanisms that make 

SAFMEDS coaching programs effective and contribute to the broader literature about the 

effects of coaching for teachers on intervention outcomes for students. 

Method 

Trial design and participants 

As part of a wider initiative to improve numeracy standards across North Wales, the 

Regional School Effectiveness and Improvement Service for North Wales (GwE) 

disseminated the initial advertisement for this project. For a school to be considered eligible, 

they had to located within one of the six local authorities supported by GwE (Conwy, 

Denbighshire, Flintshire, Gwynedd, Anglesey, or Wrexham). Table 3.1 outlines the 

characteristics of the schools included in the randomization. 

To participate schools needed to be willing to release teacher(s) to attend the training 

at the beginning of the project. The nominated teacher needed to be able to invest the 

necessary amount of time per week to deliver the SAFMEDS intervention (i.e., three 20-

minute sessions). The advertisement explained that by enrolling on the project schools would 

be randomized to one of the two trial arms. Schools had nominated teachers to complete the 

training before they knew which trial arm they had been allocated to. Therefore, any trial arm 

differences in the roles of teaching staff selected for training by the schools were due to 

chance. Table 3.2 displays the baseline characteristics of the teachers who attended training.  

Each school selected up to 10 children to participate in the SAFMEDS mathematics 

intervention prior to randomization. We disseminated an opt-out consent form to all the 

children’s parents/guardians detailing the aims of the study. This form asked if we could 

collect and analyze their child’s outcome data. In instances where the consent form was 
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returned, teachers could still include the children in the SAFMEDS intervention, but we did 

not collect their anonymized data for analysis. We had consent to analyze the data from 575 

children (nSupport = 294, nNoSupport = 281), across 60 schools (nSupport = 31, nNoSupport = 29). 

For children in Year 3 or above (aged  ≥ 7 years), we asked teachers to implement the 

intervention with children who scored less than 100 standard points on the national numeracy 

procedural test undertaken at the end of the preceding academic year. All children in Years 2-

9 (aged 6 to 14 years) who attend a maintained school in Wales (i.e., schools funded by a 

local education authority) sit this formative test at the end of each academic year. Children sit 

the procedural test online as it offers a personalized assessment experience (i.e., the questions 

get easier/more challenging depending on the child’s ability). The procedural numeracy test 

assesses all relevant aspects of the numeracy curriculum in Wales.  

Children in Year 2 had not completed the national tests at the start of the study. In 

these instances, we asked schools to identify the children who they felt needed intervention 

support to improve fluency of basic mathematics skills and/or who they judged to be working 

below the expected standard for their age. These children were those who needed 

supplementary tuition to improve their fluency of arithmetic facts.  

The mean age of the children attending schools randomized to the no support arm was 

7-years 3-months (range: 6-years 0-months to 9-years 2-months; SD = 14.34 months). The 

mean age of children attending schools allocated to the ongoing support arm was also 7-years 

3-months (range: 6-years 0-months to 15-years 10-months; SD = 14.32 months). It is worth 

noting that two secondary (high) schools participated in this study. One of these schools 

worked with a group of Year 7 students (aged 11-12 years) who significantly underperformed 

on the procedural test. The other secondary school was a special educational needs school 

that supported children aged 11-17 years; these children lacked basic mathematics skills (e.g., 

single digit addition). Table 3.3 outlines the characteristics of the children included in the 
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randomization. Table 3.4 displays the baseline characteristics for the children’s outcome 

measures.  

Randomization 

 Randomization occurred after all teachers received the SAFMEDS training but prior 

to the children completing the baseline assessments. A statistician—who was independent to 

the study—randomly allocated schools to one of the two trial arms using minimization. 

During this allocation, the statistician stratified schools by County (local authority) and the 

language used predominantly for teaching (English versus Welsh medium). Some of the 

schools had the same headteacher; in these instances, the statistician treated the schools as 

one cluster to prevent bleeding effects across conditions. In terms of hierarchal structure, 

teachers and children were nested within each school. The first author could not be masked to 

the randomization due to the need to conduct support visits. However, the assessors who 

conducted the baseline and follow-up assessments remained blind to the allocation of each 

school. 
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Table 3.1  

Characteristics of the Schools Included in the Randomization 

 

Table 3.2  

Role of Staff Who Received Training at the Beginning of the Project 

*HLTA = higher level teaching assistant **ALNCo = additional learning needs coordinator 
  

  Ongoing support No support 
 Variable n n 
Stage of school Primary  31 31 
 Secondary (high) 2 - 
School type Mainstream 32 30 
 Special educational needs 1 1 
County/local authority  Conwy 12 14 
 Denbighshire 7 3 
 Flintshire 5 4 
 Gwynedd 5 4 
 Anglesey 1 2 
 Wrexham 3 4 
Predominant language English 21 21 
 Welsh 12 10 

Job title Ongoing support (n) No support (n) 
Head teacher 2 1 
Deputy head teacher 3 3 
Teacher 22 18 
HLTA* 1 5 
Teaching assistant 30 36 
Intervention coordinator 1 - 
ALNCo** - 1 
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Table 3.3  

Characteristics of the Children Randomized at Baseline 

 
Table 3.4  

Baseline Measurements for the Outcome Measures Based on All of the Children Included in 
the Randomization 

 Ongoing support  No support 
 n M (SD) Min to 

max 
 n M (SD) Min to max 

Measure        
MFaCTs: Grades 1-2 

304 
10.53 
(8.88) 

0 to 65  288 10.45 (8.88) 0 to 35 

MFaCTs: Grades 3-5 
304 

7.26 
(6.61) 

0 to 21  288 7.19 (6.60) 0 to 26 

 

  Ongoing support No Support 
 Variable n n 
Gender Male 162 158 
 Female 152 143 
Eligible for free school 
meals (eFSM) 

Yes 75 83 

 No 228 212 
Predominant language English 222 219 
 Welsh 92 82 
County Conwy 128 145 
 Denbighshire 48 30 
 Flintshire 39 37 
 Gwynedd 58 40 
 Anglesey 18 10 
 Wrexham 23 39 
School year (age) 2 (6-7 years) 93 163 
 3 (7-8 years) 192 128 
 4 (8-9 years) 4 9 
 5 (9-10 years) 3 1 
 6 (10-11 years) 2 - 

 7 (11-12 years) 11 - 

 8 (12-13 years) 1 - 

 9 (13-14 years) 4 - 

 10 (14-15 years) - - 

 11 (15-16 years) 4 - 



USING EVIDENCE-BASED METHODS TO SUPPORT MATHEMATICS  68 

Intervention 

SAFMEDS training (all teachers) 

All teachers received the same training prior to randomization. During the 3-hour 

training session, we introduced the teachers to some of the basic theory behind the 

SAFMEDS strategy, modelled the procedure (as detailed in Table 3.5), and gave them the 

opportunity to practice using the cards. Following four 1-minute SAFMEDS timings, we 

showed the teachers how to record data and graph it on a SCC. During the training, we also 

emphasized the importance of interpreting learning pictures in relation to children’s learning 

progression throughout the intervention (see Lindsley, 1995). After showing the different 

learning pictures, we went through a series of common scenarios using SCC data from 

previous research projects. The scenarios prompted discussion relating to cheating, 

identifying skill deficits, and deciding whether something in the surrounding environment 

may be affecting a child’s scores (e.g., missing their favorite lesson to take part in the 

SAFMEDS session, or a loud music lesson scheduled in the room next door). We discussed 

what learning pictures may develop as a result of these scenarios and suggested some 

interventions that might be appropriate to try (e.g., creating individualized score targets, 

building fluency of prerequisite skills, or changing the time/location of the SAFMEDS 

session).  

Throughout the intervention period the children engaged with the SAFMEDS strategy 

via a deck of flashcards. On the front of each card was a question (e.g., 5 + 6 =) and on the 

back was the corresponding correct answer. During the training, we provided teachers with 

all the materials that they would need to start the SAFMEDS intervention in their school. 

This included decks of addition and subtraction SAFMEDS cards, score tables, SCCs, and a 

placemat (so the children could easily distinguish between their “correct” and “not yet” 

cards). All teachers who attended the training also had access to printable PDF materials of 
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component arithmetic skills across the national curriculum which they could download at 

their convenience. We instructed all schools to focus on single digit addition skills first and 

then progress through card decks as required (in line with the children’s learning pictures).   

We instructed teachers to use the SAFMEDS strategy at least three times per week 

with the children they were supporting. Each session should consist of four SAFMEDS 

timings and last approximately 20-minutes. Within these sessions, the teachers and children 

had clearly defined roles. The children were to work through their cards independently during 

each 1-minute timing (as outlined within Table 3.5). Teachers were required to monitor 

aspects of fidelity (e.g., ensuring the children: followed each of the appropriate steps, were 

not cheating, and engaged with the sessions regularly). Additionally, we encouraged teachers 

to support children during the error correction step (including some one-on-one or small 

group teaching if necessary), review charted data regularly, and ensure that children were 

practicing a skill that was appropriately matched to their existing skill level. Once children 

had claimed they had become fluent at a deck of cards, it was also important that the teacher 

was able to verify this (e.g., watch a timing) before they issued a deck for a more difficult 

skill.  
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Table 3.5  

An Outline of the Say-All-Fast-Minute-Every-Day-Shuffled Strategy 

Timing Action Learning principle 
 [corresponding action] 

Before timing 
1. Shuffle the cards. Prevents serial learning [1] 

2. Teacher sets a timer for 1-minute. Short focused practice sprints [2] 

During timing 

3. Children read the front of the card in 
their head and say the answer out 
loud. They should turn each card 
over to check their answer, before 
placing it in either their “correct” or 
“not yet” pile. 

Active responding [3] 
 

Immediate feedback [3] 

After timing 

4. Once the timer has finished, the 
teacher says stop.  

5. Children count their cards and write 
their scores down in the given table.  

6. If a child gets any cards in their “not 
yet” pile, they should address these 
cards (error correction). 

7. All cards should be put back in one 
pile, ready to shuffle and go again.  

8. Following all four timings, the child 
should take their best score and plot 
it on their SCC.  

9. At the end of each week, a teacher 
should look at each child’s data. If 
they have shown little, to no, 
progression over three consecutive 
days they should consider making a 
change within the program. 

Formative assessment [5] 
 

Practice and firm new skills [6] 
 

Repetition to build mastery [7] 
 
Assessment of learning [8,9] 

 
 

 
Ongoing support 

Schools allocated to this trial arm received three in-situ support visits from the first 

author throughout the duration of the study (November, February, and May). The first author 

had several years’ experience of using the SAFMEDS strategy in schools, so was able to 

advise teachers on themes around implementation and interpreting the children’s data. Each 

visit was individualized based on the needs of each teacher and the children they were 

supporting. Examples of support varied, but largely consisted of the following: modelling 

sessions; observing the teacher(s) or teaching assistant(s) delivering the intervention and 

providing direct feedback on implementation; suggesting interventions for children who were 



USING EVIDENCE-BASED METHODS TO SUPPORT MATHEMATICS  71 

struggling to progress with particular decks (e.g., focusing on building fluency in prerequisite 

skills); discussing ways that teachers might be able to integrate the intervention more readily 

(e.g., adopting a peer-led approach to support error correction and reduce cheating); and 

supporting teachers to interpret the children’s learning pictures. Each scheduled visit lasted 1-

hour.   

 Between visits, teachers could email the first author about any issues relating to the 

intervention or the technology used to support the project. Teachers allocated to this trial arm 

contacted the author about accessing materials (18 instances; 12 schools), to gain advice 

about helping children progress (7 instances; 6 schools), and for advice about interpreting 

data (2 instances; 2 schools).  

We gave all teachers—irrespective of trial arm— the option to plot the children’s data 

using either paper or electronic SCCs. There were 10 instances (across 8 schools) where 

teachers allocated to receive support emailed the first author to report issues logging the data 

electronically. Moreover, we made all of the resources for this project available via the Welsh 

Government’s online school platform for educational resources (HwB). Two teachers (across 

2 schools) allocated to the support trial arm emailed about gaining access to the SAFMEDS 

HwB platform.  

No support 

Following training at the beginning of the project, schools allocated to this arm 

received no implementation support from the first author. Teachers in this condition could 

contact the first author if they had any technical problems accessing the resources or 

inputting data into the electronic charts; but were not able to seek advice regarding the day-

to-day implementation of the SAFMEDS strategy. There were 9 instances (across 7 schools) 

where teachers emailed the author to request access to resources, 2 instances (across 2 

schools) where teachers needed support accessing the SAFMEDS HwB platform, and 10 
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instances (across 9 schools) where teachers reported issues logging their children’s data 

electronically. 

During the training, we highlighted an additional caveat about the support we could 

offer schools allocated to this arm. We had an ethical obligation to provide the teachers with 

support if they felt like they could not initiate or sustain the intervention without it. No school 

in this condition asked for additional support, but if they did, we would have provided it and 

handled their data appropriately. It is also important to note that the “no support” group was 

essentially a “support as usual” group. Typically, schools would seek a training course, send 

their staff on the course, and then implement interventions on their own (unless they 

specifically purchase additional support with implementation). Thus, we believe that the no 

support trial arm is an ecologically valid comparison for inclusion within this study.   

Procedure 

Baseline assessments 

The children completed the Mathematics Fluency and Calculation Tests (MFaCTs; 

Reynolds, Voress, & Kamphaus, 2015). The Grades 1-2 fluency assessment measures 

addition and subtraction fluency and is intended for children aged between 6-years 0-months 

and 8-years 11-months. The Grade 3-5 fluency assessment measures addition, subtraction, 

multiplication, and division fluency; this assessment is intended for children aged between 8-

years 0-months and 11-years 11-months. We used both measures with all the children in the 

sample to provide an inclusive overview of their skill progress across the intervention. To 

reduce practice effects, the MFaCTs assessments offer parallel test forms. The published 

statistics for these tests show high internal reliability across ages (α > .80). We used Form A 

during the baseline assessments. 

The children came out in a group to complete these assessments but filled in their 

forms individually and in silence. The assessors provided each child with a pencil and the test 
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form. The children completed MFaCTs: Grades 1-2 first. They had 5-minutes to answer as 

many of the 100 questions on the page as they could; working across the page from left to 

right. If they did not know the answer to a question, they were allowed to skip it and move 

onto the next one. Once the timer finished, an assessor instructed the children to turn the form 

over so that they could collect them. The children then repeated this procedure for the 

MFaCTs: Grades 3-5 assessment.  

Eight-month follow-up assessments 

Eight months post-randomization, we reassessed the children who participated in the 

study. This process mirrored the administration of the baseline assessments, with the children 

completing both MFaCTs fluency assessments (Form B).  

Figure 3.1 outlines the flow of participants from enrolment to the final analysis. Prior 

to the follow-up assessments, four schools indicated that they were no longer using the 

SAFMEDS intervention due to unforeseen challenges with staffing. Three of these schools 

were happy for us to still collect follow-up data from their children (denoted as intend to 

treat); whilst one school was unable to accommodate this (denoted as withdrawal).  
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Figure 3.1. CONSORT flow diagram 
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Analysis  

 The data for this study falls within two hierarchal levels (level 1 = children, level 2 = 

school). Due to children being nested within schools, we  analyzed the data using a multi-

linear mixed effects model. This analysis is consistent with other studies that have adopted 

cluster RCT designs (see, for example, Jahoda et al., 2017; Zimmermann et al., 2014). Linear 

mixed-effect models enable analysis of continuous outcome variables within hierarchal 

research designs by partitioning the overall variance of the outcome variable into factors that 

correspond to the different levels of the hierarchy (Galecki & Burzykowski, 2013). Baayen, 

Davidson, and Bates (2008) further outlined some of the advantages of using mixed effects 

modelling over univariate alternatives, such as ANOVA or ordinary least squares regression.   

 Due to lack of availability of standardized scores for the range of ages included within 

this sample, we opted to analyze the children’s raw scores on the MFaCTs measures. We 

used Stata v13.0 to analyze the raw data from this trial. Using Xtmixed, we assessed the 

interaction between time (baseline versus follow-up) and trial arm (ongoing support versus 

no support) across the fluency (MFaCTs) measures. Level 1 within our model contains 

covariates associated with individual children, these were: gender, predominant home 

language, eligibility for free school meals status (eFSM), and school year group. Level 2 

within our model refers to the covariates associated with each school, these were: school 

administrative county, trial arm, and time. The model also generated the intraclass correlation 

coefficients values (ICCs) associated with each level of the model.  

To assess the impact of support, we calculated a Cohen’s d effect size for each 

measure. To calculate Cohen’s d and the associated 95% confidence intervals we adhered to 

Feingold’s (2015) formulae. We have discussed the outcomes of the results in relation to 

Cohen’s (1988) benchmarks, whereby an effect is small (d = 0.20 to d = 0.49), medium (d = 

0.50 to d = 0.79), or large (d ≥ 0.80).  
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We carried out sensitivity analyses by repeating the main analysis using multiple 

imputation and a complete cases analysis approach. The effect sizes varied minimally (refer 

to supplementary material). Existing published data suggest that certain factors predict an 

attainment gap between sub-groups of school-aged children. These include differences in 

outcome variables across genders and levels of social deprivation (OECD, 2012). Moreover, 

Van Rinsveld, Dricot, Guillaume, Rossion, and Schiltz (2017) provided evidence to suggest 

that bilingual individuals rely on differential activation patterns in the brain to solve simple 

and complex arithmetic questions in their different languages. As such, we also conducted a 

series of moderation analyses to investigate the effects of these variables (refer to 

supplementary material). We found no evidence of these factors moderating the effect of trial 

arm on children’s mathematics outcomes.  

Results 

Support model  

 Figure 3.1 outlines the number of schools who completed each support visit. By the 

final visit, two schools allocated to receive ongoing support had stopped using the 

SAFMEDS strategy due to unforeseen changes to staff availability. Of the schools continuing 

to use the SAFMEDS strategy, all but one engaged with the three support visits. Seventeen 

schools allocated to the support arm made email contact with the first author between visits to 

access further support. 

Fluency outcomes 

We were interested in investigating whether implementation support from a 

researcher could help improve children’s fluency outcomes during a teacher led SAFMEDS 

intervention. In terms of the MFaCTs: Grades 1-2 assessment, the statistical analysis revealed 

a small positive effect of ongoing support over no support on the children’s addition and 

subtraction fluency between baseline and follow-up (Trial arm x Time: b = 2.92, SE = 0.86, p 
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= .001, d = 0.23). A pairwise comparison of marginal linear predictions, with Bonferroni 

correction, revealed significant improvements on this measure for children in both arms. 

Children’s raw scores in the support arm improved to a greater extent on average between 

baseline (M = 12.00) and follow-up (M = 22.59; p <.001) compared to children in the no 

support arm (Mbaseline = 9.02, Mfollow-up = 16.50, p < .001). 

  Analysis of the MFaCTs: Grades 3-5 showed that ongoing support has a small 

positive effect, relative to no support, on the children’s addition, subtraction, multiplication, 

and division fluency (b = 2.68, SE = 0.75, p < .001, d = 0.25). Bonferroni-corrected pairwise 

comparisons revealed that children’s raw scores on this measure improved significantly in 

both arm of the study. Children in the ongoing support arm improved to a greater extent 

between baseline and follow-up (Mbaseline = 8.52, Mfollow-up = 19.12, p < .001) than children in 

the no support arm (Mbaseline = 5.94, Mfollow-up = 13.76, p < .001). Table 3.6 displays further 

descriptive statistics from the linear mixed effects analysis for both MFaCTs measures.
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Table 3.6 

 Summary of the Model Outcomes 

* Model adjusted for the following fixed effects: county, child’s predominant language, gender, free school meals status, school year group. 

Interaction effect: trial arm x time. Random effects: school, children.

 Ongoing support  No support  Adjusted cases analysis*   

 
n 

Marginal mean 
of raw scores 

[95% CI] 

 
n 

Marginal mean 
of raw scores 

[95% CI] 

 Adjusted difference 
between change scores 

[95% CI] 
p 

 
d 

[95% CI] 

 
ICC 

MFaCTs: Grades 1-2     

Baseline 285 12.00 
[10.28, 13.73] 

 
269 9.02 

[7.28, 10.76]  
 

- - - School 0.36 

Follow-up 256 22.59 
[20.85, 24.34] 

 237 16.50 
[14.72, 18.29] 

 2.92 
[1.22, 4.61] .001 0.23 

[0.06, 0.39]  Children 0.46 

MFaCTs: Grades 3-5      

Baseline 285 8.52 
[7.00, 10.05] 

 269 5.94 
[4.40, 7.48] 

 - - - School 0.37 

Follow-up 251 19.14 
[17.59, 20.69] 

 238 13.76 
[12.19, 15.34] 

 2.68 
[1.21, 4.14]  <.001 0.25 

[0.08, 0.43] Children 0.42 



USING EVIDENCE-BASED METHODS TO SUPPORT MATHEMATICS  79 

Discussion 

Our aim for the current study was to gain insight into the putative benefits of 

providing teachers with implementation support throughout a SAFMEDS mathematics 

program. An increasing number of teachers across North Wales are using the SAFMEDS 

strategy to support children’s fluency of basic mathematics skills. Yet, no known research 

internationally had investigated whether implementation support from a researcher can lead 

to better fluency outcomes than the more traditional “no support” approach following teacher 

training. Identification of a successful coaching model could help researchers to support this 

program at scale, help teachers advance their PD, and improve the outcomes of the children 

they teach. The results from this cluster RCT suggest that providing teachers with initial 

training in SAFMEDS and then three 1-hour visits and email contact with a researcher has a 

positive effect on children’s fluency of arithmetic facts compared to initial training only. This 

paper also contributes to the growing literature reporting the effects of coaching teachers to 

implement evidence-based interventions within their schools, with a specific focus on 

mathematics outcomes.  

The Education Endowment Foundation (EEF, 2019) are a leading UK charity that 

support the generation of research and good practice within schools. They aim to support 

teachers to use evidence that works to improve educational outcomes for children. In their 

recent implementation guidance report, the EEF identified the importance of reinforcing 

initial training for interventions with expert follow-on support within school. The results from 

our study further support this guidance in the context of a SAFMEDS mathematics 

intervention. Whilst children attending schools in the no support arm of this trial did improve 

their fluency of arithmetic facts, children made more significant progress when their teacher 

received coaching to support their implementation of the SAFMEDS strategy. 



USING EVIDENCE-BASED METHODS TO SUPPORT MATHEMATICS  80 

Data from Kraft et al. (2018) supported the idea that someone with expertise can 

coach teachers to implement evidence-based interventions in schools. The results from their 

meta-analysis revealed that PD programs with an element of coaching can have a positive 

effect on student achievement outcomes by +0.18 SD; although this largely reflected their 

application to literacy and content-based interventions. In contrast, Lynch et al’s (2019) 

meta-analysis suggested that there was no added benefit to having a coaching element as a 

part of the format for PD interventions for mathematics and science. In the current study, we 

provided direct experimental manipulation of a coaching element to the SAFMEDS 

intervention and found the effect of coaching to be between +0.21 and 0.23 SD across the 

MFaCTs measures; these outcomes are similar to Kraft et al’s findings. Our results provide 

some additional support for the effectiveness of teacher coaching in the context of a fluency-

based arithmetic intervention.  

Kraft et al’s (2018) analysis also revealed that effect sizes varied significantly 

depending on whether the researchers devised their own assessments or administered 

standardized tests. When considering effect sizes within education research, Kraft (2020) 

outlined that researcher-designed assessments often reflect content that more closely align 

with the outcomes of the evaluated program, compared to the broader scope of standardized 

assessments. The MFaCTs measures are published and standardized, however the focus on 

fluency of arithmetic facts aligned closely with the content the children covered within the 

SAFMEDS sessions. This may have inflated the observed effect sizes compared to alternative 

standardized assessments.   

When interpreting the results from the current study, it is important to consider the 

underlying mechanisms and social contingencies that might have made coaching effective. 

First, the support visits served to provide teachers with feedback to improve their 

implementation fidelity. Durlak and DuPre (2008) reported that without support teachers are 
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often unable to implement an intervention to 100% fidelity following training. This is not 

surprising given that field studies come with additional extraneous variables compared to 

efficacy/laboratory designs (Cook & Odom, 2013). However, improved implementation 

fidelity of evidence-based interventions in the classroom can lead to improved student 

outcomes (Durlak & DuPre, 2008; Ysseldyke et al., 2003). By providing teachers with in-situ 

support during the present RCT, our aim was to help them deliver the program in a way that 

more closely aligns with its intended design (e.g., ensuring the children engaged with the 

practice regularly, discussing methods to address and reduce cheating, as well as reviewing 

and acting upon children’s progress data). Improved adherence to the procedural aspects of 

the program may explain why the children who attended schools allocated to the support trial 

arm made greater fluency gains.  

Second, between each visit, the teachers had the opportunity to adapt their practice 

based on the feedback they had received. By design, PT practices allow teachers to monitor 

and reflect upon their children’s learning (Lindsley, 1995). If children are not making 

desirable progress towards fluency, then their teacher should adapt the instruction or 

materials that they provide. Through session observation and review of these data, the first 

author would have been able to see progress across the program. As such, there is a level of 

accountability that the teachers might have experienced to avoid feeling embarrassed during 

the following support visit. In a qualitative evaluation of a coaching program in a healthcare 

setting, Liddy, Johnston, Irving, Nash, and Ward (2015) reported that coaches helped patients 

realize that they need to play an active role in managing and improving their health. The 

patients also reported that their personal accountability increased as a result of their 

engagement with the coaches because they knew someone else was monitoring their 

engagement with the program. It seems feasible that this finding could extend to programs 

relating to school-based educational interventions. It is difficult to disentangle 
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implementation fidelity and accountability, but both of these mechanisms provide direction 

for future research in this area.  

We acknowledge that this study would have been enhanced if we collected data 

relating to teachers’ and children’s implementation fidelity across both trial arms. By 

employing blind observers to attend a SAFMEDS session in each school following each 

cycle of support visits, it would have been possible to directly assess the effects of expertise 

on the teacher’s implementation fidelity. Moreover, analysis of these data could identify 

common aspects of the strategy that teachers struggle, or fail, to implement in school settings. 

