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Abstract 

 

Memory abilities and processing speed are well researched areas of cognitive function. 

In previous studies, short term and working memory and processing speed have been 

identified as predicting factors. Research focusing on the literacy attainment of Key Stage 

3 pupils in the UK is less well debated. In this study the current level of support for 

students with cognitive processing deficits is discussed. KS3 mainstream students were 

assessed using the Raven standard matrices; using a matched pairs design on the basis 

of raw scores achieved, 42 participants were allocated to either a lower or higher 

achieving literacy group determined upon Key Stage 2 SATs results. Participants then 

performed visual spatial and verbal short-term and working memory, alphanumeric rapid 

naming, clerical speed/visual processing and phonological and visual reaction times 

tasks. Analysis of variance found main effects of: verbal modality, rapid naming, 

phonological reaction time and literacy attainment upon group; there were no significant 

interactions. One-way ANOVAs and independent samples t-tests found the lower 

performing literacy group performed significantly less well than the higher group on 

measures of verbal memory, rapid naming, phonological reaction times and reading and 

spelling. Reaction time tests were not normally distributed and were treated with caution; 

they correlate strongly with rapid naming. In the lower literacy group, significant 

correlations were found between reading and rapid naming, but not in the higher group. 

28% of participants were found to have at least one area of cognitive processing in the 

below average range. Limitations of this study and recommendations for further research 

are discussed along with pedagogical concerns raised by the results.  

Key terms: Processing speed, reaction time, short-term memory, working memory, modality 
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Chapter One 

 Introduction 

 

For decades, research has been conducted which has examined the links between 

academic attainment and certain cognitive processing abilities in children, (Daneman & 

Carpenter 1980; Denkla & Rudel 1976; Wagner & Torgesen 1987;) with phonological 

awareness (Snowling, Muter & Carroll, 2007), rapid naming (Georgiou, Papadopoulos, 

Kaizer, 2014), memory abilities (Alloway & Alloway 2010; Gathercole et al., 2016) speech 

and language deficits (Dockrell, Lindsay & Palikara, 2011), processing speed  (Conway, 

Cowan, Bunting, Theriault & Minkoff, 2002) all cited as influencing factors. Despite an 

increased understanding of the difficulties they face, pupils with cognitive processing 

deficits continue to lag behind peers in educational attainment (Hall, Jarrold, Towse & 

Zarandi, 2015). This study will research pertinent factors affecting Key Stage (KS) 3 

pupils in a mainstream UK secondary school with the aim of identifying relationships 

between cognitive processing and academic attainment in literacy 

1.1 Background 

 

With the exception of nationwide key stage (KS) 4 qualifications, no standardised 

approach to assessment currently exists in secondary schools in the UK. Consequently, 

no agreed formalised assessment of cognitive processing abilities takes place and, with 

the exception of initial baseline assessments that often take place in year 7 upon entry to 

secondary education, the majority of assessment in secondary school is conducted at 

subject level. After consultation on reforming the assessment accountability system for 

secondary schools, the government removed assessment levels and gave autonomy to 

schools to develop their own assessment systems (Department for Education, DfE, 

2013). Currently, schools simply need to adhere to core principles of assessment which 

essentially require the system to be meaningful, transferable and to enable progress 

tracking (DfE, 2014a). In this model, teacher assessment of learning is formative 

throughout the year, with a statutory requirement for a summative assessment, by 

subject, at the end of the academic year (Association for Achievement and Improvement 

through Assessment, 2015). These subject assessments will evaluate the pupils’ 

performance compared to given criteria in the KS3 and KS4 National Curriculum (DfE 

2014b).  
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Assessment of pupils who are not making expected levels of progress can be more 

detailed.  When the Special Educational Needs and Disability (SEND) legislation was 

updated in 2014, the ‘Assess, Plan, Do, Review’ (DfE 2014c p. 86) cycle of tracking and 

provision was introduced for the first time in the guidance documentation and described 

in detail. The onus is placed upon the subject teacher in a secondary setting, working in 

partnership with the Special Educational Needs and Disability Coordinator (SENDCo), to 

assess a pupil's needs at the outset of teaching and then to differentiate provision to 

enable the pupil to access the curriculum. According to the SEND legislation, the subject 

teacher should base the teaching provision on an analysis of teacher assessments, 

previous knowledge of the pupil, school data, parental opinion and pupil voice. Where 

outside agency advice has been requested, then this too should be taken into 

consideration. The above cycle has 'review' built into it so that if subsequent teacher 

assessment finds that progress is not being made, then referral to the SENDCo is 

advised for perhaps some small group or 1:1 intervention and/or more detailed 

assessment (DfE 2014c); there is no agreed consensus on which assessments should 

take place. 

 

Consequently, assessments carried out with KS3 and 4 pupils do not necessarily include 

those which measure cognitive processing abilities; this will depend on the qualification 

level, time available and experience of the SENDCo (Joint Council for Qualifications, 

JCQ, 2018) and SEND staff. Once pupils reach year 9, schools are permitted to assess 

individuals and use the resultant measures for exams access applications to awarding 

bodies (JCQ, 2018), however this does not always result in cognitive processing 

assessments taking place. 

 

Access arrangements can be applied for as a result of a below average score in a 

number of areas. One assessment of cognitive processing of a standard score of 84 or 

below will qualify the pupil for 25% extra time in public examinations, two measures in 

different areas of processing of a standard score of 69 or below are required for up to 

50% extra time. Standardised measures of processing speed, phonological awareness, 

sight word reading efficiency, short term memory and working memory, in addition to 

reading and spelling/writing scores are eligible for making an application to the 

examination awarding bodies (JCQ, 2017).  
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A pupil might be referred to an assessor by a teacher who is concerned about their 

reading ability. A reasonable adjustment of provision of a reader or computer reader may 

be the outcome of such an assessment. If awarded, such support would allow a human 

reader to read the content of any exam paper to a pupil, with the exception of papers with 

the purpose of examining reading ability such as GCSE English Language. For English 

language testing papers, a computer reader can be awarded; the exam script is loaded 

onto a computer and the pupils listen through headphones to the paper being read to 

them. Both types of reading support also allow for the pupil to be supported in reading 

their own work back to them. The JCQ regulations state that if a pupil has already 

qualified for a reader/computer reader based upon: word reading, reading 

comprehension of continuous text, reading speed, rate, accuracy or fluency upon 

obtaining a standard score of 84 or below in assessment, then he or she can be awarded 

25% extra time on the basis that asking a reader to repeat text, or rereading text using a 

screen reader can be time consuming. No additional assessment of processing speed, 

phonological awareness or memory is required.  

 

Similarly, if a pupil has qualified for a scribe in examinations on the basis of having a rate 

of free writing or a word spelling standard score of or below 84 (with incomprehensible 

spellings) or due to illegible handwriting, then he or she can be awarded 25% extra time, 

as dictating and asking a scribe to read back what they have written takes additional time 

(JCQ, 2017). Again, as in the case of a reader/computer reader, even if a pupil is 

awarded extra time, cognitive processing abilities may not necessarily have been 

measured. A pupil with observable difficulties can go through their entire educational 

experience without being assessed to see if a cognitive processing deficit is affecting 

their ability to access learning and/or to evidence their knowledge and understanding in 

written responses; consequently, reasonable adjustments to support learning in the 

classroom may not be made.  

 

Where a pupil has been found to have some form of difficulty affecting their academic 

performance, which subsequently qualifies them for exam access arrangements, then 

reasonable adjustments must become their ‘normal way of working’ in the classroom 

(JCQ, 2017 p17; Equality Act, 2010). For example, a pupil with slow processing speed 

might be given longer to complete assignments or be able to showcase understanding 

through bullet points rather than full written responses. Therefore, it is important that the 
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degree of deficit a pupil is experiencing is known and that classroom teachers and the 

SENDCo liaise to ensure that support is available throughout the pupil’s academic career 

(JCQ 2017, Jones 2011).  

 

A growing number of pupils are being identified as needing and qualifying for support. 

There has been a year-on-year increase in successful applications for exam access 

arrangements over the last 5 years in the UK; in 2017, 392,955 applications were 

successfully processed; 57% of these were for extra time of 25% (223,405). This figure 

represents an increase of 8.2% compared to the previous year (Gov.uk, 2017). These 

figures relate to GCSE and ‘A’ Level candidates. In total, 15.7% of pupils taking GCSEs 

and ‘A’ Levels were awarded 25% additional time in summer exams of 2017. This need 

for extra time in exams should also point to similar reasonable accommodations being 

made in the classroom becoming the normal way of working. However, if these deficits 

are not identified until year 9 as directed by the JCQ (see above), pupils’ cognitive 

difficulties (excluding phonological awareness which is tested in early years) are often not 

explored from reception through to year 8, if at all, which may prove to be seriously 

detrimental to their academic attainment.  

 

1.2 Research focus 

 

The increase in the numbers of pupils being assessed for and awarded additional time in 

public exams, illustrates the growing awareness within education of the need to be 

cognisant of both pupils’ underlying difficulties and the duty placed upon educational 

settings to make reasonable adjustments according to the Equality Act (2010).  

 

A considerable body of research exists which concludes that certain cognitive processes 

correlate with higher level abilities and/or academic attainment.  From this research, we 

can surmise that pupils with undiagnosed and unsupported cognitive deficits are at risk of 

becoming disadvantaged in the classroom. For example, those with working memory 

difficulties may need repetition and overlearning opportunities in order to transfer learning 

into long term memory (Bogaerts, Szmatec, Hachmann, Page & Duych, 2015). Pupils 

with weaknesses in phonological awareness and/or rapid naming deficits may need more 

time to read extracts in class in order to extract meaning (Savage & Frederickson, 2004), 

those with relatively weak phonological memory may benefit from pre-teaching of subject 
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specific vocabulary as suggested by Tattersall, Wolf and Tyler, (2015). Additionally, those 

with handwriting speed difficulties may fail to keep up in class or complete class 

assessments successfully (Barnett, Prunty, Rosenblum 2018), and memory capacity has 

been closely correlated with: IQ (Kyllonen & Christal 1990); reading comprehension 

(Cain, Oakhill & Bryant, 2004); maths (Witt, 2011) and overall academic attainment 

(Alloway & Alloway, 2010,). From the existing body of research, there appear to be a 

number of potential cognitive processing difficulties affecting academic attainment. 

Whatever the causal factors it seems that pupils may benefit from early identification and 

intervention (Gathercole & Alloway 2008). Therefore, it is important to review the 

research whilst considering its relevance to KS3, UK, mainstream pupils. Analysis of the 

findings of this study will be conducted with existing research in mind. 

 

1.3 Overall research aims 
 

The overall aim of this research is to contribute to the existing body of literature and 

consider the degree to which assessment of cognitive processing abilities might be 

meaningful in examining the impact of memory and processing speed deficits on literacy 

attainment in secondary aged pupils. A review of previous findings is important in order to 

inform this study’s direction and to evaluate conclusions already drawn. Critical 

evaluation of previous studies, will inform the focus of research. Analysis of links made 

between certain literacy abilities and cognitive processing will be evaluated. The specific 

research aims are: 

 

i. to identify from previous research the extent to which information processing 

ability/speed and memory ability have been found to correlate to higher level 

abilities, specifically literacy attainment 

ii. to critically evaluate the above research 

iii. to calculate the incidence of cognitive deficit in this study’s participants 

iv. to draw conclusions concerning the impact of any cognitive processing deficits 

upon academic attainment from this study’s research results 

v. to recommend appropriate courses of action to educators to ensure that measures 

found to be correlated with literacy attainment specifically are investigated further 

with possible interventions in mind.  
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vi. to explore the need for further research 

1.4  Value of research  

 

Conclusions will be drawn from the analysis of this study’s data; results will contribute to 

existing research. An objective assessment of the value of the results in contributing to 

the existing body of work informing pedagogical practice will be made with specific 

relevance to KS3 pupils in a UK mainstream setting. In addition, this research will provide 

an indication of the incidence of deficits in certain areas of processing speed and 

memory within a KS3 population in a UK secondary school.  
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Chapter Two 

 Literature Review 

 

The aims of this literature review are to: examine some pertinent and current teaching 

challenges; review existing research of cognitive deficits which appear to affect academic 

performance; assess how these deficits impact upon attainment and to understand which 

existing interventions have been found to be beneficial in order to inform the basis and 

content of this research study; to identify detailed research questions. 

2.1  Pedagogical concerns 
 

Despite there being a legal requirement for exam access arrangements to also be the 

student’s normal way of working, pressures from the curriculum might mean that pupils 

with memory or processing speed deficits cannot always be given additional time to 

complete work or process information in the time given, in the classroom (Rose, 2009). 

The new academic curriculum was adopted in the UK in 2014 with the aim of introducing 

more rigour to teaching and learning (DfE, 2014). In 2016/17 Childline saw an 11% 

increase in the demand for counselling support for exam stress compared to two years 

previously (NSPCC, 2018). Teachers have expressed concern that the increased 

weighting (for school performance tables purposes) loaded onto the core subjects 

requires that additional hours of teaching are now needed and that moving from modular 

to linear exams will require students to retain information for longer; this will need to be 

supported with frequent opportunities for reiteration (Cassidy, 2014), again taking more 

time. Teachers raise concerns that the timetable will be squeezed and that GCSEs will 

become ”one long memory test”. (Cassidy, 2014 p.11). The English Literature GCSE 

exam is now closed book; unseen texts are presented in the exam and students are 

required to critically analyse them with reference to literature they have been studying. 

Debate has taken place over whether or not it is meaningful to ask students to remember 

numerous pertinent and possibly useful quotes from literature they have studied, in order 

to compare and contrast them with a previously unseen text in the exam. An office of 

Qualifications and Examinations Regulations (Ofqual) spokeswoman responded to 

concerns that regurgitating texts is not required, rather an ability to show a deep 

understanding of literature studied (Stacey, G., 2018). On the other hand, Gordon (2017) 

believes that requiring students to comment upon minimally contextualised texts whilst 
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comparing them to others they have committed to memory is outdated and can cause 

students to disengage from literature. Additionally, before the changes to the curriculum, 

maths students were provided with a formulae sheet; this is no longer supplied (AQA, 

2018), perhaps placing a burden on memory for students.   

 

Traditional ideas for classroom learning may have made it more difficult to implement 

support for students with cognitive processing difficulties in the past. Historically, the 

emphasis on pace in the classroom may have prevented pupils with cognitive processing 

difficulties, having time to apply meaningful strategies and accommodations to their 

learning. The promotion of pace can be traced back to government intervention in lesson 

delivery and specifically to the introduction of the Literacy Hour in 1998 in the primary 

National Curriculum (Lefstein & Snell, 2013). The Office of Standards in Education 

(Ofsted) inspections are summarised in reports which frequently referred to pace of 

lessons and the inference was that fast paced was good and slower pace was 

detrimental to learning (Cowley, 2012). Furthermore, the Primary National Curriculum 

(DfE, 2018d, p. 16) states that in English, reading development should be ‘rapid’ paced in 

Key Stage 1; in maths at all key stages, all pupils should be taught new concepts at 

‘broadly the same pace’ (DfE, 2018d p.99). This seems counterintuitive as pace does not 

appear to have been defined by the government within the learning context (Lefstein & 

Snell 2013).   

 

The pressures on the curriculum outlined above have by default demanded brisk pace in 

many classrooms. Academic research has suggested however, that fast paced lessons 

may disadvantage many students. For example, Lefstein and Snell (2013) concluded that 

slower pace is often more engaging and enables pupils to make considered, 

metacognitive responses to their learning. In particular, pupils with specific learning 

difficulties complain that they have difficulty keeping up with the pace of their lessons 

(Rose 2009). Indeed, pedagogical concerns about the individualised approach to 

teaching and learning which allows pupils to learn at their own pace were in sharp 

contrast to governmental (specifically Ofsted’s) assertion that “brisk pace” was 

synonymous with effective teaching and learning (Cowley, 2012 p.17). Reassuringly 

perhaps, pace related comments are hard to find in reports published in 2017 onward. 

This apparent change of emphasis is welcome and an important one, and one which 

lends itself to accurate assessment of need for classroom learning, but is it possible in 
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the secondary setting given the new more vigorous demands of the curriculum? This 

study aims to identify the incidence and significance of cognitive processing deficit which 

may affect a student’s ability to learn and keep pace within a KS3 cohort.  

 

It is difficult to gauge the true incidence of cognitive processing difficulties in the 

classroom when individual assessments are not carried out on an individual level. 

Research has shown that conditions such as Attention Deficit Disorder (ADD), Attention 

Hyperactivity Deficit Disorder (ADHD) (Dovis, Van der Oord, Wiers & Prins, 2013, 

Shanahan et al., 2006) SpLD/Dyslexia (Fostick & Revah, 2018, Kibby & Long, 1997), 

DCD/Dyspraxia (Sumner, Pratt & Hill, 2016) and Dyscalculia (Bugden & Ansari, 2016; 

Chinn, 2016) all present with memory and/or processing deficits. In addition, there are 

other difficulties that affect classroom learning, for example research has shown that 

individuals with Autistic Spectrum Condition (ASC) often process information more slowly 

(Haigh, Walsh, Mazefsky, Minshew & Eack, 2018) and have deficits in verbal short-term 

memory (STM), (Poirier, Martin, Gaigg & Bowler, 2011). A raft of speech and language 

difficulties exist which have auditory processing difficulties at their core; research shows 

that individuals diagnosed with Specific Language Impairment (SLI) for example, 

experience deficits in auditory processing speed (Haresabadi & Shirazi, 2015). 

Prevalence figures offered by support groups hover between the 5-10% of population 

range for many of these developmental disorders (BDA, 2018; Adders, 2018) and 1% for 

ASC (NAS, 2018) but comorbidity confounds the figures; Pauc, (2005) found comorbid 

conditions in 95% of individuals diagnosed with either dyslexia, dyspraxia, attention 

deficit disorder (ADD), attention deficit hyperactive disorder (ADHD), obsessive 

compulsive disorder (OCD) or Tourette's. There were 8, 735, 098 pupils in English 

schools in 2017-18 (DfE, 2018); we cannot know precisely how many of these pupils are 

experiencing cognitive deficits which may be their impeding progress in the classroom 

without specifically assessing individual pupils.  

 

As a result of the conclusions of numerous research studies into the impact of cognitive 

deficits upon academic attainment, Educational Psychologists, Specialist Teachers, 

Speech and Language Therapists and other Specialist Assessors assess recognised 

areas of weakness in order to determine if a specific difficulty is present for which 

reasonable accommodations and interventions can be offered.  Such assessments 

include tests for short-term memory and working memory (Alloway 2007; Reynolds and 
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Voress 2007), phonological awareness, phonological memory, rapid automatised naming 

(Wagner, Torgesen, Rashotte & Pearson, 2013), and clerical speed/visual processing 

(Smith, 2010) to name a few.  

Professional bodies are in agreement with regard to which areas of assessment yield 

relevant information regarding a learner’s cognitive deficits with the aim of appropriately 

supporting them. For example, the SpLD Assessment Standards Committee (SASC) 

publish guidance on which research based standardised assessments are acceptable 

when producing a Disabled Student Allowance (DSA) for undergraduate students, 

(SASC, 2016).  

However, research conclusions vary as to which individual or combination of cognitive 

processes have the greatest effect on (or are better predictors of) academic attainment. 

Some researchers have concluded that certain cognitive processes determine levels of 

general intelligence, (Kyllonen & Christal, 1990). Others that cognitive processes for 

example, working memory, are more closely correlated to academic attainment than fluid 

or verbal intelligence (Alloway & Alloway 2010). Much of the research has compared one 

cognitive process to another (Kail, Hall & Caskey, 1999; Kruk & Ruban, 2016), others 

have examined whether or not a combination of areas of weakness adversely affect 

academic attainment (Wolf & Bowers, 1999). Others still have questioned whether or not 

researchers are asking the right questions and if correlations between performance in 

different areas of processing/performance simply demonstrate that common processes 

are being tapped into from differing angles of investigation (Shipstead, Harrison, Engle 

2016).  

