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Background
Academic underachievement often accompanies the symptoms of inattention and
hyperactivity/ impulsivity associated with ADHD. The aim of the present study is to establish
whether learning difficulties have the same cognitive origins in this comorbid condition as in
children who do not have ADHD.
Methods
Participants were 163 school-aged children with learning difficulties. Over a third also had a
diagnosis of ADHD. Cognition, behaviour and learning attainments were assessed.
Results
The sample was distinguished by three cognitive and three behavioural dimensions. Learning
was equivalently related to cognitive dimensions for children with and without ADHD. A
diagnosis of ADHD was associated only with elevated levels of ADHD symptoms and
problems with emotional control.
Conclusions
Distinct dimensions underpin academic learning and the control of impulsive and emotional
behaviour impaired in ADHD. Phonological deficits are associated with learning problems in
literacy and maths, and impairments in nonverbal and executive abilities with mathematical
learning difficulties. The comorbid condition of ADHD combined with learning difficulties
reflects independent deficits in the cognitive dimensions critical for learning and in the
control of impulsive and emotional behaviour.
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Cognition and behaviour in learning difficulties and ADHD: A dimensional approach

Learning difficulties take many different forms. Children can fail to learn to read and
write at the expected rate, to understand written language, or to grasp numerical concepts
and develop reasonable competence in arithmetic and more complex areas of mathematics.
Many children with these learning difficulties also meet diagnostic criteria for ADHD, a
psychiatric diagnosis based on observation of behaviours such as apparent inattention,
difficulties waiting one’s turn, poor organisation and excessive restlessness that are
considered anomalous and occur in at least two settings (APA, 2013). For example, in a US
population study, 44% of children with ADHD also had learning difficulties and 42% of those
with a specific learning disability also met criteria for ADHD (Pastor & Reuben, 2008), an

association well above chance levels.

The present study aimed to identify whether cognitive and behavioural dimensions
could distinguish children who have both learning difficulties and ADHD from those that
have learning problems alone. Four broad types of model could apply. The first is that ADHD
carries with it a vulnerability to cognitive impairments that, as with the non-ADHD
population, are risk factors for particular learning problems. Reading problems have been
linked with slow processing speed (Willcutt et al., 2010), poor phonological skills (Melby-
Lervag, Lyster, & Hulme, 2012), and weak short-term memory (STM) and WM for verbal
material (Ramus, Marshall, Rosen, & van der Lely, 2013; Swanson & Sachse-Lee, 2001).
Maths difficulties, in contrast, are more closely linked with impairments in visuo-spatial
working memory (Szucs, Devine, Soltesz, Nobes, & Gabriel, 2013) as well as executive
functions (EFs) including poor inhibitory control and planning (Bull & Scerif, 2001). If this
vulnerability is independent of the level of ADHD symptoms, we would expect comorbid
children to resemble non-ADHD children with learning difficulties in terms of their cognitive

profiles and to differ only with respect to the higher frequency of ADHD behaviours in the
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former group. The frequency of ADHD behaviours would be independent of learning

outcome.

The second broad possibility is that the features that give rise to the ADHD diagnosis
and that distinguish these children from others with learning difficulties are linked with
particular learning outcomes in a manner that is relatively independent of cognitive
capacity. It could be, for, example, that some areas of learning (e.g. maths) are particularly
sensitive to fluctuating attention or an impulsive urge to complete and move on. In this case
we might expect children with and without ADHD, but with the same level of attainment, to
have rather different cognitive profiles. Here the frequency/severity of ADHD behaviours

would be related to learning outcomes only in the comorbid group.

A third possibility is that children with ADHD have a combined risk and that both
specific cognitive impairments and the disruptive influence of the ADHD symptoms will
affect learning outcomes. Compared to children with learning difficulties but no ADHD
diagnosis, these children would therefore be expected to have similar levels of cognitive
impairment but disproportionately poor learning outcomes. ADHD behaviour ratings would

be related to attainment scores but independently of cognitive skills.

Finally, ADHD may be linked with cognitive risk factors for poor learning that are, in
turn, related to the severity of ADHD symptoms. We would therefore expect common
cognitive profiles for both the children comorbid and specific learning difficulty children, and

ADHD behaviour ratings that correlate with cognitive skills and attainment.