Due to practical constraints and funding, we were unable to incorporate this into the current 

study. However, this would provide a valuable extension to future replications. It is possible 

that the implementation support offered by the researcher helped teachers to: interpret 

learning pictures more readily and accurately; identify and correct children’s procedural steps 

as they progressed through each SAFMEDS timing; as well as manage challenges such as 

cheating and identifying appropriate curriculum materials.  

Whilst we did not carry out a formal economic analysis, we believe that this support 

model may be a cost-effective and feasible alternative to embedding a researcher in each 

school to run and maintain a SAFMEDS intervention. Adoption of the current support model 

would enable a researcher to provide necessary implementation support at scale and may 

encourage teachers to use the intervention beyond the termination of a research study. Costs 

associated with the replication of this support model include a researcher’s time (three 1-hour 

support visits and designated time to respond to email queries), cost of travel between 

schools, the cost of materials (e.g., printing each SAFMEDS deck double-sided onto card; at 

approximately 6 sheets of A4 card per deck per child), and the cost a teacher/TAs time to 

prepare and deliver three SAFMEDS sessions per week (with each session lasting 

approximately 20-minutes).  
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The results from the current study suggest that initial training can provide teachers 

with skills to implement the SAFMEDS strategy in their school. Children across both trial 

arms evidenced improvements in their fluency of arithmetic facts between baseline and 

follow-up across both MFaCTs measures. Support from a researcher helped teachers to elicit 

greater fluency progress from the children that they worked with. Further research is still 

needed to establish the components of this model that make the support effective; including 

the exploration of the effects of coaching on teacher’s implementation fidelity and perceived 

accountability. 
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Chapter 4 : Assessing the social validity of the SAFMEDS strategy from the perspective 

of teachers and children 

 

 

Owen, K., Watkins, R., Beverley, M., & Hughes, J. C (in prep). Assessing the social validity 

of the SAFMEDS strategy from the perspective of teachers and children. Manuscript 

in preparation. 

 

 

Preface  

After spending time interacting with teachers and children during the support visits of 

the c-RCT (Chapter 3), the first author was interested in exploring the social validity that 

these stakeholders associated with the SAFMEDS strategy. When thinking about 

implementation science and why teachers may not to continue using the strategy within their 

school beyond the termination of the research strategy, the first author was interested in 

exploring some of the challenge’s teachers may face with implementation. She was also 

interested in documenting the experiences and opinions of the children who have use the 

strategy to support their fluency of arithmetic. To date, there are no known published papers 

that report a robust evaluation of the social validity associated with using the SAFMEDS 

strategy in schools. Figure 2.3 provides a graphic representation of the context, aims, and 

process underlying this study.  

This chapter contains the draft manuscript of the paper that we intend to submit for 

publication. We have edited the formatting in line with APA guidelines (including placing 

figures and tables in the main body of the text). In Chapter 7 we discuss the implications, 

applications, and limitations of this research in more detail.  
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Abstract 

The Say-All-Fast-Minute-Every-Day-Shuffled (SAFMEDS) strategy promotes fluency 

across a number of skills and contexts. However, few studies have reported the social 

validity key stakeholders associate with using the strategy in schools. Study 1 details 

the findings from a survey completed by teachers (N = 55). Using thematic analysis, we 

identified five themes: (1) factors that promote progress; (2) factors that limit progress; 

(3) impact of competition; (4) confidence; and (5) inherent advantages of the 

SAFMEDS strategy. These themes provide insight into teachers experiences of 

implementing the strategy under the real-word conditions of the classroom and a range 

of accompanying advantages and potential challenges they may face. Within study 2, 

we discuss themes arising from interviews with children (N = 26) about their views and 

experiences using the SAFMEDS strategy. These children had used the strategy with 

their teacher for one academic year to promote fast and accurate recall of arithmetic 

facts. Analysis of these transcripts revealed five further themes relating to children’s 

engagement with the strategy: (1) enjoyment; (2) data; (3) sense of achievement; (4) 

skills; and (5) home use.  
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Introduction 

Say-All-Fast-Minute-Every-Day-Shuffled (SAFMEDS) is a practice and assessment strategy 

derived from Precision Teaching (PT; Potts, Eshleman, & Cooper, 1993). PT is a system for 

defining and measuring fluency of skills on a child-by-child basis (Kubina & Yurich, 2012). 

By adopting the PT approach, educators make data-based decisions about subsequent 

instruction through the analysis of learning pictures that emerge on a child’s Standard 

Celeration Chart (SCC; Binder & Watkins, 1990; White 1986). Lindsley (1995) outlined 13 

learning pictures that can emerge from data on an SCC, which can be further categorized into 

three types of progress pictures: improving, maintaining, and worsening. If upon visual 

inspection, a child had made little or no progress towards their fluency aim (i.e., their data 

depicts a maintaining or worsening picture) then their teacher may need to alter the 

instruction or materials that they provide. Adhering to the PT approach allows educators to 

make real-time decisions and prevent prolonged periods of non-progression (Merbitz, 

Vieitez, Merbitz, & Pennypacker, 2004).  

Learners typically practice the SAFMEDS strategy using a deck of flashcards; with a 

stimulus on the front (e.g., a mathematics question) and the corresponding correct response 

on the back (Meindl, Ivy, Miller, Neef, & Williamson, 2013). The learner reads the front of 

the card silently before vocalizing the answer (Quigley, Peterson, Frieder, & Peck, 2017). 

They then receive immediate feedback by checking their answer with the back of the card 

(Lindsley, 1996b). The aim is to get through as many of the cards as quickly as possible 

whilst separating the correct responses from the errors (Cihon, Strutz, & Eshleman, 2012). 

Previous research has demonstrated that, when paired with data-driven decisions about 

instruction, the SAFMEDS strategy can improve skill fluency across several academic 

domains. For example, learners can use the SAFMEDS strategy to improve accuracy and 

recall of arithmetic facts (Casey, McLaughlin, Weber, & Everson, 2003; Cunningham et al., 

2012; Hunter et al., 2016; Nam & Spruill, 2005), words in a second language (Beverley, 
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Hughes, & Hastings, 2016; Bolich & Sweeney, 1996), and subject-specific terminology 

(Beverley, Hughes, & Hastings, 2009; Stockwell & Eshelman, 2010; Meindl et al., 2013). 

The existing literature suggests that the SAFMEDS strategy is suitable for use in 

schools. Practitioners have used the strategy to produce impactful academic outcomes on a 

variety of scales from one-on-one practice (Cunningham, McLaughlin, & Weber, 2012) to 

class-wide (Hunter, Beverley, Parkinson, & Hughes, 2016); with both mainstream learners 

(see, for example, Greene, Mc Tiernan and Holloway, 2018) and with children who have 

additional learning needs (see, for example, Casey et al., 2003). Following training, teachers 

can implement the strategy in their classrooms to improve academic outcomes (Beverley et 

al., 2016; Owen et al., under review). Together, the preceding research suggests that the 

SAFMEDS strategy can be successfully adapted for use across a range of school contexts and 

classroom needs.  

 Despite a developing quantitative evidence-base supporting the use of the SAFMEDS 

strategy in schools, no known studies have robustly evaluated the social validity key 

stakeholders associate with using it. Assessing social validity enables us to evaluate the 

effectiveness of an intervention/program beyond the objectively measured target behaviours 

(Baer, Wolf, & Risley, 1987). The available SAFMEDS literature largely focuses on 

children’s fluency and academic development across an intervention period. Hunter et al. 

(2016) asked students who had used the SAFMEDS strategy to raise their hands if they 

would like to continue using it. Approximately 90% of the students in their sample (n = 19) 

indicated that they would like to continue using the strategy. However, Hunter et al. 

identified that a more robust evaluation of student views is necessary to establish the social 

validity of the SAFMEDS strategy. No known research has reported teachers views on the 

strategy.  
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This paper details two qualitative studies focusing on the social validity of the 

SAFMEDS strategy from the perspective of teachers (study 1) and children (study 2) who 

have used it in schools across North Wales. Specifically, the questions that we asked aimed to 

gain insight into teacher’s experiences of implementation, perceived usefulness of the 

strategy, and factors that may affect children’s engagement.  

Study 1: Teachers’ views and experiences 

Method 

Ethics 

 This study received ethical approval from Bangor University’s ethics committee 

(application number: 2018-16309). The first page of the survey outlined the aims of the 

research and details about what would happen to respondents’ data. This page stated that the 

research team were interested in collecting data relating to teachers’ and teaching assistants’ 

(TAs) views and experiences of using the SAFMEDS strategy within their schools. All 

participating members of teaching staff had to provide consent before beginning the survey. 

They had the option to leave questions blank if they did not wish to answer them. Throughout 

this paper we have not referred to the teaching staff or schools by name to protect their 

anonymity.  

Recruitment 

 The first author emailed all members of teaching staff who had attended a SAFMEDS 

training session between the years 2016 and 2018 with a link to the online survey. These 

training sessions had been organized by the Regional School Effectiveness and Improvement 

Service for North Wales (GwE) in collaboration with researchers at Bangor University. As 

such, all staff received training from a researcher to follow the SAFMEDS strategy in line 

with the procedural steps outlined in Table 4.1.  
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Table 4.1   

An Outline of the SAFMEDS Strategy (Table Adapted from Chapter 3) 

Timing Action 

Before timing 
1. Children shuffle the cards. 
2. A member of staff sets a timer for 1-minute. 

During timing 

3. Children read the front of the card in their head and say the 
answer out loud. They should turn each card over to check 
their answer, before placing it in either their “correct” or 
“not yet” pile.  

After timing 

4. Once the timer has finished, the member of staff says stop.  
5. Children count their cards and write their scores down in the 

given table.  
6. If a child gets any cards in their “not yet” pile, they should 

address these cards (error correction). 
7. All cards should be put back in one pile, ready to shuffle and 

go again.  
8. Following all four timings, the child should take their best 

score and plot it on their standard celeration chart (SCC).  
9. At the end of each week, a member of staff should look at 

each child’s data. If they have shown little, to no, 
progression over three consecutive sessions they should 
consider making a change to the instruction/task.   

 
Sample  

 Fifty-five members of teaching staff from schools within North Wales completed the 

online survey. Refer to Table 4.2 for a list of their roles within the school. Table 4.3 outlines 

the skills that the children in their schools were practicing and assessing using the SAFMEDS 

strategy.  
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Table 4.2  

Teaching Roles of the Staff Who Completed the Online Survey 

Role n 

Teacher 12 

Teaching assistant (TA) 26 

Higher Level Teaching Assistant (HLTA) 5 

Deputy headteacher  8 

Headteacher 3 

Unqualified teacher 1 

 

Table 4.3  

Skills the Staff Supported Using the SAFMEDS Strategy 

Skill(s) Count 

Numeracy 52 

Numeracy and literacy 2 

Unspecified 1 

 

Procedure  

 Teachers had the option to complete the survey through the medium of English (n = 

46) or Welsh (n = 9) at their own convenience. Five questions collected demographic 

information (i.e., name, school, job title of the respondent, role of the staff member who ran 

the SAFMEDS sessions, and which skills they targeted using the SAFMEDS strategy). The 

remaining seven questions aimed to gain insight into the advantages and challenges 

associated with implementing a SAFMEDS program in schools (for a full list of questions, 

refer to Appendix C). We used open-ended questions so that each respondent could to 

provide as much or as little detail as they wanted to for each question. The survey also 
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contained space for staff to justify whether they would use the strategy in the future and to 

report any specific case studies that they wanted to share. We translated the Welsh survey 

responses into English prior to analysis.  

Analysis 

The first author adhered to the six stages of thematic analysis outlined by Braun and 

Clarke (2006). Due to collecting the survey responses electronically, there was no need to 

manually transcribe the data. In order to become familiar with the dataset the first author 

printed out each complete survey and read through each response twice before beginning 

analysis. On consecutive readings the first author made a note of any salient and interesting 

comments within the dataset, along with some initial thoughts about emerging codes. By 

working through each response within the transcript in detail, the first author was able to 

capture some of the key codes across the data (for an example of this process, refer to Table 

4.4). 

Table 4.4 

An Example Data Extract from the Online Survey and the Corresponding Codes 

 

The first author transferred each code onto a post-it note to allow her to begin 

identifying candidate themes amongst the survey responses. After refining the themes and 

cross checking that they encapsulated the original data extracts, the first author named each 

theme and built the narrative presented within the result section of this report. Figure 4.1 

represents the final themes and their relationship to one and other.  

Data extract Coded for 

Working in small groups enables the pupils to 
concentrate better. Also, with the answers 
being on the back of the cards, immediate 
feedback as to whether pupils have got the 
answer correct is beneficial for their learning. 
Also, the language used in SAFMEDS is more 
positive, for example using 'not yet' instead of 
wrong or incorrect. 

• Group size  
• Concentration 
• Immediate feedback 
• Terminology 
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Results 

Theme 1: Factors that promote progress  

Setting up the environment 

The teaching staff explained that setting up a SAFMEDS program in schools requires 

a transitionary period; whereby the children need to get used to using the cards and following 

the prescribed stages of the strategy. Following this phase, the children are typically able to 

take ownership of their own learning and participate in the sessions with minimal input from 

an adult. 

Good structure and programme runs itself once the children are aware of the routine. 
[Deputy headteacher] 
 
A big factor of the success is giving the intervention time. Once the children get into 
the routine they can do the session with minimal adult support. [HLTA] 
 
It was difficult at the beginning for them to use the cards – they would drop them or 
mix them up with the person sitting next door to them. Now this is not an issue as 
they are used to dealing with the cards. [Deputy headteacher] 

  

Figure 4.1. Thematic map of the themes within the online survey dataset 
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The teaching staff also highlighted the importance of embedding the program into the 

day-to-day timetable of the school. Holding the SAFMEDS sessions on the same days of the 

week, at the same time, and in the same place helped staff to ensure that the children could 

regularly engage with the strategy. Without this routine in place, staff reported that they 

would miss sessions, other events would take priority, and the children would make limited 

progress.  

 
Sessions held at the same time, and in the same place by the same person each day. 
Quiet room – pupils were responsible for recording their own results. [Deputy 
Headteacher]  
 
As the sessions became regular the children increased in confidence and started to 
increase the number of correct responses. One of them is nearly hitting 50 correct 
responses per minute and is now ready to move onto the next stage. [HLTA] 
 
Pupils sometimes miss out on SAFMEDS that day which hinders the speed they 
progress. [TA] 
 
 

 When considering the logistics of a SAFMEDS program, several members of 

teaching staff commented on advantages of working with smaller group sizes. Teachers 

reported a preference for running the intervention on a one-one-one or small group basis to 

ensure that the children receive appropriate attention and support. This was a particularly 

common view of teaching staff who reported targeting children with additional learning 

needs. Five teaching staff also indicated that the intervention could be scaled-up to work with 

larger groups once the children are able to follow the prescribed steps independently. 

We would consider using SAFMEDS in the future, but in a different way to how it's 
used now. I'd like to see an example of how SAFMEDS is implemented across a year 
group, delivered as a whole teaching session as opposed to 1-2-1. [Teacher] 
 
Yes, I would [use SAFMEDS again], but I would like to use it in smaller groups as I 
find that in a whole class environment the pupils get frustrated with the waiting for 
others. [Teacher] 
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 In order to achieve the best results from the program, teaching staff reported that it 

was important to have an appropriate environment to run the SAFMEDS sessions. This 

included having a designated quiet space for the children to work in. In schools where space 

was limited, staff found a reduction in children’s ability to concentrate due to surrounding 

events (e.g., other children walking between classes). 

The regular number practice in a quiet environment helped the success of the 
SAFMEDS session. [Teacher] 

 
Distractions [can hinder the success of a SAFMEDS session] as we work in the 
corridor, children walk past and often classes go out which can be noisy. [TA] 

 

Personal characteristics 

Children’s attitudes towards each session played a role in the overall success of the 

SAFMEDS program. High levels of concentration from the children helped them to engage 

with the timings and improve their scores. Many of the teaching staff highlighted that the 

children perceived the sessions to be enjoyable; which in turn motivated the children to 

attend and engage with the strategy. 

The pupils have got used to being organized, on time and worked well. They have 
been focused and tried their best. The majority have been better focused in class. 
[HTLA] 
 
The children have enjoyed attending the sessions, and we have seen a marked 
improvement in their confidence and ability. [Deputy headteacher] 
 
The pupils are thoroughly enjoying their SAFMEDS sessions, they are learning while 
having fun. Their ability to answer multiplication facts quickly without having to 
calculate the answer is definitely improving already. [Deputy headteacher] 
 
The children have responded positively to the sessions and are visibly enthusiastic 
about attending. [TA] 

 
Theme 2: Factors that limit progress  

 Whilst several factors impact the success of a SAFMEDS intervention, staff also 

highlighted several factors that can hinder performance gains. Many of the schools ran the 

intervention with smaller groups of children, which often meant withdrawing them from class 
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to complete the SAFMEDS sessions. Staff indicated that some children would refuse to 

attend if there was a competing, more appealing, activity available in the classroom. 

Moreover, other factors such as staff availability and the children being absent from school 

affected attendance to SAFMEDS sessions. 

[Children will not come out for the SAFMEDS session because there is a] fun activity 
for rest of class OR worry they won’t finish their work in class or miss out on learning 
if they come out: both cause resistance and annoyance towards SAFMEDS. [TA] 
 
Other events happening in the school so that the room was unavailable or TA having 
to cover another TA in class. Pupil absence could be a factor [that hinders progress] 
too. [Deputy headteacher]  
 

 Due to the self-directed nature of the SAFMEDS strategy, staff noted that some 

children cheated during the sessions. Staff provided the example of children placing cards in 

their “correct” pile that they had either answered incorrectly or not at all. In a group scenario, 

one TA noted that the children engaged in cheating in an attempt to avoid being teased by 

their peers. 

Keeping an eye on children that place cards in their yes box they may not have 
necessarily known the answer! This was better when mentors started to be involved. 
[TA] 
 
Cheating took place at the start that has been nipped in the bud. At the start there was 
the “I scored better than you situation” where the children teased anybody that scored 
low again that has been nipped in the bud. [TA] 
 
Sometimes if the child isn’t as confident as another or not as quick it can put them off 
or “cheat” so they can put extra cards in the yes pile. [TA] 

 
Theme 3: Impact of competition  

 The impact of competition was a salient theme that emerged from the transcripts, 

which the authors further sub-divided into the positive and negative effects. This theme is 

interrelated to both promoting and limiting children’s progress within SAFMEDS sessions.  

Positive 

Self-competition resulted in children setting individualized targets and monitoring 

their scores across sessions. Staff reported this as a good method of promoting healthy 
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competition; which seemingly helped keep the children engaged and stay motivated. Some 

members of staff reported that some healthy peer competition helped children to improve 

their scores across sessions. 

It is also good for them to see the progress they have been making throughout the 
session and also throughout the number of weeks we have been running SAFMEDS. 
This gives them an incentive to want to improve and get more answers correct next 
time. [Teacher] 
 
A couple of my group have low self esteem and I think that they have gained 
confidence when they see their results improving. There is a healthy competitive spirit 
between a couple of them. [HLTA] 
 
[Child name] who is very nervous and had no confidence didn’t like it at the start, but 
as the sessions progressed, he made a good leap in his scores and now dances around 
when he surpasses his last best score. It is cute to watch him counting how many he 
got right and then to see the delight on his face when he realizes he beat his last best 
score. [TA] 
 
 

Negative 

Peer competition within groups fostered a negative attitude towards the SAFMEDS 

sessions for some children. In some cases, this led to low-level bullying behavior towards 

children achieving low scores. Some of the survey responses also alluded to feelings of 

inadequacy if a child did not receive the highest score within the group. Peer competition also 

appeared to influence the children’s decision to cheat in order to write down a higher score.  

 
As in any group children become obsessed with doing better than other children in the 
group. Making fun of children who under perform. [TA] 
 
The competitive nature of the programme can also have a negative impact on the 
pupils as they can get upset if another pupil achieves a higher score. [Deputy 
headteacher] 
 
If two characters have had a fallout; competing over who has the better score when 
they were all on the same pack put some children down; [the children started] turning 
cards slightly early to beat their score. [TA] 
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Theme 4: Confidence  

 The survey responses revealed that children’s confidence improves throughout a 

SAFMEDS program; particularly with regards to the skill(s) that they had been practicing. As 

a result, children become less anxious about answering cards incorrectly and feel confident 

enough to use their knowledge outside of SAFMEDS sessions. Staff indicated that they had 

observed the children exchanging their new knowledge with teachers and being more willing 

to answer questions in class. 

 
Pupils enjoy going to SAFMEDS and have become more confident in their own 
ability. They are not worried about getting the answer incorrect and will all have a go 
most of the time. [Teacher] 
 
The children have enjoyed attending the sessions, and we have seen a marked 
improvement in their confidence and ability. [Deputy headteacher] 
 
I think their confidence increased in that subject, but also increased their 
independence and I often see the children passing on their SAFMEDS knowledge to 
other children. Before SAFMEDS I don’t think any of the children who took part 
would have willingly guided other children. [HLTA] 
 
[The children are] more confident in class maths lessons - more willing to put hand up 
in class. [TA] 

 
 
Theme 5: Inherent advantages of the SAFMEDS strategy 

 It is easy for children to learn how to follow the steps of the SAFMEDS strategy. 

Additionally, each timing takes 1-minute to complete which makes the procedure quick to 

implement. Once in a routine, staff found the procedure to be convenient to use with the 

children they were supporting. 

 Speed and convenience make this an easy resource to use. [Headteacher] 
 
It is a short burst of intervention, its quick paced, you can see the instant response. 
The children revisit the same skill lots of times. [HLTA] 
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Developing fluency is the ultimate goal of a SAFMEDS program. As such, staff 

reported a noticeable difference in the speed and accuracy in which children could perform 

skills. In schools where the target was to improve fluency of basic arithmetic facts, staff 

reported that the children’s mental recall of these facts improved across the intervention.  

Overall, I have seen a marked difference in the children's confidence and fluency with 
single digit addition. [Teacher] 

 
Improved the speed and accuracy of addition and subtraction in some children. [TA] 

  
The children have improved in their number recall and number facts which has been 
noted on by their teachers. [Teacher] 

 
 
 As a result of improved fluency in prerequisite skills, children were able to progress 

onto more advanced skill (e.g., move from practicing number recognition to single digit 

addition sums). Staff also reported that the children developed other complementary skills, 

such as problem solving. Due to the inherent advantages of the SAFMEDS strategy, all but 

three members of staff who completed the survey indicated that they would like to use the 

strategy in future. Two members of staff did not respond to this question, and the remaining 

teacher stated that the intervention was too time consuming to align with their school 

schedule. 

Pupil confidence has improved in terms of number recognition and number bonds. 
They are able to apply these in lessons in class and parents have reported that pupils 
are talking about maths in a more positive way. [Deputy headteacher] 
 
Pupils are more willing to respond in mental mathematics lessons. Pupils’ problem 
solving work improved as a result. [Teacher] 
 
 [Child’s name] is now able to recognize most numbers independently. Her 
confidence with single digit is also growing. [Teacher] 
 
[A child has] gone from +1 and +2 to now having gone through the whole single digit 
addition pack is working on the subtraction pack. [TA] 
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Discussion 

 Previous research has demonstrated that the SAFMEDS strategy can be used in 

schools to promote fluency across several subjects (e.g., Beverley et al., 2016; Casey et al., 

2003). Yet, no known research has investigated the social validity of the strategy from the 

perspective of teachers. This study aimed provide insight into this gap in the SAFMEDS 

literature; with a specific focus on teacher led implementation of the strategy. Through 

analysis of survey responses, we were able to identify five themes relating to the advantages 

and challenges of using the strategy in schools.  

 Staff identified that setting up a SAFMEDS program requires a transitionary period. 

During this period, children need to familiarize themselves with how to handle the cards and 

staff need to establish a routine for the SAFMEDS sessions. This may pose a challenge in 

terms of the teacher led maintenance of a SAFMEDS intervention within the classroom. 

Westfall, Mold, and Fagnan (2007) suggested that some manualized interventions do not 

align with the day-to-day challenges within real-world settings. Problems arise when 

experimental control is reduced, and confounding variables can more readily influence an 

intervention. In the context of a SAFMEDS program, teaching staff might find it difficult to 

establish a routine if confounding variables (e.g., competing internal school events) prevent 

sessions from occurring regularly. It is also important to consider the fidelity of 

implementation during a teacher led SAFMEDS program after the initial transitionary period. 

Glasgow, Lichenstein, and Marcus (2003) identified that under real-world conditions 

stakeholders often modify intervention protocols. Lack of adherence to the manualized steps 

of an evidence-based intervention programs often results in smaller effect sizes relating to 

academic outcomes (Durlak & DuPre, 2008). Future research should consider how we can 

best support teaching staff during the initiation and maintenance of a SAFMEDS program; 
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particularly with regards to helping staff maintain high levels of fidelity whilst establishing 

the initial routine.  

 Despite some initial challenges setting up the intervention, teaching staff identified 

that children developed independence as the weeks progressed. Consequently, the children 

were able to participate in the intervention with minimal adult supervision. Graf and Auman 

(2005) promoted the idea that children should take ownership of their own learning during a 

SAFMEDS program. Whenever possible, children should hold and direct their own cards and 

be responsible for recording their own data. Encouraging children to take ownership of their 

learning also fosters autonomy as they have a choice as to whether they engage or not (Deci 

& Ryan, 1987). Evans and Boucher (2015) argued that student autonomy has a positive 

impact on motivation and engagement in learning. The staff in this study identified that the 

SAFMEDS program allowed children to take ownership of the procedure and promoted their 

independence. An associated benefit of this could be scaling up the sessions (e.g., from small 

groups to class-wide) once children have demonstrated their ability to complete the procedure 

with minimal adult support.  