Some of the cognitive processes that have been extensively researched in relation to 

academic attainment are examined in greater detail below. The ultimate objective of the 

conclusions of such research must be to identify and inform pedagogical practice in order 

to ensure that interventions are relevant and successful. (Rose 2009; Snowling & Hulme, 

2011).  

The first area to be examined is that of phonological awareness as interventions in this 

area appear to be widespread, with every reception class child in the UK being 

introduced to some elements of phonological instruction in their first year of schooling 

(Rose, 2006).  
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2.2 Phonological awareness 
 

The term phonological awareness (PA) refers to an individual’s awareness of the 

different units of sounds found in speech (Wagner et al., 2013). Learners’ abilities in 

phonological awareness have been extensively researched over the years; it is widely 

accepted that a weakness in discerning, deleting, manipulating, decoding (analysis), 

encoding (synthesis) and/or recognising sublexical units such as phonemes, syllables, 

onset-rime and body-coda , ostensibly the structure of sound within language, can cause 

a detrimental effect on literacy attainment, specifically reading and spelling (Stanovich 

2000; Vellutino, Tunmer, Jaccard & Chen, 2007; Wagner & Torgesen, 2007).  

2.2.1  Existing research conclusions 
 

Numerous research studies have found a correlation between PA abilities and literacy 

attainment in the academic setting with different elements of PA being found to correlate 

with reading acquisition across the age ranges. For example, Muter, Hulme, Snowling 

and Stevenson (2004) in a two-year longitudinal study conducted with reception year 

pupils, concluded that decoding ability in the form of letter knowledge and phonemic 

awareness, predicts reading acquisition, whereas grammatical skills, existing word 

recognition ability and vocabulary knowledge predict reading comprehension. 

Conversely, Garcia and Cain (2014), conducted a meta-analysis of 45,000 research 

subjects which included both children and adults and found a positive correlation 

between reading comprehension and decoding ability. Decoding is the process of an 

individual attacking a new and unfamiliar word, not already recognised by sight, and 

deconstructing it into its constituent letters, ascribing phonemes to the graphemes and 

building these back up to form a word which they either recognise from their lexicon or 

add to it. Interestingly, Garcia and Cain found that this relationship decreases with age as 

word recognition becomes automatised and reliance on decoding is limited to new and 

unfamiliar vocabulary. More recently Snowling and Melby-Lervag (2016), conducted a 

review of children with family risk of dyslexia and concluded that deficits in PA and 

decoding were indeed enduring developmental factors thereby confirming the continuing 

difficulty that learners with PA deficits have when decoding new and unfamiliar subject 

vocabulary.   
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The research community holds differing opinions regarding which elements of 

phonological processing cause the greater impact on acquisition of reading: as discussed 

above, some research shows that phonemic awareness i.e. knowledge of 

phoneme/grapheme correspondence, is the main factor (Mcgeown & Medford 2014). 

Melby-Lervag, Lyster and Hulme, (2010) conducted a meta-analysis of 235 studies in 

order to examine a review of the relationships between phonemic awareness, verbal 

short-term memory (STM) and rime awareness among learners with dyslexia compared 

to typically developing same age peers and children who had been matched on reading 

ability. The review concluded that the greatest deficit experienced by learners with 

dyslexia was in phonemic awareness when compared to both control groups. Smaller but 

still significant differences were found in rime awareness and verbal STM with both 

groups.  

Zeigler et al., (2010) however, found the broader elements of phonological awareness, 

rather than phonemic awareness, to be strong predictors especially so in the opaquer 

orthographies of the five languages studied in their research. However, their chosen 

assessment of phonological awareness was deletion of initial phonemes of aurally 

presented words and pseudo words; phonological awareness of larger grain sizes was 

not assessed. This test of phonological awareness is the closest to phonemic awareness 

and as such does not test the full range of phonological awareness required to recognise 

all of the speech sound components of language such as syllables, onset and rimes or 

blends (Wagner et al., 2013). Sermier Dessemontet and de Chambrier (2015) found that 

both phonemic knowledge (phoneme/grapheme correspondence) and phonological 

awareness were predictors of single word and pseudo word reading ability in their study 

of 129 6-8-year olds identified with mild to moderate learning disabilities.  Similarly, 

Zeigler et al., (2010), found phonological awareness to be the strongest predictor of 

reading ability in 1265 grade 2 children. Despite these differences in opinion the research 

community appears to be agreed that phonological awareness, as a broad descriptor, is 

correlated with literacy acquisition.  

Phonological awareness ability is also closely associated with spelling ability. Moll et al., 

(2014) examined differing phonological processes in 1062 typically developing 7+ year 

olds in learning in 5 different European languages and found that phonological 

processing was a predictor for spelling (and reading) in all languages studied. 

Furthermore, recent research has concluded that improved PA, through training, directly 
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transfers to improved spelling ability (Vander-Stappen & Reybroeck, 2018). In this study 

they found separate and distinct benefits from PA training that could not be attributed to 

rapid naming ability (see below). This study was conducted with French speaking Belgian 

primary aged children. Bernstein (2009) found that English speaking American children 

with dyslexia made more phonological errors than orthographic in their spelling; in 

children with dyslexia a higher incidence of incorrect vowel substitutions was found. 

Learners with spelling difficulties struggle with producing written work which reflects IQ 

and a diverse verbal lexicon, (Connelly, Dockrell, Walter & Critten, 2011), suggesting that 

PA deficits can, through reduced spelling ability, affect written ability and therefore 

literacy attainment.  

2.2.2   Differing orthographies 
 

The opacity of a language appears to determine the influence of differing phonological 

factors. English is an opaque language in that phoneme/grapheme correspondence is 

not consistent; consider the pronunciation of cough, thought, though, rough, through; 

whereas in Spanish for example, individual graphemes consistently represent the same 

phonemes. Additionally, syllabic structure in more transparent orthographies tends to be 

of a uniform consonant/vowel structure, for example, Spanish: hi/jo - son, ma/ri/po/sa – 

butterfly, pen/sa/mi/en/to – thought (Goswami 2008). We can see that in the example of 

the word thought, that one syllable in English can be represented by seven graphemes. 

Both the degree of opacity and syllabic structure render the more transparent language 

easier to decode phonetically, so caution must be used when citing research conducted 

in other languages: Zeigler et al., (2010) analysed studies from 5 different languages, 

none of them English and found that PA was the main factor in predicting reading 

performance in all languages examined. Sermier Dessemontet and De Chambrier (2015, 

p.1), analysed data from research carried out with French and German speaking subjects 

found that the language spoken was not a significant predictor of success in literacy 

attainment in primary aged children with “intellectual difficulties”. Goswami (2008), 

determined that even where a language appears to be of similar complexity, for example 

Welsh and English, the degree of transparency affecting decoding may well differ and 

affect the rate of early reading acquisition.  
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2.2.3 Teaching interventions 
 

Snowling and Hume (2011) state that it is now well established that effective reading 

interventions for dyslexic learners involve PA and letter/sound correspondence. Meta-

analyses of research studies carried out with English speaking participants have found 

that systematic phonics teaching does have a positive impact on reading acquisition 

(Ehri, Nunes, Stahl & Willows 2001; Torgerson, Brooks & Hall 2006), they also conclude 

that as long as the teaching is systematic then there is no significant difference between 

the efficacy of synthetic and analytical phonics. The difference between synthetic and 

analytic phonics is that the former teaches phonemes discretely in isolation and the skill 

of blending them together in order to form words whereas in analytic phonics the learner 

is encouraged to discover the phoneme aurally or visually or both within words and to 

infer the phoneme/grapheme correspondence (Torgerson et al., 2006; Cochrane & 

Binns, 2015). Many researchers note that it is important to have a multi-faceted approach 

to literacy interventions, not one that relies solely on improving phonological awareness 

(Gonzales-Valenzuela & Martin Ruiz 2017; Snowling & Hulme, 2011; Bowers & Bowers, 

2017; Kim, Hemphill, Troyer, Thomson, Jones et al., 2017) but rather one that looks at all 

aspects of reading activity and text analysis; see RAVE-O intervention below.  It is 

important however to note that some studies and analyses have shown that the method 

of reading instruction appears to determine which cognitive processes are relied upon. 

McGeown, Johnson and Medford (2012) found that vocabulary skills predict word reading 

acquisition when sight word reading methods are taught.  

2.2.4 Government response to literacy teaching 

 

In England, the Department for Education has determined how pupils in Key Stage 1 

should be taught to read based upon a review of literacy teaching in the Early Years 

commissioned by the Secretary of State (Rose, 2006). Sir Jim Rose, currently president 

of the National Federation for Educational Research, was invited to conduct the review 

which was published in 2006. The review was restricted to the assessment of synthetic 

phonics, Rose having asserted that there was not enough research available to 

determine if any other approaches were more successful. This assertion seems to 

contradict the depth and breadth of research available at the time (Wyse & Goswami, 

2008). Rose perhaps unsurprisingly concluded in the review (2006), that synthetic 
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phonics was the way forward and cited the success of a synthetic phonics intervention in 

Clackmannanshire (Johnston & Watson 2005) on the acquisition of reading by Key Stage 

1 pupils. Michael Rosen (2006 cited in Hynds, 2007 p.273) asks the question “can it be 

replicated?” and at the time of Rose’s review and conclusions, it had not been (Ellis, 

2007; Wyse & Goswami, 2008). More to Rosen’s point, he felt it could not be replicated 

as the research had not employed robust methods of ensuring similar conditions for 

control and intervention groups (Wyse & Goswami). Despite criticism of the research 

methods (Wyse & Goswami 2008; Davies, 2012) and academics arguing that the 

synthetic phonic approach was too narrow (Hynds, 2007; Moss and Huxford 2007 cited in 

Ellis 2007), the English government pressed ahead with this single stranded focus. The 

recommendations were adopted and changes were made to the primary curriculum for 

implementation in the academic year 2007-8. 

2.2.5 Critique of the single stranded focus 
 

Higher level reading is delayed for the recipient of synthetic phonics; reading for meaning 

(and fun) are not explored (Davis 2012). Concern was expressed that the method of 

phonics teaching chosen did not contextualise the learning of words (Wyse and Goswami 

2008). Criticism centres around the concerns that synthetic phonics offers too narrow a 

focus and delays exposure to books. Teaching of synthetic phonics is fast paced and 

focusses on the synthesis (blending) of phonemes – all 44 phonemes are taught before 

contextual reading is introduced. The other elements of phonological awareness detailed 

above are not broached in the early years in a pure synthetic phonics programme. 

Interestingly the Clackmannanshire project informed but did not shape Scottish literacy 

policy; in Scotland they embraced many of the strands that successful reading outcomes 

require (Ellis 2007). 

Research shows that phonics instruction improves the outcomes for the majority of 

children but those who fail to respond to this kind of intervention need a different 

approach and meet the criteria for a definition of SpLD/dyslexia (Snowling 2016, Rose 

2009). 

Analytic phonic programmes (for example DALP, 2015; Units of Sounds, 2017) also 

contain strands covering phonological awareness of sublexical units, morphological 

analysis, punctuation, etymology, syntax, metalinguistic terminology and semantics in 

higher level reading in addition to phonemic awareness. All of these strands need to be 
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explored if weaknesses are to be effectively supported and if necessary, taught 

sequentially and explicitly to the struggling learner (Gonzalez-Valenzuela & Martin-Ruiz, 

2017; Kim, et al., 2017). Regardless of the intervention approach, phonemic instruction 

appears to assist reading acquisition but a more comprehensive exploration of the 

English language spelling system is more beneficial (Bowers & Bowers, 2017).  

2.2.6 Phonological awareness and research led interventions in the secondary 

setting 
 

Despite the difference in opinion between researchers, academics and national 

governments, it has been widely accepted by teachers, academics and, researchers 

(Snowling & Hulme; 2012, Vander-Stappen et al.,2018) and the specialist support 

community that remedial intervention which targets phonological awareness, including 

phonemic awareness, has a positive impact on struggling readers and spellers. The 

Vander-Stappen et al., (2018) study is interesting as it suggests that phonological 

awareness can be improved and transference to improved literacy attainment evidenced 

in French speaking second grade pupils, when rapid naming (see below) elements of 

training are removed.  

Snowling and Hulme (2011) assert however, that the research behind the implementation 

of intervention programmes is patchy for secondary aged pupils and beyond and calls for 

a “virtuous circle” (2011 p.1) of research followed by informed intervention to be 

developed. There appear to be only a minimal number of research studies conducted 

that have randomised controlled trial (RCT) design at the heart of their methodology in 

the UK secondary setting (Paul and Clarke 2016). Nonetheless some secondary schools 

in England do offer interventions and the efficacy of these specific programmes are 

assessed with effect sizes calculated where possible (Brooks, 2013).  

2.2.7 Phonological awareness interventions 

 

A student with a PA deficit of standard score <85 would qualify for extra time of 25% in 

exams if required. If their standard score was below 70, and they qualified in a different 

area of cognitive processing at this low score then they would qualify for 50% additional 

time (JCQ, 2017). This arrangement could only be awarded if it was the student’s normal 

way of working. Classroom accommodations could include:  

• reduced text reading 
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• use of a word processor and spellchecker or a scribe 

• additional time to complete tasks 

• not being asked to read aloud in class 

• computer reader etc.  

• access to a cumulative, structured, multisensory literacy programme 

• opportunities for regular reading practice 

 

2.3 Rapid Automatised Naming  
 

Rapid automatised naming (RAN) is considered to be another activity which draws upon 

phonological processes (Wagner et al., 2013). RAN describes the ability to name 

presented stimuli at speed. In assessment of RAN, objects, colours letters and/or digits 

are presented in series or discretely and the participant is required to name them as 

quickly as possible. Performing this task requires the visual recognition of presented 

stimuli and the retrieval of previously stored phonological information from long term 

memory, before it is verbalised. Therefore, although phonological in nature, the process 

of naming object, colours and alphanumeric stimuli also requires visual processing 

(Wagner, Torgesen, Rashotte & Pearson, 2013).  

Rapid automatised naming tasks are scored by measuring the speed at which an 

individual can recode the visually presented symbols into speech. Researchers argue 

that this process coupled with the ability to refer the phonologically recoded information 

to the individual lexicon play an important role in early reading acquisition (Araujo, 

Peterson, Ries & Faisca, 2014; Wagner & Torgesen, 1987).  

2.3.3 RAN and presentation of stimuli 

 

Stimuli in RAN assessments can be presented discretely or in series. Georgiou, Parrila, 

Ciu and Papadopoulus (2013) assert that RAN stimuli presented in series replicates the 

presentation of reading text and both reading and rapid naming processes require ‘rapid 

execution’ of similar cognitive processes (Kail et al., 1999, p.312). Serially presented 

stimuli are widely accepted as the optimum format for RAN tasks as this construct most 

closely correlates with reading ability and or acquisition (Stanovich 1981 cited in Kail et 

al.,1999).  Consequently, the assessments used by many researchers and assessors 

follow such a format (Savage & Frederickson et al 1997; Wagner et al., 2013)  
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2.3.4 RAN and double deficit theory 
 

Using assessments constructed in the serial format described above or similar, many 

researchers have found that RAN is associated with reading acquisition and/or ability 

(Denkla & Rudel 1975; Kruk & Ruban 2016).  Wolfe and Bowers (1999, p.415) asserted 

that in terms of reading disability, a “double-deficit” exists; that among poor readers, there 

are those who display a single deficit in phonological awareness, those who have a 

single deficit in RAN and those who experience a deficit in both. They found that children 

experiencing a single deficit in RAN also experienced difficulties with both word reading 

and comprehension. The learners experiencing dual deficits appeared to experience 

greater challenges in reading acquisition and fluency.  

The double deficit theory continues to be upheld by researchers. For example, Powell, 

Stainthorpe, Stuart, Garwood, & Quinlan (2007), sought to determine: the true nature of 

RAN and its relationship with reading and exactly which cognitive processing deficits 

correlated with reading ability. Their conclusion agreed with Wolf and Bowers (1999): 

their research supported the double deficit theory. In addition, RAN deficits were found to 

exist in isolation of phonological awareness and to correlate with degree of reading 

deficit. Arujo, Pacheco, Faisca, Peterson and Reis (2014) similarly confirmed the 

existence of participants with a double deficit in addition to participants with either single 

deficit phonological awareness or RAN in their study which compared 22 dyslexic pupils 

to 22 non-dyslexic pupils, all with IQs within the normal range.  However, their RAN 

conclusions may have been confounded by their choice of letters presented in the alpha 

(letter naming) element of the task. The graphemes chosen were <d>, <o>, <p> and <t> 

and so the speed of naming may have been reduced due to grapheme confusability 

difficulties (Jones, Obregon, Kelly & Branigan, 2008) or by phonemic similarity causing 

task switching difficulties between <d > and <p> (Jones, Snowling & Moll, 2015) 

experienced by some dyslexic learners.  These additional difficulties may have increased 

the response time of the dyslexic participants in addition to the time taken for visual 

sequencing, matching or retrieval of orthographical and phonological codes (Wolf & 

Bowers, 1999). Other research studies (Powell et al., 2007; Nelson, Lindstrom, Lindstrom 

& Denis, 2012) have used The Comprehensive Test of Phonological Processing 

(CTOPP) which asks participants to name letters that have reduced possibility for 

creating orientation and phonemic confusion viz.: <a>,<t>,<s>,<k>,<c>,<n>; this 
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difference between RAN alpha stimuli used, indicates that caution needs to be exercised 

on the part of the reviewer when comparing studies.  

2.3.5 Domain involvement in RAN 
 

Differing opinions exist concerning which underlying cognitive processes are correlated 

with deficits in the speed of rapid naming. There are those whose research has led them 

to conclude that RAN is a manifestation of phonological awareness processes (Wagner & 

Torgesen, 1987). Others have concluded that RAN is closely correlated with: global 

processing speed (Kail et al., 1999); visual processing speed (Stainthorpe et al, 2010); or 

naming speed (Jones et al., 2016). 

Some researchers have asserted that RAN does not exist as a separate entity to 

phonological processing as a whole. Savage, Pillay and Melidona (2007), designed a 

research study that aimed to separate out RAN from other phonological skills in order to 

determine which component parts of RAN contribute to spelling ability and therefore 

accurately target intervention in line with Snowling and Hulme’s “virtuous circle” (2011, 

p.81).  They found a strong correlation between RAN and response time and a weaker 

correlation between response inhibition and alphanumeric RAN. A strong correlation was 

also observed between nonsense word reading and alphanumeric but not picture naming 

RAN, leading to their conclusion that the relationship between alphanumeric RAN and 

nonsense word reading is as a result of both tasks summoning decoding skills; therefore, 

they conclude that RAN as a whole does not have a role in reading ability that is 

independent from phonological processing.  

As mentioned above, Kail et al., (1999) found that naming times were predicted by 

processing speed (PS), however the PS tasks administered in this study were both pencil 

and paper tasks and any fine motor difficulties, often found to be comorbid with reading 

difficulties (Kaplan, Wilson, Dewey & Crawford, 1998) may have confounded the results. 

A finer-grained analysis of the tasks chosen to ascertain to what extent grapho-motor 

skills rather than fine motor skills would be necessary before concluding that general PS 

per se is the correlating factor (Suggate, Pufke & Stoeger, 2016). Furthermore, rapid 

visual processing was a requirement of both tasks, however neither naming nor 

articulation rates were assessed.  
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It is difficult to draw conclusions from processing speed tasks when the differing 

individual cognitive processes involved in rapid naming are not examined. More recently 

Jones, Snowling and Moll (2016) having acknowledged received opinion that RAN is 

related to reading fluency, used an automated rapid naming task combined with a 

Stroop-switch task in order to isolate the individual elements of the cognitive processes 

involved in rapid naming and concluded that dyslexic learners experience a delay at the 

naming phase of the task in comparison to non-dyslexic learners. The response time was 

increased when the Stroop-switch task was made more demanding by the insertion of 

visually or phonemically similar letters at the point of task switching to colour naming. 