There are grounds to favour the first and third possibilities, both of which hold that
cognitive impairment is a risk in ADHD which is relatively independent of the severity of the
behaviours giving rise to the diagnosis (whether or not these behaviours pose an additional
risk to school attainment). Holmes et al (2014) found that the cognitive profiles and

academic achievements of children with low WM (and no ADHD) were largely
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indistinguishable from an ADHD sample, the groups differing only in impulsive and
emotional behaviour. Furthermore, cognitive impairments in children with ADHD appear to
be similar to those in children with reading difficulties (Cheung et al., 2012). However, other
studies have reported direct links between behavioural symptoms specific to ADHD,

cognition and reading abilities (Gremillion & Martel, 2012; McGrath et al., 2011).

Sonuga-Barke (2002; 2010) has conceptualised ADHD as a consequence of impairments
in two separate neurobiological pathways. One serves executive functions such as working
memory (WM), planning and switching. The other, less implicated in specific learning
outcomes but contributing to hyperactivity and impulsivity, is involved in the regulation of
motivation and more specifically, in processing the affective value of rewards. This
distinction maps well onto a characterisation of cool executive functions (EFs) that control
cognitive performance regardless of affective context, and hot EFs implicated in impulsivity
and hyperactivity (Zelazo & Miiller, 2002)). These two systems appear to be
neurobiologically, functionally, and genetically distinct (Castellanos et al., 2005; Solanto,

Arnsten, & Castellanos, 2001).

The approach we adopted to this issue in the present study was novel in two respects.
Firstly, it used data-driven analyses to identify dimensions of cognition and behaviour rather
than more conventional confirmatory model-testing methods. Studies of children with
learning difficulties often base their interpretations of cognitive deficits on overly simplistic
assumptions about individual tasks. For example, tasks such as nonword repetition, digit
span and rhyme oddity detection have all been variously described as tests of phonological
short-term memory, phonological sensitivity and the quality of phonological
representations. But in reality, each of these tests is constrained by multiple skills, some
shared and others that are task-specific (Gathercole, 2006). The present approach minimises
such interpretational biases by identifying a small number of dimensions in a hypothesis-

free manner.
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A second novel feature of the study was its use of a large, heterogeneous sample of
struggling learners recruited irrespective of diagnostic status or comorbidity. The children
attended a research clinic for individuals with problems in attention, learning and memory,
based on referrals by professionals working across a broad range of children’s services in
education and health. This sample is therefore highly representative of the population of

struggling learners at large.

The approach used here echoes a broad shift in focus over the past decade away from
diagnosis-specific deficits and symptoms towards dimensions of psychopathological
disorders that cut across distinct disorders conventionally considered to be distinct. This has
been reinforced by the priorities set for basic and translational research by the NIMH
Research Domains Criteria project (Cuthbert & Insel, 2013). Although this approach has to
date been most extensively applied to adult psychiatric conditions, there is now growing
consensus that neurodevelopmental disorders too are better characterized by dimensions
than diagnostic categories (Casey, Oliveri, & Insel, 2014; Sonuga-Barke & Coghill, 2014; Zhao
& Castellanos, 2016). As yet, though, most studies still recruit single diagnostic groups with
typical controls for comparison and employ the standard neuropsychological methods of
hypothesis-driven analysis. In contrast the present study applies an exclusively data-driven
approach in search of common and distinct dimensions of cognition and behaviour in a large

mixed sample of children with learning difficulties and ADHD.

Methods
Study design
The Centre for Attention, Learning and Memory (CALM) is a research clinic established
at the MRC Cognition and Brain Sciences Unit in Cambridge, UK. Referrals are sought from
local specialist teachers, special educational needs coordinators, educational psychologists,
clinical psychologists, child psychiatrists and ADHD nurse practitioners (through child and

adolescent mental health services, CAMHS), and speech and language therapists. Our
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inclusion criteria were children aged 5-16 years in mainstream schooling considered to have
problems in attention, learning, and/ or memory. Exclusion criteria were significant
uncorrected problems of hearing or vision, a known genetic disorder, and not being a native
English speaker. The route to referral was for the professional to give an information pack to
the child’s parents or carers who then may or may not have contacted CALM. Upon receipt
of this expression of interest, a CALM team member contacted both referring agent and
family member to check that the child met the study criteria. At this point, the referrer
identified their primary reason for referral: problems in attention, literacy, maths, language
or memory, or poor educational progress in general. If suitable the child and family were
invited to attend an appointment in which the child completed a range of assessments and
the parents/carers completed standardised as well as giving a family history. A report
summarising the results of the measures was then returned to the referring professional.
Ethical considerations

The study was approved by the local NHS Research Ethics Committee (13/EE/0157).