 Whilst the SAFMEDS strategy has potential in terms of scalability, teaching staff 

need to be wary of children cheating in larger-scale contexts. During a SAFMEDS timing, 

children are required to separate their cards into two piles— corrects and errors (Cihon et al., 

2012). If they are recording their own data, a level of trust from the member of teaching staff 

is needed to ensure that they are recording the correct score independently; or perhaps 

intermittent supervised timings to validate each child’s scores. Staff who participated in this 

study highlighted that some children resorted to cheating, particularly when they delivered 

the program on a group or class-wide scale. There are no empirical reports of children 

cheating during a SAFMEDS intervention within the literature. This could be due to the focus 

on single-case design research, whereby it would be much more difficult for cheating to go 
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unnoticed. However, Vargas (2013) attempted to explain why children might cheat during an 

academic intervention using anecdotal examples. She believed that children might cheat to 

avoid punishment (e.g., being perceived as unintelligent in front of their peers or being 

verbally reprimanded by a teacher). Future research should investigate ways to reduce 

punishment contingencies within a SAFMEDS intervention to prevent unhealthy peer 

competition and help children reconceptualize low scores in a more positive way. Staff may 

also want to consider the advantages of using SAFMEDS on a one-on-one or small group 

basis in order to minimize cheating.  

 One method of fostering positive competition is to shift children’s attention towards 

meeting/exceeding their own targets. Staff in this study reported that self-competition 

motivated children and kept them engaged with the task. Wyse (2001) outlined some key 

features of effective target setting. For example, it is important to set targets that are not too 

difficult to achieve. Staff should discuss the importance of setting targets orally to ensure 

children understand why they should engage with them, and children should reflect on their 

progress frequently. Following each SAFMEDS session, children should plot their best score 

on their SCC (Eshleman, 1985). The data on a child’s SCC provides a visual representation 

of their progress over the intervention period (White, 1986). Using SCCs can be a simple and 

effective way of setting achievable session-by-session targets that pertain to the level of each 

child. Moreover, staff should consider displaying a child’s overall aim for the skill on the 

chart (e.g., achieve 60 correct cards in 1-minute). This will help the children reflect on where 

they have started from and what they are aiming to achieve (White & Neely, 2012).  

 This study aimed to gain insight into teacher’s and TA’s experiences of implementing 

the SAMEDS strategy under the real-world conditions of the classroom. Specifically, we 

were interested in the perceived benefits of the strategy and any challenges that they may 

have faced. Gaining insight into the factors that may have affected children’s outcomes, 
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children’s engagement with the strategy, fidelity of implementation, and/or persistence of 

implementation may help us to shape further research and training. We identified five themes 

relating to the social validity of using the SAFMEDS strategy to support fluency 

development in schools (these were: factors that promote progress, factors that limit progress, 

impact of competition, confidence, and inherent advantages of the SAFMEDS strategy).  

Study 2: Children’s views and experiences 

Method 

Ethics 

This study received ethical approval from Bangor University’s ethics committee 

(application number: 2018-16309). We monitored the children’s assent throughout the 

interview. If any child indicated that they did not want to participate, the first author would 

have terminated the interview and informed a relevant member of staff to help the child 

return to their class. Likewise, if there were any questions that a child did not want to answer, 

the first author would not persist, she would simply move onto the next question. None of the 

children or their schools are identifiable within this paper to protect their anonymity.  

Recruitment 

We sent out an initial email to schools who had previously sent teachers/TAs to attend 

a SAFMEDS training session in North Wales between 2016 and 2018. Following an 

expression of school-level interest, we disseminated opt-in consent forms to all of the 

parents/guardians of children who were participating in a SAFMEDS program at the time of 

recruitment. This form detailed that the first author would run a one-on-one interview with 

their child to ask them about their experiences of the SAFMEDS strategy. 

Sample  

 All of the children that we recruited had participated in a SAFMEDS program during 

the 2017-2018 academic year (October to July). This intervention focused on promoting fast 
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and accurate recall of arithmetic facts. We received consent to interview 26 children, all of 

whom attended a primary school in North Wales (see Table 4.5).  

Table 4.5  

Demographic Characteristics of the Children who the First Author Interviewed 

  n 

Sex Male 14 

 Female 12 

School 1 6 

 2 8 

 3 5 

 4 4 

 5 2 

 6 1 

School year group (age) 2 (6-7 years) 11 

 3 (7-8 years) 9 

 4 (8-9 years) 5 

 5 (9-10 years) 1 

 

Procedure 

 The first author conducted the interviews with the children on a one-on-one basis. We 

opted to run a semi-structured interview for this study as opposed to focus groups for two 

core reasons. First, the children completed an icebreaker activity to allow them to 

demonstrate how they used the cards. This enabled the first author to assess if they had been 

correctly following the procedural steps of the SAFMEDS strategy with their teacher. It 

would have been difficult to collect fidelity data for every child in a group setting. Second, 

engaging in a one-on-one interview with the children enabled the first author to gauge their 

personal experience of using the strategy—reducing any social influence from their peers.  
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 The first author conducted all of the interviews in a quiet space within the children’s 

own school. The space was openly accessible to members of teaching staff and children 

within the school, but distractions were minimal. As an icebreaker activity, she asked each 

child if they could demonstrate how they used the SAFMEDS cards with their teacher. She 

provided each child the deck of skill-appropriate SAFMEDS cards (based on the skills that 

they had been practicing), a placemat (so they could easily separate their cards into two 

piles—corrects and errors), a table to record their scores, and a SCC to plot their best score 

onto. The children demonstrated a 1-minute SAFMEDS timing, how they engaged in an error 

correction procedure, and how they recorded their own data. The first author also asked the 

children how many timings they typically completed per session and how many times a week 

they came out of class for the SAFMEDS program. As the children completed this activity 

the first author made a note of whether they completed each of the procedural stages listed in 

Table 4.6.  

Table 4.6 

 The Fidelity Checklist We Used to Establish the Extent to Which the Children Engaged with 
the Procedural Stages of the SAFMEDS Strategy. 

 Yes/No 
Before the timing  

(1) Child shuffled the cards  
During the timing  

(2) Child read the answer to each card out loud  
(3) Child turned each card over to check their answers  
(4) Child placed the cards in the corresponding pile (correct vs error)  
(5) Child stopped after 1-minute  

After the timing  
(6) Child counted the number of cards in their correct pile   
(7) Child counted the number of cards in their error pile  
(8) Child recorded their score(s) in the table  
(9) Child recorded their best score for the session on the SCC  

(10) Child engaged in error correction  
(11) Child put all of their cards back into one pile  
Frequency of practice  
(12) Child reports completing at least three timings per session  
(13) Child reports engaging in SAFMEDS sessions at least three times per week  
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Following the icebreaker activity, the first author asked the children three 

predetermined questions relating to their experience of using the SAFMEDS strategy. These 

questions focused on whether they enjoyed using the strategy, if they thought the strategy 

was useful, and if they use (or would like to use) the strategy outside of school. When 

appropriate, the first author asked the children elaborate on their answers to extract more 

detail or explore further themes underlying their responses. Refer to Appendix D for a full list 

questions and prompts that the first author asked during the semi-structured interview.  

Analysis  

 We applied the same analysis protocol detailed in study 1 to evaluate the interview 

transcripts. Figure 4.2 displays the resulting thematic map.   

 

Results 

Fidelity 

 The children adhered to most of the procedural stages outlined in Table 4.6 during the 

icebreaker activity (M = 92.86% of stages; range: 71.43% to 100%). Table 4.7 outlines the 

procedural errors made by the children in each school.  

  

Figure 4.2. Thematic map resulting from the children's interview transcripts 
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Table 4.7 

Percentage of SAFMEDS Steps the Children in Each School Adhered To 

School Mean % of correct 
procedural steps 

Error (n of children who made each error) 

1 98.81 • Did not shuffled cards (1) 

2 96.43 • Did not shuffled cards (4) 

3 75.71 • Did not turn each card over to check answers (2)  
• Child did not record their best score from the 

session on their SCC (5). Note. The teacher 
completed this step after their sessions.   

4 96.43 • Child did not record their best score from the 
session on their SCC (2). Note. The teacher 
completed this step after their sessions.   

5 92.86 • Child did not record their best score from the 
session on their SCC (2) 

6 100 • N/A 
 

Theme 1:  Enjoyment 

 We asked the children if they enjoyed taking part in SAFMEDS sessions with their 

teacher. All of the children in this sample indicated that they enjoyed using the strategy. 

However, few were able to provide justification surrounding particular elements that they 

enjoyed or why they enjoyed it.  

The transcripts revealed that the children saw SAFMEDS as a fun strategy to use. 

Two of the children also identified that they enjoyed mathematics before they started using 

the SAFMEDS strategy to practice their skills; which made the activity more appealing. 

[Participant 22:] ...now there is just me and [names] and that and it’s just so much 
fun!  
 
[Participant 1:] It's a lot of fun.  
 
[Participant 5]: (I enjoy) when you practice the cards.  
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Theme 2: Data 

 All of the children who participated in this study wrote their score down in the given 

table, with many of them transferring their best score for the day onto their SCC. Across the 

transcripts, there was a clear sense that children were motivated by counting the number of 

cards they answered correctly, particularly if they had exceeded their personal best score. By 

charting their highest score each day, the children were able to visualize their scores 

increasing. 

[Participant 21:] You get to go up on the chart. [KO:] you like using the chart do you? 
[Participant 21:] So much! 
 
[Participant 26:] It’s enjoyable that you get better scores  
 
[KO:] What is your favorite part about using SAFMEDS? [Participant 13:] when we 
get the higher score 

 
Theme 3: Sense of achievement  

 This theme is closely related to the children’s attitudes towards collecting their scores 

but focusses on their associated perceptions and motivations. Five comments within the 

transcripts showed that children associated the strategy with making them more intelligent. 

These children used words such as “clever” and “smarter” to describe how the SAFMEDS 

strategy contributed to making them feel.  

[Participant 10:] (I use SAFMEDS) because I get even better at learning. I get 
smarter. 

 
[Participant 24:] Because I wasn’t very good but now I’m getting better and better. 
My mum even sees a difference and my dad is really good at maths and he gives me 
some maths questions sometimes. I work them out and then most of them are all right.  

 

The children who attended school 3 also expressed that that they were motivated by the 

achievement they felt as a result of their teachers’ approval. They were keen to develop their 

fluency so that they could show her their progression. This motivated them to want to engage 

with further practice outside of the timetabled sessions within school.  
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[KO:] Would you like to use it outside of school if you could? [Participant 23:] 
*nods* [KO:] Why would you like to do that? [Participant 23:] So I could show Miss 
[name] how well I did.  
 

 One way in which the children felt that they were showing improvement was by 

answering more cards correctly than they had achieved on previous attempts. As such, 

several comments alluded to the achievement that the children felt when they were able to 

answer all of the cards in the pack correctly within 1-minute. Also, these children recognized 

that since taking part in the SAFMEDS program they had become more fluent at recalling 

arithmetic facts. Achieving fluency appeared to encourage children to engage with the 

strategy, both in and outside of school.  

[KO:] why would you like to do (the SAFMEDS strategy) at home? [Participant 1:] 
Because I can learn better when I go to school. I can do it will get more faster.  

 

Theme 4: Skills  

 All of the children alluded to the skills that they had developed throughout the course 

of their involvement with the SAFMEDS program. We identified two sub-categories relating 

to skill development: learning skills and independence. 

Learning skills 

 We asked the children if and why they thought the SAFMEDS strategy was useful. 

Many of the children identified that the strategy helped them to improve their mathematics 

skills, including supporting their fluency of arithmetic facts. Some children went on to 

explain that they had worked through multiple packs across their involvement with their 

SAFMEDS program, as such they were able to answer progressively more difficult 

mathematics questions. 

 [KO:] yeah? What do you enjoy about (using the SAFMEDS strategy)? [Participant 
11:] It helps me with maths. 
 
[KO:] okay, what is your favorite part about doing the cards? [Participant 2:] Where I 
swap over cards. [KO:] Do you mean when you move onto different packs? 
[Participant 2:] yeah.  
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[KO:] What do you enjoy about (using the SAFMEDS strategy)? [Participant 24:] 
Well, last year I wasn’t good at maths because I wasn’t very good at like adding stuff 
and taking away. But I … (teachers name) came to collect me … she told me what I 
was doing and then we went on to the adds …  then, like a couple of months later I 
went onto the take aways and then I went onto the adds and take aways. 

 
Independence 

Aside from the academic gains that come from using the SAFMEDS strategy, a 

prevalent theme amongst the transcripts was the independence that the strategy offers 

children. The majority of children we interviewed were keen to use the cards independently, 

even if support from an adult was accessible (such as from a parent). 

[KO:] Would you use them on your own or would you use them with your mum and 
dad? [Participant 7:] On my own.  
 
[KO:] Do you do them on your own or with your parents? [Participant 10:] I do it on 
my own because I have a timer on my PlayStation.  
 
[KO:] What’s your favorite part about doing SAFMEDS? [Participant 17:] That you 
get to fill in your own sheet.  

 

Theme 5: Home use 

 Eight children claimed that they already use the cards to practice using the 

SAFMEDS strategy at home. A further 14 children identified that they would take the cards 

home to practice if they were given the option to. The children who participated in these 

interviews saw the advantages of practicing the cards regularly; as it helped them to develop 

their mathematics skills at a faster pace than just practicing at school. 

[Participant 2:] Is there an app on the computer you can get (SAFMEDS) on? [KO:] No, 
not yet. Would you like an app? [Participant 2:] Yeah. [KO:] Why would you like an 
app? [Participant 2:] Because I can use it outside of school and in school.  
 
[KO:] Do you use SAFMEDS at home? [Participant 15:] *nods*. [KO:] Why do you use 
them at home? [Participant 15:] To get better at this.  
 
[KO:] Why would you like to use (SAFMEDS) at home? [Participant 13:] So then I learn 
every day.  
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 Whilst the majority of the children we interviewed claimed to want to use the cards 

independently, eight children identified that they would like to involve their parents in the 

strategy if they could take the cards home. Examples of support parents could offer included 

holding their child’s cards during the timing and helping their child to address any cards in 

their “not yet” pile (via error correction).  

[KO:] Do you like having your parents helping you (to do the SAFMEDS strategy)? 
[Participant 5:] Yeah. [KO:] Why? [Participant 5:] Because it helps. [KO:] How do they 
help you? What do they do? [Participant 5:] They hold the cards and then I said the 
answer and they put it down.  
 
[KO:] Would you do (SAFMEDS) by yourself or with someone else? [Participant 24:] I 
would do them with somebody else, but they would give me the timer and then I would 
make my own board, probably. Then, my mum will probably time me on the timer. When 
it’s stopped, I will probably tell my mum and then she’ll do my not yets.  

 

 Three children suggested that other activities available to them around the house 

reduce the appeal of using the SAFMEDS strategy at home. These children still claimed to 

enjoy using the strategy with their teacher but would opt to leave the flashcards at school.  

 
[KO:] Would you like to use them at home more? [Participant 4:] No. [KO:] No? Why 
not? [Participant 4:] Because we have loads of stuff to do at our house.  

 

Discussion 

 Previous research has demonstrated that the SAFMEDS strategy can help children 

who attend mainstream schools to improve their mathematics skills (e.g., Greene et al., 2018; 

Hunter et al., 2016). However, no known research has robustly evaluated the social validity 

of the strategy from the perspective of the children who have used it. This study aimed to 

provide some insight into primary-aged children’s experiences of using the SAFMEDS 

strategy with their teachers in their school. We were successful in identifying five themes; 

each demonstrating some benefits of using the SAFMEDS strategy to support development 
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of mathematics skills. Specifically, these themes provided a broad insight into factors that 

might affect children’s engagement with the strategy.  

 Hunter et al. (2016) highlighted the need for research assessing the social validity of 

the SAFMEDS strategy to provide evidence of its acceptability to aid the development of 

mathematics skills. All of the children we interviewed for the current study indicated that 

they enjoyed using the strategy, with many also indicating that they would engage in further 

practice at home if they were able to. Moreover, the children were able to identify the 

progress that they have made across their engagement with the SAFMEDS program; with 

particular emphasis on their developing mathematics skills and independence. This result 

provides support for the argument that children associate a level of social validity with using 

the SAFMEDS strategy.  

 The children we interviewed for this study demonstrated a preference for independent 

practice. This has advantages with regards to scaling up the intervention and promoting a 

level of autonomy within the classroom. Previous research provides evidence to suggest that 

practitioners can use the SAFMEDS strategy to support mathematics development on a 

single-case (e.g., Casey et al., 2003; Cunningham et al., 2012), small group (e.g., Beverley, 

Hughes, & Hastings, 2018), or class-wide basis (Hunter et al., 2016). Taken together with the 

results from study 1, our findings suggest children are able to take ownership of the 

SAFMEDS strategy, which in turn promotes independence and establishes a routine over the 

course of the school year. An additional advantage of an intervention promoting high levels 

of independence is that children can engage with it in any environment that they choose to 

(e.g., in school or at home). There is currently a lack of published research reporting the 

effects of children using the SAFMEDS strategy at home to support their learning. 

Investigating this further would help us to validate children’s willingness to engage with the 
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SAFMEDS strategy outside of school and evaluate the educational effects of the additional 

practice.  

Some children did identify that they would like some support from an adult whilst 

they completed the strategy. Examples included providing support during error correction 

and someone manipulating the cards for them during the SAFMEDS timing.  Whilst 

providing additional instruction to teach new skills during error correction is an imperative 

part of the learning process, practitioners should be wary of providing too much support 

during the SAFMEDS timing itself—including setting the pace at which the children can 

answer the cards. Binder (2003) explained that certain teaching methods can prevent children 

from progressing skills at their own pace. As practitioners within education (e.g., researchers 

and teachers), we should design programs that lift ceilings on children’s performance to 

enable them to achieve levels of fluency that ensure retention and application to other skills 

(Binder, 1996). Lindsley (1996b) explained that a learner’s rate of responding decreases by 

approximately half if someone else holds and directs the cards for them, compared to self-

held performance. This is due to learners being able to present the next card to themselves 

twice as fast as a partner could. The results from our study suggest that most children enjoy 

the independence that the SAFMEDS strategy can offer them, so it is worthwhile exploring 

how to harness this within future training and research.  

A cardinal feature of the PT approach is the using the SCC to plot and visualize data 

(Calkin, 2005). Using the SCC allows for assessment and intervention to occur concurrently; 

making it a useful tool for practitioners to make real-time, data-based decisions (Aninao, 

Acevedo, Newsome, & Newsome, 2015). From a child’s perspective, the chart provides a 

way of visualizing their progress. Johnson and Street (2012) explained that the trajectory of 

data on the SCC can help practitioners and/or children to predict what their score will be for 

the subsequent sessions. In the context of improving learning pictures, this can be a simple 
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and effective practice to help set attainable score targets on a child-by-child basis for each 

session. The children we interviewed emphasized the motivational power that data can have 

on their engagement with the SAFMEDS strategy; particularly with regards to setting 

themselves a target each session (i.e., beating their personal best score for the pack of cards 

they are working on). Applying a pragmatic approach to goal setting using trajectory lines 

might help keep children focused and working towards attainable targets.  

 Within this study we interviewed primary school children. However, children’s views 

on the strategy might vary depending on their age and the educational institute that they 

attend (e.g., primary school, secondary school, higher education, or further education). A 

valid extension of this research might investigate learners’ views on the SAFMEDS strategy 

at different stages of the education continuum. For example, we could consider why 

secondary school children might choose to use SAFMEDS as a revision strategy for their 

pending statutory exams (e.g., GSCEs, A-Levels). This extension would provide a more 

holistic overview of children’s views of the SAFMEDS strategy.  

 We identified five themes relating to children’s experiences of using the SAFMEDS 

strategy to support their skill development. These themes were: enjoyment, data, sense of 

achievement, skills, and home use. At a broad level, these themes each provide insight into 

factors that may affect primary school children’s engagement with the SAFMEDS strategy.  

General discussion and conclusions 

By gaining insight into how the SAFMEDS strategy works under the day-to-day 

conditions of the classroom, we can better understand how to support practitioners (including 

teaching staff and researchers) with any unanticipated challenges that they may face. This 

may contribute towards supporting practitioners to persist with the implementation of the 

strategy and maintain/improve children’s engagement. Moreover, we can reflect upon the 
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positive elements associated with using the strategy to ensure that we harness them in 

training and practice. 

 The children who participated in this research reported that they enjoy using the 

SAFMEDS strategy improve their basic mathematics skills. This opinion was validated by 

teaching staff who noted the visible enthusiasm that their children displayed when coming 

out of class to engage with the SAFMEDS sessions. This reflects the social validity of the 

strategy from the perspective of the children who engage with the strategy regularly, with 

many also indicating that they would use it outside of school if they could.  

 Aside from the academic skill development, the children we interviewed showed an 

appreciation for the independence that the strategy afforded them. This is advantageous in 

terms of scaling up the program and considering when and where children could engage with 

the strategy. Several members of staff were keen to scale-up the intervention beyond small 

groups to help support more children in their school. They felt that this would be attainable 

once the children were proficient enough to engage with the strategy independently. This 

demonstrates the suitability of the SAFMEDS strategy as a tool for assessing skills and 

developing fluency in educational contexts. However, teaching staff should be wary of 

cheating tactics that the children might engage in when scaling up the program.  

 One way to help reduce cheating within larger groups might be to set the children 

personalized and attainable goals for each session. Staff reported that this tactic shifts the 

focus away from unhealthy peer-competition towards self-competition. The children we 

interviewed reiterated that they were motivated by beating their personal best scores each 

session. By making their progress visual on a SCC, it might be possible to set attainable goals 

based on their performance across previous sessions. Moreover, staff and children can use 

this data to reflect on their progress for specific mathematics skills.  
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  The SAFMEDS strategy is designed to help learners develop fluency and highlight 

areas where they might need support (e.g., additional instruction or adapted materials). The 

teaching staff and the children who participated in this research were able to acknowledge 

that the SAFMEDS strategy aids fast and accurate recall of arithmetic facts. Many of the 

children also progressed onto more difficult mathematics skills throughout their involvement 

in a SAFMEDS program.  
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Chapter 5 : Supporting literacy and numeracy wit hin Inner-City London: A charity 

led fluency-building program 

Project collaborators: Owen, K., Illot, N., Hunter, S., Aylward, R., Payne, J., Marchant, S., & 

Hughes, J. C. 

 
Preface  

As a charity, XLP (n.d.b) aim to support children from areas of high social 

deprivation to complete their education and avoid engaging in anti-social acts within the 

community. A member of the XLP team had heard about the SAFMEDS strategy and what it 

can achieve, so was interested in how this could be adopted within educational provisions 

across inner city London to support the children that they work with. This chapter provides 

an example of a close-to-practice impact report summarizing the process of collaboration 

between researchers, a charity, and educational provisions as well as the literacy and 

numeracy progress of the children that we worked with. This was an exploratory piece of 

research to investigate the impact of the pilot of the XL-LAN (literacy and numeracy) 

project. As such, the data reflects the children’s typical in-session SAFMEDS progress and 

the social validity that they associated with the strategy. XLP passed on the findings of this 

research onto their funders to show (1) the impact that this program could offer and (2) 

recommendations for improvements to the scheme going forward. We discuss some further 

implications, applications, and limitations of this research in Chapter 7.  
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Abstract 

The XLP numeracy and literacy (XL-LAN) project aims to support children who are unable 

to perform age-expected literacy and/or numeracy skills fluently. XLP recruited the expertise 

of researchers at Bangor University to help train their staff in the use of the Say-All-Fast-

Minute-Every-Day-Shuffled (SAFMEDS) strategy. XLP and researchers at Bangor 

University continued to collaborate in order to support the implementation of the program in 

educational environments across inner city London; this includes mainstream schools, pupil 

referral units, and mentoring services. In this report, we outline the process of this 

collaboration and the findings from the XL-LAN pilot project. Using a mixed-method 

approach, we were able to identify key quantitative differences relating to the children’s in-

session SAFMEDS scores, as well as qualitative themes relating to the children’s experience 

of using the strategy to support their learning. The final dataset included quantitative data 

from 263 children. Children’s mean fluency scores appeared to improve irrespective of the 

subject they were practicing, however progress appeared to be more stable and consistent 

when practicing literacy skills. Interviews with 38 children who had used the SAFMEDS 

strategy revealed five themes: (1) procedure, (2) improvement, (3) revision tool, (4) home 

use, and (5) withdrawal from class. Collectively, these data provide useful feedback which 

may shape the future delivery of the XL-LAN project and other projects utilizing the 

SAFMEDS strategy in similar contexts.   
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Introduction 

The Programme for International Student Assessment (PISA) identifies the extent to 

which 15-year-old students have gained skills that are essential to function independently in 

society (OECD, 2016a). Jerrim and Wyness (2016) benchmarked London in the PISA reports 

by predicting London’s mathematics and reading results across the 2009 and 2015 

assessments. London’s reading scores placed them 26th out of the 37 economies included in 

the analysis. This result is significantly below other major European cities. The mathematics 

averages revealed that students in London fall significantly below 22 other economies.  

Banerjee’s (2016) systematic review revealed several global factors that can predict 

lower levels of childhood attainment. These include socio-economic status, ethnic minority 

status, speaking English as an additional language, and immigrant status. London is made up 

of a demographically diverse community. In inner city London approximately half of school 

children do not speak English as a first language (Department for Education, 2016c). Demie 

and Strand (2006) found that fluency in the English Language is positively correlated with 

the number of A*-C grade GCSEs achieved in London schools. Underachievement at school 

impacts individuals and the wider society; making it an important problem to target within 

education. Wolf (2011) associated underachievement at school with limited job prospects and 

fewer opportunities with regards to further education. Moreover, Henry, Knight, and 

Thornberry (2012) explained that the frustration children can feel as a result of failing at 

school can lead to truanting, drug use, and engagement in criminal activity.  