This delay indicates either a speed of processing deficit or difficulties in inhibition of 

response causing an increase in the time taken to name the present array of stimuli. The 

researchers acknowledge that the question of which elements of reduced RAN 

performance are responsible for the relationship with reading difficulties remains 

unanswered but it seems that more recent research is pointing in the direction of 

processing speed abilities rather than phonological awareness. Kruk and Ruban, (2016) 

found that a strong performance in young children on timed visual processing tasks 

predicted faster nonalphanumeric RAN times and that untimed visual problem-solving 

abilities correlate with early alphanumeric RAN performance. They attribute the 

relationship between visual processing and RAN in the early years to a less automatised 

visual recognition of symbolically represented information although visual processing 

deficits have been found to predict RAN in adults (Jones et al., 2008). 

2.3.6 The effect of age upon RAN performance 

 

Studies across different age groups have found a correlation between RAN and reading. 

Kail et al., (1999) found that RAN ability correlated with age and; that RAN rates could be 

predicted by age related gains in processing speed.  Studies have found RAN to predict 

reading acquisition and/or ability in pre-schoolers (Georgiou, Tziraki, Manolitsis, Fella 

2013), primary age children, (Koponen, et al., 2016), secondary age Cantonese speaking 

children (Chung, Ho, Chan, Tsang & Ho 2011) and adults (Jones et al., 2015).  

However, Georgiou, Papadopoulos and Kaiser (2104) propose that although RAN is 

correlated with reading throughout the school years, the relative impact of processing 

components of RAN which causes a deficit changes with age.  In a 10-year longitudinal 

study they found that initially the pause between vocalisation of stimuli items was a 
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greater factor in RAN deficits than articulation rate. As the children progressed through 

school years, they found that the pause rate diminished as automaticity of processes 

increased and articulation rate became the main predictor variable.  

2.3.7 RAN across differing orthographies 

 

Before drawing conclusions from this study and from the many studies which have 

investigated the nature of RAN and its relation to reading, literacy and consequently 

academic attainment, the relationship between the complexity and transparency of the 

orthography of the language being read and the strength of RAN as a predictor of 

reading should be examined. Georgiou et al., (2014) investigated the componential 

processes involved in RAN of Greek speaking children. Greek is a transparent 

orthography i.e. grapheme/phoneme correspondence is regular and therefore 

predictable. Finnish, for example is considered to be one of the most transparent 

orthographies and English one of the most opaque. It has long been believed that RAN 

plays a greater part in reading acquisition in transparent orthographies than phonological 

awareness (Ziegler et al., 2010). The consistency or transparency of phoneme/grapheme 

correspondence of an orthography relates directly to age and ease of reading acquisition, 

(Seymour, Aro & Erskine 2003, cited in Ziegler et al., 2010). Ziegler et al., as we saw 

above, analysed 5 European languages with varying degrees of transparency and 

concluded that the strongest predictor of reading was phonological awareness and that 

RAN held only a weak association. However, this study of Grade 2 children, picture RAN 

was the only chosen assessment and therefore alpha numeric, with its closer association 

to reading acquisition was not tested. Georgiou, Parrila and Liao, (2007) found RAN to be 

a strong predictor of reading fluency across three languages of differing complexity and 

form: English, Chinese and Greek. RAN was also found to have a strong correlation with 

reading accuracy for Chinese and Greek but not English.   

2.3.8 RAN and effective interventions 
 

The efficacy of targeted intervention for rapid naming deficits is not as well established as 

that for phonological/phonemic awareness programmes. Kail et al (1999) proposed that 

although naming time was related to word recognition, remediation may not be effective, 

as dual naming speed and processing speed deficits point to a systemic problem i.e. 

affecting all processing in general. However more recent researchers have concluded 
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that RAN has a relationship with orthographical knowledge and those individuals who 

have low RAN scores are more likely to have less well-developed skills in this area. 

Conrad & Levy, (2009) found that pupils who had received orthographical training 

comprising words with repeated patterns of letters contained within them, made 

improvements in reading accuracy of new words but not word reading speed as 

measured by the Test of Word Reading Efficiency (TOWRE – Torgesen, Wagner & 

Rashottte, 1999). Here single words and nonsense words are presented in ascending 

order of difficulty and the participant is required to read as many items as they can within 

a time limit of 45 seconds. The RAVE-O programme looks to address fluency difficulties 

by incorporating orthographical knowledge into the teaching method. The programme 

incorporates phonology, syntax, semantic systems morphology into its classroom 

delivery and offers opportunities for repeated reading (Wolf et al., 2009. Although reading 

gains were made compared to control groups in the Wolf et al., (2009 study, results are 

confounded in terms of RAN deficits in that it is impossible to isolate the elements of the 

combined focus intervention that have a correlation with reading fluency and RAN. A 

meta-analysis of 400 studies researching the efficacy of repeated reading only of 

passages in improving fluency of reading concluded that this is a successful strategy if it 

is accompanied by previewing of the passage by a competent reader, for example the 

teacher, and that the passage is repeated at least 4 times (Lee & Yoon, 2017).  

As above for PA deficit, a student with a RAN deficit of standard score <85 would qualify 

for extra time of 25% in exams if required. If their standard score was below 70, and they 

qualified in a different area of cognitive processing at this low score then they would 

qualify or 50% additional time (JCQ, 2017). This arrangement could only be awarded if it 

was the student’s normal way of working. Classroom accommodations could include:  

• reduced text reading 

• additional time to complete tasks 

• not being asked to read aloud in class 

• computer reader etc.  

Whether phonological, visual, naming or as a result of global processing, RAN 

performance is measured in time taken to complete the task and the number of errors 

made is usually noted.   
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2.4 Reaction Times  
 

A reaction time is the time taken for a participant to react to a stimulus; processing speed 

is the time taken to process a mental task. A number of different reaction time tasks are 

available to psychologists: a simple reaction time task measures the time it takes a 

participant to respond to a stimulus, a choice reaction time task as the term implies, 

presents the participant with a choice between two of more possible stimuli and they are 

required to choose and react accordingly and a discrimination reaction time task where a 

participant is presented with 2 or more stimuli and is required to react every time they see 

or hear a particular item (Colman, 2015). The latter two tasks require a greater degree of 

cognitive processing in order to respond.   

At times the lines appear to blur between the RT and processing speed tasks. Some 

tasks are being identified as RT in nature by certain researchers and processing speed 

tasks by others, for example the Sternberg test is described as an RT test by Neubauer, 

Sternberg and Possner, (1996) and as a processing task by Vernon, Nador and Kantor, 

(1985). 

For various reasons researchers attempt to break down the reaction into constituent 

parts to ascertain where any delays may occur or to find component parts that are shared 

with other measures of cognitive processing ability, for example articulation rate (Jones 

et al., 2015) or inter pause delay. There appears to be some interchangeability between 

the term reaction time and processing speed.  

2.4.3 Reaction time and intelligence.  

 

Neubauer, Rienman, Mayer and Angleitner, (1997) confirmed earlier findings by others 

(Vernon and Mori, 1992), of significant positive correlation between RT and intelligence 

as measured by the Ravens Advanced Progressive Matrices (APM), in 116 participants 

aged between 16 and 39. Participants were requested to complete the Hick-paradigm, 

which requires a response to between 1 and 4 visual stimuli by pressing a corresponding 

number of buttons, this task would also require visual spatial processing and memory 

especially for the 2 bit tasks. Additionally, the Sternberg Task required the participant to 

remember 1, 3 or 5 digits presented serially and then respond by pressing a ‘yes’ button 

when a single digit subsequently presented as the stimuli had been displayed in the 

previously presented string and a ‘no’ button if not (consequently, this RT test requires 
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involvement of short term memory in order to be able to respond). And finally, the Posner 

task; here the participant is required to visually discriminate between letter name or 

shape. Same name/different shape could be ‘Bb’, same name/same shape ‘AA’, different 

name/different shape ‘Ba’. As with the Sternberg task this task requires additional 

processing abilities, i.e. visual processing. The correlations between the Ravens APM 

and all 3 tasks were significant. Visual processing skills and memory are also employed 

in the Ravens APM. Perhaps including some simple RT tasks that were measuring 

response to auditory and visual stimuli would have been a better measure of pure 

reaction time for correlation analysis. Deary, Der and Ford (2001) found higher 

correlation results with Raven (n=900) for a 4 choice Hicks test versus the simple (no 

choice, 1 item) test, confirming that correlation with intelligence tests increases with 

cognitive load. The Neubauer et al., (1997) study asserts that significant correlations 

between RT and processing speed were found but as we have seen the tasks used 

required significant amounts of processing so this would not be unexpected.  Vernon 

(1986) concludes that more complex RT tasks are more likely to result in a strong 

positive correlation with intelligence tests than simple RT tasks.  

2.4.4 Reaction times and academic attainment 

 

In order to assess the literature which has examined RT in relation to academic 

attainment it is useful to find those studies that have used simple RT tasks (see above) in 

order to separate out as much information processing interference as possible. One such 

Indian study of 100 (females = 50) first year undergraduate medical students used both 

simple visual and auditory RT tasks to calculate if there was a correlation with academic 

success (Prabhavathi,et al., 2017). The simple visual RT (VRT) task required the 

participant to press a button when a red light came on screen; for the auditory RT (ART) 

task, they were required to press a button when they heard a signal through their 

headphones. For both genders, ART was faster than VRT, males were faster all round 

than females and participants with higher academic scores (based on a physiology test 

all participants had taken in 2016) achieved faster RT results.  A Turkish study of 500 

adolescents found similar results between males and females with a significant 

correlation between academic performance and RTs; the faster the RT, the higher the 

academic achievement. (Taskin, 2016). It is difficult however to find studies which have 
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used simple reaction time tasks to examine the correlation with academic achievement in 

KS3 students in the UK.   

2.5 Processing speed 
 

In assessment terms, processing speed is the temporal measure of a given information 

processing task, in other words, how long a person takes to process the information they 

have been presented with. Some studies test processing speed (PS) at a local level, for 

example the RAN task where the participant processes each individual piece of 

information in turn, whereas others examine global processing where a participant is 

required to take in the whole picture in order to complete a task, for example the Cross 

Out Task (Woodcock & Johnson, 1990, cited in Ferguson & Bowey, 2005). The 

participant looks at a row of images and marks any that are identical to the example 

given at the beginning of each row.  

2.5.3 Processing speed and age 

 

PS increases with age throughout childhood (Case, Kurland, Goldberg, 1982; Ferguson 

& Bowey, 2004) and then begins to decline from early adulthood until in our eighties 

(Deary & Ritchie, 2016) and quite possibly beyond.  

2.5.4 Processing speed and academic attainment 
 

The ability to process information efficiently is one of the cognitive abilities that impacts 

upon academic fluency: reading, maths and writing fluency (Benner, Allor & Mooney, 

2008). We have seen above that speed of processing as measured by RAN tasks has 

been found to correlate with both word reading and comprehension. Maths fluency refers 

to the ability to carry out mathematical procedures, operations and calculations efficiently 

and accurately (US National Council of Teachers of Mathematics, 2017). Fluency is a 

desired characteristic of any learner attempting to keep pace with classroom instruction.  

A UK study has found a correlation between PS and mathematical calculations in grade 3 

children, which is unique and separate from working memory ability (Cowan, Donlan, 

Shepherd, Cole-Fletcher, Saxton et al., 2011). Similarly, in grade 3 children in the US, 

Fuchs et al., (2006), found that PS was correlated with arithmetic. Additionally, they 

concluded that a sight word efficiency task, defined as a reading assessment, was 
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correlated with arithmetical word problems. Fuchs et al., (2006) administered the Test of 

Sight Word Reading Efficiency (TOWRE, Torgesen, Wagner & Rashotte, 2012). This test 

is timed and is a measure of fluency and accuracy rather than reading ability; an untimed 

test would be a more analytical assessment of reading skills per se. The timed element 

ensures that PS is a component of this task and as a result it is not admissible as a 

reading test in JCQ applications for a reader for a disabled candidate (JCQ, 2017). 

TOWRE can however be used as evidence of need for extra time. The study concludes 

that sight word reading efficiency is correlated with performance on arithmetic word 

problems; the PS element of this task may well have been responsible for the correlation 

rather than reading ability. The correlation with reading comprehension Wolf and Bowers 

(1999) found with alphanumeric RAN, may in part explain the relationship between 

TOWRE results and arithmetic word problems as both assessments require reading 

serially presented information at speed.  

Additionally pupils with comorbid development coordination disorder (DCD) and maths 

learning difficulties have been found to have visual-motor integration (VMI) deficits as 

measured by the Beery Buktenica (2004) developmental test of VMI which has a timed 

assessment component (Pieters, Roeyers, Rosseel, Waelvelde & Desoete, 2015).   

The Symbol Digit Modalities Test (SDMT, Smith, 1982), is often used to assess 

information PS across a number of modalities: visual, phonological and fine motor, in 

cases of brain injury or degenerative illness. It is also used by SpLD assessors to provide 

supplementary evidence of PS deficit. One study found a positive correlation between the 

SDMT with General Average Intelligence in learners with ADHD (r=.30, p=.002), (Katz, 

Brown, Roth & Beers, 2011).  Additionally, the study found a statistically significant 

difference between marginal means results on the SDMT for a group of 44 adolescents 

and adults with ADHD compared with a group of 65 adolescents and adults with ADHD 

and comorbid reading disorder, with the second group performing more slowly on this 

task.  

                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                               

2.5.5 Processing speed interventions  
 

As stated above slow PS impacts upon fluency. We saw that in pupils with poor RAN 

scores, repeated reading was a useful intervention in improving reading fluency. 

Repeating tasks in order to gain mastery is known as Precision Teaching (PT). This 
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technique of teaching through repetition, can be applied to a number of academic 

activities: learning number facts; reading and spelling; acquiring phonemic knowledge; 

retaining facts and so on. Roberts and Norwich, (2010) found that training Teaching 

Assistants to work with students on PT of key words, improved word recognition 

significantly and as a result, self-perception as a learner improved. Improvements gained 

through PT lead to enhanced academic fluency, (Wolf et al., 2007) whereas in contrast, 

an increase in education in terms of years spent studying, does not appear to enhance 

cognitive processing in cohorts of participants assessed whilst in their 70s (Ritchie, 

Bates, Der, Starr & Deary, 2013).  

In addition to interventions, reasonable adjustments can be made in the classroom and 

exam situations: 

• extra time in exams 

• possibility of a scribe if handwriting is very slow 

• assignments differentiated by amount 

• alternative presentation of work e.g. bullet points 

• access to a word processor for those with slow clerical PS 

• voice to text software 

• instructions reinforced in writing 

• enlarged print for those with visual processing difficulties 

2.5.6 Processing and memory 
 

In order to learn, perceive and retrieve information we need to process it. In order to 

process information, we need to allocate cognitive resources to the task at hand; the 

magnitude of the cognitive demand is dependent upon the complexity of the task. Many 

researchers believe that information processing shares available capacity with memory 

and that the more processing of information a task demands, the more resources are 

drawn away from remembering. Daneman and Merikle, (1996) found through a meta-

analysis of over 6,000 participants, that processing and storage capacity are more useful 

predictors of language comprehension than measures of memory alone. They found this 

to be the case when both vocabulary and mathematical processing was required by the 

task, concluding that processing plus storage combined was predictive of language 
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comprehension ability regardless of whether language manipulation was part of the 

processing or not.  

Barouillet, Bernadin and Camos, (2004) postulated a time-based resource sharing model 

of memory and processing; they concluded that working memory performance in adults 

varied depending upon the degree of information processing required by the task within a 

given time. They also noted that increasing the number of items delivered whilst keeping 

the time limit stable reduced the ability to rehearse to be remembered items, resulting in 

reduced numbers of items recalled. Magimairaj and Montgomery, (2012) examined 

domain specificity in their study of 61 Key stage 2 (7-11-year-old) children, they 

concluded that processing/attention appeared to be domain general when verbal working 

memory was being assessed. However, for one of the tasks, this study used a 

computerised counting span task which they report required the participants to count 

aloud the number of dots in arrays consisting of between 4 and 7 items. They state that 

the counting aloud ensured verbal processing was taking place. Whilst this is true, some 

pupils may have been able to process the information visually and recall the visual array 

when later ask to specify the number – any participant employing this strategy would be 

utilising visual spatial processing and working memory strategies; other tasks designed to 

assess working memory in the study were purely verbal in nature.  Barouillet, Bernadin, 

Portrat, Vergauwe and Camos, (2007) also conclude in a later study that processing is 

domain general, as spatial processing disrupted verbal maintenance of to be 

remembered information. The participants in this study were undergraduates: 23 female 

and 1 male. Tasks included digit and letter reading and reaction time elements. The 

study does not appear to consider possible limitations caused by gender differences in 

rapid naming and reaction times – some research has shown that females are 

significantly faster than males at naming alphanumeric information and have slower 

reaction times than males when choice is increased if practice is not permitted (Der & 

Deary, 2009; Reimers & Maylor, 2006; Roivainen, 2011). Both areas of performance 

were recorded with this predominantly female cohort. Jarrold,Tam, Baddeley and Harvey, 

(2010) conclude in their study that processing of information is domain-general as 

observed in participants forgetting information as verbal or visual processing 

requirements were shown to limit the domain specific storage process.  

Ferguson and Bowey (2008) found that age related changes in global PS predicted 

increases in auditory memory span in children ranging in age from 5 -13. Interestingly, 
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the demographic analysis of the cohorts in this study does not include a breakdown of 

ethnicity, whereas one analysis of research into global and local perception has shown 

that East Asians are the better global processors (McKone, et al., 2010) even at second 

generation level. Both studies assessed Australian students although McKone et al’s., 

(2010) conclusions were drawn from assessments of young adults. In this later study, the 

researchers contest that interference from this racial difference might affect the results of 

any study that does not mitigate for what they perceive to be an innate difference in 

processing.  

2.6 Working memory 
 

The term working memory (WM) was first used by Miller, Gallanter & Pribram (1960, cited 

in Conway, Jarrold, Kane, Miyake & Towse, 2008) to describe the process of holding 

information in mind whilst manipulating it, or working with it, in order to perform a task. 

Over the years academics have constructed theoretical models of working memory in 

order to try to help frame our understanding of the component elements of the cognitive 

processes believed to be involved in tasks requiring activation of working memory.  

2.6.3 Some models of working memory 
 

The models of WM are numerous and varied in nature; a few are described below. 

Baddeley and Hitch (1974, cited in Baddely, 2000) proposed a three-part model of 

working memory which included a phonological loop where verbal information is 

temporarily stored, a visual spatial sketchpad where images and spatial information are 

held and the central executive (CE) which is representative of the processes involved in 

planning and organising of information. Later Baddeley came to realise that this 

somewhat simplistic model lacked representations of communication/links to long term 

memory and revised their model to include what they termed, the episodic buffer 

(Baddeley, 2000).  

Cowan’s embedded processes working memory model does not recognise domain 

specific elements of storage and processing, rather he postulates that working memory is 

temporarily activated from long term memory and hones in on a particular piece of 

information that needs manipulating as is required. This model suggests that resources 

are shared between storage and processing. Flexibility is required in order to determine if 

more focus should be placed on storage of information or the processing demands of any 
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task and this is controlled by the focus of attention, which serves a similar purpose to 

Baddeley and Hitch’s central executive. Initiation of working memory is not always a 

conscious process, automatised responses can be activated subconsciously. 