Parents/ carers provided informed consent for participation in the study on behalf of the

child.

Participants

Recruitment to this study was based on the first 550 children attending the CALM clinic.
Recruitment routes and selection criteria resulting in the sample of 163 children included in
this study are shown in S1. Of the 217 children who remained in the sample after the
exclusionary criteria above were applied, a further 54 children were excluded on the basis of
academic achievement judged to be in the age-typical range, operationalized as a standard
score greater than 85 in measures of reading, spelling, and maths. This cut-off score was
selected in accordance with guidance for diagnosis of specific learning disorders (SLD) in the

Diagnostic Statistical Manual of Mental Disorders 5 (APA, 2013), which recommends
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combining clinical judgment (satisfied by the specialist referrals) combined with scores
below the 16% centile to indicate individuals who might have SLD. Children with intellectual
disabilities (IQ scores 2 or more SDs on standardised assessment) are excluded from this
diagnosis. In line with the inclusive dimensional approach adopted here, no exclusions were
made on the basis of the IQ measure, matrix reasoning. Of the 163 children included in the
present study, 15 (9.2%) had T-scores at or below 30, compared with 4.5% of children in the
general population. Thus although the majority of the children are best characterised as
having specific learning difficulties, the broader label of ‘learning difficulties’ is employed her
to best characterise the sample.

The mean age of the sample was 10y 6m (range 8y Om to 16y 1m) and there were 108
males (66%) and 55 females. Of these, 45 of the children (27%, 37m) had a diagnosis of
ADHD. A further 17 (9%) children were under investigation for ADHD (13%, 14m). They were
referred by a specialist ADHD nurse and were awaiting a full clinical assessment. At the time
of reporting this process had not been completed. Twenty-six of 45 children diagnosed with
ADHD had been prescribed psychostimulant medication. No information on medication
status was recorded for the remaining 4 children with ADHD. Fourteen children were
reported to have dyslexia, and 15 to have comorbid Autism Spectrum Disorder.

The primary reasons for referrals are shown in as a function of the service provider and
ADHD group (ADHD, ADHD under investigation, or no ADHD) are shown in S3. The most
common reasons for referral were problems in academic learning (35%) and in attention
(37%). Attentional problems were identified as the primary reason for 80% of the children
with ADHD, 82% of children under investigation for ADHD, and 10% of the children without
ADHD. For the latter group, the most common primary reason was problems in academic

learning (45%).

Assessments
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Each child completed assessments of cognition and learning administered by a team
member in a quiet room in the CALM clinic. The carer completed a set of questionnaires
relating to behaviour, communication, wellbeing and family history. Data are reported here
for assessments of cognition and learning, and of behaviour relating to attention and EFs.
Phonological processing

The Alliteration and Rapid Automated Naming (RAN) subtests of the Phonological
Abilities Test (Muter, Hulme, & Snowling, 1997) were administered. The RAN subtest
required children to name aloud as quickly and accurately as possible object words. The
Alliteration subtest assesses phonological awareness. Sets of three spoken words were read
aloud and children were required to judge which two words started with the same sound.
The number of correct responses formed raw scores, which were converted to standard
scores (M = 100, SD = 15).
wm

Four subtests of the Automated Working Memory Assessment (Alloway, 2007) were
administered. Standard scores (M= 100, SD=15) were calculated for each subtest. Digit
Recall (verbal STM) involves immediate serial spoken recall of sequences of spoken digits.
Backward Digit Recall (verbal WM) follows the same procedure except that participants
attempt to recall the memory items in reverse sequence. The Dot Matrix test (visuo-spatial
STM) involves serial recall of the locations of successive dots that appearing in an otherwise
blank matrix. In Mr X (visuo-spatial WM), children make partial comparison judgment for a
sequence of displays and then attempt serial recall of target spatial locations in the displays.
EFs. The Switching and Planning subtests of the Delis-Kaplan Executive Function Scale
(DKEFS, Delis, 2001) were administered. The planning subtest involved moving five disks of
different sizes arranged on three pegs from a start position to an end state one disk at a
time without placing any disk on a smaller disk. Total achievement scores were converted to

scaled scores (M=10, SD=3). The switching subtest required children to connect letters and
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numbers in an increasing alternating sequence (A-1-B-2, etc.). Completion times were
converted to scaled scores (M=10, SD=3). The Matrices subtest of nonverbal reasoning from
the Wechsler Intelligence Scales for Children (Wechsler, 2014) was also administered. A
pattern was presented with a missing piece, and children were required to select from a
choice four below which piece completed the matrix. T-scores (M=50, SD=10) were
calculated.
Speed

The Visual Scanning and Motor Speed subtests of the DKEFS were administered. Motor
speed involved tracing a dotted line to connect circles as quickly as possible. The visual
scanning test required children to cross out all the number threes on a response page.