These statistics provide the context for the close-to-practice project we present within 

this report. There is clear need to identify effective educational strategies that can raise 

English (literacy) and mathematics (numeracy) outcomes of children across London. By 

identifying remedial interventions, we may be able to target groups who are proportionally 

more at risk of poor academic outcomes and limit some of the negative consequences 

associated with underachievement.  
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 XLP (n.d.b) are a youth charity who provide support and services for school-aged 

children across nine inner-city boroughs around London. Their mission is to empower 

children who are at risk of academic underachievement to complete their education, refrain 

from engaging in anti-social behavior, and positively contribute to their community. In 2016, 

XLP (n.d.c) initiated a pilot of their literacy and numeracy (XL-LAN) project, which focused 

on promoting basic skills across the English (literacy) and mathematics curriculum in 

London. This scheme aimed to help children improve the speed and accuracy (fluency) in 

which they can perform basic skills using the Say-All-Fast-Minute-Every-Day-Shuffled 

(SAFMEDS) strategy.  

SAFMEDS is a practice and assessment technique derived from the principles of 

precision teaching (PT; Potts, Eshleman, & Cooper, 1993). The guiding principle of PT is 

that we should monitor skill fluency regularly and chart progress. Charted data gives us the 

ability to assess when children need additional support in real time, thus helping children to 

access support when necessary and preventing prolonged periods of non-progression 

(Merbitz, Vieitez, Merbitz, & Pennypacker, 2004). Children typically engage with the 

SAFMEDS strategy through a deck of flashcards. On the front of each card is a question or 

statement and on the back is the corresponding correct answer. A child aims to get through as 

many cards as they can within 1-minute (Cihon, Stutrz, & Eshleman, 2012). After each 

session the child should plot their best score on a standard celeration chart (SCC; see White 

& Neely, 2012). Over time, the SCC depicts learning pictures (Lindsley, 1995). These 

pictures allow children and teachers to decided when additional support is necessary. 

Ultimately, the SAFMEDS strategy promotes fluency and identifies any gaps in a child’s 

knowledge. 

 Over several years researchers at Bangor University have been investigating the 

effects of the SAFMEDS strategy in education. Collectively this research has demonstrated 
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the utility of the SAFMEDS strategy in mainstream primary schools to build fluency in basic 

mathematics skills (Hunter, Beverley, Parkinson, & Hughes, 2016) and second-language 

vocabulary (Beverley, Hughes, & Hastings, 2016). Moreover, Hunter, Geary, and Hughes 

(2018) demonstrated that older learners who are eligible to sit statutory exams (i.e., A Levels) 

can use the strategy to consolidate knowledge more effectively than mind-mapping. Despite a 

growing evidence-base for SAFMEDS research, few studies have evaluated the effects of the 

strategy when experimental control is limited. Owen et al. (under review) found that a 

researcher can coach teachers to implement the SAFMEDS strategy in their school. The 

combination of initial training and individualized implementation support visits helped 

teachers to elicit greater fluency gains from the children that they worked with, comparative 

to teachers who only received the initial training. This provided the foundation to explore 

additional ways of providing support to schools to implement the strategy.  

 During the pilot of the XL-LAN project, XLP enlisted the help of researchers at 

Bangor University. The collaboration between these two organizations aimed to satisfy two 

desirable outcomes. First, the project could benefit from the ongoing trials happening in 

North Wales. Second, the data produced from the XL-LAN project could expand on our 

knowledge of how the SAFMEDS strategy can be used in environments where experimental 

control is not present. In this paper, we present the quantitative (study 1) and qualitative 

(study 2) findings from the 2-year pilot of the XL-LAN project. We were interested in 

assessing provisions’ engagement in the program, the fluency progress of the children, and 

the social validity children associate with using the SAFMEDS strategy.  
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Study 1: A quantitative exploration of the XL-LAN data 

Method 

Collaboration  

One advantage of close-to-practice research is that key stakeholders can share ideas 

and expertise. In this example, researchers at Bangor University were able to offer advice and 

expertise in relation to the theory underlying the SAFMEDS strategy and analysis of the XL-

LAN data. They were also able to share findings from trials using the SAFMEDS strategy in 

schools across North Wales, as they were happening. The staff at XLP had clear objectives 

about who they wanted to support (e.g., children enrolled on their mentoring schemes, those 

who use their youth bus service, and children attending educational establishments in inner 

city London). As the project progressed, it was the staff at XLP who were out in the field 

maintaining and supporting the XL-LAN SAFMEDS program. They were able to report the 

progress and challenges as they occurred to the first author. Below we discuss some of the 

key features of the collaboration model.  

Training 

At the foundation of this model lies training. After some initial discussion we opted to 

employ a ‘train the trainer’ approach. That is, a researcher with experience using the 

SAFMEDS strategy in schools trained the staff at XLP to deliver SAFMEDS sessions. This 

enabled the XLP staff to go forward and replicate the training for each of the educational 

stakeholders they were working with. The training for this project mirrored the training 

detailed in Chapters 3 of this thesis, with the added emphasis on some of the key features of 

the program. We advised that: (1) supervisors should encourage children to get through as 

many cards as they can in 1-minute to increase fluency and highlight error correction 

opportunities (i.e., getting faster); (2) where appropriate, children should engage with the 
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strategy independently (e.g., hold and direct their own cards, chart their own data) and; (3) 

supervisors should set attainable and individualized score targets for each child each session.  

Creating materials 

Researchers at Bangor University had a pre-existing bank of flashcard stimuli to 

facilitate the SAFMEDS strategy. The packs covered some of the core skills prescribed by 

the Key Stage 1 and Key Stage 2 numeracy curriculum in Wales. Staff at XLP expanded 

upon these resources to create packs that supported the literacy and numeracy curriculum in 

England. XLP created a catalogue of 57 literacy and 63 numeracy packs, with each pack 

containing 60 cards. These packs supported the skills that children are expected to have 

mastered by the end of primary school (aged 11-years). By building fluency in these basic 

skills, XLP hoped to address some of the skill deficits experienced by the children that they 

support. A researcher at Bangor University validated each pack to ensure that it assessed each 

skill appropriately (e.g., the cards did not contain too many words or irrelevant cues).  

Consultancy 

 In-house and phone progress meetings provided a platform for us to update each 

other on the project. If the XLP staff had encountered any challenges during school visits, 

this contact offered an opportunity to receive advice and suggestions for forthcoming practice 

from the first author who had experience in the field. At the end of each month, a member of 

staff at XLP sent project data to the first author for review. This provided an opportunity to 

identify any in-session SAFMEDS scores that required attention. For example, there might 

have been reason to believe a child had been cheating (e.g., inflated scores) or not 

progressing desirably (e.g., plateauing or worsening scores). We discussed these instances 

and possible ways to overcome the associated challenges. Where appropriate, a member of 

staff at XLP relayed this feedback to the corresponding supervisors in the education 

provisions.  
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Analysis and evaluation 

 In order to assess the impact of the XL-LAN project, researchers at Bangor 

University analyzed the data that XLP had collated throughout the pilot period. It was 

important for us to identify strengths and areas for improvement within this project in order 

to enable XLP to adapt and enhance the service that they offer. Researchers at Bangor 

University analyzed this data, summarized the outcomes, and offered recommendations for 

future practice (as outlined in the discussion).  

The XL-LAN pilot 

 During the first year of the project, XLP trained the supervisors in each education 

provision to use the strategy with the children that they work with. This included training for 

XLP staff and mentors, teaching staff in mainstream schools and pupil referral units (PRUs), 

as well as staff working for external youth projects. Following training, XLP provided each 

supervisor with an online training manual, which they could refer to throughout their 

involvement with the XL-LAN project. This manual included a video modelling the strategy, 

instructions on how to chart data with reference to learning pictures, and tips for successful 

implementation (e.g., how to address cheating). Moreover, this manual contained a list of all 

the SAFMEDS packs available and the corresponding level of mastery for each pack (i.e., the 

minimum number of correct cards per minute a child would be expected to achieve before 

moving onto the next progressive skill). Staff at XLP continued to support provisions with 

their implementation of the strategy following training through in-house visits, phone calls, 

and email contact.  

Stakeholder roles  

Researchers at Bangor University supported the project at a consultancy-level. This 

including the initial training for the XL-LAN team, answering any project-specific questions 

raised by the XL-LAN coordinators, analysis of the project data, and providing 
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recommendations for future practice. XLP replicated the training they received for the 

supervisors delivering the SAFMEDS program, they also distributed the resources and 

facilitated regular contact with each of the supervisors to support implementation and 

progression. The supervisors in each provision were expected to accommodate the program 

and support the children that they work with through the SAFMEDS packs. This included 

reviewing the children’s data regularly and providing additional support to teach skills when 

necessary. 

Ethical considerations 

At the beginning of the project, XLP asked all participating provisions to sign a 

partnership agreement. This outlined what provisions and supervisors could expect from XLP 

throughout the duration the project. XLP agreed that they would provide training, resources, 

and support throughout; whilst provisions were expected to provide XLP with the student 

data needed for analysis. In addition to this, we provided each provision with an information 

sheet about the project. Each provision had to provide written consent to enable researchers at 

Bangor University to analyze their anonymized data.  

Sample 

XLP operate in nine boroughs across inner city London; supporting children in 

several settings. This pilot contains data from seven secondary schools, three primary 

schools, one pupil referral unit, a mentoring network, and a tutoring agency. The database 

included data from 551 active children, each registered to at least one pack of SAFMEDS 

cards. However, not all of these data were included in the final analysis.  

Data inclusion criteria 

When collecting data, supervisors were able to note down if they observed the 

children for a complete SAFMEDS timing (from shuffling their cards to writing down their 

score) and could validate their score. Observed timings provided a reference point for 
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progression. If a children’s scores deviated too far from the observed session, then 

supervisors or XL-LAN coordinators could question the validity of these values. We 

excluded any data points that were deemed invalid by supervisors or staff at XLP. We also 

excluded the data from children who had completed an insufficient number of SAFMEDS 

sessions. The final dataset included data from 263 children (122 females, 141 males). Each 

child had completed at least seven SAFMEDS sessions, over a period of 3 consecutive 

months. Table 5.1 outlines some further demographic characteristics of our sample.  

Table 5.1 

The Number of Children Registered to Valid SAFMEDS Data, Categorized by Their 
Corresponding School Year Group 

Year group Age range (years) n 

3 7-8 23 

4 8-9 26 

5 9-10 54 

6 10-11 28 

7 11-12 73 

8 12-13 30 

9 13-14 24 

10 14-15 3 

11 15-16 2 

 

Results 

Pack usage 

Throughout the duration of the project, XLP issued 726 packs of cards. Several of the 

children were registered to multiple packs, due to skill progression. We included data from 

363 of these packs in our final analysis (as per the inclusion criteria). A total of 201 children 

completed numeracy packs and 64 children completed literacy packs. Descriptive statistics 
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revealed that few children used more than one SAFMEDS pack throughout the duration of 

the program. These details are listed in Table 5.2. 

Table 5.2  

Number of Literacy and Numeracy Packs Completed by the Children 

Total number 
of packs used 

Number of children 

 Literacy Numeracy 

1 57 119 

2 6 69 

3 - 10 

5 1 1 

7 - 1 

9 - 1 

 

Number of sessions 

Table 5.3 displays the median number of sessions completed by children on each 

SAFMEDS pack. It should be noted that this data does not necessary reflect the number of 

sessions needed to achieve mastery. Instead, this data provides some insight into provisions’ 

engagement with the XL-LAN program.  

Table 5.3  

Median Number of Sessions Spent on Each SAFMEDS Pack and the Frequency of 
Occurrence of These Sessions (Per Week) 

 Total number of sessions Number of sessions per week 

Literacy 6 

[IQR = 7, min = 1, max = 35] 

2 

[IQR = 2, min = 1, max = 5] 

Numeracy 6.5 

[IQR = 6.75, min = 1, max = 26] 

2 

[IQR = 1, min = 1, max = 6] 

Note. IQR = Inter-quartile range. 

 



USING EVIDENCE-BASED METHODS TO SUPPORT MATHEMATICS  127 

Performance statistics 

We calculated a mean slope for children’s performance on their first pack of SAFMEDS 

cards. This calculation took into consideration each child’s score during their first SAFMEDS 

session (S1), their personal best score (PB), and the number of sessions it took to reach their 

PB (NS) [Calculation: (PB – S1)/NS]. The data shows that children improved by a mean of 

1.97 correct cards per session for the numeracy packs (SD = 1.22); and 2.48 correct cards per 

session for the literacy packs (SD = 1.56).  

Due to the disparity in the children’s baseline scores during S1, and therefore the progress 

that they could make before they met the mastery criteria, we have also reported the number 

of cards that they improved by (PB – S1). This data is displayed in Table 5.4. It should be 

noted that the number of sessions completed by children varied. Moreover, there was some 

variation within the time between sessions due factors such as school half terms and illness.  

Table 5.4  

Score improvement Between Children’s Session 1 (S1) Correct Score and their Personal Best 
(PB) 

  Score improvement between S1 and PB 

  0-10 11-20 21-30 31-40 41-50 

Number of children 
Literacy 15 22 12 12 3 

Numeracy 59 87 45 9 1 

 
Figure 5.1 depicts the children’s mean correct scores on the numeracy and literacy packs 

across sessions. The numeracy data shows that the number of correct cards the children 

answered increased steadily between sessions 1-9. After session 9 this progress is visibly 

more variable. Few children were successful in achieving a correct score that would typically 

reflect that they have mastered the practiced skill (i.e., 40-60 correct cards in 1-min). It is 

important to note that, for the most part, numeracy performance is relatively stable. The 
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decrease in performance in sessions 22 to 26 is likely due to the small sample size included in 

the calculation causing more natural variance in scores.  

The literacy data in Figure 5.1 shows that the number of correct cards children answered 

increases steadily across all sessions. However, again this progress is visibly more variable as 

the sample size decreases. It is not possible to make inferences from this data with regards to 

the number of children who achieved mastery on literacy packs because the mastery criteria 

varied between 20-30 corrects and 40-60 correct per minute, depending on the skill the 

children practiced. Across both literacy and numeracy packs it is clear that as session number 

increased so did the number of children who completed the sessions. This is in part due to 

provisions’ engagement with the program and also when the provision enrolled onto the 

project (some started before others).  

Figure 5.2 reflects the progress made by children between their first session and their 

personal best score. Here we focused on their first pack of cards because this represents data 

from the whole sample and this is typically the pack that we would expect them to make the 

most progress on during the program (i.e., the children should have mastered the first pack 

before moving on to another). To calculate proportions, we took the children’s highest score 

during their first session and divided it by the total number of cards in the pack (S1/60). We 

repeated this calculation for the children’s personal best score for that pack (PB/60). During 

S1, the children were able to answer an average of 26% of the numeracy cards in the pack 

correctly in 1-minute. This increased to an average of 52% of the pack on their PB try. The 

literacy scores increased from 13% of the deck during S1 to 47% during their PB try. These 

differences were statistically significant and robust, demonstrating a strong, consistent pattern 

of improvement for most children [Welch’s t-testNumeracy: t(200) = 26.59, p < .0001, d = 1.82; 

Welch’s t-testLiteracy: t(63) = 13.19, p < .0001, d = 1.65]. 
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Provision/supervisor effects  

We collapsed the children’s mean scores per session to evaluate the different in 

progress across different provisions/supervisors (see Figure 5.3). These data may suggest that 

some supervisors are able to elicit steeper positive fluency gains from their children than 

others. This could be due to factors such employing the SAFMEDS strategy more regularly, 

and/or following the stages more accurately; although at this stage we have no evidence to 

confirm this. It is also plausible that these effects lie at a provision level, whereby the 

children attending certain provisions might exhibit differing behavioral traits (i.e., are more 

likely to be disengaged or engage in behaviors that challenge). Similarly, certain 

demographic groups might be more likely to progress at a slower trajectory than their peers 

(e.g., children from low socio-economic households, children with additional learning needs, 

or children who speak English as a second language). Access to demographic data such as 

this would help us to predict which factors influence performance growth. 



USING EVIDENCE-BASED METHODS TO SUPPORT MATHEMATICS  130 

 

Figure 5.1. Mean score progress across SAFMEDS sessions for the literacy and numeracy packs. The colored bubbles represent the number of 
children who completed n number of sessions; with larger bubbles representing more children. Error bars represent 95% confidence intervals. 
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Figure 5.2. Mean proportion of best correct responses (out of 60 possible cards) for session 1, 
compared to their personal best across all sessions. This data reflects the first pack of cards 
each child attempted. Error bars represent 95% confidence intervals. 
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Figure 5.3. Estimates of learning slopes for each provision/supervisor. Each colored line represents the collapsed mean score for per session 
for their first pack of cards. Grey bands represent 95% confidence intervals. Note. Estimates after sessions 12 are likely to be unreliable as 
number of children reduced substantially. 
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Discussion 

Since 2016, the XL-LAN project has supported the learning of children across inner 

city London. The data that we have presented within study 1 provides insight into how 

children’s fluency of key literacy and numeracy skills may typically progress if they use the 

SAFMEDS strategy. The numeracy data suggests that children make steady progress within 

the first nine SAFMEDS sessions before their scores becomes more variable; whilst the 

literacy data suggests that children’s scores steadily and consistently increase throughout a 

SAFMEDS program. Our data also suggests that the children can answer significantly more 

cards in each pack correctly after taking part in the XL-LAN program. Moreover, nearly all 

of the provision/supervisor-level data shows an increase in children scores over time. 

Together, this data supports the effectiveness of the SAFMEDS strategy in education 

environments, even when there is limited control over confounding variables. In this section, 

we discuss some of the factors that may have influenced the variability within the data to help 

conceptualize some next steps for the XL-LAN project. Whilst these suggestions relate to the 

XL-LAN project, they may also be useful considerations for other school-based SAFMEDS 

projects with similar samples (i.e., children at risk of academic failure). 

The data revealed that learning increased at a faster rate for the literacy packs than the 

numeracy packs. Lortie-Forgues, Tian, and Siegler (2015) argued that children use different 

strategies to approach the same numerical question and complex numeracy skills require 

children to handle numbers differently. This adds complexity to the way that children answer 

numeracy questions and how educators may teach these skills. These types of problems lend 

themselves to the PT approach, because charting data regularly allows us to see when 

children need additional support. For example, if a child’s data shows that they are making 

little or no progress, they may need their teacher to explain a concept or computation method 

in a different way before they can master the skill (Lindsley,1995). Charting data using the 
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SCC is one of the fundamental principles that guide PT approaches (Lindsley, 1995). Without 

the interpretation of data, practitioners compromise the fidelity of a SAFMEDS program, and 

children are likely to show limited progression (White, 2000). It is possible that some of the 

supervisors involved in the XL-LAN project did not use the data that they collected to make 

decisions about when to intervene. This might explain why the numeracy data plateaus below 

the level of expected threshold to demonstrate mastery (≥ 40 correct cards in 1-minute) after 

12 sessions. It is worth noting that this argument may also apply to the literacy data. 

However, the mastery criteria for different literacy packs varied (from ≥25+ to ≥40+ correct 

cards in 1-minute) so it is not possible to draw this conclusion from the collapsed data. 

Further research is necessary to establish the extent to which supervisors use the SCC to 

facilitate data-driven decision. If they do not, then it may be worth exploring some of the 

underlying mechanisms that may affect the use of the SCC in schools (e.g., lack of time, 

perceived unimportance, competing methods of recording data). 

The trend of the numeracy data may also be explained by the regularity of SAFMEDS 

practice. For some children, their engagement in SAFMEDS sessions was sporadic; with 

prolonged periods of time between sessions. This is an applied problem that is common in 

education environments due to factors such as poor attendance, school holidays, and internal 

school events (Mason, Rivera, & Arriaga, 2018; Tincani, 2004). However, the SAFMEDS 

approach relies on regular practice to ensure that children are able to contact the material, 

address any “not yets”, and elicit retention (Graf & Auman, 2005). Without this regularity, 

the strategy is less likely to have the desired effect. The data from this study showed that 

children completed an average of two SAFMEDS sessions per week; which is one-day fewer 

than employed within existing research (e.g., Greene, Mc Tiernan, & Holloway, 2018; 

Hunter et al., 2016). This highlights a need to consider strategies to integrate SAFMEDS 
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more readily into the school timetable to ensure that children have the opportunity to practice 

and assess their skills regularly.   

The confidence intervals and spread of data within our analyses show us that there is 

lots of variability between children’s scores. The cause of this variability is unclear and is 

likely to be multi-faceted. Several factors such as, additional learning needs, first language, 

and socio-economic status may have affected children’s performance and progress. Previous 

SAFMEDS literature favors the use of single-case research designs; whereby researchers do 

not need to account for the variance caused individual differences (e.g., Casey, McLaughlin, 

Weber, & Everson, 2003; Munizi & McLaughlin, 2013). This could explain some of the 

differences in group means that we have reported compared to the individual progress of 

children in the available published research. Additional demographic data may help us 

predict which variables affect SAFMEDS performance. XLP did request this information 

from each provision, however due to low return rates we were unable to draw robust 

conclusions from our dataset. 

Variability within our dataset may extend to the delivery of the program across 

different provisions; however, we need further data relating to demographics and the fidelity 

of implementation (i.e., how closely supervisors and children implemented the program in 

line with its intended design) to assess this assumption. Going forward, it would be useful to 

use observational checklists to assess the extent to which supervisors and children adhere to 

features prescribed within the program (Schoenwald et al., 2010). Staff at XLP could also use 

these checklists to provide individualized feedback to supervisors with regards to the positive 

aspects of their implementation and any recommended changes that they should make. 
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Study 2: Evaluating the social validity of the XL-LAN project 

Method 

Sample 

Staff at XLP recruited 38 children who had used the SAFMEDS strategy as part of the 

XL-LAN pilot to participate in an interview. The sample included children from four 

different schools (1 primary school; 3 secondary schools). The children were aged between 6 

and 15 years old. Refer to Table 5.5 for further demographic information.  

Table 5.5  

Demographic Characteristics of the Children who Participated in the XL-LAN Interviews 

  Sex (n) 

Year group Age (years) Male Female 

3 7-8 2 3 

4 8-9 1 4 

7 11-12 7 4 

9 12-13 10 4 

10 14-15 1 2 

  

Interview format 

 Two members of staff from XLP conducted the interviews on either a one-on-one or 

small group basis; depending on the preference of the schools and children. They asked the 

children a set of predetermined questions (see Appendix D). Where appropriate, the XL-LAN 

staff asked for expansion or follow-up questions. 

Data analysis 

For this study, like in Chapter 2, the first author adhered the six stages of thematic 

analysis outline by Braun and Clarke (2006). One of the XL-LAN project coordinators 

transcribed each of the interviews before emailing the completed transcripts to the first author 
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for analysis. The first author became familiar with the content of the interview transcripts by 

reading each of them through several times. After reading through them twice without 

comment, the first author began to make some initial notes about interesting and salient 

comments. The first author later manually coded the key features of each data extract (for 

example see Table 5.6); each of these codes reflected a feature of the data that she could 

assess in a meaningful way. After coding the data, the first author transferred each code onto 

post-it notes to help assist with the identification of potential themes. After refining and 

naming each theme, the first author had generated a thematic map depicting how each of the 

themes related to one and other (see Figure 5.4). Each distinct theme encapsulates salient 

groups of comments within the transcripts. One of the XL-LAN project coordinators later 

read through the themes to validate that they captured the key views and experiences that the 

children had expressed within the interviews.  

Table 5.6  

An Example of a Data Extract from the Interview Transcripts and the Corresponding Codes 

 

 

Data extract Coded for 

When I didn’t use the cards I was really 

struggling but my mum has said that she 

noticed I’m really improving since using them.  

• Parental involvement 

• Score increase 

Figure 5.4. Final thematic map showing the seven themes extracted from the interview 

transcripts. 
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Results 

Theme 1: Procedure 

The interviewers asked the children whether they enjoyed used the strategy as a 

whole, all but three of the children reported that the sessions were fun and enjoyable. That 

said, the children found certain aspects of the SAFMEDS strategy more positive than others. 

Positive aspects included the independence the strategy afforded them and the ability to 

engage in self-paced practice. Children also found the error correction step to be a valuable 

component of the strategy, as it provided them with a valuable opportunity to develop their 

skills/knowledge. Engaging with this step enabled the children to answer more cards 

correctly during consecutive SAFMEDS timings.  

“If you get stuck on a question you can ask the teacher and they’ll help you get used 

to it, so you can develop and improve your scores and get better at it.” 

 

“I like doing the cards by myself because I can zoom through all the cards.” 

 

With regards to some of the limitations of the strategy, five children reported that with 

prolonged use the sessions became repetitive and boring. However, most appreciated the 

need to practice in order to see improvement. At the beginning of each SAFMEDS session, 

the children or supervisors needed to prepare for the timings (e.g., lay out materials, make 

sure all of the cards are facing the right way). One child felt like this wasted time within 

sessions and another felt like they needed a longer session to fit everything in.   

“[My least favourite thing about doing SAFMEDS is] doing things over and over 

again.  Have to in order to get better.” 

 

“I think they should put our cards out ready for us when we come. It just wastes time. 

Some people don’t finish 3 goes.” 

 

“[We should] come out of lesson to do the cards [rather than tutor period]. Tutor is 

not enough time [15 minutes].” 
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 Throughout the transcripts there appeared to be conflicting views relating to the 1-

minute timing period. Most of the children found the timing period to be an appropriate sprint 

to enable them to go through the cards. This encouraged them to work through the cards as 

quickly as possible. Conversely, some children wanted to be able to go through all of the 

cards in the deck and felt that 1-minute was not long enough to achieve this. 

 

“I like timing it – it’s surprising how quickly a minute goes by.” 

 

“The people I do it with get fed up because they run out of time.” 

 

A group of three children, in Year 4, expressed a preference for tactile flashcards over 

an unspecified technological alternative. One child in this group liked that the cards provided 

only one answer to each question; opposed to a multiple-choice selection. For this child, the 

ability to turn the card over and receive the immediate corrective feedback was a positive 

aspect of the tactile procedure. Other advantages the children in this group associated with 

using the physical cards included not having to overcome technological glitches and not 

having a visible countdown timer.  

“I like that it’s cards, because on the computer it gives you options, but on the cards 

you have to work it out yourself, so if you get it wrong it doesn’t matter because you 

just look on the back of the card.” 