In 2009, Oberauer presented a design of an architectural model of WM. In his model the 

region of direct access (DA) is the area in which information retrieved from long term 

memory (LTM) is manipulated alongside the presented stimulus. Content and context are 

simultaneously held whilst the focus of attention selects and manipulates the relevant 

piece of information whilst holding all other aspects in place. Information not immediately 

required can be removed from the region of DA and stored in LTM to be retrieved again if 

necessary. Limits of capacity are created by both the content and contextual 

representations held in space within the region of DA. Oberauer offers a seemingly more 

complex model of WM but the architectural nature allows for declarative representations, 

procedural aspects and the focus of attention to be represented schematically. The 

architectural design of this model represents the link between the declarative and 

procedural parts of WM as a bridge between the two. Oberauer asserts that both 

meanings of bridge are relevant to its function: bridge as a connector of two entities, and 

bridge as a control centre. The bridge holds the procedural task, for example adding 2 to 

a series of numbers. The focus of attention holds the task to one digit at a time and how 

to add 2 is held in procedural memory. Oberauer asserts that the bridge holds a single 

action at a time. Already learned procedures held in LTM can affect the execution of the 

task held in the bridge if activated. Any well established and oft repeated process held in 

procedural LTM can interfere with the task held by the bridge either by overriding or 

delaying the execution, for example, in a Stroop task. Oberauer’s model suggests that 

declarative WM and procedural WM are separate systems that operate in parallel, with 

both communicating with LTM and are connected by the bridge.  

Ericsson and Kintsch’s (1995) theory suggests that different storage systems blur during 

complex tasks – for example information might be held in short term memory whilst 

experiences of similar situations are simultaneously retrieved from long term memory.  

Different theoretical models have been developed from research and in turn been tested 

by further research in order to ascertain which cognitive processes are involved in WM 

and how they interact. The conclusions drawn from psychological enquiry differ in many 

ways, in terms of: whether or not WM capacity is governed by processing speed (Case, 
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Kurland & Goldberg, 1982); whether WM is a separate entity (Baddeley & Hitch, 1984) to 

long-term memory (LTM); whether it is domain general in nature (Kyllonen & Christal, 

1990) or domain specific (Shah and Miyake, 1999; Bayliss et al., 2003) and even to the 

extent of the number of specific domains contained within WM and within the subsystems 

therein viz. within processing and storage. Researchers hold differing opinions on 

whether memory and the processes involved in manipulating to be remembered 

information are domain general or domain specific.  

2.6.4 Domain specificity 

 

In line with this question of domain specificity, opinion is mixed as to whether separate 

verbal and visual spatial domains exist in working memory as suggested in the Baddeley 

(1984) model. There are those that believe that believe that WM is domain-general 

(Kyllonen & Christal, 1990) others, for example, Oberauer, Suss, Schulze, Wilhelm and 

Wittmann (2000) conclude that WM is multi-faceted and domain-specific. Oberauer et al., 

(2000) proposed that there are three separate ‘facets’ to WM: spatial, numerical and 

verbal. Their conclusions were defined by the nature of the tasks they used to assess 

WM. However, there are some concerns regarding the categorisation of those tasks. For 

example, the backwards digit span task is classed as numerical but was presented 

visually, the participant might employ verbal rehearsal and no number calculation was 

required; rather, only the ability to manipulate a string of information was measured. For 

the star counting test, the content domain was designated as numerical. Stars were 

presented on screen and participants were instructed to count them in one direction or 

another depending on whether or not they saw a plus or minus sign. The meaning of the 

sign was reversed after seven items at which point the participant was required to count 

backwards for plus and forwards for minus. Significant content is directional and 

therefore spatial in nature and yet was designated as a numerical task. The Stroop-

switch element may also confound the working memory emphasis of the task. None the 

less their findings are in sympathy with the Baddeley and Hitch model of separate WM 

domains.  

The complexities around defining working memory and the variation in modelling theory 

is examined by Miyake and Shah (1999). They comment that the range and diversity of 

theory and models is confusing for all who attempt to study it – defining it is a major 

problem. After inviting eleven sets of authors to comment on eight separate aspects of 
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WM from basic mechanisms to biological implementation, the following definition was 

fashioned. “Working memory is those processes that are involved in the control, 

regulation, and active maintenance of task-relevant information in the service of complex 

cognition, including novel as well as familiar, skilled tasks.....” (Miyake & Shah, 1999).     

In addition to the above, the invited researchers concluded (Miyake & Shah, 1999) that: 

WM is a complex construct that does not underpin tasks in isolation from other 

processes, neither in theoretical models nor in neurologically based research; WM is 

required for complex, higher order cognition and is not purely for temporary storage 

which facilitates manipulation of information; the CE serves a purpose in the processing 

and organization of information when held in working memory; the limited capacity of WM 

is caused by a multitude of possible factors, interplay between different domains is more 

likely than a domain general construct; long-term knowledge can facilitate WM processes 

(Conlin & Gathercole, cited in Jarrold, 2017) from which we can infer that reduced long-

term knowledge could act as a constraint upon WM performance.   

2.6.5 Working memory correlations 
 

WM is a much researched and postulated paradigm. From a pedagogical point of view, 

the importance of this research activity lies in identifying where deficits and difficulties in 

WM might occur, how they can be measured reliably and to what extent they impact on 

learning and if they can be supported and/or ameliorated. It is important to know how WM 

performance correlates with other processes and abilities. Those that have been studied 

to a greater extent are: short term memory (STM), (Conway et al 2001; Daneman & 

Merikle, 1996; Oberauer et al., 2000), attention, processing speed (Bayliss et al., 2003; 

Case 1982; Dovis, Van der Oord, Weirs & Prins, 2013; Fry & Hale 1996; Jarrold 2017) 

intelligence levels (Kyllonen & Christal 1990), language comprehension (Daneman & 

Carpenter 1980) and academic attainment (Cain, Oakhill & Bryant, 2004; Swanson & 

Jerman 2007; Gathercole, Woolgar, Kievit, Astle, Manly et al., 2016).  

WM consists of STM and the involvement of the central executive (CE) which organises 

the manipulation of information into and out of WM and LTM as needed, (Dovis et al., 

2013) thus suggesting that WM and STM share certain characteristics.  STM is a store 

for holding but not manipulating information for short periods of time. Engle, Tuholski, 

Laughlin & Conway, (1999) explore the different theories concerning the similarities and 

differences between WM and STM. They conclude that they are different but “related 
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constructs” (Engle et al., p325), along with Conway, Cowan, Bunting, Therriault and 

Minkoff, (2001) Engle et al., found that STM was not a significant predictor of fluid 

intelligence whereas WM was, suggesting that differences existed between them. This 

tendency is not always upheld, for example Bayliss, Jarrold, Badderley and Gunn (2005) 

found that complex task results were no better predictors of higher level ability than 

simple span tasks, although this contrasts with their earlier paper (Bayliss, Jarrold, Gunn 

& Baddeley, 2003). Unsworth and Engle (2007) also concluded that STM and WM both 

correlate at a similar level with higher level abilities, when longer spans were presented 

in the STM tasks. They assert in their meta-analysis that the tasks chosen in some 

studies were in fact measuring the same processes. They also note that the proportion 

correct score: a score being awarded for each digit remembered in its correct place in the 

sequence delivered, as can be found in the Test of Memory and Learning 2nd Edition 

(TOMAL2), (Reynolds & Voress 2007); rather than absolute scoring, (CTOPP2) ,Wagner 

et al., 2013) correlates more highly with higher-order skills.  

The above suggests that the tests selected to assess a cognitive process can affect 

conclusions drawn. For example, Conway et al., (2001) concluded that WM capacity is a 

good predictor of fluid intelligence but that STM and PS are not. However, the three PS 

assessments administered in this study each demanded an element of fine motor skills in 

order to complete the task and any difficulty with dexterity or clerical PS may have 

confounded cognitive PS measures.  Indeed, untimed fine motor skills tasks have been 

found to be a significant predictor of verbal STM, spatial WM, mathematical and reading 

attainment in preadolescent children (Geersten, Thomas, Larsen, Dahn, Anderson et al., 

2016).  

Some researchers have asserted that WM capacity is correlated with PS (Fry & Hale, 

1996; Kyllonen & Christal, 1990). The question of the relationship between PS and WM 

capacity is an important one. Case et al., (1982) found that developmental increase in 

WM capacity is accounted for by a developmental increase in PS – that capacity remains 

the same but the increasing speed with which we can process information as we mature 

allows more items to be manipulated in WM. Bayliss and Jarrold (2003) found that a 

domain general processing efficiency accounted for unique variance in verbal WM tasks. 

Furthermore, Jarrold, Mackett and Hall (2014) in assessing the relationship between the 

component parts of working memory, found that the processing efficiency element of WM 

was more closely correlated with teacher assessment of inattention in the classroom than 
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measures of WM as a whole. The extent to which information processing efficiency 

contributes to WM capacity is an area of ongoing academic research.  

Researchers have found WM capacity to be a significant predictor of intelligence. 

Kyllonen concluded that WM was in fact Spearman’s g, the general factor in human 

cognition (1996 p.49). Touvra, Spanoudis and Demetriou (2016) agree; they concluded 

that WM and not PS nor attention was a predictor of intelligence: either fluid or 

crystallised. However, the WM assessments they employed included a demanding verbal 

complex span task whereas none of the PS tasks were verbal in nature. They concluded 

that internal consistency amongst the four PS tests was high and that they were therefore 

reliable measures of PS although the assessments were measuring visual PS only. It 

might have been interesting and meaningful to compare variables assessing domain 

specific abilities across the differing cognitive processes. Neuro-imaging confirms that 

similar areas of the brain are involved in both WM and Gf tasks regardless of domain and 

that the areas of the brain involved are those that are engaged in maintaining focus in 

novel and demanding tasks which includes both challenging WM tasks, and those 

assessing fluid intelligence, (Clark, Lawlor-Savage & Goghari, 2017). Clark et al., (2017), 

selected a challenging dual n-back WM task which required adult participants to respond 

to randomised aural and visual spatial computer-generated repetitions from increasing 

numbers of exposures; therefore, the participants experienced verbal and visual stimuli. 

In addition, they were required to complete a word versus non-word lexical recognition 

task. They concluded that the neural network supporting WM activity is domain general. 

This perspective is shared by Shipstead et al., (2016) who have proposed an alternative 

top down model of problem solving cognitive activity in which ‘maintenance’ of and 

‘disengagement’ from key information are key functions, and in which working memory 

and fluid intelligence are not named factors. They propose that WM is not limited by 

capacity but rather by attentional control and/or deliberately forgetting outdated or 

superfluous information; another way of expressing interference (Oberauer, Farrell, 

Jarrold & Lewandowsky, 2016). Regardless of the different perspectives, the consensus 

of opinion among researchers is that there is a strong correlation between measures of 

WM capacity and measures of fluid intelligence.  

Some researchers believe that WM capacity is a stronger predictor of academic 

attainment than fluid intelligence, (Alloway & Alloway, 2009). Similarly, Cain, Oakhill and 

Bryant (2004), found that WM rather than IQ predicted academic attainment in a 
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longitudinal study of KS2 children in the UK. WM capacity has been found to correlate 

with reading comprehension (Swanson, 2011; Cain, 2006; Pham & Hassan, 2014) Pham 

and Hassan (2014) found correlations between domain specific WM capacity and 

comprehension with verbal WM being a strong predictor of both reading comprehension 

and fluency. They also report correlations between visual spatial WM capacity and 

reading comprehension most strongly but also to a lesser degree with fluency. 

Conversely a study of German third graders found no correlation between visual spatial 

working memory performance and literacy skills but found a correlation between verbal 

working memory and reading and phonological memory and spelling (Brandenburg, 

Klesczewski, Fischbach, Schudardt, Buttner et al., 2015).  

Text writing is an extremely complex activity which relies on a number of cognitive 

abilities during its completion. At many points during the process, analysis of already 

written content is considered, refined, compared to information held within long term 

memory whilst simultaneously paying regard to spelling, grammatical rules, semantics, 

audience and genre conventions (Flower & Hayes, 1981). WM capacity supports 

organisation of thought throughout (Swanson & Berninger, 1996). Learners with Attention 

Deficit Hyperactivity Disorder (ADHD) tend to have weaker WM capacity than 

neurotypical peers (Alderson, Kasper, Hudec, Patross, 2013; Martinussen, Hayden, 

Hogg-Johnson & Tannock, 2005). Individuals with ADHD experience a number of 

academically based difficulties; writing is one such challenging task for learners with WM 

deficits as they can forget what they want to say within a sentence, or how the current 

sentence was going to fit into a paragraph, and lose connecting ideas, (Gathercole, 

Lamont & Alloway, 2006). Additionally, in a writing exercise where organisation and 

generation of thought is removed from the task and text is merely dictated, researchers 

found that pupils with ADHD, who are recognised to have weaker WM capacity, 

produced more spelling errors than the control group. Furthermore, when placed under 

the stress of retaining preloaded phonological information, and thereby engaging verbal 

working memory, whilst scribing a second piece of dictated text similar in design and 

complexity as the first, the group with ADHD made a significantly greater amount of 

spelling errors than they had in the first piece of text writing and a greater percentage of 

errors than the control group (Re, Mirandola, Esposito & Capodieci, 2014).  

WM capacity has also been linked with mathematical attainment (Bull, Espy & Weibe, 

2008; Witt, 2011). A meta-analysis of 110 studies researching WM and mathematics 
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found correlations between verbal, numerical and visual spatial WM and problem solving 

when the problem to be solved is presented in a sentence, and calculations involving 

whole numbers. Geometry was found to have the weakest correlation with WM out of all 

mathematical skills reviewed (Peng, Namkung, Barnes & Sun 2015). Mathematical 

calculations rely heavily upon keeping information in mind whilst manipulating it, creating 

the next step and/or extracting further number facts from long term memory. Witt (2011) 

asserts that mathematical and memory gains were made as a result of a 6-week 

intervention in WM training. 

2.6.6 Working memory interventions 
 

Intervention for learners with WM capacity deficits can take the form of differentiation. A 

learner with a deficit in WM expressed as a standard score <85, would be given 25% 

additional time in public examinations of any subject where receiving extra time has been 

the “normal way of working” (JCQ 2017) and the need is evident. In the classroom 

differentiation could take the form of: 

• additional time to complete tasks 

• reduced workload/reduced academic timetable 

• alternative ways to express knowledge and understanding e.g. being allowed to 

use bullet points rather than paragraphs 

• teacher to check understanding 

• notes given before lesson/lecture 

• peer support (Gathercole & Alloway, 2008)  

It appears that a general consensus concerning the efficacy of WM training does not 

currently exist. Witt (2011) asserts that WM training is effective in improving academic 

ability in mathematics. In his study of thirty-eight 9 and 10-year olds, children were 

allocated to intervention and control groups on a matched pair basis. The intervention 

group received 6 weeks of memory training, the schedule is listed in Table 1. 

Table 1. Memory training schedule, (Witt, 2011). 

 Task 

Week 1 List of to be remembered objects.  

Week 2 Practicing rehearsal 
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Week 3 Backward span practice plus an updating task 

Week 4 Metacognitive instruction on coping with interference/distraction 

Week 5 Counting recall practice task 

Week 6 Backwards digit span 

 

At the end of the intervention pupils in the intervention group performed significantly 

better at the backward span task and in mathematical calculations in the form of addition 

of one figure and two figure sums with and without regrouping due to column totals 

greater than 9. Such calculations require the support of working memory as interim totals 

need to be held in mind whilst further calculations are executed (Chinn, 2016). However, 

standardised attainment tests in mathematics were not used to determine baseline 

abilities nor to measure any degree of improvement. Conversely St. Clair-Thompson, 

Stevens, Hunt and Bolder, (2010) did use standardised tests of maths, reading and 

arithmetic immediately after memory training intervention for primary aged pupils with a 

mean age of 6.11. Neither immediately after training nor at a point 5 months later did they 

observe any improvements in performance on standardised tests. However, they did 

observe significant improvements on unstandardised tests for following instructions and 

mental calculations, in addition to digit, block and listening recall tasks. A meta-analysis 

conducted by Melby-Lervag and Hulme (2013) on studies examining the efficacy of WM 

training in typically developing children and adults found no evidence of sustained 

generalisation to academic attainment.  

Cognitive effort has been found by some researchers to depend upon temperament of 

the subject. Studer-Leithi, Bauer and Perrig (2016) found that transfer of memory training 

to academic attainment in second grade pupils was correlated with results from effortful 

control. Those pupils who scored high effortful control, transferred gains made in working 

memory training to crystallised intelligence, maths and reading, whereas those with poor 

self-regulation did not. However, transfer gains were not maintained over time. Chavalier, 

(2018) suggests that low performance may also occur due to children’s unwillingness to 

engage in cognitive effort rather than an intrinsic deficit in cognitive processing; that 

children with a growth mindset may be able to better engage in the task. It is clear that 

behavioural traits may also exert an influence on cognitive performance.  
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2.7 Emerging questions 
 

Regardless of the possible effects of behavioural traits on cognition, it is clear from 

research that individual differences in cognitive abilities are well studied and documented 

and their influence upon academic attainment well established. What is not clear is how 

well researched cognitive deficits and effective intervention are in the secondary aged 

population; researchers have expressed concerns about the dearth of RCTs and studies 

which target the UK secondary aged population (Paul & Clarke 2016; Snowling & Hulme 

2011). Further analysis of this demographic would add to the current body of research 

and perhaps identify area(s) of concern in order to inform interventions.  

In the UK at the moment we appear to have moved away from research led pedagogical 

practice. In addition to the shortcomings in the Rose review (Rose, 2006) outlined above, 

one further example is the new spelling and grammar assessment for KS2 pupils 

(Gov.uk, 2018). This move appears to be largely opinion led. In their 2005 paper, 

Andrews, et al., (2006) conducted two systematic reviews of studies which examined 

whether the teaching of grammar had an effect on the quality of written output of 5-16-

year olds.  They concluded that it did not nor had any such study found that explicit 

instruction in grammar had improved literacy performance over the last 100 years. 

However, grammar instruction now forms a significant part of the current assessment and 

therefore curriculum for year six pupils. In her review of the new Spelling, punctuation 

and Grammar (SPaG) focus, Stafford, (2016) concludes that some teachers think it is 

effective and others not. Not all teachers are convinced that this grammatical knowledge 

is transferred by the pupils to their own writing. This review cites only 5 references in the 

body of the text: two are produced by the Department for Education (who Stafford works 

for) and three are papers on bilingualism, no conflicts of interest were reported.  There is 

no empirical data; only teacher opinion is sought. The English Association (EA, 2017) of 

teachers and lecturers express concern that: “the tests which 11-year olds are required to 

take continue to have a negative effect in the English curriculum, particularly in Year 6 

where ‘teaching to the test’ inevitably takes place”.  

Furthermore, learning and retaining definitions and meanings of terms such as fronted 

adverbials and subordinate clauses can be difficult for pupils with speech and language 

impairments and other learning difficulties. When learning these terms by rote offers no 
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real advantage to the pupil, it is important to ensure that practice is embedded in 

research and not opinion.  

Specialist teachers use techniques which have been developed from peer reviewed 

research such as: sentence combining (Connors, 2000; Saddler, Asoro & Behforooz, 

2008); metacogntion (Kellogg & Whiteford 2009) deliberate practice (Ericsson 2008 

Kellogg & Whiteford, 2009;); collaborative writing (Grief 2007) to support struggling 

writers. It is important that we ascertain the nature and scale of cognitive deficits 

experienced by school aged children so that effective intervention can be targeted to 

ameliorate symptoms of difficulties in the classroom.  

This study aims to add to the existing body of knowledge on the relationship between 

academic attainment and cognitive processing in KS3 pupil in a UK mainstream 

secondary school. The hope is that the analysis of data will add to existing understanding 

of pupil difficulties in an academic setting and help to inform and target effective 

intervention.  After consideration of existing research, it was determined that this study 

would specifically examine the relationship between: 

i. Memory modality and literacy attainment 

ii. Memory type and literacy attainment 

iii. Processing speed and attainment 

iv. Reaction times and attainment 

v. The incidence of deficit found in this study’s cohort 

 

A decision was made on the basis of current research discussed here not to assess 

phonological awareness, see Discussion chapter for rationale.  
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Chapter Three 
 

 Method 

 

This study investigated the presence and incidence of memory and processing speed 

deficits within a KS3 mainstream school population. Participants were assessed using a 

number of different assessment tools in order to gather the necessary data. This chapter 

will describe the study design in detail.  