Completion times were converted to scaled scores as above.

Learning measures

Standard scores were obtained for each of the following measures.
Vocabulary

The Peabody Picture Vocabulary Test-IV (Dunn & Dunn, 2007) assesses receptive
vocabulary knowledge. Children are required to select one of four pictures showing the
meaning of a spoken word.
Reading

The Single-Word Reading subtest of the Wechsler Individual Achievement Test Il (WIAT
II, Wechsler, 2005) assessed children’s reading abilities. Children read a list of words aloud
that were scored by the examiner. Responses were coded as correct if they were
pronounced correctly and fluently.
Spelling

The Spelling subtest of the WIAT Il n the provided a measure of spelling attainment.

Children were asked to spell words spoken one at a time by the examiner.

10
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Mathematics
The Number Operations subtest of the WIAT Il was administered. This is an untimed test

involving written mathematical problems that increase in difficulty.

Behaviour measures
The Conners 3 Parent Rating Scale (Conners, 2008) assesses the presence of behavioural and
cognitive problems related to ADHD. Parents or caregivers rate the frequency of 45
descriptions of problem behaviours. Scores on these items formed six subscales consisting of
Inattention, Hyperactivity/ Impulsivity, Learning Problems, Executive Function, Aggression,
and Peer Relations. The sum of raw scores on each subscale was converted to a T-score
(M=50, SD=10). Data were incomplete for three children.

The Behavior Rating Inventory of Executive Function (BRIEF, Gioia, Isquith, Guy, &
Kenworthy, 2000) questionnaire was completed by the parent of carer accompanying the
child. The test contains 80 descriptions of problem behaviours relating to a wide range of
executive functions, for which the adult rates the frequency. T-scores are derived for eight
subscales: Inhibit, Shift, Emotional control, Initiate, Working memory, Planning, Organisation

and Monitor. For one child, data were incomplete.

Analysis
Following data checking and cleaning, the data were analysed using SPSSv22. Univariate
outliers were identified for the cognitive and learning variables. Scores deviating from the
sample mean by > 3.5 SDs were replaced with the highest / lowest allowable score (sample
mean + / - 3.5 SDs). One multivariate outlier was detected using Mahalonbis D? and was
omitted from analysis.
The sample was divided into two sets of three subgroups based on i) learning profiles

and ii) ADHD status. For each set of groups, group differences were investigated in separate

11
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MANOVAs on the learning, cognitive, and behaviour measures. Univariate F-tests were
performed on significant group terms. Post hoc pairwise group comparisons were
Bonferroni corrected for multiple comparisons on a family-wise basis (all dependent
variables included in the analysis). Where the correction was applied, the reported p values
are the original value multiplied by the number of post hoc comparisons within the family.
Alpha was set at .05 for all analyses.

Exploratory factor analyses were performed on the cognitive and behaviour scores of
this sample. Factors with eigenvalues > 1 are reported, with Varimax rotation to maximise
differentiation. Separate MANOVAs were performed on the resulting factor scores with the
sample grouped by either learning profile (low literacy, low maths, and low literacy and
maths) and ADHD status (ADHD, ADHD under investigation, and no ADHD). Regression
models of factor scores were conducted in order to test statistically possible interactions
between groups. Finally, cognitive and behaviour factor scores were correlated with learning

measures across the sample as a whole.

Results
Table 1
Mean reading, spelling and maths standard scores for the sample ranged between 80

and 85 (Table 1). Mean levels of performance close to age-appropriate levels were found for
measures of speed of processing, matrix reasoning and planning. The measure showing the
largest deficit in the sample was switching. All other scores fell in the low average range.
Elevated levels of problem behaviours were observed across all behaviour subscales. Mean
T-scores exceeded 60 (more than 1 SD from the population mean) on all measures, with
scores indicating problems of clinical significance (70+) in inattention, hyperactivity/

impulsivity, learning problems, EFs, working memory and planning.
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Learning and ADHD groups
Each child was grouped separately according to their learning profile: low literacy only
(n=43, scores at or below 85 for either reading or spelling measures, or both), low maths
only (n=37), and low literacy and maths (n=83). Descriptive statistics for the three learning
subgroups as well as the same children grouped by ADHD status are shown in Table 2. The
number of children in each combination of learning and ADHD groups is shown in S2. The
association between the ADHD and learning subgroups was non-significant, X2(4)=5-327:
p>.05.
Table 2