 

“If you are on the internet it might keep loading, but with the cards you have to do it 

at your own pace.” 

 

“If you do it on your computer it can pressure you, because on the cards you don’t 

really see the time.” 

 

Theme 2: Improvement  

Thirty-two of the children we interviewed claimed that using the SAFMEDS strategy 

helped them to develop their literacy and/or numeracy skills. Across the program, children 

referenced progressing through different packs, developing confidence, and seeing their 

scores improve. At a broad level, they felt like this was facilitated by frequent practice and 
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engaging in the error correction procedure. Two children did not feel like they had improved 

because they felt like they had been practicing skills they had already mastered.  

“[The cards] help me with maths and divide. I used to not know how to divide but 

now I know a method that counting to the times table of the first one and then you can 

get the right answers.” 

 

“When I didn’t do the cards, I really struggled but now it gets easier and easier.”  

 

It is clear from the transcripts that some of the children were motivated by 

competition during their SAFMEDS sessions. Some children reported being motivated to 

surpass their personal best scores (self-competition), whilst others were keen to compete with 

their friends to see who could answer the most cards correctly within 1-minute (peer-

competition). Moreover, the transcripts revealed that the children felt a real sense of 

achievement if they managed to get through all the cards within the deck during a timing; 

working towards this target helped to keep them motivated. In this context, it may also be 

important to consider whether children might cheat and write down an inflated score. In order 

to avoid this someone should supervise each session and children should not publicly 

announce their scores  

“I kept getting 0 right on the pack but I’m getting better and soon I’ll know all the 

answers.” 

 

“First, I got 5, then 6, then 11. And I beat my partner.” 

 

“We can do it in class and see who has the best score. The competitive element is 

good.” 

 

“I like counting on how many I got right at the end. I have the motivation to get 60.” 

 

“Some people might get the answer wrong and the teacher isn’t looking, so they 

pretend they got it right, so it is better to have supervision.” 

 

“I would like to keep my score to myself because people might cheat and write your 

score down on their sheet.” 
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 Participation in the XL-LAN program helped children to use their skills outside of the 

SAFMEDS sessions. Seven children expressed that they were able to apply their new skills 

(content and fluency) in the classroom, with particular reference to tests and competitions. 

These children found that they were making fewer mistakes in their class work and had seen 

their grades start to increase. Three children reported that engaging with the program helped 

them to develop their confidence; as a result, they felt more able to raise their hand to answer 

questions in class.  

“If I wasn’t doing the cards, I wouldn’t be so quick at my times tables.” 

 

“My mental maths gets quicker and my grades are increasing. It makes me feel better 

about it.” 

 

“I think it has helped my confidence because at the start of Year 4 I wasn’t that confident. 

It makes me confident to answer questions in class.” 

 

“My teacher tells us to do times tables, and I am always sad about it but when I do 

flashcards, I feel better about it. It was really fun, and I got better at it. And now I know 

all of my times tables.” 

 

“It has helped me in maths because sometimes we have times tables competitions.”  

 

“My teacher always asks you a question and he asks random people. I’d always be stuck, 

and I wouldn’t get it. When I do flashcards, I always get it now.”  

 

Theme 3: Revision tool  

Several of the children who participated in the interviews were in secondary education 

and anticipating exams/tests. They were able to identify the role that SAFMEDS could play 

in exam revision. The children did not provide further elaboration regarding the skills that 

they would practice and assess using the SAFMEDS strategy.  

“GCSEs are coming up and will help with revision. Better at revision from cards.”  

 

“It would be useful to use in lessons and classes, helps with revision.” 

 

“I would use them at home to help me revise if I could.”  
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Theme 4: Home use 

When the interviewer asked the children if they would use SAFMEDS at home, 28 

claimed that they would like to if they were allowed to take the cards home. It became 

apparent that some children wanted to involve their family in the SAFMEDS process. They 

felt like their parents could encourage them to use the cards and that they wanted to teach 

their siblings how to use the strategy so that they could do timings simultaneously. Only five 

of the children reported that they would not use the cards at home if their provision provided 

them with the materials to do so. The remaining five children did not respond to this 

question.  

“I would use them if I could take them home and I think my mum would push me to 

use them every day.” 

 

“I would have a competition with my brother and sister because their good at times 

tables too.” 

 

“I would like to teach my brothers how to use them. If I had 4 packs, I could give 

them a pack each.”  

 

Theme 5: Withdrawal from class 

 The final theme to emerge from the transcripts encapsulates the idea that some of the 

children were removed from their lessons to complete their SAFMEDS timings. When 

removed from classes that they enjoyed, the children showed more resistance and less 

enthusiasm towards engaging with the SAFMEDS sessions. Conversely, SAFMEDS sessions 

appeared to be more appealing when the children could leave classes that they perceived to 

be less important and/or less enjoyable.   

 “Sometimes I don’t like missing my lesson – it depends on which one it is.”  

 “[I don’t enjoy] missing maths lessons, although yesterday was a boring lesson.” 

 “I like missing story time.”  
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Discussion 

The children that we interviewed indicated several positive aspects of the SAFMEDS 

strategy; including independent fast-paced practice, a visual increase in scores, and the 

opportunity to engage in error correction. Moreover, the children highlighted some points for 

consideration when rolling out a SAFMEDS program in an applied setting. For example, 

practitioners may need to consider strategies to reduce cheating, ways to reduce the time it 

takes to set up each session, and how we can harness an element of novelty when children 

need to use the strategy for prolonged periods of time.  

A growing evidence-base suggests that effective implementation of the SAFMEDS 

strategy can increase learners’ fluency of key academic skills; including numeracy and 

literacy (e.g., Beverley et al., 2016; Greene et al., 2018; Hunter et al., 2016). During the pilot 

of the XL-LAN project, children from Year 3 to Year 11 (aged 7-15 years) used the 

SAFMEDS strategy to improve their fluency of key literacy and numeracy skills. During the 

interviews they reported that they had developed new strategies to answer questions, had 

improved their mental recall of facts, and had noticed their progression through SAFMEDS 

packs. The development of these skills helps to address the cumulative effects of dysfluency 

by helping children master skills that they did not previously have in their repertoire (Binder, 

1996). We anticipate that application of this knowledge can help children access more 

difficult content on the curriculum.  

In the UK, children work towards their GCSE exams in Years 10 and 11, with English 

language and mathematics forming part of the compulsory curriculum. To the author’s 

knowledge, no published research has reported the use of the SAFMEDS strategy to practice 

and assess GCSE-level content. However, Hunter et al. (2018) demonstrated that A-Level 

students (Years 12 and 13) can use the SAFMEDS strategy to support their revision of A-

Level psychology facts. The children enrolled on the XL-LAN project highlighted the 
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perceived versatility and applications of the SAFMEDS strategy across ages. This includes 

the benefits of using the strategy to support class tests and statutory exams. Further 

quantitative research is necessary to validate the use of the SAFMEDS strategy as a revision 

tool across all stages of the education system. This would enable researchers to not only 

explore whether it is consistently effective across different topics (particularly as the content 

increases in difficulty) but also whether it is as effective as other popular revision strategies.  

The effectiveness of a SAFMEDS strategy is not limited to the classroom. Fishel and 

Ramirez (2005) showed that family involvement is a driver in the success of academic 

interventions, particularly those supporting literacy and numeracy skills. One advantage of 

using the SAFMEDS strategy at home is that the person assisting with the timings does not 

need to know the corresponding answer to the questions on each card (because the learner 

receives this feedback when they turn the card over). The person supporting the learner with 

error correction can use a scripted model-lead-test prompting technique if they do not know 

how to support learning (for example, see Greene et al., 2018). The XL-LAN interviews 

highlight that some children are keen to use the resources at home and involve their family 

members in the process. Going forward, this enthusiasm could be utilized to further increase 

children’s skill progression and engagement with the strategy.  

When considering progress towards mastery, it is important that children record 

accurate and honest scores. The majority of existing SAFMEDS literature reports the use of 

the strategy on a one-on-one basis (i.e., the timings occur between a learner and a supervisor; 

Quigley, Peterson, Frieder, & Peck, 2017). In larger group designs (e.g., small group or 

whole class SAFMEDS sessions), it may be more difficult for a supervisor to notice every 

instance of cheating; particularly when the strategies are subtle or unintentional. Vargas 

(2013) provided an example of cheating whilst using SAFMEDS during an algebra class. The 

instructor noticed that some of the highest performing SAFMEDS students were not the 
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highest test performers. When observing a SAFMEDS session, the instructor realized that 

some of the students were answering the cards too quickly to be attending to all the 

information provided. It was likely that the students had memorized irrelevant prompts, such 

as a smudge in the corner of the card or an isolated word. This has clear implications in terms 

providing children with cards that are too difficult for them and test outcomes. The data from 

the XL-LAN interviews indicated that children might cheat by placing “not yet” cards in their 

correct pile or verbally announce a higher score to their peers. This finding is also important 

in relation to some of the invalid quantitative data that we excluded from the final 

quantitative analysis; whereby the data was suspected to be invalid either by the supervisor or 

the XL-LAN coordinators.  

The children enrolled on the XL-LAN project indicated that competition motivated 

them to want to improve their scores. In Hughes, Beverley, and Whitehead’s (2007) study, 

the instructor encouraged the participating children to aim for their ‘personal best’ score; 

turning their focus away from peer competition and towards self-competition. By doing this, 

they hoped that the children would contact the natural occurring reinforcers that occur as a 

product of learning. It is clear that additional research is needed to explore the impact of peer 

and self-competition dynamics during a SAFMEDS program. Measures should assess 

whether peer competition may act as a catalyst for cheating behavior, particularly amongst 

children who feel embarrassed or disheartened when they achieve a lower score than their 

peers. Educators may benefit from utilizing individualized target setting to keep children 

focused on their own progress towards mastery. Aiming to beat their personal best score each 

session may help limit cheating in a group setting and consequently generate more accurate 

learning pictures. The more accurate these learning pictures are the easier it will be for 

educators to make the necessary data-driven decisions that will support the children to 
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become fluent at the skill they are practicing and move onto progressively harder packs 

(Lindsley, 1995).  

Over the course of the XL-LAN program, several children commented on how the 

SAFMEDS sessions have improved their confidence of numeracy and/or literacy skills. 

Children’s confidence in mathematics and literacy has been strongly correlated with their 

competence and attainment (Francis et al., 2017; Katzir, Lesaux, & Kim, 2009; Nunes, 

Bryant, Sylva, & Barros, 2009). The SAFMEDS strategy provides a vessel for learners to 

practice and assess a skill until they are able to answer questions fluently. Over time, a child 

can visually see their scores improve towards mastery (Eshleman, 1985). The children we 

interviewed reported that the SAFMEDS sessions made them feel more confident to answer 

questions in class. Additionally, they reported that they were making fewer mistakes in their 

classwork as a result of the fluency-building practice. This further demonstrates some of the 

transferable benefits of a SAFMEDS program.  

General discussion and recommendations 

This report aimed to evaluate the effectiveness of the XL-LAN pilot scheme in 

improving children’s fluency of basic literacy and/or numeracy skills. Since its initiation, the 

XL-LAN project evolved to support 30 schools and organizations. The findings we have 

presented in this report enabled XLP to strategize about how to further develop the service 

they provide. Over the course of this pilot, XLP have identified several factors that affect the 

regularity of SAFMEDS sessions and the fidelity of implementation.  

Supervisors, XLP staff, and children highlighted that cheating can occur during a 

SAFMEDS program. Going forward, the XL-LAN project aims to promote a small group 

approach to deliver the SAFMEDS sessions. This will enable the supervisors to observe the 

children more closely and validate their data more regularly. Moreover, XLP will be 

encouraging supervisors to set the children individualized weekly score targets to help 
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maintain focus and motivating during their SAFMEDS sessions. We anticipate that the focus 

on self-improvement will reduce unhealthy peer competition and the occurrence of 

dishonest/invalid scores.   

XLP made the decision not to use the SCC to plot data for the duration of the project. 

They believed that supervisors and children would find it too complex to use. Instead, they 

opted to use a linear graph—which they felt the audience would be more familiar with. 

Whilst linear graphs do depict progress, they do not always visualize progress in an accurate 

and standardized form (Lindsley, 1991c). Learning is more accurately reflected on a 

multiply/divide scale; whereby we can calculate growth of learning over time (for more 

information see Calkin, 2005). With the children involved in the XL-LAN project being 

highly motivated by score increase, it would be worthwhile to upskill provisions to use the 

SCC during the next academic year to visually display this progress. If a children’s 

SAFMEDS score starts to plateau or worsen, then a change to the instruction, materials, or 

surrounding environment might be necessary. The data in Study 1 revealed that few children 

completed more than one SAFMEDS pack during their involvement with the program. 

Moreover, on average, children’s fluency seemed to plateau below a level that would 

represent mastery. The SCC is a valuable tool that will help supervisors and children identify 

when they need additional support, and these changes will be instrumental in seeing 

continuing progress within and across SAFMEDS packs. This will allow children to visualize 

their learning and also provides the option for educators and learners to set daily goals using 

trajectory lines (Johnson & Street, 2012).  

A final recommendation would be to employ the use of an external standard measure 

to assess skill performance. This does not aim to replace the use of the SCC, but instead 

accompany the decisions that provisions make about the skills they choose to focus on. 

Standard measures such as the Wide Range Achievement Test, Fourth Edition (WRAT-4; 
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Wilkinson & Robertson, 2006) offer administrators a way to assess and monitor literacy and 

numeracy skills. The advantage of these tests is that the outputs provide details about where 

children’s skill deficits lie, comparative to their age. By collecting data at the beginning of 

the project, XLP will be able to support provisions in their choice of SAFMEDS packs. The 

sub-scales of these assessments can be re-administered whenever necessary; providing 

further indication of progress and ensuring that the children are able to apply the skills that 

they have learnt from the SAFMEDS cards to another context.   

 XLP also offer a youth bus service that hosts computer equipment for homework and 

aims to provide a comfortable space for young people to relax in (XLP, n.d.c). Over the 

course of the XL-LAN project, the delivery of SAFMEDS strategy on board this service has 

evolved to try and engage children and encourage them to come back and practice skills. 

Most recently, XLP have employed a ‘loyalty card’ system, whereby young people receive a 

stamp each time they come to the bus to engage with the SAFMEDS strategy. This acts as a 

score card, so the children can see their tabulated progress. The data for this project was not 

included in the final analysis due to the impractical nature of gaining consent. Nevertheless, 

this is a novel approach to encourage young people to engage with the SAFMEDS strategy.  

The relationship between XLP and Bangor University has been reciprocal throughout 

this project. The XL-LAN project has provided several valuable outputs, not only in relation 

to the skill development of the children but also directions for future research and the 

evolution of the literacy and numeracy support they continue to offer to educational 

provisions. This work highlights the benefits associated with charities and education 

provisions working with researchers to develop services. 
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Chapter 6 : Using an instructional fluency approach to teach addition skills in a pupil 

referral unit: A pilot study 
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instructional fluency approach to teach addition skills in a pupil referral unit: A pilot 
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Preface  

Figure 2.4 outlines some of the context and rationale for the research that we present 

in this chapter. Estyn (2017) revealed that four in ten PRUs in Wales did not sufficiently 

support children to develop the numeracy skills they need to support their learning across the 

curriculum. With a high proportion of children arriving at PRUs with additional and complex 

learning needs (Department for Children, Schools and Families, 2008; Estyn, 2015; Welsh 

Government, 2018), is important to identify effective interventions that can help them to 

catch up with their mainstream peers and leave education with necessary numeracy skills. 

The first author was interested in piloting the use of DI and PT to help support and accelerate 

children’s learning of arithmetic in PRUs. The Corrective Mathematics (CM) program offers 

a way of delivering scaffolded and unambiguous lessons to help children master content. To 

complement this, PT time trials enable learners to practice these skills to fluency and for a 

practitioner to make data-driven decisions to support progress. This is the first known attempt 

to pilot these methods in a PRU to support mathematics development. 

This chapter contains the manuscript of the paper that we have submitted for 

publication. At the time of the submission of this thesis, this paper has undergone peer review 

and it is in press. We have edited the version that we have presented here to adhere with APA 
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formatting guidelines (including placing figures and tables in the main body of the text). In 

Chapter 7 we discuss the implications, applications, and limitations of this research in more 

detail. 
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Abstract 

Pupil referral units (PRUs) in Wales accommodate children who present with a range of 

difficulties that cannot be managed within a mainstream setting. Many children attending 

PRUs in Wales do not develop the numeracy skills that they need to support their learning 

across the curriculum. In an effort to teach and assess addition skills, the authors assessed the 

effects of using a combination of direct instruction (DI) and precision teaching (PT) in a 

PRU. Over six school weeks, we worked with five children (aged 7 to 10 years) on a one-on-

one basis through the Corrective Mathematics addition curriculum (Engelmann & Carnine, 

2005). Following each lesson, the children completed an individualized fluency assessment, 

which we tailored to their needs using PT methods. We collected baseline and follow-up data 

using the Test of Early Mathematics Ability (TEMA-3), the Wide Range Achievement Test 

(WRAT-4) and the Corrective Mathematics placement test. We also interviewed the children 

post-intervention to gain insight into their experience of the approach. The results provide 

evidence to support the use of an instructional fluency approach in a PRU setting to help 

children develop early mathematics skills, particularly for children who engaged in the 

sessions regularly. Due to the small sample size, the results of this study have limited 

generalizability but may help shape future research investigating effective strategies for 

teaching mathematics in PRUs.  
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Introduction 

Pupil referral units (PRUs) accommodate children with complex needs that cannot be 

managed within mainstream school settings. Children attend a PRU for a variety of reasons 

relating to behaviour or illness; with a large proportion holding a diagnosis for an additional 

learning need (Estyn, 2015; Welsh Government, 2018). In their report, Estyn (2017) 

indicated that there are currently 25 registered PRUs in Wales, educating approximately 665 

children. Estyn judged the quality of provision to be adequate in 36% of these PRUs and 

unsatisfactory in a further 14%. This was mainly due to the wide variability of outcomes 

children achieve (including the narrow breadth of qualifications) and low levels of 

participation and engagement in learning. Their inspection report also revealed that four in 

ten PRUs taught numeracy skills targeted towards early development and that many of the 

children did not develop the skills they needed to support their learning across the 

curriculum. As a result, the curriculum these units offered lacked challenge, did not ensure 

that all children in the classroom achieved, and that the pace of learning was too slow.  

  The term mathematics refers to an international discipline, which integrates concepts, 

rules and procedures involving quantities and symbols. The term numeracy refers to the 

application of mathematical knowledge to every-day life (Resnick & Ford, 1981/2008; Welsh 

Government, 2019). Longitudinal studies provide evidence to suggest that that acquisition of 

age-expected mathematics and numeracy skills during early childhood is predictive of later 

mathematical achievement (Desoete, Ceulemans, De Weerdt, & Pieters, 2010; Missall, 

Mercer, Martínez, & Casebeer, 2012). Underachievement in mathematics and numeracy also 

has wider implications with regards to access to further education and employment prospects 

(Banerjee, 2016; Geary, 2011). This highlights the need to identify pedagogical approaches 

that can help improve the mathematics outcomes of children who attend PRUs.  

 The Foundation Phase Framework (Welsh Government, 2015) and the Mathematics 

Programme of Study in Wales (Welsh Government, 2016) describe the outcomes that 
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children should be able to achieve at the end of each school year in Wales. By the end of 

foundation phase (Year 2, aged 7 years), children should be able to solve simple addition 

problems. Examples of these skills include being able to solve one-step word problems that 

involve addition (e.g., 7 + __ = 9); using known number facts when adding three single digit 

numbers; and being able to mentally add 10 to a given number up to 100 (Welsh 

Government, 2015). By the end of primary education (Year 6, aged 11 years), the curriculum 

prescribes that children should be able to identify missing numbers a sequence using their 

addition skills and simplify formulae involving the addition of variables (Welsh Government, 

2016).  

The new Curriculum for Wales (Donaldson, 2015) places an emphasis on making 

mathematics and numeracy experiences engaging and accessible for all children. Schools in 

Wales have the statutory duty to teach numeracy across the curriculum to help children to 

apply their skills and solve problems in real-world contexts (Welsh Government, 2013a). The 

Curriculum for Wales 2022 guidance identifies that children need to be able to fluently use 

the four basic arithmetic operations (addition, subtraction, multiplication, and division) and 

understand the relationship between them (Welsh Government, 2019). Jordan, Hanich, and 

Kaplan (2003) demonstrated that children aged 7 to 9 years who were unable to perform 

arithmetic facts fluently (i.e., reach the correct answer in less than 3-seconds) performed 

significantly lower on mathematics tests compared to age-matched children who were more 

fluent. These tests included questions encompassing story problems, place value, forced 

retrieval of number facts, calculation principles, and written computation. The Education 

Endowment Foundation (2017) recommend that schools support children to develop fluent 

recall of mathematics facts pertaining to the four arithmetic operations. They acknowledged 

that without this knowledge children are likely to encounter difficulty understanding and 

using the mathematical concepts taught later in the curriculum.  
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Binder, Haughton, and Bateman (2002) explained that schools traditionally view 

children achieving 100% accuracy as “mastery”, but with additional practice children can 

recall facts both quickly and accurately (i.e., fluently). Without the ability to perform basic 

skills fluently children are likely to struggle to master complex skills (Johnson & Layng, 

1996; Nelson, Burns, Kanive, & Ysseldyke, 2013). For example, if a child is not able to 

recognize numbers fluently, they will be unable to read single digit addition sums without 

hesitation. Binder (1996) coined this phenomenon cumulative dysfluency and believed it can 

explain academic underachievement and failure within education. There are several evidence-

based strategies that aim to remediate cumulative dysfluency; including direct instruction 

(DI; Kozioff, LaNunziata, Cowardin, & Bessellieu, 2000) and precision teaching (PT; 

Gallagher, Bones, & Lombe, 2006).  

The importance of teachers considering a range of teaching approaches, including 

more direct teaching, is recognized as one of the 12 pedagogical principles in the Curriculum 

for Wales (Donaldson, 2015). DI is an approach which aims to teach component skills to 

mastery. Using a combination of behavioral techniques (e.g., reinforcement principles and 

task analysis), DI programs teach learners skills in a sequential, explicit, and scaffolded order 

(Kinder & Carnine, 1991). DI lessons incorporate teacher demonstrations and guided practice 

to establish learner independence and skill acquisition (Archer & Hughes, 2011). Several 

studies have demonstrated that commercially available DI programs can help children learn 

basic mathematics skills; including Corrective Mathematics (Glang, Singer, Colley, & Tish, 

1991; Parsons, Marchand-Martella, Waldron-Soler, Martella, & Lignugaris-Kraft, 2004; 

Sommers, 1991). These programs aim to supplement classroom teaching rather than 

replacing it by focusing on children’s skill deficits. This makes DI programs useful for both 

mainstream learners who have fallen behind age-expected norms and those with additional 

learning needs (Flores & Kaylor, 2007). In their meta-analysis, Stockard, Wood, Coughlin, 
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and Khoury (2018) demonstrated that DI programs can significantly improve academic 

outcomes across the curriculum. Analysis of 328 studies across a 60-year period revealed that 

DI approaches consistently yield positive effect sizes, with most estimates falling within the 

range of medium or large. This provides strong evidence to support the use of DI approaches 

in education, including its use to teach component mathematics skills to children. 

 A complementary approach to support skill development is precision teaching (PT). 

PT is a method of assessment that aids decisions about subsequent instruction. There is also a 

specific focus on building fluency to help children master skills to a level that promotes 

maintenance, endurance, stability, application, and generalizability (Johnson & Layng, 1992; 

Johnson & Street, 2012). Within a PT approach, educational practitioners identify the skill(s) 

they want to help their learner develop, they provide opportunities to practice the skills, 

record data, and try new/altered techniques to teach skills when necessary (White, 1986). 

These decisions are guided by learning pictures that emerge on a standard celeration chart 

(SCC; see Lindsley, 1995). For example, if a child’s data demonstrates that they are 

answering less questions correctly within 1-minute over several consecutive days, then a 

practitioner should consider changing the task they have set. A feasible suggestion might be 

to assess if the child has mastered all of the associated prerequisite skills (Kerr, Smyth, & 

McDowell, 2003). Chiesa and Robertson (2000) demonstrated that employing PT methods 

can support children’s mathematical fluency development. The results from their study 

suggest that PT driven fluency training (including daily practice, time probes, and 

individually tailored materials) can help children to rapidly improve their mathematics 

outcomes.  

  Both PT and DI approaches focus on behavioral mastery and fluency. Desjardins and 

Slocum (1993) argued that integrating PT methods into DI programs can help learners to 

establish mastery of key concepts. Combing these instructional technologies enables learners 
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to fluently perform basic skills, provides efficient and effective practice opportunities, and 

ensures that learners are able to perform skills at a proficient level before progressing onto 

more difficult ones. An emerging evidence-base reports the benefits of using an instructional 

fluency approach to teach literacy skills to mastery (e.g., Adda Ragnarsdóttir, 2007; Hulson-

Jones, Hughes, Hastings, & Beverley, 2013). The available data in this field suggest that the 

approach can support a variety of learners, including children who attend mainstream primary 

schools (Kubina, Commons, & Heckard, 2009) and children with additional learning needs 

(Morrell, Morrell, & Kubina, 1995) to develop fundamental literacy skills. However, no 

known published research has investigated whether this approach can be applied to a 

manualized DI mathematics curriculum and elicit positive outcomes for children who attend 

a PRU.  

The current small-scale exploratory study aimed to assess the effects of using an 

instructional fluency approach to teach and build fluency of addition skills. The authors used 

a commercially available DI program—Corrective Mathematics (CM)—in a PRU situated in 

North Wales. At the end of each CM lesson, the children completed a 1-minute timing to 

assess their fluency of basic addition skills (adhering to PT methods). We assessed the 

children’s numeracy gains over six weeks of instructional fluency sessions. This paper also 

includes data relating to session attendance, the children’s literacy skills, as well as the 

children’s attitudes towards the instructional fluency intervention.  