3.1 Participants  
 

All Key Stage 3 pupils from a secondary school in South Gloucestershire were included 

in the study. Parental consent was gained from all parents/carers through the use of an 

opt out letter. The design had been given approval from the University of Bristol Faculty 

of Science Human Research Ethics Committee.  

25 year 8 and 27 year 9 pupils took part in the initial part of the study and undertook the 

Ravens assessment – these 52 pupils formed the entirety of the Key Stage 3 cohort in 

the school at that time.  

3.2 Assessment 

 

All assessments were carried out by the researcher who at the time was also the school 

SENDCo and specialist dyslexia teacher/assessor. The researcher holds a Post 

Graduate Diploma in Dyslexia and Literacy and had a current assessment practicing 

certificate at the time of assessment. The researcher is registered on the SASC website 

and as such is approved to carry out SpLD, Disabled Student Allowance (DSA) 

assessments for Higher Education students and exam access assessments for GCSE 

and A levels.  

Some of the tests that were carried out are accepted by the JCQ as evidence for extra 

time in exams. Where students appeared to qualify, teachers were informed and pupils 

were then allowed additional time as a reasonable adjustment in the classroom and in 

their end of term/year subject assessments. This enables a body of evidence of need to 

be built to support applications for access arrangements in public exams should the extra 
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time prove to be beneficial. Parents were also informed if their children achieved 

standard scores that could later qualify them for additional time in public exams.  

3.3 Tasks 
 

With the exception of the Raven assessment which was administered as a group task, all 

tasks were carried out on a 1:1 basis. The AWMA and the reaction time tests were 

computer based; all other tests were delivered by the researcher.  

3.3.1 Raven Standard Progressive Matrices (Raven 1990)  

The Raven’s Standard Progressive Matrices is a test of non-verbal reasoning which can be 

administered in a group setting. It is a 60-item assessment which, while progressing in 

difficulty, requires the participant to apply themselves to abstract visual/spatial problem 

solving.  

It is multiple choice in design and possesses a significant positive correlation with Wechsler 

Adult Intelligence Scale‐Revised Full-Scale IQs (WAIS‐R FSIQ) (O’Leary, Rusch & 

Guastello 1991). The Ravens SPM is used internationally and test-retest reliability varies 

dependent upon population. For this study raw scores for each pupil were noted, i.e. the 

exact number of correct items made. Reliability coefficient is .88 

3.3.2 Automated Working Memory Assessment (AWMA) (Alloway, 2007)  

 

This is a battery of standardised, normed, automated tests of memory for participants aged 

from 4 to 22.11 years which are administered on a 1:1 basis. The AWMA Short Form 

assessments were selected for this study; The Long Form consists of 12 separate memory 

assessments and is recommended for more detailed assessments.   

The full battery of 12 assessments consists of 3 tasks in each of the following categories: 

verbal short-term memory, verbal working memory, visual spatial short-term memory and 

visual spatial working memory. The short form battery consists of: Digit Recall, Listening 

Recall, Dot Matrix and Spatial Recall; the short form will be used in this study. These four 

assessments are described in greater detail below. There is a practice trial for all tests and 

for all tests the discontinue rule is three incorrect responses within a block of test trials. 

There are two test trials for each task. 
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Digit recall (verbal short-term memory) – this is a simple test of forward span in which the 

participant listens to a string of numbers delivered by the program, which increase in length 

and is required to repeat them back in the same order that they were delivered. The practice 

trials consist of 1,2, and three single digit numbers. The test begins with 1 number being 

delivered, this increases up to a block of 9 numbers in total. The standard score achieved 

in this test will provide the verbal STM dependent variable to be evaluated in this study. 

The reported reliability coefficient for this test is .89. 

Listening recall (verbal working memory) – the participant listens to a sentence delivered 

by the program and has to determine if it is true or false and then at the end of the sentence 

is required (see table 2) to recall the final word delivered. For example:  

Table 2. Example items in a similar format to the Raven Listening Recall (verbal WM) assessment. 

Trial Response Recall 

Apples swim in the sea False ‘sea, sing’ 

Birds can sing True 

NB sentences are similar to those delivered by the program.   

The practice trials are for 1 and 2 sentences with the test trial starting with 1 sentence and 

increasing to 6. From two or more sentences onwards, the final words are repeated after 

the last sentence has been declared true or false. This test will provide the verbal working 

memory dependent variable expressed as a standard score to be evaluated in this study. 

The reliability coefficient for this test is .88. 

Dot Matrix (visual spatial short-term memory) – the participant recalls the position of a red 

dot which can appear in any one of 16 squares on a 4x4 grid. The number of red dots 

increases from 1 to 9 (they appear one at a time and then disappear again) and  

the participant points to the location(s) of the dots after the sequence has been shown.  
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Figure 1. Example of a 3-item trial in the dot matrix task.  

The red dot in the first grid would have disappeared by the time the one in the second grid 

appears and so on. This test will provide the visual spatial short term memory variable 

measured as a standard score to be evaluated in this study. The reliability coefficient for 

this test is .85.   

Spatial recall (visual spatial working memory) - two shapes appear on the screen and the 

participant is required to state whether the orientation of the second shape is the same as 

or opposite to the first in terms or orientation – in other words, is it reversed. The participants 

are required to state ‘same’ or ‘opposite’. The second shape has a dot (which is coloured 

red in the AWMA) and may be rotated. The participant is required to state whether the 

shapes are same or opposite for an increasing number of shapes up to 7 in total and then 

recall in the correct order the positions of the red dots on the screen by indicating against 

an array of dots presented on the screen. This test will provide the visual spatial working 

memory dependent variable as a standard score to be evaluated in this study. The reliability 

coefficient of this test is .79. 

  

                       

 

                                                                                              

                                                                                               

 

Figure 2. A similar task to those presented in the AWMA visual spatial working memory task. This is an 

example of an ‘opposite’ shape. 
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Figure 3. Participant indicates position of dot by pointing at one of the three presented. In the Figure 2 

example, the participant would point to the bottom right dot.  

Test reliability was measured on 128 randomly selected participants in the 4.10 to 22.5 age 

range by the test developer. 

3.3.3 University of Bristol Reaction Time Tests. 

 

These reaction time (RT) tests were developed by the University of Bristol Experimental 

Psychology department.  

Phonological Reaction Time Tests 

Participants were advised that they would be hearing a list of nonsense words – the concept 

of a nonsense word was explained and the same examples (not appearing in the test) were 

given to each participant, including some that began with the target phoneme and some 

that did not. Participants were then presented with a list of 20 non-words and were asked 

to discriminate between those that had an initial phoneme <k> and those that began with 

any other phoneme. Upon detection of a non-word beginning with a <k>, participants were 

required to press a particular button identified with a green button on the keyboard as 

quickly as possible, if the non-word started with any initial phoneme other than <k>, they 

were required to press a red button. The z on the keyboard had a red sticker on it and 

participants reacted using their left hand, the forward slash, ‘/’ key, had the green sticker 

for which the right hand was used. Both buttons were situated 2 keys in from the edge of 

the keyboard on the lower row, above the space bar. Each participant was given 4 practice 

words before starting the test.  

Examples of similar non-words to those presented in the test are: koj, sith, kak, kal, nibe, 

reet, kaysh 

Two trials of 20 words were presented and RTs in milliseconds were recorded by the 

program. Median scores in milliseconds for each list of non-words were then calculated and 
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recorded as the RT for each trial. In addition, the program recorded the number of correct 

responses made by each participant. This test will provide the phonological RT variable for 

this study.  

Visual Reaction Time Tests 

In this test, participants were required to discriminate between two photographs, each 

showing a different species of frog; similar frogs to those in the RT test are shown in Figure 

4. Participants were shown the frogs before the test started and were given 4 practice trials 

before the test commenced.  

          

                       

Figure 4. Similar visual stimuli to those presented in the visual reaction time test.  

The correct responses are shown in table x below. As for the phonological test, there was 

a 500 ms interval between each participant’s response and the presentation of the next 

item. If the frog on the left (frog 1) was presented, the participant pressed the red button; 

for the frog on the right (frog 2) they pressed the green button.  

Table 3. Example of a possible pattern of frog presentations 

Trial1 2 2 2 1 2 1 

Trial 2 2 1 2 2 1 1 

 

3.3.4 Comprehensive Test of Phonological Processing – 2nd Edition (CTOPP2) 

(Wagner, Torgesen, Rashotte, Pearson, 2013) 

 

The alphanumeric assessments of the Rapid Symbolic Naming subtests within the 

CTOPP2 were used in this research; these core subtests are intended for participants 

between 4 and 24 years of age. The tasks require the participant to retrieve information 

from long term memory accurately and at speed. The rapid naming tasks form one part of 

the phonological processing battery within the CTOPP2. These tasks will provide the rapid 
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naming dependent variables as standard scores which will be evaluated in this study; they 

also provide a composite score, which is the result of the summed rapid naming subtest 

scaled scores, expressed as a standard score.  

Rapid Digit Naming subtest – here, the participants are invited to practice saying a string of 

6 digits: 4,8,7,2,5,3 and then for the actual test are asked to read a page of 36 of these 

particular digits, well-spaced and randomly sequenced on an A4 page. This task will 

measure the rapid digit naming dependent variable. 

Rapid Letter Naming - this process is then repeated for the Rapid Letter Naming subtest. 

Here the letters a,t,s,k,c, and n are presented in lower case as a practice; a page of 36 of 

these randomly sequenced letters is then presented and the participant is timed reading 

them as fast as they can. This task provides the raid letter naming dependent variable for 

this study.  

Using an alternate form method across the 4-17+ age range, immediate mean reliability 

coefficients calculated are .85 and .87 for Letters and Digits respectively and .92 for the 

Composite which is the converted result of the summed scaled scores of the rapid digit and 

rapid letter naming subtests.   

Symbol Digit Modalities Test (SDMT) (Smith, 2010) 

The SDMT was first published in 1973 and was devised as a screening tool to measure 

cerebral dysfunction in children and adults (SASC, 2016). The data collected can be 

converted to standard scores. The SDMT provides supplementary evidence for exam 

access arrangements. It is a symbol search task which requires the participant to select a 

number from a key to represent a series of randomly presented geometric designs, see 

Figure 5 below.  

> ∞ ( < ≠ + ) ˩ 

1 2 3 4 5 6 7 8 

 

( < ˩ ≠ + ∞ > + ˩ ≠ ) > ∞ C ≠ 
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Figure 5. An example key and sample response line, similar to SDMT, with initial 10 items as practice 

examples. 

The test consists of 7 further lines of 15 items in addition to the line which is similar to the 

one shown above. The raw score is calculated from the number of correct responses made, 

i.e. the correct corresponding number placed in the box below each symbol, within a 90 

second time limit. The test has written and verbal response sheets built in to the design – 

only the written was used in this study. The difficulty with this test is that it is difficult to 

interpret which process it is measuring: reaction time, clerical speed, visual processing, 

visual working memory etc. (SASC, 2018). Kiely, Butterworth, Watson and Wooden (2014, 

p. 767) assert that the test is “underpinned by attention, perceptual speed, motor speed 

and visual scanning”. However, it is useful as a supplementary assessment when 

considered in relation to other test scores. Reliability coefficients were obtained by test-

retest of 80 adults; test-retest correlation for the written SDMT was .80. Reliability of this 

test is brought into question due to its age (SASC, 2016) as it has not been norm referenced 

since it was published in 1973, however it has been found to correlate highly (r = .91) with 

the Digit Symbol subtest of the Weschler Adult Intelligence Scale (WAIS) (Morgan & 

Wheelock, 1992) and also correlates well (r = .62) with the Weschler Intelligence Scale for 

Children – Revised (WISC-R) (Lewandowski, 1984 cited in Morgan & Wheelock 1992). Raw 

scores obtained are converted to standard scores to the SDMT dependent variable for this 

study. 

3.3.5 Literacy Attainment Tasks 

 

Single Word Spelling Test (SWST) (Sacre and Masterson, 2000) GL Assessment 

The Single Word Spelling Test (SWST) consists of a number of spelling lists which are 

graded in difficulty according to age. The participants in this research were administered 

Test F which is suitable for learners between the ages of 10.04 and 12.02 years which 

would have been appropriate for all participants in this study upon entry to the school in 

year 7. The test is administered to a group and takes approximately 30 minutes to deliver. 

Each word is presented orally, then delivered again within a sentence and then repeated 

once more as a single word. Scores can be converted to standard score or reading age, for 

this study the standard score was used for the spelling dependent variable. The reliability 

coefficient for Test F is .96. 
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National Foundation for Educational Research (NFER) Reading Test (1992)  

This test was taken by all participants on entry to the secondary school in year 7. In this 

group reading assessment participants are presented with 20 sentences with missing 

words and they have to choose the correct word to insert from a given list. The sentences 

increase in complexity as the test progresses. The test simultaneously tests for word 

reading and sentence comprehension. Scores are recorded as standard scores and 

provide the reading dependent variable for this study. Internal consistency is .87 

All tasks delivered by the assessor have a practice element before administration so that 

the participant is aware of what is required.  

3.4  Procedure 
 

The study took the form of a matched group design. The Raven’s Progressive Matrices 

(Raven, 1990) was administered in groups to classes during their personal development 

lessons. This fitted with the curriculum requirements to understand about oneself as a 

learner. Participants were then divided into two groups depending upon their Key Stage 2 

literacy grade. Individuals in the lower group were matched with a counterpart in the 

higher group based on the same or very similar Ravens raw score, ensuring at least one 

entire literacy grade difference existed between them. This matching process resulted in 

2 groups of n=21 students: the lower performing literacy group was comprised of 11 boys 

and 10 girls; age in months M = 159.14, SD  = 8.28; the higher performing group was 

comprised of 9 boys and 12 girls; age in month M = 159.19, SD = 6.194.  

Pupils take Standard Achievement Tests (SATs) at the end of their primary education in 

year 6. The pupils in this study would have taken their SATs in 2013 and 2014. The 2013 

the literacy SATs comprised of a reading paper which carried approximately 10 pages of 

illustrated text concerning wolves: fiction and non-fiction and an answer booklet in which 

29 questions about the text were posed. Unless given extra time, pupils were allocated 

15 minutes to read the text and 45 minutes to answer the questions. In addition to the 

reading paper, pupils would have completed a 20-word spelling test for which there was 

no set time limit although the paper states that 15 minutes should suffice and a grammar, 

punctuation and spelling paper which carried 46 questions to be answered within 45 
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minutes. Results from all three papers would have contributed to the final KS2 literacy 

grade awarded.  

The grades achieved are supplied via an information management system to the pupils’ 

secondary school of choice. In the vast majority of cases, the grades range from 2 to 5 

with each numerical grade being subdivided from a-c, with ‘a’ being the highest; 

consequently, a grade of 5c is higher than a 4a. Each sub level is allocated a nominal 

numerical grade so that the School Information Management System (SIMS) can 

calculate grade predictions for year 11 based on KS2 performance. It is the progress 

made between KS2 and KS4 that determines a school’s performance results, (Gov.uk, 

2018). The grade 3a has been allocated the nominal figure 23, 4c = 25, 4b = 27 and so 

on.  

In year 7 pupils are assessed for spelling and reading abilities; these have been added 

as standardised scores to the anonymised data.  

Once allocated to either the lower or higher literacy groups, a number of assessments 

were carried out on a 1:1 basis. For these assessments, pupils came out of their 

personal development lessons to take part in the research. This is a non-examined 

subject and the assessor/researcher generally used personal development or PE for 

assessment for exam access in the school as a whole. This therefore fitted with the day-

to-day practice in the school. 

The assessments took place in the researcher’s office and took approximately one hour 

to complete. All students appeared to be at ease as all were familiar with the researcher. 

The AWMA assessments took place on a laptop, with the pupils responding to each item 

as required with the researcher facilitating. They were presented with the verbal short-

term memory (digit recall) subtest first followed by verbal working memory, visual short-

term memory and visual/spatial working memory.   

Next, the Reaction Time tests were administered; the phonological assessment was 

followed by the visual.  

The CTOPP2 rapid naming battery of tests was then administered by the assessor with 

the pupils reading the above letters and digits as quickly as they could. The timings were 

noted. The written version of the SDMT was administered last with pupils transposing as 

many symbols to digits by hand as they were able within a given time limit.  
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3.5 Statistical methods 

 

All scores (recorded as variables as either standard scores or reaction times in 

milliseconds) will be entered into SPSS as a data set. Analyses of variance in SPSS will 

be performed to establish if main effects and interactions exist. T-tests and bivariate and 

partial correlations between variables will also be examined.  
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Chapter Four 

 

 Results 

 

Assessment results were examined by group for normal distribution using analysis of 

skewness and kurtosis by calculating if z scores (skewness and kurtosis/SE) lie between 

-1.96 - +1.96 (Cramer & Howitt, 2004). In addition, a Shapiro-Wilk Test of normality 

(p>.05) and a visual inspection of their histograms, normal Q-Q plots and box plots were 

conducted.  Table 1 shows that all test scores were approximately normal with the 

exception of AWMA Visual Spatial Working memory for the higher literacy group (HLG), 

SWST for the lower literacy group (LLG) and AWMA STM Dot Matrix for the HLG. 

Existence or otherwise of outliers was determined by calculation of the difference 

between the first and third quartiles and multiplying it by a factor as established by Tukey 

(1977) in his outlier labelling rule with the value of ‘g’ increased from 1.5 to 2.2 as 

recommended by Hoaglin and Iglewicz (1987) for the sample size of this particular study. 

One outlier was found in the HLG AWMA WM Spatial Recall results and was removed – 

data were then normal. Initial descriptive statistics and normality z scores are presented 

in Table 4 for all task scores excluding the RT battery of assessments.  

 

4.1 Sample characteristics and homogeneity of variance 

 

Table 5 shows descriptive statistics for the battery of RT time tests. These results are not 

normally distributed and results for both literacy groups contain many outliers.  

The assumption of homogeneity of variance was tested and satisfied by Levene’s F test 

on each of the independent variables with the exception of: NFER reading score, F(40) = 

4.192, p = .047. equal variance not assumed, F(33.788); Phonological RT test 1 F(40) = 

4.108 p = 0.49; equal variance not assumed, F(28.602) Visual RT test 2 F(40) = 4.229, = 

p = 0.46. equal variance not assumed, F(24.738).  
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Table 4. Initial Descriptive Statistics including Skew Kurtosis and Shapiro Wilk Scores for Attainment, 

Processing Speed and Memory Scores. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 Mean  SD Skewness 
Z score 

Kurtosis Z 
score 

Shapiro-
Wilk 

Raven’s Raw Score lower 43.57 6.345 -1.072 0.472 .625 

Raven’s Raw score higher 42.85 5.706 -1.761 0.887 .199 

NFER standard score lower 91.10 6.906 0.104 1.150 .394 

NFER standard score higher 103.05 10.071 0.295 0.545 .954 

SWST standard score lower 89.24 11.099 1.276 -0.990 .018 

SWST standard score higher 106.20 9.053 0.735 0.513 .557 

Age standard score lower 99.95 17.201 1.361 0.267 .246 

Age standard score higher 100.28 13.151 0.519 -0.373 .541 

AWMA STM Digit recall standard score 
lower 

94.07 11.494 0.966 -0.504 .233 

AWMA STM Digit recall standard score   
higher 

101.11 10.953 1.360 0.970 .019 

AWMA VWM Listening Recall standard 
score lower 

98.01 15.214 -0.625 -0.069 .869 

AWMA VWM Listening Recall standard 
score higher   

104.33 16.315 0.597 -0.807 .469 

AWMA VWM Listening Recall 
Processing standard score lower 

97.49 13.059 -0.032 -0.303 .781 

AWMA VWM Listening Recall 
Processing standard score higher 

104.02 16.855 1.190 -0.291 .191 

AWMA VS STM dot matrix standard 
score lower 

102.09 17.642 -0.521 -0.963 .142 

AWMA VS STM dot matrix standard 
score higher 

103.18 14.503 0.916 -0.771 .324 

AWMA VS WM 
Spatial recall standard score lower 

111.16 15.491 0.489 -0.887 .337 

AWMA VS WM Spatial recall standard 
score higher minus outlier case 42* 

109.08 11.862 -0.900 0.651 .721 

AWMA VS WM Processing standard 
score Processing lower 

108.61 16.254 -0.238 -1.369 .940 

AWMA VS WM Processing standard 
score higher 

104.02 16.856 1.750 0.848 .630 

SDMT standard score lower 100.62 16.639 0.241 0.162 .750 

SDMT standard score higher 108.19 12.805 0.337 -0.918 .510 

CTOPP2 RAN Digits standard score 
lower 

91.14 12.627 -2.032 0.747 .028 

CTOPP2 RAN Digits standard score 
higher 

103.00 11.521 -0.964 0.455 .717 

CTOPP2 RAN Letters standard score 
lower 

84.29 14.167 0.086 0.833 .429 

CTOPP2 RAN Letters standard score 
higher 

101.05 11.99 0.401 0.367 .617 

CTOPP2 RAN Composite standard 
score  lower 

85.43 15.039 1.002 -0.249 .218 

CTOPP2 RAN Composite standard 
score  higher 

103.15 12.659 0.345 0.047 .655 
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Table 5. Initial Descriptive Statistics including Skew, Kurtosis and Shapiro Wilk Scores for Reaction Time 

tests. 