Correlations between measures of learning, cognition and behaviour are provided in S4.
Separate exploratory factor analyses were performed on the cognitive and behaviour
measures. The factor solutions are shown in Table 2.
Cognitive factors

Three cognitive factors accounted for 50.2% of the variance in scores. Factor 1 had
highest loadings from measures associated with high executive loads and visuo-spatial
aspects of cognition: matrix reasoning, measures of visuo-spatial STM and WM and of verbal
WM, set switching and planning. The measures associated most strongly with the second
factor either measured processing speed or were completed under time constraints: rapid
naming, visual scanning, motor speed and switching. The three measures involving the
manipulation or storage of phonological material (alliteration, forward and backward digit
span) loaded strongly on the final factor. The factor descriptors are visuo-spatial (VS)/
executive, processing speed and phonological factors, respectively.
Behaviour factors

Corresponding analysis of the behaviour measures identified three factors that
accounted for 65.6% of the variance. The first factor was linked with cool EFs (shifting,

initiation of behaviour, and monitoring) as well as hot EFs (hyperactivity/ impulsivity,
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aggression, peer relations, inhibition, and emotional control). The second factor was most
strongly associated with the symptoms of inattention and hyperactivity/ impulsivity that co-
occur in ADHD, in addition to cool EFs (WM, planning, organisation, and monitoring). The
third factor was associated exclusively with cool aspects of cognition and executive control:
learning problems, initiation, WM and organisation. These factors are labelled hot EFs,
ADHD symptoms, and cool EF, respectively.

Figure 1
Group analyses of factor scores

The top panel of Figure 1 shows the mean cognitive factor scores for the learning ability
and ADHD groups. A MANOVA performed on these scores established a highly significant
effect of learning group, T (6,314)=7.312, p<.001. The group term was significant on all three
univariate F-tests: executive factor, p<.001; speed factor, p=.046, and phonological factor,
p=.001. Pairwise post hoc comparisons showed significantly lower executive scores for the
group with low maths and literacy than the children with low literacy alone, on the speed
factor for the group with low literacy and maths than the low literacy group, and on the
phonological factor for the group with low literacy and maths only than the group with low
literacy alone. There was no significant effect of ADHD group on the cognitive factor scores,
T (6, 314<1).

The bottom panel of Figure 1 shows the behaviour factor scores derived as a function of
learning ability and ADHD subgroups. A significant effect of learning ability group was found,
T (6,304)=4.88, p<.001. By univariate F-tests, significant group differences were restricted to
the cool EF factor, p<.001. Post hoc tests established the group low in both literacy and
maths had significantly lower scores than those with either low literacy or low maths alone.
In the corresponding analysis of behaviour factor scores by ADHD group, T (6,304)=9.987,
p<.001, univariate group differences were significant only for the hot EF and ADHD symptom

factors (p<.01). In both cases, post hoc comparisons established that this was due to higher
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factor scores in the group without ADHD than the ADHD or possible ADHD group (p<.01 in
each case).
Regression analyses

The independence of ADHD status from learning subgroup was tested directly by
comparing pairs of regression models performed on each of the six factor scores. The first
model included three binary grouping factors: literacy (low, typical), maths (low, typical),
and ADHD status (no ADHD, ADHD or probable ADHD). The second model added interaction
terms for ADHD*literacy group and ADHD*maths group as a second block of independent
variables. Model fit was then compared. If the relationships between cognition, behaviour
and learning are independent of ADHD status as the previous analyses suggest, group
interactions will not account for additional variance for any of the dimensions. The
outcomes of the analyses are shown in S5.

For the executive and speed factors, the only significant predictor was mathematics
group (p<.001 and =.020, respectively). Phonological scores were significantly predicted by
both literacy group (p<.001) and less strongly by maths group (p=.022). Both the hot EF and
ADHD symptoms factors were significantly associated with the ADHD group (p<.001 in both
cases) but not with learning group. Cool EF scores were predicted both by literacy group
(p=.007) and maths group (p<.001). Most importantly for the present purposes, the model
fit did not significantly increase when the group interaction terms were added for any of the

six factors. Changes in R’ were <.01 in each case.