Method 

Ethics  

This study received full ethical approval from the School of Psychology’s research 

ethics committee at Bangor University (reference number: 2018-16417). After approaching a 

PRU in North Wales to take part in this research, we sent opt-in consent forms to the 

headteacher and children’s parents/guardians. Children provided assent to complete the 
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assessments and intervention sessions. If at any point they did not want to participate they 

returned to their classroom. We later gave children the opportunity to return and complete the 

given task. Throughout this paper we refer to each child by a pseudonym to protect their 

anonymity.  

Sample  

 We received parental consent to assess ten of the children who attended the PRU. 

Following the baseline assessments, we identified five children (aged 7 to 10 years) to 

participate in the instructional fluency intervention. We selected these children on the basis 

that they attended the unit on the days that the first author was able to conduct the 

intervention sessions and they completed all baseline measures. This allowed us to ensure 

that the children had the appropriate prerequisite skills to participate in the intervention (e.g., 

they could recognize numbers, write numbers independently, and were able to read basic 

addition problems independently). The assessment also enabled us to identify the children 

who would benefit from the CM addition program—these children all placed on a lesson 

within the addition module. Table 6.1 outlines the characteristics of the children who 

participated in the intervention.  

Table 6.1  

Characteristics of the Children who Participated in the Instructional Fluency Intervention at 

Baseline 

Child Diagnostic label Chronological age  

Tom ASD, ADHD 7-years 8-months 

Dean ADHD 10-years 1-month 

Will - 10-years 1-month 

Chris ASD, ADHD 9-years 10-months 

Leo - 9-years 11-months 

Note. ASD = Autism Spectrum Disorder, ADHD = Attention Deficit Hyperactivity Disorder 
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Assessments 

 The researchers who administered the assessments were blind to the aims of the 

project and were not involved in delivering the intervention sessions; the purpose of this was 

to minimize administration bias. The children completed all of the assessments on a one-on-

one basis with a researcher in a quiet room in the PRU they attended. In order to reduce the 

effects of fatigue and the likelihood of behaviours that challenge occurring as a result of 

demand, the researchers ensured that the children had sufficient breaks between assessments 

and sub-tests. None of the children completed all of the assessments in one sitting but did 

complete them within a 1-week period. Following the completion of each assessment, the 

researchers rewarded each child with verbal praise and a sticker. The baseline assessments 

for this study took place in April 2019. Following 7 weeks (inclusive of 6 weeks of 

intervention sessions and 1 week of half term), the children completed the follow-up 

assessments in June 2019.  

Test of Early Mathematics Ability (TEMA-3) 

 The TEMA-3 (Ginsburg & Baroody, 2003) identifies children who are likely to 

develop numeracy difficulties. Typically used with children aged between 3-years 0-months 

and 8-years 11-months, this assessment offers insight into children’s ability to perform the 

mathematics skills that are typically taught during early schooling (e.g., reading numbers, 

counting forwards and backwards, using finger displays, and using a number line).  

 The TEMA-3 offers an entry point for the assessment based on the child’s age. We 

used this recommendation to limit administration time. A researcher worked forward through 

the test items from the age entry point until the child reached a ceiling (i.e., they answered 

five consecutive items incorrectly). The researcher also ensured that they had a basal 

measurement for each child (i.e., they had answered at least five consecutive items correctly); 
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in some cases, this required the researcher and child to work backwards from the age entry 

point.   

 The researcher sat opposite the child across a table with the picture book and 

examiner record booklet. Each item on the TEMA-3 has a script for assessors to follow. The 

researcher read this out loud and waited for the children to respond. Some of the questions 

required the children to respond using their fingers, answer orally, or provide a written 

response.  

To account for repeated administration, The TEMA-3 offers two parallel test forms. 

Bliss (2006) reported that these forms have high levels of internal reliability (α); with 

previous research reporting reliability coefficients between .92 and .96. At baseline the 

children completed Form A and at follow-up they completed Form B.  

Wide Range Achievement Test (WRAT-4) 

The WRAT-4 (Wilkinson & Robertson, 2006) provides a battery of measures 

assessing reading, sentence comprehension, and mathematical computation. The WRAT-4 

assesses an individual’s ability to decode letters and words, gain meaning from words, count, 

identify numbers, solve oral mathematics problems, and calculate written mathematics 

problems (from basic arithmetic to advanced operations). This is a norm-referenced 

assessment which practitioners can use with individuals aged 5-years through to 94-years. 

 For this study, a researcher worked through the script that accompanies the 

administration of each sub-test (reading, comprehension, and mathematics). The children 

responded either verbally or in written form on the corresponding test form. Some of the 

children were unable to read passages of text independently. The researcher read the 

comprehension passages and literacy-based mathematics questions out loud for these 

children.  
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 The WRAT-4 offers two parallel test forms for repeated administration. Dell, Harrold 

and Dell (2008) indicated that the forms have high internal consistency; with reliability 

coefficients ranging from .92 to .98. Within this study, the children completed the Blue form 

at baseline and the Green form at follow-up.   

Corrective Mathematics placement tests 

The CM program is comprised of systematically sequenced lessons for key 

mathematics skills. In order to place children on a lesson that meets their needs, they can sit 

the CM placement test. This test is a paper-based assessment and requires children to write 

their responses on the test form. A researcher administered the CM placement test to identify 

if all of the children met the criteria for the addition module (i.e., they made more than 1 error 

on Part A of the assessment). The data from this assessment also enabled us to place the 

children on an appropriate lesson within the CM addition program.  

All of the children completed Parts A and B of the assessment. Part A assessed the 

children’s ability to answer addition sums in columns; starting with single to single digit 

addition and progressing onto adding four multi-digit numbers together. Part B assessed the 

children’s ability to answer subtraction calculations (including single to single digit and 

double to double digit calculations), as well as their ability to answer subtraction word 

problems. A researcher read the word questions to the children if they were unable to read 

independently.  

 The children had 20-minutes to answer as many questions collectively from Part A 

and B as they could. If they identified that they could not answer anymore of the questions 

before the end of the timing period, the researcher stopped the assessment and scored their 

responses. If any of children made one error, or less, on both Parts A and B, then they would 

have met the criteria to progress onto Parts C (multiplication) and D (division); however, 

none of the children met this threshold at baseline or follow-up.  
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Follow-up interviews 

 Following the intervention, the first author interviewed each of the children who 

participated in the instructional fluency intervention. The informal interviews also took place 

on a one-on-one basis in a quiet room within the PRU. The first author asked the children if 

they had enjoyed taking part in the intervention, what aspects about it they liked or disliked, 

and if they would like to continue taking part in the intervention sessions in the future. When 

appropriate, the first author asked the children to elaborate further on their answers and/or 

asked follow-up questions. Please refer to Appendix E for a list of the predetermined 

questions and prompts.  

Materials  

DI program 

 Corrective Mathematics (CM; Engelmann & Carnine, 2005) is a commercially 

available DI program that offers seven modules to build children’s understanding of key 

mathematics skills. For this study, we focused on the addition module and aimed to complete 

one lesson per session. During each lesson, the first author used the presentation book, which 

contained a script for each exercise and for correcting children’s errors. The exercises within 

each lesson required the children to respond either verbally, by pointing to an answer, or by 

writing the answer down. The lesson-specific worksheets provided the children with an 

opportunity to practice and review their skills throughout the program. The children came out 

of class to complete the sessions in a separate room within the PRU.  

Randomized practice sheets 

To support the PT element of the sessions, the first author generated a collection of 

addition practice sheets. Each sheet contained 30 random column addition sums, tailored to 

the ability of each child (e.g., all single digit addition combinations containing digits 0 to 9; 

exclusively +0 and +1 sums). In order to complete the worksheet, the children had to write 
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the correct answer underneath each column sum. They had 1-minute to answer as many 

questions as they could; working from left to right. They could skip questions if they did not 

know the answers fluently and return to them at the end if time permitted them to do so. The 

children completed one practice sheet following each CM lesson. The first author scored the 

answers based on the number of correct digits written within 1-minute.  

The Standard Celeration Chart (SCC) 

The first author plotted the children’s scores from the randomized practice sheet 

activity onto their individualized SCCs. This enabled the first author to make decisions about 

whether each child was making sufficient progress across sessions or if the activity needed to 

be altered. As a general rule, if a child did not make desired progress (i.e., their score 

decreased or maintained) over three consecutive sessions, the first author made a change to 

the practice sheet activity (e.g., altered the content of the worksheets or provided the children 

with some further instruction to help them answer specific questions).  

Results 

Attendance 

 The children had the opportunity to attend three intervention sessions a week, for six 

school weeks. Tom, Will, and Leo started but did not complete one of their sessions due to 

refusal to comply. In these instances, the first author terminated the lesson and the children 

returned to their classroom. Tom and Will repeated the CM lesson that they did not complete 

in the following session. Despite given the opportunity, Leo refused to attend any more 

sessions for the remainder of the intervention period. Table 6.2 displays the total number of 

sessions each child attended.  

There are several reasons why some of the children did not attend all of the sessions. 

Reasons for non-attendance included: refusal to leave the classroom (i.e., lack of assent), 

school trip, illness, or a competing activity within school that required the child’s 
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participation (e.g., another intervention). Some of the children also attended a mainstream 

school for half a day throughout the week, so they were not always in the unit to attend the 

sessions due to timetabling changes.  

Table 6.2  

Progress Through the CM Curriculum Over the Intervention Period 

Child Starting CM lesson End CM lesson Total number of sessions attended 

Tom 1 9 9.5 

Dean 1 14 14 

Will 1 16 16.5 

Chris 1 11 11 

Leo 23 26 3.5 

Note. Some of the children started a lesson but did not complete them due to refusal; this is 

denoted by 0.5.  

TEMA-3  

The raw scores from the TEMA-3 assessment can be found in Table 6.3. A Wilcoxon 

signed-rank test revealed that the children’s TEMA-3 raw scores did not vary significantly 

following the instructional fluency intervention (Z = 1.63, p = .10). It is worth noting that this 

analysis does not account for the variance in session attendance across the five children. 

However, the age equivalence data demonstrated that all of the children who attended the 

instructional fluency sessions, except Leo, made greater gains than would be typically 

expected over a 7-week period. Leo did not improve on this measure, but also engaged in the 

fewest number of sessions (completing only three CM lessons across 2-weeks).  

Figure 6.1 shows evidence of Tom’s development between baseline and follow-up. 

Despite reversing the numbers in his answer, his single digit addition computation skills 

improved. Although he did not demonstrate digit reversal during the intervention sessions, he 

made this mistake consistently across the TEMA-3 follow-up assessment. This affected his 

overall raw score performance on the TEMA-3 and is reflected in his age-equivalence 

outcomes.  
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Table 6.3  

The Children’s Baseline and Follow-Up Outcomes on the TEMA-3. 

 Raw score  Age equivalence  

Child Baseline Follow-up Difference  Baseline Follow-up Difference 

Tom 47 52 5  7- years 0-months 7-years 9-months 9-months 

Dean 49 53 4  7-years 3-months 7-years 9-months 6-months 

Will 33 48 15  6-years 0-months 7-years 3-months 1-year 3-months 

Chris 45 46 1  6-years 9-months 7-years 0-months 3-months 

Leo 64 63 -1  8-years 9-months 8-years 9-months 0-months 

 

 

WRAT-4 

A Wilcoxon signed-rank test revealed that the children’s standard scores did not 

significantly improve on the mathematics sub-measure between baseline and follow-up (Z = 

0.41, p = .69). Whilst the CM program aims to help children master basic mathematics 

concepts, there is a level of literacy involved in reading and solving mathematics problems 

(e.g., reading word problems and deducing the corresponding calculation). Therefore, it is 

important to consider literacy skills in the wider context of numeracy development. We 

conducted signed-rank test on the children’s standard reading (Z = 0.00, p = 1.00) and 

comprehension scores (Z = -0.27, p = .79). Neither analysis revealed a significant 

improvement between baseline and follow-up. Table 6.4 outlines the children’s standard 

scores on the mathematics and literacy sub-tests.

Figure 6.1. Tom’s responses on the TEMA-3 at baseline (left) and follow-up (right) 
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Table 6.4  

The Children’s Baseline and Follow-Up Standard Scores on the WRAT-4 

 Word reading  Comprehension  Mathematics 

Child 
Baseline 
[95% CI] 

Follow-up 
[95% CI] 

Difference  
Baseline 
[95% CI] 

Follow-up 
[95% CI] 

Difference  
Baseline 
[95% CI] 

Follow-up 
[95% CI] 

Difference 

Tom 64 
[57, 74] 

76 
[69, 85] 

12 
 

107 
[99, 115] 

107 
[101, 112] 

0  88 
[79, 98] 

83 
[74, 95] 

-5 

Dean 79 
[72, 88] 

80 
[73, 89] 

9 
 

84 
[77, 92] 

78 
[73, 84] 

-6  67 
[59, 79] 

65 
[55, 76] 

-2 

Will 68 
[61, 78] 

68 
[61, 78] 

0 
 

96 
[88, 104] 

97 
[91, 103] 

1  61 
[53, 73] 

68 
[61, 78] 

7 

Chris 98 
[90, 106] 

96 
[89, 103] 

-2 
 

100 
[92, 108] 

87 
[82, 93] 

-13  56 
[49, 68] 

69 
[60, 82] 

13 

Leo 94 
[86, 103] 

89 
[81, 98] 

-5 
 

102 
[94, 110] 

111 
[105, 116] 

9  87 
[78, 97] 

84 
[74, 96] 

-3 
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CM placement test  

The scoring system for the CM program considers the number of errors children make 

whilst solving computation problems. Part A focuses on addition skills. A Wilcoxon signed-

rank test revealed that the children’s scores Part A did not significantly vary across the 

intervention period (Z = -0.16, p = .88). Part B assesses the children’s ability to answer 

subtraction calculations. Our results suggest that as a group, the children did not significantly 

reduce the number of errors they made on Part B between baseline and follow-up (Z = -0.85, 

p = .40). Table 6.5 outlines the children’s individual progress across Parts A and B.  

Table 6.5   

The Number of Errors Each Child Made on the CM Placement Tests 

SCC data 

Here we present Dean’s SCC as an example to illustrate its use by the first author 

across the intervention period (see Figure 6.2). Refer to Appendix F to see Tom’s, Will’s, 

Leo’s, and Chris’ fluency progress.  

 Dean made limited progress on the single digit addition practice sheets over the first 

two weeks (celeration: x1.05, bounce: x1.3). It appeared that he was struggling to answer 

questions where the answer exceeded 10 and he needed to use his fingers to count. The first 

author altered the practice sheet activity to focus on building fluency on single digit addition 

sums where the answer did not exceed ten first, with the plan to reintegrate more difficult 

sums following their introduction in the CM program. This alteration saw an improvement in 

 Part A  Part B  
Addition Lesson 

placement 

Child Baseline Follow-up Difference  Baseline Follow-up Difference  Baseline 

Tom 8 8 0  11 4 -7  1 

Dean 8 8 0  9 10 1  1 

Will 8 4 -4  10 10 0  1 

Chris 8 8 0  13 10 -3  1 

Leo 3 4 1  9 9 0  23 
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Dean’s progress (celeration: x1.1). After showing limited acceleration in his correct 

responses after half term, the first author made the decision to simplify the activity even 

further; by focusing on adding 0, 1, and 2 to numbers 0 through 9. This saw an initial 

improvement in Dean’s data before the intervention ended. 

 

Follow-up interviews 

When asked which aspects of the intervention they enjoyed, Tom reported that he 

liked seeing his progress reflected on the SCC (particularly in reference to the correct 

responses going up), doing the work well, and receiving stickers for taking part. Will found 

Figure 6.2. Dean's SCC. The dots represent the number of correct digits Dean wrote 
in 1-minute, the crosses refer to the number of incorrect digits in 1-minute (with the 
question marks denoting zero errors), and the triangles depict the number of timings 
Dean completed each session (i.e., one timing a day). 
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the sessions fun and enjoyed learning new things and Leo enjoyed the mathematics content 

that we covered within the sessions.  

With regards to the elements of the session they enjoyed the least, Dean expressed 

that he did not like the 1-minute fluency timings we completed after each lesson. Despite not 

enjoying this aspect, he acknowledged that it was a useful element of the session as he was 

now able to write down numbers faster. Chris claimed that he did not enjoy the sessions due 

to the repetitiveness of the content. Will did not enjoy answering sums containing big 

numbers.  

All five of the children appreciated that the intervention was useful for them. Dean, 

Will, and Tom claimed that the content they had learnt and practiced within the sessions had 

helped them with their classwork. Will and Tom felt like taking part in the intervention 

helped them to get smarter. Dean and Chris both identified that the sessions were useful in 

the sense that they helped them to learn.  

Dean, Will, and Tom indicated that they would like to carry on using the instructional 

fluency approach to help them learn mathematics. Leo and Chris did not want to engage with 

the program anymore; with Leo indicating that he felt like the sessions took too long. Leo and 

Tom both revealed that they did not always engage with the sessions due to a more appealing 

activity being available in their classroom (i.e., they chose to play a game with their peers 

rather than completing an instructional fluency session).  

Discussion 

 Estyn (2017) identified that half of the PRUs in Wales are not supporting the children 

they accommodate to satisfactory standards. Many of the children who attend these units are 

unable to perform age-expected mathematics skills, they display a lack of interest towards 

learning, and the pace of learning is too slow for them. Through this small-scale exploratory 

study, the authors aimed to investigate whether children attending a PRU would engage with 
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an instructional fluency intervention targeting addition skills and whether it would help 

accelerate their mathematics outcomes. To the authors’ knowledge this is the first study to 

investigate the use of this combined instructional technology to teach mathematics skills a in 

PRU.  

 The TEMA-3 results suggest that a regular attendance to instructional fluency 

sessions can help children attending a PRU to learn some of the mathematics skills that they 

would typically be expected to have learnt and acquired during early childhood. However, the 

approach did not significantly affect the children’s standard scores on the WRAT-4 

assessment. This may suggest that six-weeks of the intervention is not sufficient to help 

children access higher-level mathematics content or develop comprehension skills. Three of 

the five children who participated in the intervention indicated that they would like to 

continue using the instructional fluency approach to learn mathematics. Overall, the results 

from this study suggest that it is feasible to use an instructional fluency approach on a one-

on-one basis in a PRU to improve mathematics outcomes. The outcomes appear to be 

contingent on the children complying to attend and showing willingness to engage with the 

intervention sessions.  

 DI programs aim to identify and teach to children’s skill deficits, using explicit and 

scaffolded teaching methods. That is, DI programs teach skills in a sequential order based on 

the premise that children have to master certain prerequisite skills in order to access higher-

order content (Kinder & Carnine, 1991). Previous research has demonstrated that DI is an 

effective remedial intervention for children in mainstream schools and children with 

additional learning needs (Flores & Kaylor, 2007). After six weeks of instructional fluency 

sessions, Will, Tom, Dean, and Chris increased their age equivalence scores on the TEMA-3 

by at least 3-months. This suggests that the intervention helped the children attending the 

PRU to master some of the mathematics skills that children typically acquire during early 
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schooling. This data supports the contention that using an instructional fluency approach can 

accelerate learning and remediate skill deficits (see, for example, Morrell, Morrell, & Kubina, 

1999). Moreover, this finding is in line with the wider DI and PT literature which provides 

strong evidence to support the benefits of using these technologies in education (see, for 

example, Stockard et al., 2018; Chiesa & Robertson, 2000).  

 Administering the WRAT-4 enabled us to assess the children’s literacy and numeracy 

abilities comparative to age-expected norms. The data suggest that all of the children who 

participated in the intervention had low-level word reading skills for their age at baseline; 

with Dean and Will also displaying low-level comprehension skills. This may have wider 

implications with regards to the children’s ability to access specific mathematics content on 

the curriculum. Passolunghi and Pazzagila (2005) suggested that solving reading 

comprehension questions and mathematics word problems require children to use the same 

problem-solving skills. In order to answer these types of questions, a child’s working 

memory needs to process the relevant text and ignore irrelevant information. This might 

explain why the children who participated in this study were unable to answer the 

mathematics word problems on both the WRAT-4 and CM placement test (Part B). The CM 

addition program integrates word problems and associated comprehension strategies from 

lesson 19. We only ran this intervention for six school weeks, meaning Tom, Dean, Will, and 

Chris did not engage with these lessons within the CM addition curriculum. Future research 

could extend the intervention period and investigate the effects of the lessons on children’s 

literacy and numeracy skills.  

 Estyn (2015) noted that a large proportion of children who attend PRUs in Wales 

have additional learning needs. In our sample, Tom, Chris, and Dean held a diagnostic label 

for autism spectrum disorder (ASD) and/or attention deficit disorder (ADHD). Children with 

underlying developmental disorders often display attention difficulties which can make them 



USING EVIDENCE-BASED METHODS TO SUPPORT MATHEMATICS  171 

more suspectable to poor academic outcomes and long-term behavioral problems (May, 

Rinehart, Wilding, & Cornish, 2013). Jordan and Levine (2009) identified five mathematical 

competencies that children typically acquire during early childhood: the ability to rapidly 

recall small qualities up to four items; counting abilities; magnitude comparison; estimation, 

and; arithmetic operations. These early numerical competencies provide the foundation for 

later mathematics skills to be built upon (Geary, 2000). Titeca, Roeyers, Josephy, Ceulemans, 

and Desoete (2014) identified that preschool children with high-functioning ASD perform at 

the same level as typically developing children on these numerical competencies. When it 

comes to the higher-order mathematics skills, children aged 6 to 7 years old with ASD 

perform significantly lower than their typically developing peers on questions pertaining to 

number fact retrieval and word problems. This theory might explain some of the disparity 

between the children’s chronological age and age-equivalence on the TEMA-3 assessment 

within the current study. The items on the TEMA-3 assessment increase in complexity from 

the age entry point, so without mastery of the foundation numerical competencies (e.g., 

counting objects) it is possible that the children who participated in our study were unable to 

tackle the questions that integrate the higher-order skills despite their chronological age.  

All of the children who participated in this study also performed below average for 

their age (i.e., a standard score < 100) on the WRAT-4 mathematics sub-test. Without 

sufficient mastery of early mathematical skills, the children who participated in this study 

might have been unable to understand the concepts and procedures underlying more complex 

mathematics problems. Both DI (Celik & Vuran, 2014; Rockwell, Griffin, & Jones, 2011; 

Thompson, Wood, Test, & Cease-Cook, 2012) and PT (Brady & Kubina, 2010) have 

documented benefits when researchers have used the strategies with children with 

developmental disabilities, including ASD and ADHD. Limited research in this field has 

demonstrated that educators can use DI and PT in conjunction with one another to help 
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remediate mathematical skill deficits amongst populations with additional learning needs 

(see, for example, Delli Sante, McLaughlin, & Weber, 2001).  

  Of the five children who participated in the intervention, three indicated that they 

would like to continue using the approach to improve their mathematics skills. This finding 

suggests that the children associated some level of social validity with the intervention. 

Extensions of this research should consider collecting further data to assess common aspects 

of the intervention that children enjoy and elements that might need further refinement. 

Researchers could use these data to develop strategies to enhance children’s engagement with 

instructional fluency sessions. This extension may also help identify some of the barriers in 

education that prevent children attending PRUs from engaging in similar intervention 

programs (e.g., competing classroom activities).   

Some of the children who participated in this study attended the PRU on a part-time 

basis; spending a percentage of their time in mainstream primary school. It was not possible 

to gather information on the strategies used to teach mathematics in each school and compare 

these to the instructional fluency approach described in this paper. We appreciate that the 

findings and conclusions drawn from the current study would have been enhanced by the 

inclusion of a control group. The inclusion of a control group would have helped established 

whether the instructional fluency approach has any additional advantages for children 

attending PRUs, compared to the typical classroom teaching that they are exposed to. Due to 

the variability in the children’s ages, diagnostic labels, the percentage of time they attend the 

PRU, and their baseline mathematical abilities, we were unable to match the children who 

returned their parental consent forms. In addition to this, we had a small dataset as a result of 

some of the children being unable to complete all of the necessary assessments; this was due 

to lack of assent and/or non-attendance. Due to the time constraints surrounding this project 

we were also unable to explore the possibility of the children acting as their own controls and 
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measuring their performance growth before and after exposure to the intervention. Future 

replications of this research should consider the recruitment of control data to establish the 

differences in performance gains between children in PRUs who attend instructional fluency 

sessions regularly compared to the effects of their typical exposure to mathematics 

instruction.   

 The researchers who conducted the assessments for this study were unaware of the 

aims of this project and which children had been selected to participate in the intervention. 

We hoped that this would reduce any confounds surrounding administration bias. However, it 

is important to consider that the children might have altered their behavior as a result of their 

participation in this study. McCarney et al. (2007) explained that it is important for 

researchers to consider the impact of the Hawthorne effect in relation to the generalizability 

of research to day-to-day life. In the context of the current study, it is possible the children’s 

performance is an underrepresentation or overrepresentation of their performance in the 

classroom due to their reactivity to the testing conditions.  

 The data presented in this paper suggest that the instructional fluency approach can 

support children in a PRU to improve their basic mathematics skills. There is a strong 

evidence-base supporting the use of DI to teach children literacy (Przychodzin-Havis et al, 

2005; Simonsen & Gunter, 2001) and numeracy skills (Przychodzin, Marchand-Martella, 

Martella, & Azim, 2004). Moreover, practitioners have used PT methods to record and 

monitor performance for many academic skills, such as mathematics (Chiesa & Robertson, 

2000), reading (Hughes, Beverley, & Whitehead, 2007), content-specific terminology 

(Beverley, Hughes, & Hastings, 2009; Stockwell & Eshelman, 2010), and second language 

acquisition (Beverley, Hughes, & Hastings, 2016). Whilst researchers have put forward the 

argument that DI and PT can complement each other to create a superior instructional 

technology (Binder & Watkins, 1990; Desjardins & Solcum, 1993), further research is 
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necessary to show the generalizability of an instructional fluency approach across different 

curriculum subjects to remediate children’s skill deficits. Investigations in this area could 

validate the use of an instructional fluency approach in PRU settings to help children improve 

their academic performance.  
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Chapter 7 : Discussion of thesis 
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Broad overview of thesis aims and empirical chapters 

The overall aim of this thesis was to help contribute to the evidence base surrounding 

the use of PT and DI methods to improve children’s mathematics/numeracy skills. 