 

 

 

 

 

 

 

 

 

 

 
 

 

 

 

4.2 Grouping rationale 

 

Students were matched for Ravens raw score and then allocated to one of two literacy 

groups (higher or lower) dependent upon KS2 SATs data for literacy. A differential of 3 

sub grade levels between each pair was required – see method for more detailed 

description. An independent t-test was performed to ensure that the Ravens match was 

non-significant and that there was sufficient difference between the two groups in terms 

of achievement. The Ravens raw score between the two literacy groups was not 

significant, t(40) = 0.177, p = .860, the mean difference in literacy score between the 

groups was significant, t(40) = -8.683, p < . 001.  

Additionally age differences between the two groups were not statistically significant, 

t(40) = -0.021,  p = .983. 

 

 

 Mean  SD Skewness 
Z score 

Kurtosis Z 
score 

Shapiro-
Wilk 

Phonological RT Test 1 ms lower  936.33 227.13 8.238 15.14 <.001 

Phonological RT Test 1 ms higher 837.31 107.98 5.631 10.920 <.001 

Phonological RT Test 2 ms lower 853.67 176.82 13.488 39.96 <.001 

Phonological RT Test 2 ms higher 804.67 66.02 1.279 4.269 <.001 

Phonological Test 1 number correct 
lower 

18.00 2.45 -7.131 10.238 <.001 

Phonological Test 1 number correct 
higher 

18.90 2.45 -7.251 15.093 <.001 

Phonological Test 2 number correct 
lower 

18.14 3.79 -8.647 13.202 <.001 

Phonological Test 2 number correct 
higher 

18.81 2.81 -7.106 14.916 <.001 

Visual RT Test 1 ms lower 532.33 263.41 14.438 43.294 <.001 

Visual RT Test 1 ms higher 478.89 71.01 3.369 2.756 <.001 

Visual RT Test 2 ms lower 516.55 156.46 8.277 14.483 <.001 

Visual RT Test 2 ms higher 482.17 71.01 -4.134 5.360 <.001 

Visual Test 1 number correct lower 18.05 2.33 -6.504 10.537 <.001 

Visual Test 1 number correct higher 18.90 1.48 3.022 3.995 <.001 

Visual Test 2 number correct lower 18.62 2.40 -10.548 26.961 <.001 

Visual Test 2 number correct higher 19.00 1.09 -2.517 1.602 <.001 
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4.3 Verbal and visual short term and working memory assessments.  

 

The AWMA program provides automated standard scores for all subtests. For the 

working memory tests, it also supplies a processing score; this score relates to the 

participants ability to process the information presented with no regard to memory ability 

– see method for further details. In both the verbal and visual modalities, the working 

memory processing standard scores are highly correlated with the working memory 

standard scores. Participation in working memory processing is terminated when the cut 

off criteria are reached for the working memory tasks, thereby preventing further progress 

in processing that is independent of memory function. Because it is difficult to separate 

these two sets of dependent variables in terms of separate function and because they 

are so highly correlated, there is little value in examining both working memory and 

working memory processing in this results section. A bivariate correlation analysis in 

SPSS was performed and Pearson Correlation for AWMA verbal working memory, 

listening recall and listening recall processing was statistically significant, r = .977, n = 42, 

p < .001, as was the Pearson Correlation for visual/spatial working memory, spatial 

recall, and spatial recall processing, r = .964, n = 42, p < .001.  

Table 6 shows descriptive statistics for verbal and visual short term and working memory 

assessments by Literacy Group (Lower or Higher). 

Table 6. Initial Descriptive Statistics for Memory Assessments by Group 

 
 

Variable 

Literacy Group 

Lower Higher 

M SD M SD 

AWMA verbal short-term 
memory – Digit Recall 
AWMA verbal working memory 
– Listening Recall 
AWMA Visual/Spatial short-
term memory – Dot Matrix 
AWMA Visual/Spatial working 
memory – Spatial Recall 

94.07 
 

98.01 
 

102.10 
 

111.16 

11.49 
 

15.21 
 

17.64 
 

15.49 

101.11 
 

104.33 
 

103.18 
 

109.08 

10.95 
 

16.32 
 

14.50 
 

11.86 

 

For the following analysis it should be noted that a significant Shapiro-Wilk normality 

score was calculated at .018 for AWMA verbal short-term memory digit recall (see Table 

4 above). Z scores for skewness and kurtosis are within the acceptable range and so 

further correction to the data has not been made. Additionally, an outlier was found 

among the AWMA Visual/spatial working memory data set and has been removed. As a 
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result, for the higher literacy group n=20 and for the lower one n=21. The case has been 

excluded for the analysis of assessments of memory alone.  

A 2 (modality: verbal/visual) x 2 (memory type: short-term/working memory) x 2 (literacy 

group: lower/higher) mixed analysis of variance (ANOVA) was conducted on the standard 

scores achieved for each of the 4 assessments of memory completed by the participants.  

The analysis showed significant main effects of modality, F(1,39) = 11.920, p = .001, 

MSE = 2007.976, ηp
2 = .234, and of memory type, F(1,39) = 10.644, p = .002, MSE = 

1254.123, ηp
2  = .214. The between subjects effect of literacy group was not significant, 

F(1,39) = 0.875, p = .355, MSE = 391.043, ηp
2 = .022. The main effect of modality 

reflected superior performance in the visual modality than in the verbal modality for both 

groups, similarly, for the main effect of memory type, superior performance is seen in 

working memory, see Table 6, Figure 6.  

 

The Memory Type x Literacy Group interaction was not significant F(1,39) = 0.330, p = 

.569, MSE = 38.938, ηp
2  = .008, and neither was the Memory type x Modality interaction, 

F(1,39) = 1.641, p = .208, MSE = 155.972, ηp
2  = .040. The Modality x Literacy 

Group interaction approached significance, F(1,39) = 3.131), 

p = .085, MSE = 527.450, ηp
2  = .074, the Memory Type x Modality x Literacy Group 

interaction was not significant, F(1,39) = 0.160, p = .692, MSE = 15.173, ηp
2 = .004. 

between subjects effect of group was not significant, F(1,39) = 0.875, p = .355, MSE = 

 

 
Although the Modality x Literacy Group interaction was not significant at the 5% level, 

because it was close to significant, a further analysis of the variance was conducted by 

running a repeated measures ANOVA after splitting the data by literacy group and 

examining the main effect of modality within both groups separately. For the Lower 

Literacy Group, the analysis showed a significant main effect of modality, F(1,20) = 

21.157, p < .001, MSE = 2354.263, ηp
2 = .514. For the Higher Literacy Group, the 

analysis showed a non-significant main effect of modality, F(1,19) = 1.019, p = .326, 

MSE = 232.903, ηp
2 = .051. 

 

A corresponding pair of ANOVAs were performed to determine the effect of literacy group 

on both verbal and visual modalities. For verbal memory the analysis showed a 
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significant between subjects effect of literacy group, F(1,40) = 4.337, p = .044, MSE = 

1219.048, ηp
2 = .098. For visual memory there was a non-significant between subjects 

effect of literacy group, F(1,39) = 0.015, p = .904, MSE = 5.093, ηp
2 < .001, see Figure 6. 

 

 

 

 

Figure 6. Lower and higher literacy group performance by modality, with standard error bars.  

 

An independent samples t test was performed on the 4 AWMA subtest results. None of 

the differences between the mean of the two groups were significant at subtest level: 

AWMA verbal STM, t(1,39) = -2.007,  p = .052; AMWA verbal WM t(1,39) = -1.282,  p = 

.208; AWMA visual STM, t(1,39) = -0.214,  p = .831; AMWA visual WM, t(1,39) = .481,  p 

= .633. 
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4.4 Speed of processing tasks 

 
The results for CTOPP2 rapid naming tasks and SDMT written are presented below.  
 

4.4.1  

 
Table 7 presents the descriptive statistics for the CTOPP2 rapid naming subtest scores.  
 
Table 7. Descriptive Statistics for Rapid Naming Tasks by Literacy Group 
 

 
 

Variable 

Literacy Group 

Lower Higher 

M SD M SD 

CTOPP2 Rapid Digit Naming 91.14 12.63 103.00 11.52 

CTOPP2 Rapid Letter Naming 84.29 14.17 101.05 11.99 

CTOPP2 Rapid Naming 
Composite 

85.43 15.04 103.15 12.66 

 
A 2 (rapid naming: digits/letters) x 2 (literacy group: lower/higher) mixed analysis of 

variance (ANOVA) was conducted on the standard scores achieved for each of the 2 

assessments of rapid naming completed by the participants.  

The analysis showed significant main effects of rapid naming, F(1,40) = 6.839, p = .013, 

MSE = 443.440, ηp
2 = .146 but not ofthe Rapid Naming x Literacy Group interaction was 

not significant, F(1,40) = 1.657, p = .205, MSE = 107.440, ηp
2 = .040  . The between 

subjects effect of group was significant, F(1,40) = 16.433, p < .001, MSE = 4102.012, ηp
2 

= .291, because of the lower scores achieved by the lower literacy group in both of the 

rapid naming tasks, with the mean score for naming letters being the lowest, see Figure 

7. 

 

 



58 
 

 

Figure 7. CTOPP2 Rapid naming: standard scores for digits and letters by lower and higher literacy 

groups, with standard error bars.   

 

There was a significant difference in the scores for the lower literacy group for CTOPP2 

rapid digit naming (M = 91.14, SD = 12.63) and the higher literacy group, (M = 103.00, 

SD = 11.52); t(40) = -3.174, p = .003. There was also a significant difference in the 

scores for the lower literacy group for CTOPP2 rapid letter naming (M = 84.29, SD = 

14.17) and the higher literacy group, (M = 101.05, SD = 11.99); t(40) = -4.018, p < .001. 

 

A one-way ANOVA was performed with the rapid naming composite by group as the 

composite of digit and letter naming is the most reliable rapid naming result in predicting 

reading fluency (Wagner et al, 2013). This showed a significant group difference F(1,40) 

= 16.536, p < .001, MSE = 3154.667, ηp
2 = .292, (see Figure 8) with the lower literacy 

group scoring significantly lower on the composite score than the higher literacy group. 
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Figure 8. CTOPP2 rapid naming composite mean scores by group, with standard error bars.  

Verbal Memory and Rapid Naming analysis of variance 
 

4.4.1 SDMT written version 

 
An independent samples t test was performed. This showed a non-significant difference 

in the scores for the lower literacy group for SDMT (M = 100.62, SD = 16.64) and the 

higher literacy group, (M = 108.19, SD = 12.81); t(40) = -1.653, p = .106. 

 

4.5  

Analysis of variance was undertaken to examine the interactions and effects of 

attainment and group. The initial descriptive statistics are represented in Table 8.  

 

 

 

 
 

Variable 

Literacy Group 

Lower Higher 

M SD M SD 

NFER Reading 91.10 6.91 104.10 10.92 

SWST Spelling 89.24 11.10 106.52 8.95 

 
A 2 (attainment: reading/spelling) x 2 (group: lower/higher) mixed ANOVA was 

performed. There was no significant main effects of attainment, F(1,40) = 0.036, p = .851, 

MSE = 1.714, ηp
2 = .001, The between subjects effect of group was significant, F(1,40) = 

35.112, p < .001, MSE = 4815.429, ηp
2 = .467, reflecting lower scores achieved in both 
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tasks by the lower literacy group, see Figure 9. There was no significant interaction of 

Attainment x Group, F(1,40) = 2.010, p = .164, MSE = 96.429, ηp
2 = .048.  

 

 

Figure 9. NFER Reading and SWST spelling mean standard scores by literacy group, with 

standard error bars.  

 

An independent samples t test was performed on the NFER reading and SWST spelling 

assessment results. Mean score differences of both attainment measure were significant: 

NFER reading, t(1,33.788) = -4.610, p < .001; SWST spelling, t(1,40) = -5.556, p < .001. 

 

4.364.6 Reaction Times and Error Analysis 

 

The Reaction Time tests are not normally distributed; skewness and/or kurtosis exists for 

all variables, see Table 5. In addition, there are outliers present in each group and in 

each test.  

 

Analysis of variance was performed to ascertain main effects and interactions between 

the RT tests and literacy group. Concerns about non-normality, see Table 5, should lead 

to caution in interpretation of results of this battery of assessments, it may be too 

ambitious to run analyses of variance that include modality, so analysis will be restricted 

to group interaction investigations.  
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Table 9. Initial Descriptive Statistics for Reaction Time (RT) tasks. 

     

 
 

Variable 

Literacy Group 

Lower Higher 

M SD M SD 

Processing response time (ms) 
 

 

Phonological RT Test 1 936.33 227.13 837.31 107.98 

Phonological RT Test 2 853.67 176.82 804.67 66.02 

Visual Test RT 1 532.33 263.41 478.89 71.01 

Visual Test RT 2 516.55 156.46 482.17 71.01 

Correct responses (items 
correct) 

M SD M SD 

Phonological Test 1 18.00 2.45 18.90 2.45 

Phonological Test 2 18.14 3.79 18.81 2.81 

Visual Test 1 18.05 2.33 18.90 1.48 

Visual Test 2 18.62 2.40 19.00 1.09 

 

 
A 2 (phonological RT: Test1/Test2) x 2 (literacy group: lower/higher) mixed analysis of 

variance (ANOVA) was conducted on the median times in ms achieved for each of the 2 

assessments of phonological RT completed by the participants.  

The analysis showed significant main effects of phonological RT, F(1,40) = 15.599, p < 

.001, MSE = 69805.503, ηp
2 = .281; not ofthe Phonological RT x Literacy Group 

interaction was not significant, F(1,40) = 2.936, p = .094, MSE = 13137.503, ηp
2 = .068. 

The between subjects effect of group was not significant, F(1,40) = 2.558, p = .118, MSE 

= 115033.003, ηp
2 = .060.  

 

A non-parametric Mann Whitney U test was performed to ascertain if there were 

significant differences between the two literacy groups for either test. The result for 

phonological test 1 was statistically significant, U = 142, p = .048, and for phonological 

test 2 it was not statistically significant, U = 175, p = .252. This result should be treated 

with caution however as the two phonological tests do not meet the assumption of similar 

distribution.  
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Similarly, a 2 (visual RT: Test1/Test2) x 2 (literacy group: lower/higher) mixed analysis of 

variance (ANOVA) was conducted on the median times in ms achieved for each of the 2 

assessments of visual RT completed by the participants.  

The analysis showed non-significant main effects of visual RT, F(1,40) = .111, p = .741, 

MSE = 820.313, ηp
2 = .003 and for the Visual RT x Literacy Group interaction, 

F(1,40) = 0.259, p = .614, MSE = 1909.527, ηp
2 = .006. The between subjects effect of 

group was not significant, F(1,40) = 0.930, p = .341, MSE = 40502.146, ηp
2 = .023.  

 

In order to analyse the main effect and interaction upon the number of correct responses 

made by participants during the RT tests, two ANOVAs were performed. Firstly, a 2 

(phonological correct responses: Test 1/Test 2) x 2 (literacy group: lower/higher) mixed 

analysis of variance (ANOVA) was conducted on the number of correct responses 

achieved for each of the 2 phonological RT tests completed by the participants.  

The analysis showed non-significant main effects of phonological RT correct responses, 

F(1,40) = 0.002, p = .966, MSE = 0.12, ηp
2 < .001 and for the Phonological RT 

Correct Responses x Literacy Group interaction, F(1,40) = 0.045,  p = .833, MSE = 

0.298, ηp
2 = .001. The between subjects effect of group was not significant, F(1,40) = 

1.451, p = .235, MSE = 12.964, ηp
2 = .035.  

 

Secondly, a 2 (visual correct responses: Test 1/Test 2) x 2 (literacy group: lower/higher) 

mixed analysis of variance (ANOVA) was conducted on the number of correct responses 

achieved for each of the 2 assessments of visual RT completed by the participants.  

The analysis showed non-significant main effects of visual RT correct responses, F(1,40) 

= 1.886, p = .177, MSE = 2.333, ηp
2 = .045 and for the Visual RT Correct 

Responses x Literacy Group interaction, F(1,40) = 0.962,  p = .332, MSE = 1.190, ηp
2 = 

.023. The between subjects effect of group was not significant, F(1,40) = 1.329, p = .256, 

MSE = 8.048, ηp
2 = .032.  

 

4.7 Correlation Results 

In order to explore possible correlations between the variables, two tailed analyses were 

executed for each literacy group separately in SPSS using bivariate, correlation 

analyses, see Tables 10 and 12. Zero order correlations were calculated for Ravens raw 
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score and age in months standard score only as these will be partialled out subsequently 

in order to examine the data without these two highly influencing variables 

 

4.36.14.7.1 Lower literacy Group 

 

Alpha values have been noted at both 0.05 and 0.01 significance levels. 

Table 10. Zero Order Correlations Table of Ravens Raw score and Age Variables for Lower Literacy 

Group. N = 21, df = 19.  

 

Zero Order  1 2 3 4 5 6 7 8 9 10 11 12 13 14 R A 

Ravens 

Raw 

Score 

Corr .116 .524 .622 .608 .646 .577 .361 .275 .155 .194 -.042 .337 -.074 .385 1.000 .368 

Sig  .616 .015 .003 .003 .002 .006 .108 .228 .502 .399 .855 .135 .751 .085 . .100 

 Age in 

months  

Corr .102 .591 .534 .294 .530 .159 -

.022 

.214 .101 .150 -.313 .083 -.264 .065 .368 1.000 

 Sig .660 .005 .013 .196 .013 .492 .924 .351 .663 .518 .167 .719 .248 .781 .100 . 

*. Correlation is significant at the 0.05 level (2-tailed). 

**. Correlation is significant at the 0.01 level (2-tailed). 
Corr = Correlation, sig = significance (2-tailed) R= Raven Raw Score, A= Age in months, 1= NFER reading, 2= SWST spelling 3 = AWMA 

Verbal STM, 4 = AWMA Verbal WM, 5 = AWMA Visual Spatial STM, 6 = AWMA Visual Spatial WM, 7 = SMDT Written, 8 =  CTOPP2 Rapid 

Digit Naming, 9 = CTOPP2 Rapid Letter Naming, 10 = CTOPP2 RAN Composite, 11 = Phonological RT mean, 12 = Phonological RT number of 

correct responses mean, 13 = Visual RT mean, 14 = Visual number of correct responses mean.  

 

Positive correlations at the .01 level were found between Ravens and: AWMA Verbal 

STM; Verbal WM, Visual Spatial STM and Visual spatial WM. There was also a positive 

correlation at the .01 level of significance between Age and SWST spelling.  

 

Positive correlations at the 0.05 level are found between Ravens and: SWST spelling. 