Specifically, we explored how these methods can be used in educational provisions 

(including schools and PRUs) to help support children considered proportionally ‘at risk’ of 

poor academic outcomes. By evaluating the existing literature (Chapter 1) we were able to 

identify several research questions that had not been addressed within the current published 

literature. Chapter 2 outlined the aims, rationale, and research methods underlying each of the 

proceeding empirical chapters. This thesis includes three manuscripts that have either been 

submitted (Chapters 3 and 6) or prepared (Chapter 4) for publication, as well as a close-to-

practice impact report (Chapter 5).  

Chapter 3 

Implementation science details that there can be a disparity between the outcomes of 

efficacy and effectiveness trials (Kraft, 2020; Thornicroft et al., 2011). This disparity is due 

to the challenges associated with implementing interventions when experimental control is 

reduced and/or a research team withdraws support. Data from Durlak and DuPre (2008) 

suggested that teachers find it difficult to implement evidence-based educational strategies 

under the real-world conditions of the classroom, resulting in smaller effect sizes for 

academic outcomes. The majority of existing SAFMEDS literature report the outcomes of 

efficacy designs; whereby a researcher with expertise in the methods delivered the 

intervention to ensure high levels of fidelity (see for example Casey et al., 2003; Chapman et 

al., 2005; Hartnedy et al., 2005). Beverley et al. (2016) published the only known study 

investigating teacher led implementation of the SAFMEDS strategy following training. 

Whilst the results of this research were positive, it was still unclear what role a researcher can 

play in providing teachers with implementation support. With a growing number of schools 
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across North Wales adopting the SAFMEDS strategy to support children’s fluency of 

mathematics skills (Tyler et al., 2019), we were keen to investigate the impact of low-

intensity coaching during a teacher led SAFMEDS mathematics program (Chapter 3).  

Following training for the SAFMEDS strategy, we randomly allocated teaching staff 

to one of the two trial arms (support or no support). Those in the support arm received three 

in-situ implementation support visits from the first author across the duration of the project, 

along with email contact if required. The first author tailored this support based on the 

individual needs of the teaching staff, their school, and the children they were working with. 

The results from this study suggested that providing teaching staff with implementation 

support has greater impact on children’s fluency of arithmetic, when compared with the 

outcomes of children attending schools that received no implementation support (MFaCTs: 

Grades 1-2, d = 0.23; MFaCTs: Grades 3-5, d = 0.25). In line with Kraft’s (2020) revised 

benchmarks for research interpreting outcomes from preschool to Key Stage 5 educational 

interventions, the effect of coaching on both MFaCTs measures would be considered large. In 

the context of other education research investigating coaching programs, our effect sizes are 

larger than average (see Kraft et al., 2018; Lynch et al., 2019). This coaching model may 

provide a promising option for researchers looking to provide implementation support for the 

SAFMEDS strategy at scale. It may also broaden options for teaching staff seeking further 

professional development opportunities.  

Chapter 4 

After investigating teacher led implementation further, we identified that there may be 

certain elements of a SAFMEDS program that teaching staff may have been unable to 

implement under the day-to-day conditions of the classroom. To further understand staff 

views and experiences of using the SAFMEDS strategy we disseminated an online qualitative 

survey (Chapter 4). We asked 55 members of teaching staff what they perceived the benefits 
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of using the SAFMEDS strategy to be; what factors they think help and hinder the success of 

SAFMEDS sessions; if they saw any changes in children’s behavior as a result of engaging in 

a SAFMEDS program; and the reasons why they would or would not use the strategy in 

future. We believed gaining insight into these aspects of social validity may contribute to the 

existing evidence base and provide researchers with some additional context when training 

and/or coaching teaching staff. Using thematic analysis, the first author was able to identify 

five themes across staff’s responses: (1) factors that promote progress; (2) factors that limit 

progress; (3) impact of competition; (4) confidence; and (5) inherent advantages of the 

SAFMEDS strategy. 

Within Chapter 4, we also reported the outcomes of interviews with 26 children who 

had used the SAFMEDS strategy to support their fluency of mathematics skills. Prior to this, 

no known research had conducted a robust evaluation of the social validity children associate 

with the SAFMEDS strategy. The first author asked each of the children whether they 

enjoyed using the strategy; if there were any elements of the strategy they did not enjoy; 

whether they thought it was useful; and whether they would like to use it outside of school. 

We believed insight into these areas may help researchers to promote positive elements of the 

strategy within teacher training. The children’s responses may also provide avenues for future 

research investigating factors that affect engagement and progress during a SAFMEDS 

program. Analyses of these transcripts revealed five themes: (1) enjoyment; (2) data; (3) 

sense of achievement; (4) skills; and (5) home use.  

Chapter 5 

The SAFMEDS strategy also gained traction within Inner City London, with XLP (a 

youth charity) promoting its use to help children improve their fluency of basic literacy and 

numeracy skills. Chapter 5 outlined a close-to-practice impact report, detailing the 

collaboration between researchers at Bangor University, staff at XLP, and educational 
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provisions throughout the XL-LAN project. Through the use of exploratory analysis and 

descriptive statistics we were able to gauge the average fluency progress that children make 

across their engagement with the XL-LAN project, as well as the engagement at a provision-

level. For numeracy SAFMEDS packs, children answered an average of 1.97 more cards 

correctly each session. When starting their first pack of numeracy cards, children could 

typically answer 26% of the cards in the pack correctly (~15.60 cards). This increased to 52% 

(~31.20 cards) on their personal best try. Children appear to make steady progress over the 

first 9 sessions for each pack, before their scores started to plateau (x 1 celeration). Moreover, 

the children in our sample spent a medium of 6.5 sessions on each numeracy pack, although 

this did range from 1 to 26 sessions.  

In terms of the literacy SAFMEDS packs, children answered an average of 2.48 more 

cards correctly each session. In the beginning, children could typically answer 13% of the 

cards in the literacy packs correctly (~7.80 cards). This increased to 47% (~28.20 cards) on 

their personal best try. The children within our sample appeared to make consistent progress 

across sessions when practicing literacy skills; completing a median of 6 sessions on each 

literacy pack (range: 1 to 35 sessions). Variability across literacy and/or numeracy scores 

may extend to the delivery of the program across different provisions/settings. However, we 

need further data on implementation fidelity and demographic characteristics to enable us to 

complete a more in-depth evaluation.  

Following the pilot of the XL-LAN project, we interviewed 38 children who had used 

the SAFMEDS strategy. We hoped that these interviews would expand our knowledge of 

how useful children perceive the strategy to be, whether they enjoy using it, and whether they 

would electively use it outside of a school setting. This extended the research that we 

conducted within Chapter 4, with particular emphasis on older children; including a sample 

of children preparing to sit their GSCE examinations. By applying thematic analysis to the 
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interview transcripts, we identified five themes: (1) procedure, (2) improvement, (3) revision 

tool, (4) home use, and (5) withdrawal from class. 

Chapter 6 

 DI programs can help children to acquire new skills and knowledge, whilst PT offers 

the tools for fluency assessment and data-driven decision making (Engelmann et al., 1988; 

Kubina & Yurich, 2012). Binder and Watkins (1990) argued that combing PT and DI 

together could create a superior instructional technology, which could help children make 

unprecedented academic gains. The existing literature exploring the use of an instructional 

fluency approach largely focuses on literacy skills, with no known published studies 

reporting its application to mathematics.  

In Chapter 6, we used the CM program over 6 instructional weeks to help teach 

addition skills to five children who attended a PRU. The first author supplemented each CM 

lesson with fluency practice sheets and made data-driven decisions using a SCC (in line with 

PT methods). Each of the children attended a different number of sessions to due to reasons 

such as conflicting school events, illness, and refusal to comply (i.e., lack of assent). 

Contextually, this information is important when considering the outcomes of the follow-up 

measures. For example, Will completed 16.5 instructional fluency sessions, finishing 16 

lessons from the CM addition program. His age-equivalence score on the TEMA-3 increased 

by 1-year 3-months and his standard mathematics score on the WRAT-4 improved by 7. In 

contrast, Leo completed 3.5 instructional fluency lessons, finishing 3 lessons from the CM 

addition program. His age-equivalence scores on the TEMA-3 did not change from baseline 

to follow-up and his standard mathematics score on the WRAT-4 reduced by 3. The SCCs for 

each child illustrate their fluency progress on the addition practice sheets and when the first 

author altered the skill level based on their data. The quantitative results from this small-scale 

pilot study suggest that the instructional fluency approach can help children attending PRUs 
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to improve early mathematics skills, but this is contingent on their attendance to the sessions 

and engagement with the content.  

Implications and applications 

Throughout each chapter we have discussed several implications and applications of 

addressing each of our research questions. Below we aim to summarize the context and 

implications of this research for children, teachers, and researchers.  

SAFMEDS training 

 The c-RCT that we presented within Chapter 3 helped us to understand how we can 

better support children following teacher training for a SAFMEDS program. By providing 

low-intensity coaching (three 1-hour in-situ support visits and email contact), the researcher 

was able to support teaching staff to implement the program. As a result, children attending 

schools where their teacher/TA received coaching made more fluency progress than their 

peers attending schools who did not receive coaching. This may have implications with 

regards to the professional development model that we offer schools as part of a SAFMEDS 

training package. The EEF (2019) have highlighted that training is a way of helping teachers 

to develop their conceptual understanding of an intervention but alone may not lead to 

effective implementation in the classroom. In their recent implementation guidance report, 

the EEF identified the importance of reinforcing initial training for interventions with expert 

follow-on support within school. The findings from our c-RCT suggest that this guideline 

may extend to the use of the SAFMEDS strategy, particularly within the context of 

supporting children who are performing below age-expected norms on mathematics 

measures.  

 The results from Chapters 4 and 5 suggest that there are certain challenges associated 

with implementing the SAFMEDS strategy under the day-to-day conditions of the classroom. 

For example, teaching staff indicated that cheating can occur within group based SAFMEDS 
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sessions. This has implications in practice because it may result in children plotting invalid 

data on their SCCs and affecting subsequent data-driven decisions. To overcome this, 

trainers/coaches may need to integrate some of the following guidelines into the initial 

training for the SAFMEDS strategy and/or follow-on support packages. First, we should 

consider how group dynamics may foster unhealthy peer competition, and how this may 

contribute to individual children feeling embarrassed or lacking confidence if their scores are 

low. It may be appropriate to encourage children to keep their scores to themselves from the 

beginning of the program. Second, we should consider setting children individualized score 

targets on a regular basis. To do this, we could use trajectory lines on the SCC to help set 

realistic and attainable daily targets for each child (Johnson & Street, 2012) or encourage 

children to try and beat their personal best score each session (Hughes et al., 2007). Wyse 

(2001) provided some additional advice surrounding effective target setting, including 

encouraging children to reflect on their progress regularly. The SCC is a cardinal feature of 

the PT approach and is a useful tool to help children see where they started and how far they 

have come (Lindsley, 1995). Turning children’s attention towards their own progress may 

help to limit their engagement with unhealthy peer competition and cheating tactics (Hughes 

et al., 2007). Third, if cheating is a persistent problem, we may want to consider scaling down 

the program to work with smaller groups of children. This will help to increase the one-on-

one guidance we can offer to children during the error correction stage to support their skill 

development and increase the time we can allocate to validating their scores (e.g., we can 

work one-on-one with each child for at least one timing per session). If scaling down is not 

possible due to the number of children the school want/need to support using the SAFMEDS 

strategy, then we should try to validate each child’s score on a semi-regular basis (e.g., watch 

each child complete a timing once a week) so that we have an accurate ‘anchor’ point to 

compare future scores with. Importantly, we should ask children to complete an observed 
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timing when their SCC suggests that they have reached their fluency aim for a given skill. 

This will help to ensure that children do not move onto more difficult packs without 

mastering the necessary prerequisite skills.  

 During the early phases of implementation, teaching staff found that it took time for 

the children in their group to get used to using the cards and following the prescribed stages 

of the SAFMEDS strategy (Chapter 4). It might be useful for researchers/coaches to follow-

up with schools during this early transitionary period after training to ensure that both staff 

and children are following the stages as closely to the intended design of the program as 

possible (i.e., have high levels of implementation fidelity). This may also provide a good 

opportunity to discuss how easily the school have found it to integrate the SAFMEDS 

sessions into their timetable. Without a sufficient number of opportunities each week to 

practice and assess their skills, children may make limited progress and schools may not see 

the results from the program that they were hoping for (Graf & Auman, 2005). Durlak and 

DuPre (2008) highlighted that low-quality implementation of educational interventions can 

lead to smaller effect sizes for outcome variables. As such, by engaging in discussions about 

implementation challenges early on, teaching staff and researchers can work together to find 

ways of more readily integrating the necessary stages of the SAFMEDS program more 

accurately into their routine.  

Social validity  

 To our knowledge, Chapters 4 and 5 present the first qualitative explorations of key 

stakeholder views of the SAFMEDS strategy. Wolf (1978; as cited in Schwartz & Baer, 

1991) wanted to make researchers aware that non-acceptance of interventions by key 

stakeholders could lead them to reject a program. Thornicroft et al’s (2011) conceptualization 

of different types of evidence identified that stakeholders do not always continue using an 

intervention after the termination of a research study. As such, our research feeds directly 
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into the implementation/maintenance phase of evidence, whereby we aimed to identify 

factors that might facilitate or prevent the uptake of the SAFMEDS strategy by teachers/TAs 

and children.  

 Approximately 90% of the children in Hunter et al’s (2016) sample (n = 19) indicated 

that they would like to continue using the SAFMEDS strategy in school to improve their 

mathematics skills. However, Hunter et al. did not explore the reasons underlying why some 

children would continue to engage with it, whilst others would not. The majority of the 

children in our sample (Chapter 4 and 5) claimed that they enjoyed using the SAFMEDS 

strategy. They found it fun and appreciated the independence that it afforded them. 

Repeatedly, children reported that they were motivated by their scores improving and that 

they had noticed their ability to answer increasingly more difficult questions as the sessions 

and packs progressed. The majority of children that we interviewed also indicated that they 

would like to use the cards at home if their school provided the materials. This would provide 

them with the opportunity to continue improving their skills and allow them the opportunity 

to engage their family in the process (e.g., getting their parents to help or completing 

simultaneous timings with their siblings).  

 The teachers and TAs who completed the online survey (Chapter 4) noticed that the 

children in their group had gained confidence across the duration of the SAFMEDS program. 

This confidence extended into the classroom, where the children began raising their hands to 

answer more questions in class. Despite facing some additional challenges integrating the 

program into their school’s timetable and overcoming cheating, the majority of teaching staff 

who completed our survey indicated that they would like to continue using it in future. This 

was largely due to the inherent advantages of the SAFMEDS strategy, such as the 1-minute 

sprints and the children becoming more fluent at basic skills.  
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Enhancing a research culture 

Close-to-practice research helps to develop a research culture within organizations by 

supporting teams to think critically about gaps in their knowledge and services, use 

appropriate methods to elicit change, and evaluate outcomes (Cooke, 2005). BERA identified 

that educational research should focus on addressing problems in practice and encouraging 

researchers to develop working partnerships with key stakeholders within education to 

support PD (Wyse et al., 2018). PT methods lend themselves well to close-to-practice 

research due to the convention of using the SCC to make decisions about future instruction. 

When defining the PT approach, Lindsley (1990) was keen to put science into the hands of 

the learners and teachers who use it.  

Chapter 3 demonstrates one example of how we worked with an educational 

organization (GwE) and schools to enhance the engagement and uptake of the SAFMEDS 

strategy across North Wales. GwE and the research team organized the recruitment of 

participating schools and the initial training session. During this training session, teachers and 

TAs could develop their pedagogical understanding of PT, the SCC, and the SAFMEDS 

strategy. They could then take this knowledge forward to support the children that they 

worked with. For schools allocated to the support arm of the trial, the first author aimed to 

provide some additional coaching that would in turn help teaching staff to implement the 

program to higher levels of fidelity. Each support visit provided a platform for teachers to 

reflect on their practice, gain advice from someone with prior experience and knowledge of 

the strategy, and discuss children’s data. Following the results of this trial, we created a 

jargon-free impact report in collaboration with GwE explaining the outcomes of the trial and 

consequent recommendations for schools. Engagement with this training and strategy 

implementation can also help schools make effective use of their Pupil Deprivation Grant 

(PDG) from the Welsh Government (2013b). The PDG aims to help children from 
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disadvantaged backgrounds overcome some of the additional barriers that prevent them from 

achieving their full protentional (including children who are eFSM). By informing schools of 

effective low-cost implementation strategies, educational organizations, and universities can 

help schools to invest in impactful interventions that support a greater number of students 

each year. As Kraft (2020) noted, stakeholders often view positive effect sizes from lower-

cost interventions (such as the SAFMEDS strategy) as more favorably than more costly 

alternatives. We acknowledge that a full economic costing associated with using the 

SAFMEDS strategy in schools is necessary to validate this claim and compare it against the 

effects of other fluency-based mathematics interventions.  

Chapter 5 provides an additional example of a close-to-practice project. Here, 

researchers at Bangor University, a youth charity (XLP), and educational provisions within 

inner city London collaborated to support children to develop basic literacy and numeracy 

skills. This project adopted a ‘train the trainer’ approach to increase the capacity for 

SAFMEDS implementation and support across inner city London. Supervisors and the XL-

LAN coordinators became familiar with the process of reviewing data regularly and were 

able to identify invalid scores. As researchers, we were able to analyze the data in more depth 

to evaluate the program outcomes. This led to the generation of an impact report for funders 

and a simplified report for public dissemination.  

Supporting children in PRUs 

Previous statistics suggest that children who attend PRUs are ‘at risk’ of 

underperforming in mathematics (Ofsted, 2016), with recent observations from Estyn (2017) 

suggesting that some children attending these units do not develop the numeracy skills they 

need to support their learning across the curriculum. In an effort to engage children attending 

PRUs in scaffolded and unambiguous mathematics sessions to teach them basic arithmetic 

skills, we piloted the use on an instructional fluency program (using a combination of DI and 



USING EVIDENCE-BASED METHODS TO SUPPORT MATHEMATICS  187 

PT). Chapter 6 details the outcomes of this pilot, which focused on a sample of five boys who 

attended the unit on either a full time or dual time basis. In the short term, this program 

appeared to help four of the boys (Tom, Dean, Will, and Chris) to improve their early 

mathematics skills (assessed using the TEMA-3) beyond what would be expected over six 

school weeks. These children completed between 9 and 16 CM addition lessons, with 

accompanying fluency practice using randomized worksheets. Their age equivalence scores 

improved by 3 to 15 months over the six-week intervention period. Due to the small sample 

size included within this study further replications are necessary to establish the reliability of 

the results (Graham et al., 2012). Whilst further evaluation is needed, our findings suggest 

that the CM program could be a promising intervention approach to improve the mathematics 

attainment of children in PRU.  

Dissemination 

 Edwards (2015) explained that researchers can disseminate their research through a 

range of approaches; with the most popular being through publications in journals and 

presentations at professional meetings or conferences. By engaging with dissemination 

efforts, we can help inform key stakeholders (i.e., those who will contact and use the 

intervention) and other researchers in the field of the outcomes of our trials. Longer term, this 

may affect professional practice and help to evolve the evidence base for educational 

interventions. Over the course of this PhD, we have worked towards disseminating the 

outcomes of each study with a range of audiences including professionals with a specific 

interest in ABA; professionals with an interest in general education pedagogy; and teaching 

staff. Table 7.1 outlines some of these dissemination efforts. We have also made an effort to 

provide simplified impact reports to the schools who contributed to each research study and 

we have integrated our findings into training for the SAFMEDS strategy.  
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Table 7.1  

Dissemination Activities 

Chapter reference Conference Publication status 
3 • Experimental Analysis of Behaviour 

Group, London (2019). Oral 
presentation. 

• British Education Research 
Association, Swansea (2018). Poster 
presentation. 

• European Association for Behaviour 
Analysis, Würzburg (2018). Oral 
presentation. 

• A Child’s World – New Shoes New 
Direction, Aberystwyth (2018). Oral 
presentation. 
 
 

Under review 

4 N/A 
 

 

In preparation 
 

5 • South West Doctoral Training 
Partnership Beyond Research: 
Society, Collaboration, and Impact 
(2018). Keynote presentation. 
 
 

N/A 

6 N/A Accepted/In press 
 

Limitations and future research 

Chapter 3 

One of the main limitations of the c-RCT (Chapter 3) was the lack of data relating to 

how coaching affected teachers/TAs fidelity of implementation across the program. Whilst 

we appreciate that this would have enabled us to draw stronger conclusions to support our 

theory of action, we were unable to collect these data due to practical and funding constraints. 

The first author conducted the support visits and therefore knew which trial arm each school 

had been allocated to. In order to reduce bias, we would have had to source an independent 

researcher to visit each of the 64 schools included in the randomization. This was logistically 

challenging given the geographical locations of each school, the times/days each school ran 

their SAFMEDS session, and the need to observe a session after each of round of support 
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visits. Going forward, it may be more viable to assess changes in implementation fidelity 

over time across trial arms in a smaller-scale c-RCT.   

 The coaching element of this trial may have acted on two mechanisms: fidelity and/or 

accountability. In retrospect, we should have provided an anonymous survey to teachers in 

the support arm during their final visit to gain further insight into the role that personal 

accountability might have played. For example, we could have used Likert scales and asked 

teaching staff to rate statements such as “I would have felt embarrassed if the researcher had 

noticed I had not made a change to the SAFMEDS sessions that she had previously 

suggested” and “I felt proud receiving complements from a researcher on how I was running 

the SAFMEDS sessions” from “strongly disagree” to “strongly agree”. Alternatively, we 

could have disseminated a qualitative survey to gain further insight into the thoughts and 

feelings that they experienced as a result of the researcher coming in for the support visits.  

Chapter 4 

Qualitative research does not happen in a vacuum. The research that we design and 

the questions that we ask are, in part, driven by both who we are as a person (personal 

reflexivity) and what we know from our own experience of theory and practice 

(epistemological reflexivity). As such, researchers should reflect upon the ways in which they 

may have unintentionally implicated the research and its findings (Willig, 2008). However, it 

should be noted that reflexivity does not discredit the usefulness of the findings of qualitative 

research. Rather, this exercise serves to add a layer of transparency to the research process. 

Tuval-Mashiach (2017) suggested that researchers consider three reflexive statements: ‘what 

we did’, ‘how we did it’, and ‘why we did it’. 

We discussed our research aims, as well as the context and the justification for using 

qualitative research and thematic analysis in detail in Chapter 2. This addresses the ‘what we 

did’ and ‘how we did it’ portions of Tuval-Mashiach’s (2017) model of transparency. With 
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regards to ‘why we did it’, the first author had several years’ experience of using the 

SAFMEDS strategy in schools. Since 2016, she had been working closely with teachers to 

support implementation (including the c-RCT presented within Chapter 3) and had noticed 

some recurring challenges that they faced after initial training. This included children 

cheating and experiencing difficulty using the SCC. Several schools that she had worked with 

in the past had opted not to use the SCC and thus were making decisions based on children’s 

tabulated data, if they reviewed it at all. This sometimes meant that children would go 

prolonged periods of time making little to no progress and thus compromising the fidelity of 

the PT/SAFMEDS approach. The first author was interested in turning some of these 

anecdotal observations into a more robust evaluation of teacher’s/TAs views and experiences 

of using the SAFMEDS strategy in schools. When developing the questions, the first author 

was keen not to prime specific responses (e.g., relating cheating and use of the SCC) in case 

this deflected from some of the other challenges that teachers faced when implementing the 

program. Additionally, the first author was keen to capture whether teachers felt like there 

were associated benefits with using the SAFMEDS strategy with the children that they 

supported.  

 The staff survey did indicate that cheating was a common problem that they faced 

during a SAFMEDS program and tended to stem from unhealthy peer competition in group 

settings. The responses to this survey also highlighted several other challenges that teachers 

faced throughout a SAFMEDS program, including the initial transitionary period and 

integrating the sessions into the school’s timetable. The use of SCCs was not something that 

came up in the survey responses. This might have been because we asked the wrong 

questions, or it is not something that teachers consider to be a salient challenge for them. This 

may be worth investigating more directly in a further qualitative study.  
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 In her past experience, the first author had noticed that some children enjoyed 

engaging with the SAFMEDS strategy (e.g., they would ask when it was their turn to come 

out of class, they would be excited to share their score with her if they had a new personal 

best). Conversely, she had come across some children who found it difficult to engage with 

the strategy (e.g., they would engage in with cheating tactics or behaviors that challenge 

during the SAFMEDS session). During her support visits throughout the c-RCT (Chapter 3), 

the teachers/TAs that she had been working with indicated similar experiences. This provided 

the initial motivation to conduct a more robust evaluation of children’s experiences and views 

regarding the SAFMEDS strategy.  

 The first author was conscious of the age of the children in the sample, so started off 

with a yes/no statement to help facilitate the discussion (e.g., “do you enjoy using 

SAFMEDS?”). Once the children responded, she followed this up with an open-question 

prompt (e.g., “why do you enjoy it?”). Ultimately, she wanted to gain insight into some of the 

underlying factors that might affect children’s engagement with the strategy.  

 This study provided some useful insight into teacher’s and children’s experiences of 

using the SAFMEDS strategy in schools. It prompted a useful discussion with regards to the 

challenges that teachers may face whilst implementing the strategy as well factors that might 

promote/hinder children’s engagement and performance during sessions. That said, the 

research methods that we used may have influenced that themes that we were able to identify. 

We used an online survey to collect teacher’s views surrounding implementation and 

perceived benefits. This enabled us to recruit a larger sample than we possibly could have by 

running interviews or focus groups (Van Selm & Jankowski, 2006) but may have led us to 

collect data that was not as rich. Using surveys meant that the first author was unable to ask 

for elaboration if a teacher had provided an interesting response that could have led to an 
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insightful discussion. By having these discussions, we may have generated a richer data set 

and further themes.  

Kortesluoma et al., (2003) explained that using interviews with children can be a 

favorable method of collecting qualitative data over surveys because it allows them to have 

space and time to discuss their views and experiences, without limiting their responses to a 

narrow range of categories. Moreover, interview responses are also not bound by children’s 

written comprehension abilities. We opted to interview the children to overcome these two 

issues and generate what we thought would be a richer and more insightful data set. 

However, it is possible that running the interview on a one-to-one with the researcher (who 

they knew was there to talk to them about the SAFMEDS strategy) prompted some of the 

children to provide responses that they deemed to be socially desirable. All of the children 

that we interviewed for this study (N = 26) indicated that they enjoyed using the SAFMEDS 

strategy, however we acknowledge that this finding might be an over-representation. We may 

also have been able to identify further themes relating to elements of the strategy that 

children find difficult or unenjoyable if we had employed a research method that afforded a 

level of anonymity (e.g., a simple survey).  

 In terms of future research, the interviews with children in Chapter 3 indicated that it 

might be worth exploring the use of SAFMEDS in a home-setting. The majority of the 

children in our sample indicated that they would be interested in using the cards at home if 

their school could provide them with the materials. To date, no known published research has 

reported the effects of using SAFMEDS as a homework strategy. This could be a useful way 

of increasing practice opportunities for children from demographic groups who may be 

disproportionally at risk of underachieving at school.  
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Chapter 5 

Within Chapter 5 we highlighted some limitations of the XL-LAN pilot project that 

led to recommendations for future practice. One notable recommendation was the use of 

standardized achievement tests to help build a profile of the skills that each child has 

mastered and where they may need additional instruction and/or practice. Within session 1 of 

the program, children were able to answer an average of 26% of the cards correctly in their 

first numeracy pack and 13% of the cards correct in their first literacy pack. This may suggest 

either dysfluent performance or incorrect pack placement. Miller and Heward (1992) argued 

that children need to first learn how to perform a skill to a level of mastery before turning 

attention to fluency training. Using a standardized assessment such as the WRAT-4 

(Wilkinson & Robertson, 2006) may aid more time-efficient placement onto more 

appropriate packs earlier in the program; rather than relying on slicing back skills several 

times in the early weeks.  

The data from this study indicated that children completed an average of two 

SAFMEDS sessions per week; which is one day fewer than employed within previous 

research (e.g., Greene, Mc Tiernan, & Holloway, 2018; Hunter et al., 2016). SAFMEDS 

programs rely on regular practice to ensure that children are able to contact the material, 

address any “not yets”, and elicit retention (Graf & Auman, 2005); by engaging in the content 

sporadically and infrequently children may not make the desired progress. In future research, 

it will be useful to consider strategies to integrate SAFMEDS more readily into the school 

timetable particularly within a ‘train the trainer’ context. School-based provisions may need 

to consider alterations to the program such as: adopting a peer tutoring model (see for 

example, Greene et al., 2018); exploring the practicalities of the children using the 

SAFMEDS strategy at home during the week to increase the number of practice 
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opportunities; and/or adjusting the dosage of SAFMEDS timings (e.g., completing one per 

day rather than four several times per week).  

During the interviews, the children enrolled on the XL-LAN project highlighted the 

versatility and applications of the SAFMEDS strategy. This includes the benefits of using the 

strategy to support class tests and statutory GCSE exams. Future research should validate the 

use of the SAFMEDS strategy to support the revision of fact and definition-based GCSE 

content and the consequent effects on test performance. This would build upon the work of 

Hunter et al. (2018) and provide insight into how the SAFMEDS strategy may function given 

the increasing difficulty of GCSE content compared to the primary school curriculum the 

children practiced as part of the XL-LAN project.  

Chapter 6 

 Due to the dual registration and absenteeism of some children it was difficult to 

estimate the number of hours they spent in the PRU compared to their mainstream school 

each week. At the beginning of the study, Tom, Will, and Leo were registered to attend the 

PRU on a dual registry basis so it also would have been beneficial to know if they were 

receiving any supplementary mathematics support in their mainstream school. Access to this 

information, if we were able to get it, may have assisted he interpretation of our results. 

  We opted to use a small N design for this project for several reasons. First, there was a 

limited sample of children available for this study. The PRU accommodated approximately 

20 children, and only 10 returned parental consent forms. Second, the researcher conducted 

the sessions on a one-on-one basis, so she was unable to work with more than five children 

per week. Third, it was difficult to recruit a matched sample control group due to the 

children’s ages, diagnostic labels, the percentage of time they attended the PRU, and their 

baseline mathematical abilities. And fourth, due to the time constraints surrounding this 

project we were also unable to explore the possibility of the children acting as their own 
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controls and measuring their performance growth for a period of time before and after 

exposure to the intervention. Future extensions to this study should consider a feasible way to 

collect control data to establish whether the instructional fluency approach has any additional 

advantages for children attending PRUs, compared to the typical classroom instruction that 

they are exposed to. For example, researchers could employ a matched pairs design (with one 

group acting as a treatment as usual condition and the other receiving the intervention) or 

they could consider using children as their own controls (e.g., an AB design). Due to the lack 

of evidence investigating the use of DI and/or PT in a PRU, a final extension to this project 

would be to disentangle the two approaches. It would be useful to compare how DI and PT 

approaches work in isolation, as well as how the outcomes compare when they are combined 

into the instructional fluency approach.  

COVID-19 

 In March 2020, schools across the UK temporarily closed due to the coronavirus 

pandemic (COVID-19). Whilst there is still limited data available to establish the impact that 

the school closures had on children’s education, there is some evidence focusing on school 

closures over prolonged periods such as the summer holiday. The EEF (2020) conducted a 

rapid evidence assessment on the available literature to examine the potential impact that 

these closures might have had on the attainment gap within UK education. Their results 

indicated that prolonged school closures can widen the attainment gap between children from 

low socioeconomic backgrounds and their peers by between 11% and 75% (median = 36%). 

Their report also provided some guidance for schools to help remediate the effects of the 

unexpected school closures due to COVID-19. First, it has become increasingly important to 

ensure that remote learning opportunities consist of clear explanations, scaffolding, and 

feedback. Second, it is likely that the attainment gap will have widened when schools reopen 
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in full capacity. Catch-up support will become increasingly important, including assessment 

of learning and targeted instruction.  

 Whilst it is unlikely that a single intervention will help remediate the impact of school 

closures, establishing a strong evidence base for educational interventions may help schools 

to make informed choices about which to use and how best to support implementation. 

Manualized DI programs are scripted to help aid scaffolded and explicit teaching 

(Engelmann, 2007a; Kozioff et al., 2000). The lessons also incorporate the model-lead-test-

retest format to help correct errors and ensure regular review of concepts (Bechtolt et al., 

2014). Likewise, PT offers a system for teachers and children to monitor progress and make 

data-informed decision about subsequent instruction (Kubina & Yurich, 2012; Lindsley, 

1995). By applying this to the SAFMEDS strategy, children can practice and assess fact-

based skills to fluency (Graf & Auman, 2005; Johnson & Layng, 1992). The research that we 

have presented within this thesis provides insight into the effects of PT and DI methods with 

children from ‘at risk’ groups, including children who are underachieving in numeracy and 

children who attend a PRU. 

 The data that we have presented suggests that children can use the SAFMEDS 

strategy to improve their fluency of basic mathematics and literacy skills (Chapters 3-5). 

Moreover, children can complete the procedure independently (Chapter 4) and some would 

like to use the strategy at home if they had the necessary materials (Chapters 4 and 5). By 

increasing the number of practice opportunities at home, schools may be able to help children 

catch-up and reduce the attainment gap. 

 DI manuals come with scripted lessons which aim to teach children new skills in the 

most time-efficient way possible (Engelmann et al., 1988). McGraw-Hill (2019) market the 

CM program as a remedial intervention to help children catch up with their age-matched 

peers. Going forward, teachers and researchers may want to explore the benefits of using DI 
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programs both in schools and/or PRUs and remotely to help children to master rules, 

concepts, and strategies across different core subjects/topics. 

Conclusion 

The four empirical chapters within this thesis aimed to develop the evidence base 

surrounding the implementation of PT and DI approaches to support children’s development 

of basic mathematics skills. In Chapters 3, 5, and 6 we placed focus on supporting the 

academic outcomes of children who are considered disproportionally more likely to 

underachieve at school. This included: children eligible for free school meals; children unable 

to perform age-expected mathematics skills; children from areas of high social deprivation 

within inner city London; and children who attend a PRU.  

Despite some challenges that may arise with implementation there are several clear 

benefits associated with children using the SAFMEDS strategy in schools, including 

increased fluency of basic skills, improved confidence in their mathematical abilities, and 

having a visual record of their progress. We established that teachers and TAs benefit from 

implementation support after initial training for the SAFMEDS strategy. By engaging in low-

intensity coaching, teachers can support the children in their group to make greater fluency 

progress. We have also shown, through the use of qualitative methods, that the approach is 

generally well received by teachers.  

In an effort to understand how we might raise numeracy standards in PRUs, we 

conducted a small-scale pilot study of an instructional fluency program. We used the CM 

addition curriculum and individualized fluency practice sheets over six-instructional weeks 

on a one-on-one basis. The results suggested that if we can encourage children to engage with 

the strategy, it is possible for them to improve early-mathematics skills.  
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Reflection and future aims 

As I (first author) have progressed through this PhD, I have had the pleasure of 

interacting with lots of teachers, children, and colleagues— each teaching me so much about 

what it really means to be a researcher. It has been a pleasure being out in the field to deliver 

training and support to those who have gone forward to use these methods. Each school visit 

made me reflect on just how powerful these strategies can be if they are used correctly. I am 

so grateful to have been able to see first-hand the positive effect that these strategies can 

have. Knowing that I have contributed in some way to helping these children achieve goals, 

and gain confidence in mathematics, will always make this job worth doing.  

The data that makes up the empirical chapters of this thesis has gone some way 

towards enhancing evidence-based practice in schools. This in turn contributes to some of the 

goals set out by wider educational initiatives, such as those proposed by the Welsh 

Government, the EEF, and BERA. The findings from this thesis have enabled us to adapt the 

training and support that we are able to offer to schools in the region, and we hope that our 

dissemination efforts have gone some way towards improving the uptake and quality of 

implementation on a wider scale.  

In July 2019, I was fortunate enough to receive a scholarship to attend the Summer 

School Institute at Morningside Academy in Seattle. This trip was instrumental in supporting 

my development and knowledge of how evidence-based practices can support skill 

development across both numeracy and literacy curricula. The classroom practices instilled at 

Morningside Academy follow a model of generative instruction, which builds on research 

surrounding content analysis, instructional design, program placement, classroom 

organization and management, critical thinking, reasoning, and self-regulated decision-

making (Johnson & Street, 2004). Being mentored by some of the leading pioneers in this 

field provided me with the knowledge and confidence I needed to take to the front of a class 
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and deliver lessons for myself. I now have a greater knowledge of how PT, DI, and think 

aloud problem-solving strategies can be used to support children’s development of key 

academic skills.  

The end of my PhD coincides with the COVID-19 pandemic. Due to the prolonged 

period of school closures, there is a concern that a growing number of children will need 

support to catch-up with age-expected norms (EEF, 2020). Despite children returning to 

schools, the current COVID-19 message in Wales prevents us from delivering face-to-face 

training and support visits. Over the coming months, I will be working with GwE (the 

Regional School Effectiveness and Improvement Service for North Wales) to help schools 

adopt methods that will accelerate children’s learning. This includes creating new SAFMEDS 

packs to support the national numeracy curriculum and developing resources to promote the 

use of the SAFMEDS strategy at home. We will also be exploring ways to deliver training 

and support schools remotely. Longer term, I would also like to build upon the work detailed 

in Chapter 6 and help develop understanding of how DI and PT can be used to support 

children who attend PRUs. This extension will include gaining control data and upskilling 

TAs to deliver the program.  

Lindsley (1990) was keen to put science into the hands of the teachers. This idea is 

growing in increasing relevance and importance; both in the context of the effects of COVID-

19 on the education system but also the up-scaling of intervention uptake. The journey that 

led me to write this thesis has taught me the benefits of sharing knowledge about the use of 

PT and DI, as well supporting teachers to be able to use these methods with the children that 

they work with. Every child has the ability and right to learn, and we have the ability to 

provide teachers with the right methods and philosophies to achieve just that.  
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We will take you where you are, and we’ll teach you. And the extent to which we fail is our 

failure, not yours. We will not cop out by saying “he can’t learn”. Rather, we will say, “I 

failed to teach him. So, I better take a good look at what I did and try and figure out a better 

way”. (Engelmann, 2007b) 
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Appendix A: Sensitivity analysis (Chapter 3) 

* Model adjusted for the following fixed effects: county, child’s predominant language, gender, free school meals status, school year group. 

Interaction effect: trial arm x time. Random effects: school, children. 

  

 
On-going support 

 
No support 

 
Adjusted cases analysis* 

  

 

n 
Marginal mean 

of raw scores 

[95% CI] 

 

n 
Marginal mean 

of raw scores 

[95% CI] 

 
Adjusted difference 

between change scores 

[95% CI] 
p 

 
d 

[95% CI] 

 

ICC 

MFaCTs: Grades 1-2     

Baseline 285 
12.00 

[10.28, 13.73] 

 
269 

9.02 

[7.28, 10.76]  

 
- - - School 0.36 

Follow-up 256 
22.59 

[20.85, 24.34] 

 
237 

16.50 

[14.72, 18.29] 

 2.92 

[1.22, 4.61] 
.001 

0.23 

[0.06, 0.40]  
Children 0.46 

MFaCTs: Grades 3-5      

Baseline 285 
8.52 

[7.00, 10.05] 

 
269 

5.94 

[4.40, 7.48] 

 
- - - School 0.37 

Follow-up 251 
19.14 

[17.59, 20.69] 

 
238 

13.76 

[12.19, 15.34] 

 2.68 

[1.21, 4.14]  
<.001 

0.25 

[0.08, 0.42] 
Children 0.42 

Table A1 

 Summary of the model outcomes based on the dataset containing missing data. 
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* Model adjusted for the following fixed effects: county, child’s predominant language, gender, free school meals status, school year group. 

Interaction effect: trial arm x time. Random effects: school, children. 

  

Table A2 

 
On-going support 

 
No support 

 
Adjusted cases analysis* 

  

 

n 
Marginal mean 

of raw scores 

[95% CI] 

 

n 
Marginal mean 

of raw scores 

[95% CI] 

 
Adjusted difference 

between change scores 

[95% CI] 
p 

 
d 

[95% CI] 

 

ICC 

MFaCTs: Grades 1-2     

Baseline 248 
11.53 

[9.71, 13.35]  

 
229 

8.77 

[6.90, 10.65] 

 
- - - School 0.37 

Follow-up 248 
 22.40 

[20.58, 24.22] 

 
229 

16.33 

[14.46, 18.21] 

 3.32 

[1.60, 5.04] 
<.001 

0.26 

[0.08, 0.44] 
Children 0.46 

MFaCTs: Grades 3-5      

Baseline 243 
8.22 

[6.61, 9.82] 

 
230 

5.63 

[4.00, 7.27] 

 
- - - School 0.38 

Follow-up 243 
 18.95 

[17.34, 20.55] 

 
230 

13.60 

[11.96, 15.24] 

  2.76 

[1.25, 4.27] 
<.001 

0.26 

[0.08, 0.44] 
Children 0.42 

 Summary of The Model Outcomes Based on a Complete Case Analysis 
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* Model adjusted for the following fixed effects: county, child’s predominant language, gender, free school meals status, school year group. 

Interaction effect: trial arm x time. Random effects: school, children

 Table A3 

 Summary of The Model Outcomes Based on 50 Iterations of Imputed Data 
 

On-going support 
 

No support 
 

Adjusted cases analysis* 
  

 

n 
Marginal mean 

of raw scores 

[95% CI] 

 

n 
Marginal mean 

of raw scores 

[95% CI] 

 
Adjusted difference 

between change scores 

[95% CI] 
p 

 
d 

[95% CI] 

 

ICC 

MFaCTs: Grades 1-2     

Baseline 294 
12.38 

[10.71, 14.05] 

 
281 

 9.05 

[7.38, 10.72] 

 
- - - School 0.32 

Follow-up 294 
22.62 

[20.87, 24.36] 

 
281 

16.62 

[14.87, 18.37] 

 2.67 

[0.75, 4.58] 
.006 

0.21 

[0.04, 0.37] 
Children 0.43 

MFaCTs: Grades 3-5      

Baseline 294 
8.70 

[7.25, 10.15] 

 
281 

6.00 

[4.54, 7.47] 

 
- - - School 0.33 

Follow-up 294 
19.18 

[17.70, 20.67]  

 
281 

13.66 

[12.15, 15.18] 

 2.81 

[1.20, 4.42]  
.001 

0.26 

[0.09, 0.42] 
Children 0.40 
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Table A6 

Baseline measurements for the children’s outcome measures, based on imputed dataset 

  

Table A4 

 No Support  Support 
 n M (SD) Min to 

max  n M (SD) Min to max 

Measure        
MFaCTs: Grades 1-2 281 9.06 (6.94) 0 to 36.01  294 12.52 (10.52) 0 to 65.28 
MFaCTs: Grades 3-5 281 5.99 (4.89) 0 to 26.76  294 8.85 (8.01) 0 to 44.21 

Baseline measurements for the children’s outcome measures, based on the dataset containing 
missing data 

 No Support  Support 
 n M (SD) Min to 

max  n M (SD) Min to max 

Measure        
MFaCTs: Grades 1-2 229 8.87 (6.82) 0 to 35  248 11.24 (11.12) 0 to 60 
MFaCTs: Grades 3-5 230 5.71 (4.71) 0 to 26  243 7.88 (6.63) 0 to 35 

Table A5  

Baseline measurements for the children’s outcome measures, based on complete case 
analysis 

 No Support  Support 
 n M (SD) Min to 

max  n M (SD) Min to max 

Measure        
MFaCTs: Grades 1-2 281 9.06 (6.94) 0 to 36.01  294 12.52 (10.52) 0 to 65.28 
MFaCTs: Grades 3-5 281 5.99 (4.89) 0 to 26.76  294 8.85 (8.01) 0 to 44.21 
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Appendix B: Moderation analyses (Chapter 3) 

Table A7  

Outcomes for moderation analysis between gender, trial arm, and time 

 
 
 
 
 
 
 
 
 
 

* Model adjusted for the following fixed effects: county, child’s predominant language, free 
school meals status, school year group. Random effects: school, children 
 
 
Table A8 

Outcomes for moderation analysis between a measure of social deprivation (eFSM), trial 
arm, and time 

 
 
 
 
 
 
 
 
 
 

* Model adjusted for the following fixed effects: county, child’s predominant language, 
gender, school year group. Random effects: school, children.  
 
 

 MFaCTs: Grades 1-2 MFaCTs: Grades 3-5 

Interaction 

Adjusted difference 
between change 

scores * 
[95% CI] 

p 

Adjusted difference 
between change 

scores * 
[95% CI] 

p 

Gender x trial arm 1.44 
[-1.63, 4.57] 

.35 1.20 
[-1.31, 3.71] 

.35 

Gender x time 0.01 
[-2.40, 2.42] .99 0.79 

[-1.28, 2.86] 
.45 

Trial arm x time 2.22 
[-0.17, 4.60] .07 2.33 

[0.26, 4.49] 
.03 

Gender x trial arm x time 1.38 
[-1.99, 4.76] .42 0.69 

[-2.23, 3.60] 
.64 

 MFaCTs: Grades 1-2 MFaCTs: Grades 3-5 

Interaction 

Adjusted difference 
between change 

scores* 
[95% CI] 

p 

Adjusted 
difference between 

change scores* 
[95% CI] 

p 

eFSM x trial arm 0.36 
[-3.21, 3.93] 

0.84 -1.15 
[-4.04, 1.74] 

.43 

eFSM x time -1.18 
[-3.92, 1.55] 0.40 -1.06 

[-3.42, 1.30] 
.38 

Trial arm x time 3.27 
[1.32, 5.22] .001 2.97 

[1.29, 4.66] 
.001 

eFSM x trial arm x time -1.50 
[-5.36, 2.37] .45 -1.28 

[-4.62, 2.07] 
.45 
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Table A9  

Outcomes for moderation analysis between language, trial arm, and time 

 
 
 
 
 
 
 
 
 
 

* Model adjusted for the following fixed effects: county, gender, free school meals status, 
school year group. Random effects: school, children 
  

 MFaCTs: Grades 1-2 MFaCTs: Grades 3-5 

Interaction 

Adjusted difference 
between change 

scores* 
[95% CI] 

p 

Adjusted difference 
between change 

scores* 
[95% CI] 

p 

Language x trial arm 2.12 
[-3.30, 7.54] 

.44 1.02 
[-3.70, 5.74] 

.67 

Language x time -0.36 
[-0.39, 2.35] .79 -0.36 

[-2.70, 1.98] 
.76 

Trial arm x time 1.11 
[-2.19, 4.41] .51 1.88 

[-0.95, 4.72] 
.19 

Language x trial arm x time 2.43 
[-1.42, 6.28] .22 1.08 

[-2.34, 4.39] 
.52 
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Appendix C: Online survey questions (Chapter 4) 
 
Please note: Teaching staff could leave any of the questions blank if they did not wish to 
answer them. All questions were accompanied by a free-type text box so teaching staff could 
provide as much or as little detail as they wanted to.  
 
Item number English Cymraeg 
1 Please write your name (we will 

only use this information to remove 
your data if you decide to withdraw 
at a later date). 

Ysgrifennwch eich enw (byddwn yn 
defnyddio'r wybodaeth hon yn unig i 
gael gwared ar eich data os 
penderfynwch dynnu'n ôl yn 
ddiweddarach). 

2 Which school do you teach in? Ym mha ysgol ydych chi'n dysgu? 
3 What is your job title within the 

school? 
Beth yw teitl eich swydd yn yr ysgol? 

4 Please provide us with some details 
about who runs the SAFMEDS 
sessions in your school: 

Rhowch fanylion i ni ynghylch pwy 
sy'n cynnal y sesiynau SAFMEDS yn 
eich ysgol: 

5 What skill(s) have you been using 
SAFMEDS to improve in your 
school (i.e., numeracy, literacy)? 

Pa sgil(iau) yn eich ysgol (h.y. rhifedd, 
llythrennedd) ydych chi wedi bod yn 
defnyddio SAFMEDS i'w gwella? 

6 What do you think the benefits are 
from using SAFMEDS? 

Beth ydych chi'n ei feddwl yw'r 
manteision o ddefnyddio SAFMEDS? 

7 Are there any factors that you think 
help the success of a SAFMEDS 
session? Please explain your 
answer. 

A oes unrhyw ffactorau sy'n helpu i 
sicrhau llwyddiant sesiwn SAFMEDS 
yn eich barn chi? Eglurwch eich ateb. 
 

8 Are there any factors that you think 
hinder the success of a SAFMEDS 
session? Please explain your 
answer. 

A oes unrhyw ffactorau sy'n atal 
llwyddiant sesiwn SAFMEDS yn eich 
barn chi? Eglurwch eich ateb. 
 

9 Have you seen a difference in the 
children’s behaviour as a result of 
the SAFMEDS sessions? Please 
explain your answer. 

Ydych chi wedi gweld gwahaniaeth yn 
ymddygiad y plant o ganlyniad i'r 
sesiwn SAFMEDS? Eglurwch eich 
ateb. 

10 Is there anything that the children 
do during a SAFMEDS session that 
you think hinders their 
performance? 

Oes yna unrhyw beth mae'r plant yn ei 
wneud yn ystod sesiwn SAFMEDS sy'n 
atal eu perfformiad yn eich barn chi? 
 

11 Would you like to use SAFMEDS 
in the future? Please justify your 
response. 

Fyddech chi'n hoffi defnyddio 
SAFMEDS yn y dyfodol? A wnewch 
chi gyfiawnhau eich ymateb os 
gwelwch yn dda. 

12 Please use the space below to 
provide the details of any children’s 
SAFMEDS performance that you 
would like to share. 

Defnyddiwch y lle gwag isod i roi 
manylion am unrhyw berfformiad 
SAFMEDS plant yr hoffech chi ei 
rannu. 
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Appendix D: Semi-structured interview questions (Chapters 4 and 5) 

 
 
  

Main question Prompts 
Do you enjoy using SAFMEDS? 

 

• Why do you/don’t you enjoy using it? 

 
What is your favourite thing about SAFMEDS? 

 

• What do you like the most about 
coming out of class and using 
SAFMEDS? 

• Why is that your favourite thing?  
 

What is your least favourite thing about 

SAFMEDS? 

 

• What do you like the least about coming 
out of class and using SAFMEDS? 

• If you could change one thing about 
coming out, what would you change? 

• Why is that your least favourite thing?  

Do you think that SAFMEDS is useful?  • Why do you think that it is/isn’t useful? 

Do you use SAFMEDS outside of school?  • How? 
• Why? 
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Appendix E: Follow-up interview questions (Chapter 6) 

  

Main question Prompts 
Do you enjoy coming out of class and doing 
maths with me?  

• Why do you/don’t you enjoy it? 
• What parts of the session do you/don’t 

you enjoy? 
• What’s your favourite part of the 

sessions?  
• What is your least favourite part of the 

sessions?  
 

Do you think that coming out to do these 
sessions is useful? 

• Why do you think that the sessions 
are/aren’t useful? 
 

Would you like to carry on doing these maths 
sessions?  

• Why/why not?  
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Appendix F: Tom’s, Will’s, Leo’s, and Chris’ SCCs (Chapter 6) 

  

Figure A1. Tom’s SCC 
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Figure A2. Will's SCC 
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Figure A3. Leo's SCC 
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Figure A4. Chris' SCC 