Positive correlations were also found between Age and AWMA Verbal STM and AWMA 

Visual spatial STM at the .05 level of significance.  

 

Partial correlations were run for each literacy group in order to determine the correlations 

between the test variables whilst controlling for age and for Ravens IQ, see Table 11. 
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Table 11. Partial Correlations Table of Variables for Lower Literacy Group Controlled for Ravens raw Score 

and Age in Months. N = 21, df = 17. 

 

Controlled for Ravens  

and Age 1 2 3 4 5 6 7 8 9 10 11 12 13 14 

 1 NFER Corr 1.000  

 Sig . 

2 SWST Corr .526 1.000  

 SIg .021 . 

3 Verbal STM Corr .509 .444 1.000  

 Sig .026 .057 . 

4 Verbal WM Corr -.239 -.367 -.206 1.000  

 Sig .323 .122 .399 . 

5 Visual Spatial    

STM 

Corr -.288 .066 -.465 .089 1.000  

 SIg .231 .787 .045 .717 . 

6 Visual Spatial 

WM 

Corr -.131 -.236 -.133 .731 .246 1.000  

 Sig .594 .330 .587 .000 .310 . 

7 SDMT Corr -.128 -.015 -.101 .273 .024 -.042 1.000  

 Sig .600 .950 .680 .258 .923 .863 . 

8 RAN Digits Corr .277 .253 -.002 .027 .316 -.131 .460 1.000  

 Sig .251 .295 .995 .911 .188 .593 .048 . 

9 RAN Letters Corr .572 .321 .432 -.161 -.137 -.265 .284 .615 1.000  

 Sig .010 .180 .065 .511 .577 .273 .238 .005 . 

10 RAN Comp Corr .462 .307 .240 -.086 .080 -.236 .428 .856 .930 1.000  

 Sig .046 .201 .322 .728 .746 .331 .068 .000 .000 . 

11 Phon RT 

Mean 

Corr -.406 -.273 -.204 -.101 -.003 -.024 -.089 -.560 -.350 -.469 1.000  

 Sig .084 .258 .402 .681 .989 .924 .716 .013 .142 .043 . 

12 Phon Correct 

Mean 

Corr -.161 -.096 .014 .326 .142 .443 .111 -.307 -.098 -.185 .266 1.000  

 Sig .509 .696 .954 .174 .562 .058 .652 .201 .690 .447 .271 . 

13 Visual RT 

Mean 

Corr -.312 -.243 -.011 -.036 -.038 .022 -.311 -.702 -.380 -.564 .872 .252 1.000  

 Sig .194 .316 .963 .885 .876 .928 .195 .001 .108 .012 .000 .297 . 

14 Visual Correct 

Mean 

Corr -.417 -.124 -.073 .358 .197 .179 .292 -.082 -.040 -.033 .251 .514 .355 1.000 

SIg .075 .612 .766 .132 .418 .463 .224 .739 .872 .892 .299 .024 .136 . 

*. Correlation is significant at the 0.05 level (2-tailed). 

**. Correlation is significant at the 0.01 level (2-tailed). 
Corr = Correlation, sig = significance (2-tailed) R= Raven Raw Score, A= Age in months, 1= NFER reading, 2= SWST spelling 3 = AWMA 

Verbal STM, 4 = AWMA Verbal WM, 5 = AWMA Visual Spatial STM, 6 = AWMA Visual Spatial WM, 7 = SMDT Written, 8 =  CTOPP2 Rapid 

Digit Naming, 9 = CTOPP2 Rapid Letter Naming, 10 = CTOPP2 RAN Composite, 11 = Phonological RT mean, 12 = Phonological RT number of 

correct responses mean, 13 = Visual RT mean, 14 = Visual number of correct responses mean. NB for the correlation means of both RT tests are 

used.  
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A partial correlation analysis was performed between the assessment variables when 

controlling for Ravens raw score and age in months. For the lower performing literacy 

group, positive correlations at the.01 level of statistical significance were found between: 

NFER reading and CTOPP2 rapid letter naming; AWMA verbal WM and AWMA visual 

spatial WM; CTOPP2 rapid digit naming and CTOPP2 rapid letter naming; CTOPP2 rapid 

letter naming and CTOPP2 rapid naming composite.  

 

A negative correlation at the .01 level was found between: CTOPP2 rapid digit naming 

and visual RT mean due to RT scores in milliseconds being higher for the slower reacting 

participants. The negative correlation is to be expected.  

 

At the .05 level of significance, positive correlations were found between: NFER reading 

and SWST spelling, AWMA verbal STM and CTOPP2 rapid naming composite; SDMT 

written and CTOPP2 rapid digit naming; phonological RT correct responses mean. 

 

A negative correlation at the .05 level was found between: AWMA visual spatial STM and 

AWMA verbal STM; CTOPP2 rapid digit naming and phonological RT mean; CTOPP2 

rapid letter naming and phonological RT mean; CTOPP2 rapid naming composite and 

both phonological RT mean and visual RT mean. 

 

4.36.24.7.2 Higher Literacy Group 
 

Table 12. Zero Order Correlation Table of Ravens Raw score and Age Variables for Lower Literacy Group. 

N = 21, df = 18.  

 

Zero Order  1 2 3 4 5 6 7 8 9 10 11 12 13 14 R A 

Ravens 

Raw 

Score 

Corr .096 .227 .103 .041 .452 .510 -.098 -.364 -.250 -.352 -.277 .592 -.659 .435 1.000 .071 

Sig  .686 .337 .665 .863 .045 .022 .682 .114 .288 .127 .238 .006 .002 .055 . .765 

 Age in 

months  

Corr .626 .219 .452 .565 .295 .183 .282 -.047 .020 .021 -.113 -.096 .034 -.103 .071 1.000 

Sig .003 .354 .046 .009 .206 .440 .228 .843 .933 .931 .636 .689 .885 .667 .765 . 

*. Correlation is significant at the 0.05 level (2-tailed). 

**. Correlation is significant at the 0.01 level (2-tailed). 
Corr = Correlation, sig = significance (2-tailed) R= Raven Raw Score, A= Age in months, 1= NFER reading, 2= SWST spelling 3 = AWMA 

Verbal STM, 4 = AWMA Verbal WM, 5 = AWMA Visual Spatial STM, 6 = AWMA Visual Spatial WM, 7 = SMDT Written, 8 =  CTOPP2 Rapid 

Digit Naming, 9 = CTOPP2 Rapid Letter Naming, 10 = CTOPP2 RAN Composite, 11 = Phonological RT mean, 12 = Phonological RT number of 

correct responses mean, 13 = Visual RT mean, 14 = Visual number of correct responses mean. NB for the correlation means of both RT tests are 

used.  
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In the bivariate correlation analysis (see table 12), positive correlations at the .01 

significance level were found between Ravens and: phonological RT correct responses 

mean and a negative correlation at this level with visual RT mean. Positive correlations at 

the .05 significance level are found with AWMA visual spatial STM and AWMA visual 

spatial WM AWMA Verbal STM. 

 

Positive correlations at the 0.01 significance level are found between age in months and: 

NFER reading and AWMA verbal WM. Positive correlations were also found at the .05 

significance level between age in months and AWMA Verbal STM. 

 

Statistically significant positive correlations at the .01 level were found in the partial 

correlation between: CTOPP2 rapid digit naming and CTOPP2 rapid naming composite; 

CTOPP2 rapid letter naming and CTOPP2 rapid naming composite. Negative 

correlations at .01 level of statistical significance were found between CTOPP2 rapid 

letter naming and phonological RT mean and visual RT mean, (see table 13).  

 

Additionally, statistically significant positive correlations at the .05 level were found in the 

partial correlation between: AWMA verbal STM and AWMA verbal WM; AWMA visual 

spatial STM and SDMT written; AWMA visual spatial WM and SDMT written; CTOPP2 

rapid digit naming and CTOPP2 rapid letter naming. Negative correlations at this level of 

significance were found between AWMA verbal STM and visual RT correct responses 

mean. 
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Higher Literacy Group Partial Correlation Analysis 

Table 13. Partial Correlations Table of Variables for Higher Literacy Group. N = 20, df = 16. 

 

Controlled for 

Ravens and Age 

 1 2 3 4 5 6 7 8 9 10 11 12 13 14 

 1 NFER Corr 1.000  

 Sig . 

2 SWST Corr .515 1.000  

 SIg .029 . 

3 Verbal 

STM 

Corr .045 .299 1.000  

 Sig .860 .228 . 

4 Verbal WM Corr .069 -.041 .530 1.000  

 Sig .785 .872 .024 . 

5 Visual 

Spatial   

STM 

Corr -.357 -.341 -.320 .119 1.000  

 SIg .146 .166 .196 .639 . 

6 Visual 

Spatial WM 

Corr .090 .092 .072 .296 .457 1.000  

 Sig .724 .718 .776 .232 .057 . 

7 SDMT Corr -.224 -.215 -.258 .363 .555 .527 1.000  

 Sig .371 .392 .301 .138 .017 .025 . 

8 RAN Digits Corr -.130 -.317 .011 .375 .130 -.003 .489 1.000  

 Sig .608 .199 .964 .125 .607 .992 .040 . 

9 RAN 

Letters 

Corr .012 .000 .076 .183 -.269 .026 .255 .502 1.000  

 Sig .964 .999 .764 .467 .281 .917 .308 .034 . 

10 RAN 

Comp 

Corr -.056 -.159 .040 .311 -.100 .011 .433 .861 .869 1.000  

 Sig .827 .529 .876 .209 .694 .964 .072 .000 .000 . 

11 Phon RT 

Mean 

Corr -.250 .006 -.051 -.164 .093 -.224 -.046 -.089 -.637 -.413 1.000  

 
Sig .316 .981 .842 .516 .712 .372 .858 .724 .004 .089 . 

12 Phon 

Correct 

Mean 

Corr .098 -.172 -.094 .198 .308 .445 .470 .288 -.069 .117 .235 1.000  

 Sig .699 .495 .712 .431 .214 .065 .049 .247 .785 .643 .348 . 

13 Visual RT 

Mean 

Corr .380 -.166 .028 -.094 -.156 -.174 -.314 -.139 -.603 -.433 .331 .013 1.000  

 Sig .120 .511 .913 .710 .536 .489 .205 .583 .008 .073 .180 .960 . 

14 Visual 

Correct 

Mean 

Corr -.018 -.391 -.557 -.108 .238 .018 .124 -.002 -.307 -.182 .462 .329 .265 1.000 

SIg .944 .108 .016 .671 .341 .943 .623 .994 .216 .469 .053 .183 .288 . 

*. Correlation is significant at the 0.05 level (2-tailed). 

**. Correlation is significant at the 0.01 level (2-tailed). 
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4.36.34.7.3 Partial correlation differences in significance between groups  

 

                                                               
 
Figure 10. Scatter plots for higher and lower literacy groups illustrating comparative residuals correlations 
between CTOPP2 rapid letter naming and NFER reading dependent variables after controlling for Ravens 
Raw score and Age in Months.  

 

 

Figure 10 shows the difference in correlation between the CTOPP2 rapid letter naming 

and NFER reading dependent variables; the partial correlation calculation was significant 

for the lower group, r = .572, p = .010 and non-significant for the higher group, r = .012, p 

= .964. Calculating Fisher z to r reveals a non-significant difference between the two 

correlation results, z = 1.89, p = .059. All Fisher calculations carried out if this section are 

2 tailed analyses.  
 

                

                                                              
Figure 11. Scatter plots for higher and lower literacy groups illustrating comparative residuals correlations 
between CTOPP2 rapid letter naming and phonological RT mean variables after controll ing for Ravens 
Raw score and Age in Months.  
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The partial correlation for the lower literacy group was not significant, r = -.350, p = .142, 

whereas the correlation for the higher group was significant, see Figure 11, r = -0.637, p 

= .004. Calculating Fisher z to r reveals a non-significant difference between the two 

correlation results, z = -1.15, p = .250. 
 

 

               
Figure 12. Scatter plots for higher and lower literacy groups illustrating comparative residuals correlations 
between CTOPP2 rapid digit naming and phonological RT mean variables after controlling for Ravens Raw 
score and Age in Months.  

 

The partial correlation between phonological RT mean and CTOPP2 rapid digits naming 

(see Figure 12) was significant for the lower literacy group, r = -.560, p = .013 and not 

significant for the higher group, r = -.089, p = .724, this is the opposite finding for 

CTOPP2 rapid letter naming and phonological RT mean. Once more, calculating Fisher z 

to r reveals a non-significant difference between the two correlation results, z = -1.61, p = 

.107. 
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Figure 13. Scatter plots for higher and lower literacy groups illustrating comparative residuals correlations 
between CTOPP2 rapid letter naming and visual reaction time variables after controlling for Ravens Raw 
score and Age in Months. 
 

The partial correlation between visual RT mean and CTOPP2 rapid letters naming (see 

Figure 13) was not significant for the lower literacy group, r = -.380, p = .108 and 

significant for the higher group, r = -.637, p = .004. Fisher z to r reveals a non-significant 

difference between the two correlation results, z = 1.04, p = .298. 

 

 

 
Figure 14. Scatter plots for higher and lower literacy groups illustrating comparative residuals correlations 
between NFER reading and verbal STM variables after controlling for Ravens Raw score and Age in 
Months. 

 

The partial correlation between AWMA verbal STM and NFER reading was statistically 

significant for the lower literacy group, r = 509, p = .026 and not statistically significant for 

the higher group, r = .045, p = .960, see Figure 14. Fisher z to r reveals a non-significant 

difference between the two correlation results, z = 1.04, p = .298.  
 
 

 

 

 

 

 

 

 

 



71 
 

Chapter Five 
 

 Discussion 

 

This chapter will revisit the above research questions and discuss and summarise the 

findings of the statistical results. Conclusions will be drawn and recommendations made 

for further research and practical pedagogical implications will be discussed. 

5.1 Introduction 
 

The overall aim of this study was to examine the relationship between literacy academic 

attainment (measured at the end of KS2) and elements of cognitive processing ability in 

KS3 pupils (ages 11-13) in a UK mainstream setting. The areas of cognitive processing 

explored were verbal and visual spatial STM and WM, rapid naming, visual/symbol 

search/clerical processing and reaction times.  

The study aimed to investigate a number of questions: 

1. Is the modality of memory pertinent in predicting academic attainment? The null 

hypothesis would be that there would not be statistically significant correlation 

between verbal or visual spatial memory and academic attainment.  

2. Similarly, is there a statistically significant relationship between STM and/or WM 

and academic attainment in KS3 pupils in a mainstream setting in the UK?  

3. Do processing speed abilities significantly impact upon academic attainment in 

KS3 pupils in the UK?  

4. Do reaction times impact upon academic attainment in KS3 pupils in the UK? 

5. What is the incidence of cognitive deficit based on standard scores which qualify 

for exam access arrangements within a KS3 sample population?  

5.2 Statistical results discussion  

 

This section will explore the results whilst considering the research questions above.  
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5.2.1 Research Question 1. Memory Modality and Academic Attainment. 
 

The initial 2 x 3 analysis of variance (ANOVA) performed examined the effects of: 

modality i.e. verbal and/or visual spatial memory; memory type i.e., short term or working 

memory; lower or higher literacy group upon the dependent variable, in this case memory 

score, as measured by the two AWMA tasks (STM and WM) for each modality. The 

results revealed a significant main effect of modality upon memory scores.  

Interactions between the factors and all were non-significant. However, the Modality x 

Literacy group interaction was close to significant and warranted further investigation.  

Examining the dependent variable scores for both groups individually for a main effect of 

modality, revealed significantly different results between the two groups. Further analysis 

which examined verbal and visual spatial memory specifically by group showed that there 

was a significant difference for verbal memory performance between the two groups but 

not for visual spatial memory performance. The lower literacy group achieved 

significantly lower performance on verbal memory tasks compared to the higher literacy 

group. There was no significant difference between groups for visual spatial memory 

performance, see Figure 6, although the lower literacy group mean result for visual 

working memory was slighter higher than the higher literacy group’s mean result.  

Therefore, in response to the first question of this study, the null hypothesis is rejected for 

verbal memory performance because the lower literacy group achieved significantly 

lower scores for verbal memory as measured by the AWMA verbal memory tasks than 

the higher literacy group achieved. However, the null hypothesis is accepted for visual 

spatial memory performance as measured by the AWMA, as there was no significant 

difference between the two groups on visual spatial memory tasks, (see notes in 

limitations below). 

5.2.2 Research Question 2. Memory Type (STM/WM) and Academic Attainment 

 

The above analysis of variance also revealed significant main effect for memory type; this 

was qualified by the fact that both groups achieved higher standard scores in working 

memory than short term memory (see Table 6). The Memory Type x Group interaction 

was not significant. There was no significant difference in memory type across the 

modalities between the groups.  
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Partial correlation analysis (controlled for Ravens raw score and the age of the 

participants) found a correlation between NFER reading and verbal STM alone at the .05 

level in the lower literacy group; there were no significant correlations between any 

memory type and spelling for the lower group. Additionally, there were no significant 

correlations between any memory type or modality and either NFER reading or SWST 

spelling for the higher literacy group.  

Therefore, we have evidence from the partial correlation between NFER reading and 

verbal STM that may be important but the difference between the two literacy groups on 

verbal STM is not strong enough to drive a significant interaction or reject the null 

hypothesis.   

5.2.3 Research question 3. Processing Speed and Academic Attainment 
 

The analysis of variance performed on CTOPP2 rapid naming task results by group, 

revealed a significant main effect of rapid naming and a non-significant result for the 

Rapid Naming x Group interaction. Additionally, a significant between-subjects effect of 

group was reported. The lower literacy group took significantly longer to name both digits 

and letters, subsequently the CTOPP2 rapid naming composite score achieved by the 

lower literacy group was significantly lower than that achieved by the higher group. Both 

literacy groups took longer to name letters than digits but there was a greater difference 

between the two tasks by the participants in the lower literacy group, see Figure 7. The 

difference between the two groups on CTOPP2 Composite score is statistically 

significant at the .001 level, see Figure 8.  

Previous research has concluded that rapid naming abilities are closely correlated with 

reading fluency and ability. Partial correlation analyses, controlling for Ravens raw score 

and age standard score, conducted as part of this study show that for the lower literacy 

group, rapid letter naming is correlated with NFER reading at the .01 level of significance 

and the CTOPP2 composite correlates at roughly around .05. It is interesting to note that 

the rapid digit naming correlation with reading was non-significant, confirming lower level 

ability of the lower literacy group in letter naming. There were no significant correlations 

between either CTOPP2 rapid naming tasks and spelling however for either group. 

Correlation between CTOPP2 rapid letter naming and NFER reading in the higher 

literacy group is not significant, suggesting that for this study’s cohort, rapid letter naming 

abilities impact upon NFER reading attainment of the lower group alone.  In answering 
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question 3 of this study we can reject the null hypothesis and conclude that processing 

speed performance, as measured by the CTOPP2 battery of assessments, is significantly 

lower in the lower achieving group and that rapid naming abilities, letter naming in 

particular, appear to impact upon academic attainment.  

Recently, Toffalini, Marsura, Garcia & Cornoldi, (2018) asserted that the ability to 

manipulate visual phonological information efficiently is consistent with efficient STM 

ability. The fact that both rapid naming and verbal STM appear to be areas of relative 

difficulty for the lower literacy group is consistent with their research observations.  

A second processing speed assessment was undertaken by the participants: the written 

version of the SDMT. This task is described as a symbol search task and clerical speed. 

The partial correlation analysis showed that there were no statistically significant 

correlations between SDMT and the lower literacy group attainment tasks (reading and 

spelling) but interestingly this task did correlate at the .05 level with CTOPP2 rapid digit 

naming, suggesting a shared difficulty in processing digits at speed regardless of the 

requirement to articulate them. This correlation was also present for the higher literacy 

group, again at the .05 level. An independent samples t-test showed that there was no 

significant difference in terms of processing speed as measured by the SDMT task 

between the two groups. The null hypothesis is rejected for processing speed as 

measured by the SDMT task. 

5.2.4 Research Question 4. Phonological and visual reaction time tests 

 

The reaction times of participants in each group were measured by computer-based 

assessments. There were two tests for both phonological RT and visual RT. In addition to 

measuring the RTs in milliseconds, the program recorded the number of correct 

responses made. These reaction time tasks are not norm referenced unlike all of the 

other tasks in this study; it is not meaningful to consider analyses of variance between 

different types of tests e.g. memory x RT.  

Concerns about non-normality of the computerised RT tests led to caution in 

interpretation of results and consequently factor analysis was limited to the factor of test 

sessions (i.e. Test1/Test2) without modality being considered.  

An ANOVA was performed on the two phonological RT tests x group; it found a 

significant main effect of phonological RT. The phonological reaction times were 
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significantly different from each other from test 1 to test 2 with test 2 having a quicker 

median time, see Table 9. A Mann Whitney U test revealed statistically significant 

difference in median times between the groups for test 1 but not for test 2; there were 8 

outliers across the groups in the first test. A very cautious interpretation of this might be 

that the lower literacy group participants benefited from the practice of the first trial. This 

cautious observation would be consistent with over learning and repetition intervention 

theories for learners with SPLD/Dyslexia (Bogaerts et al., 2015, Cochrane & Binns, 

2015). Clearly though, we cannot make any conclusions from this one example and 

further studies would be needed before any conclusions can be drawn.  

Further analyses of variance were performed upon the two visual RT tests by group, 

phonological RT tests items correct by group and visual RT tests items correct by group. 

There were no significant main effects, interactions or between groups effects in any of 

the results obtained.  

It is difficult to conclude that the null hypothesis has been rejected with certainty due to 

the concerns about normality and significant results occurring in one trial out of the four. 

Further assessments of reaction times would be prudent.  

The partial correlation controlled for Raven raw score and age showed a statistically 

significant correlation at the .01 level between phonological RT and CTOPP2 rapid letter 

naming variables in the higher literacy group and at the .05 level between phonological 

RT and CTOPP2 rapid digit naming variables in the lower literacy group. The partial 

correlation also found statistically significant correlations at the .01 level between visual 

RT and: CTOPP2 rapid letter naming in the higher literacy group; CTOPP2 rapid digit 

naming in the lower literacy group. Reaction time task results did not correlate with any 

other assessment results in this study. These tasks were both discrimination tasks, 

requiring a greater degree of information processing than a simple task would require. 

This may account for the correlation results described above. Further research examining 

the correlation between simple RT tasks and processing speed tasks, especially within 

and across domains might explore shared and discrete factors further.  

5.2.5 Research Question 5. Incidence of cognitive deficit  
 

12 participants achieved standard scores of below 85 in the rapid letter naming task; 

scores achieved would qualify them for extra time of 25% in exams. 2 of the 12 are in the 
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higher literacy group, the remaining 10 are lower level literacy achievers. 6 participants 

achieved standard scores below 85 in the verbal STM task; all low STM score 

participants are in the lower literacy group and all also lie in the below 85 standard score 

range for CTOPP rapid letter naming. Examining the results of cognitive areas shown to 

have a significant effect upon academic attainment, we can see that at least one 

processing speed deficit exists for 28.6% of participants in this study: 83% of these 

participants are found in the lower literacy group. This percentage cannot be extrapolated 

to the general population due to sample size and the fact that we removed some of the 

year group in order to create the matched pairs group design. Given that last year 15.7% 

of pupils were awarded 25% extra time in exams, (Gov.uk, 17) the percentage of pupils 

in this study who have at least one area of cognitive processing deficit, does suggest that 

further research to discover representative levels of cognitive deficit might be useful.  

5.3  Research findings summary 
 

In this section, conclusions from the results of this study are summarised in the light of 

previous research. Many differing viewpoints have been published over the years and the 

analyses outlined in this study neither prove nor disprove any existing theories but 

hopefully add some small detail to the already sizeable body of work.  

A statistically significant difference between performance levels across the two modalities 

found in this study supports a domain specific model of memory (Oberauer et al., 2000), 

(although does not differentiate between processing and storage, or between STM or 

WM). 

Analysis of the results of this study has shown that for the KS 3 participants who were 

assessed, verbal memory is of greater significance to academic achievement than visual 

memory. This finding goes someway to support Brandenburg et al’s., (2015) finding that 

verbal working memory rather than visual working memory is more closely associated 

with literacy skills in terms of modality but not type and supports findings by Webster, 

Hall, Brown & Bolen (1996) that pupils with attention and learning difficulties experience 

more difficulty with auditory than visual recall. 

Many researchers have found that academic attainment is influenced upon and/or 

correlates with WM (Cain, Oakhill & Bryant, 2004; Gathercole et al., 2016; Swanson & 

Jerman, 2006) However, in this study, statistically significant differences between the 
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higher and lower achieving group were not found. Only verbal STM was found to 

correlate at a statistically significant level with the NFER reading test in the lower literacy 

group.  

The lower literacy group achieved statistically significantly lower rapid naming scores 

than the higher group. In addition, rapid naming correlated with NFER reading for the 

lower group but not the higher group. These findings are consistent with previous 

research that rapid naming ability is a predictor of reading abilities, (Denkla & Rudel, 

1975; Jones, Snowling & Moll, 2016; Kruk & Ruban, 2016). 

The reaction time tests were not normally distributed and outliers existed in both groups, 

therefore any findings must be viewed with caution. A statistically significant difference 

was found between the two groups only in the phonological RT first test. The effect of 

practice may have improved the second test performance. There was as strong pattern 

of correlation between the RT tests and the CTOPP2 rapid naming tests. Differing 

theories exist to explain rapid naming as a predictor of reading ability, especially fluency 

(Kail et al., 1999; Jones, Snowling & Moll, 2016). Aroujo et al., (2011), found that the 

pause between items was the main contributory factor to slow rapid naming performance 

rather than articulation rates. Could this be a potential link to RT?  

Finally, this study has identified that slightly over a quarter of the cohort of participants 

experience a deficit in at least one area of cognitive processing, the majority of these 

belonging to the lower literacy group.  

5.4  Contribution to knowledge 
 

The results of this study support a number of research studies which have concluded that 

certain elements of information processing, when required to be conducted at speed 

correlate with academic attainment ( Wagner, Torgesesn Rashotte & Perason, 2013; Lee 

& Yoon, 2017). Rapid letter naming in particular, in this cohort of students, correlates 

strongly with both reading performance as measured by the NFER reading assessment 

and in academic achievement in literacy, evidenced by the statistically significant 

difference in means of rapid letter naming between the lower and higher literacy groups.  

Additionally, the correlation between SDMT and rapid digit naming found in this study 

supports the assertion that the SDMT is to some degree a measure of processing speed 

despite some differing component elements e.g. naming speed for rapid naming (Jones, 
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Snowling & Moll, 2016) versus clerical speed (among other processes cited by the 

authors) for the SDMT (Kiely, Butterworth, Watson & Wooden, 2014). Regardless of the 

importance of various processing elements of rapid naming in terms of contribution to 

speed, this study’s correlation results support the theory that RAN is linked to processing 

speed, (Kruk & Roban, 2016). 

The results that support the theory that memory is linked to attainment is partially 

supported by this study; certainly, a statistically significant difference in verbal memory 

between the two groups was found and verbal short-term memory in particular is 

correlated to academic achievement here.  No statistically significant differences 

involving visual spatial memory were found between the two literacy groups.  

For classroom practitioners, this study supports the view that deficits in certain 

processing speed abilities could be contributing to lower academic achievement. 

Educationalists and researchers alike are calling upon the Department of Education to be 

mindful of research findings when considering policy changes and increasing curriculum 

demands. If this study can contribute to this debate in some small way, the researcher 

would consider this to be a positive outcome.  

5.5  Limitations of this study 
 

5.5.1 Visual spatial assessments.  
 

Unfortunately, the visual spatial STM (dot matrix) assessment in the AWMA depends 

upon the assessor recording the participant’s responses correctly. The participant is 

shown a series of red dots which can be in any one of the cells presented in a 4 x 4 

matrix. The task span maximum requires 9 separate consecutively presented dot 

locations to be recalled. After the final matrix has been presented, the participant is then 

required to point, in the right order, to all of the dot locations on an empty grid. Although 

the assessor can refer to a score card, which illustrates the correct location of each dot in 

the correct sequence, the score might be confounded by the assessor’s ability to keep up 

with the speed of pointing whilst simultaneously checking against the score card and 

recording the response. Additionally, if the participant points to a location between two 

cells on the matrix, the assessor can ask them to point again, this distraction interference 

may cause loss of remembered items. Both of these factors may have led to some 

incorrect scores being recorded at the higher span levels. The fact that the participant’s 
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score was somewhat dependent on the ability of the researcher to process the response 

information quickly enough is of concern. This possible difficulty would have been limited 

to the higher scoring participants; unfortunately, there is no way of measuring any 

possible impact on accuracy.  

A potentially similar difficulty arose during the visual spatial working memory part of the 

assessment. However, the maximum span for this task was 7 and so the possibility of 

making response scoring errors was reduced. The impact of any scoring error would 

have been to reduce performance scores for visual spatial working memory tasks.  

There is scant literature documenting validity of the AWMA that has not been written by 

the author. An extensive search of papers detailing limitations and discussions around 

the difficulty of administering the AWMA has been undertaken with no findings of similar 

difficulties in administration identified. However, the AWMA-2 has been released and 

information included on the test author’s website states: 

“Increase [d] user-friendliness: The AWMA-2 is now fully automated so both the administration and 

scoring are presented on the computer screen. This minimizes the risk of experimenter error both 

in the administration of the tests and in the scoring of the test”. (tracyalloway, 2018) 

This statement appears to acknowledge that difficulties in administration and scoring may 

have been present in the earlier version. 

5.5.2 Listening recall assessments 

 

The AWMA WM listening recall task may have caused some concerns in literal thinking 

pupils. The task asks them to repeat a sentence and then state if it was true or false. 

Certain participants struggled with ‘flowers smell nice’ for example, as not all do. Is this 

true or false? Sentences which caused a pause for consideration due to unforeseen 

complexity may well have caused a distraction and adversely affected attempts to 

memorise the item. How or if it affected scores, we cannot be certain but needs raising 

as a possible limitation of this element of the study.  

5.5.3 Additional assessments 

A decision not to include phonological awareness as part of this study was made despite 

the known correlation between academic attainment and phonological awareness, see 

literature review. The rationale was based on the fact that all participants in this study 
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who entered the school with reading and or spelling standard score below 90 were 

enrolled on a literacy programme which provides structured, cumulative phonological and 

phonemic awareness tuition explicitly as an integral element. The Units of Sounds 

program used by the school was delivered by a dyslexia specialist and progress made, in 

standard scores in reading and spelling, was regularly monitored. In a study 

commissioned by Dyslexia Action and reported in Brookes “What works for children and 

young people with literacy difficulties- 5th edition,” (2016). Effect size of 0.27 for reading 

ability was recorded over a 26-week period in n=118 year 7-9 pupils in a mainstream 

secondary school compared to a control group of n=89 who received no intervention. In 

an earlier study (n=32) effect sizes of 0.37-0.45 were found over a 20-week intervention 

period (Rack, 2009) 

15 participants in this study would have received between 1 and 2 years additional Units 

of Sounds support at the time of assessment depending upon which academic year they 

were in.  The researcher made the decision after reviewing the literature, that possible 

gains made in phonological awareness, through specific training, might confound any 

phonological awareness results and therefore did not include these specific assessments 

in this study. 

5.5.4  Reaction Time Tests  

The reaction time tests, developed by the University of Bristol Experimental Psychology 

School, are not norm referenced, unlike the other assessments used in this study. 

Therefore, they have been analysed as a separate group of tests and consequently no 

RT results have been analysed or correlations examined in relation to the results of norm 

referenced tests used to assess other cognitive processes.  

The majority of the reaction time tests were not normally distributed and any analysis of 

results must be treated with caution, see Table 2.  

The reaction time test response button colour choices may have affected performance of 

any participants with red/green colour blindness. This condition affects approximately 8 

percent of males and 0.4 percent of females (Coleman, Ed. 2008). Although participants 

would have been advised which button was red and which was green, any colour-blind 
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student would have additional load placed upon them by having to remember which 

button represented which reaction from its position as opposed to using a visual cue of 

colour. None of the participants were known to be colour blind but at approximately 8 

percent of males this may have affected between 1 and 2 participants. Allread, Schreiner 

and Smithies, (2014) assert that too many research papers include red and green figures 

which people with colour blindness find difficult to interpret; perhaps in retrospect, the 

colour coding should have been differently applied to response requirements.  

In addition, there may have been a Stroop effect and consequent reaction time delay 

caused by the green frog requiring a red button response. An unintentional, possibly 

incongruent colour naming element of this task may have delayed response times 

(Shitova, Roelofs, Schriefers, Bastiaansen & Schoffelen, 2016).  

5.5.5 Sample size 
 

The sample size of this study was restricted by the size of the school KS 3 cohort and the 

procedure of matching for Raven raw score and group allocation. The study would have 

benefited from a larger sample size; the correlations data may reflect a lack of power to 

find other interactions that may have become apparent with a larger sample size. Group 

sizes of 21 suggest a degree of caution should be taken to ensure that over-interpretation 

of correlation results does not happen. However, there are peer reviewed studies on 

cognitive deficits which have been reviewed as part of this thesis which have similar 

sample sizes, (Arujo et al., 2014; Suggate et al. ,2016; Barrouillet et al., 2007). 

 

5.6  Directions for future research 

Given the statistically significant correlations between rapid naming and reaction times, 

further research which examines shared components of rapid naming and reaction times 

might be beneficial. Previous studies have shown that interventions improve naming and 

reading fluency and that reaction times improve with rehearsal (Lee & Yoon, 2017; Der & 

Deary, 2009). Understanding exactly which cognitive processes drive the deficits and 

which are shared might prove useful in determining effective approaches for support. 
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Further research using memory assessments that facilitate accurate administration of the 

complete battery would be beneficial in order to confirm or otherwise the results 

presented in this study. Given the slower phonological RT, rapid naming and significantly 

lower verbal memory this study found in the lower literacy group, then a comparative 

study of cognitive load caused by verbal and visually presented items to be remembered 

might be useful, if this study’s memory modality results are replicated, especially if such 

items represent realistic classroom demands. 

In order to increase the opportunities to extend the influence of experimental psychology 

research findings more effectively into the classroom, research exploring the creation of 

effective assessments which closely replicate classroom demands may increase 

opportunities for the development of more classroom based RCTs thereby fulfilling 

Snowling & Hulme’s, (2011, p.1) call for the ‘virtuous circle’ of research and effective 

interventions to be completed. An example of this could be pre-teaching of nonword 

definitions; how many repetitions are required before a learner with cognitive deficits 

retains a definition sufficiently well to apply it to a sentence? How effective are visual 

representations at reducing the cognitive load of remembering items? Students are 

required to rapidly develop technical lexicons in secondary school across all subjects; 

those with learning difficulties struggle to keep up. Research may result in the 

development of an effective classroom assessment for teachers rather than specialists, 

which would then in turn advise practitioners exactly how much pre-teaching would be 

effective. Non-word repetition, phonological assessments exist today, e.g. CTOPP2 

(Wagner, Torgesen, Rashotte & Pearson, 2013); they can advise the degree of difficulty 

but not the level or nature of intervention required as a result.  

Another example of an assessment might be one which measures how many instructions 

a learner can effectively process and then execute accurately. Does visual representation 

improve efficacy? Working memory measures currently used in the classroom give 

indications of level of weakness but not of exactly the nature and extent of support that 

would be beneficial for the learner. Extending some of the current experimental research 

to include measures of effective cognitive load reduction, memory retention, presentation 

of information utilising optimal modality based upon strategies that can be implemented 

in the classroom, to give a few examples, may serve to support effective pedagogical 

practice.  
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There is already much evidence in existence regarding the impact of cognitive deficits 

upon academic attainment. One important way forward would be to research the means 

to efficiently measure the cognitive profiles of all pupils so that incidence can be 

accurately measured and reasonable adjustments made at the earliest practical 

opportunity – the study would need to incorporate analysis of optimum age in its design.  

This study, combined with rising levels of stress and anxiety apparent in learners of all 

ages in the UK, has highlighted the possible benefit that further studies on comorbidity of 

processing speed deficits and stress/anxiety in the classroom and indeed the lecture 

theatre might bring. Recent research has shown that alleviating stress in adults in the 

workplace, improves processing speed (Lacerda, Little & Kozasa, 2018). Speed of 

processing training has been found to be effective in older adults (Smith, Jones, Dotson 

& Wolinsky, 2018) and children (Mackey, Hill, Stone & Bunge, 2011); a research study 

measuring the impact of training on academic performance and measuring anxiety levels 

pre and post intervention might prove to be useful. The initial assessments would need to 

include a battery of assessments in differing modalities and cross-modal processing so 

that intervention could be accurately targeted.  
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Chapter Six 
 

 Conclusion 

 

Researchers have been examining and identifying elements of cognitive processing 

which have an impact on academic attainment for many years. As our understanding of 

cognitive processing deficits and their implications increases so does our understanding 

of how this predicts academic attainment.  

 

Evidence conclusions are mixed, some citing memory or processing speed deficits as the 

main factor, others find a number of factors at play. This research study has found verbal 

memory, processing speed and phonological RT may have an impact on academic 

attainment with approximately a quarter of participants assessed found to have at least 

one area of cognitive processing deficit.  

  
From a pedagogical viewpoint, there is much to gain from greater understanding of how 

cognitive deficits impede progress in the classroom. At a time when so many young 

people are struggling with mental health issues whilst curriculum demands increase, it is 

important that educationalists continue to work closely with experimental psychologists. 

Important conclusions are drawn regularly from experimental research and a constant, 

collaborative and productive dialogue between researchers and practitioners is of 

paramount importance. The Education sector is required to change practice with each 

government term, sometimes on the basis of opinion and not fact (Haydn, 2012; Smith 

2017). A positive step forward might be to develop further the scientific community 

response, in partnership with those in education, to proposed policy changes as they are 

announced and before they occur, if such changes are likely to be detrimental to those 

learners with cognitive processing deficits/differences.  

 

Given the incidence of cognitive deficit found in this study and others, assessment of the 

introduction of a more robust curriculum is recommended and any resultant impact upon 

cognitively vulnerable pupils’ academic performance and mental health should be 

measured. What impact are the more robust GCSE requirements having on students with 

cognitive deficits? The new performance indicators do not allow alternative, more 

accessible qualifications such as Step Up to English or Functional Skills (DfE, 2018b) to 
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contribute to performance tables and as a result many schools do not offer them to the 

less academically able students. Some students, not capable of GCSE level work in 8 

different subjects (DfE, 2018b), may be being denied access to more suitable 

qualifications. Additionally, the government’s GCSE retake strategy requires that all post 

16 students who achieved grade 3 or lower at GCSE English Language and Maths, must 

retake these GCSEs at Further Education (FE) colleges (DfE, 2018c). FE colleges are 

calling for a change in policy to allow Functional Skills qualifications to be taken as an 

alternative to avoid the experience of repeated failure for many students; (ATL, 2017) of 

those who achieved a D grade (or equivalent) at their first attempt; only 18% of students 

who retake a D grade achieve a pass grade at resit (feweek.co.uk, 18; tes.com, 18). 

Taking a different qualification may reduce the experience of repeated failure.  

The Education system in the UK may benefit from further research into how imposing, by 

default, the same requirements for qualifications on a large majority of students, 

regardless of ability or level of cognitive deficit, fits with the legislation embodied in the 

Equality Act (2010) and whether such a demand constitutes indirect discrimination 

against those who have a disability and as such a protected characteristic under the Act.  

At a time when almost half of the exclusions from schools are of pupils with known 

special educational needs (Gov.uk, 2018) it is of paramount importance that education 

provision supports learning difficulties and that the exact nature and incidence of learning 

difficulty is identified.  
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