Whole-sample analysis
Table 3 about here
The classification of children into subgroups based on the conjunction of their maths
and literacy scores does not align fully with a dimensional approach to learning abilities, as it

treats subgroups as distinct categories. We therefore tested associations between learning
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and the cognitive and behaviour dimensions were tested across the entire sample.
Correlations between each learning score (reading, spelling, and maths) and the six cognitive
and behaviour factors are shown in Table 3. Reading and spelling abilities were significantly
associated only with phonological skills (.379 and .279, respectively). Maths abilities were
most strongly correlated with visuo-spatial executive skills (.413) but also shared links with
both processing speed (.219) and phonological skills (.263). The correlation between reading
and phonological skills remained significant when maths scores were partialled out (r=.375),
as did the correlations between maths and each of the three cognitive dimensions (r=.409,
.202 and .254 for the visuo-spatial/ executive, speed and phonological factors, respectively).
The common links with phonological processing skills therefore could not be explained
simply in terms of co-occurring deficits in both reading and maths. No significant links were
found between learning abilities and either hot EF or ADHD symptoms of inattentive and
hyperactivity/ impulsivity. The behavioural dimension of cool EF was weakly but significantly
correlated with reading and spelling scores (r< .2 in both cases), and more strongly with

maths scores (r=.318).

Discussion

This study examined the relationships between cognition, behaviour, learning and
ADHD in children with problems in one or more areas of learning in a highly heterogeneous
sample referred via health and education services. The primary aim was to discover whether
the academic learning difficulties are associated with the same cognitive dimensions in
children with and without ADHD. The simple answer is that they do. The cognitive skills of
children who were struggling to learn with and without ADHD were indistinguishable. The
same links between learning and separate cognitive dimensions were found for children
diagnosed with ADHD, for those being investigated for possible ADHD, and for those without

ADHD.
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Three dimensions of cognitive abilities differentiated this sample of children. The first
relates to skills in the processing and storage of phonological information, extending across
measures of phonological awareness and verbal aspects of both STM and WM. The second
dimension involves skills in tasks requiring storage and manipulation of nonverbal
representations, extending across visuo-spatial aspects STM and WM and nonverbal
problem solving. The final dimension is processing speed.

These dimensions had highly specific links with literacy and maths abilities, and these
links were closely aligned with those reported in previous research on both typical and
atypical populations. Literacy difficulties were most strongly limited by poor phonological
skills, in line with the phonological deficit hypothesis (Bishop & Snowling, 2004; Melby-
Lervag et al., 2012). Maths abilities, on the other hand, were associated most highly with the
storage and high-level control of mental representations of nonverbal information such as
patterns and locations in space. This fits well with evidence of selective links between
mathematical abilities and visuo-spatial STM and WM as well as with other nonverbal and
verbal executive (Moll, Gobel, Gooch, Landerl, & Snowling, 2016; Szucs, Devine, et al., 2013).
Unique links were also found between maths abilities and phonological skills. This finding
has been less commonly reported in previous studies, with low phonological abilities
accompanying mathematical learning difficulties typically only when children also have
reading problems (Moll et al., 2016; Szucs, Nobes, Devine, Gabriel, & Gebuis, 2013). Maths
scores were linked with processing speed, but weakly.

The primary learning-related cognitive dimensions were therefore distinguished by
informational domain: phonological and visuo-spatial. The links between these dimensions
and learning also ran along domain-specific lines: phonological skills were most closely
related to the acquisition of literacy, and the visuo-spatial executive skills to mathematical
abilities. These cognitive dimensions cut across standard neuropsychological constructs of

phonological awareness, STM, WM, and executive functions that are often employed as
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explanatory concepts in specific learning difficulties. Deficits in phonological processing and
verbal aspects of STM co-exist in populations with reading and language impairments,
suggesting a common deficit in handling phonology, the representational domain of
language. This ability to represent verbal material in a phonological form appears to limit
performance on the verbal measures in the CALM test battery. Of course, this does not
mean that the cognitive composition of the tasks is identical. Other cognitive skills must also
be required and these will be the source of task-specific variance likely to go undetected in
dimension reduction methods.

The second domain-specific dimension tapped skills in storing and manipulating
nonverbal material. Close links between visuo-spatial storage and more complex WM tasks
have been frequently reported and interpreted as reflecting the relatively heavy burden on
cognitive control imposed by forming and maintaining these representations (Alloway,
Gathercole, & Pickering, 2006; Kane et al., 2004). This domain-specific cognitive control
capacity appears to impose a significant constraint on mathematical learning in particular in
the present sample.

In contrast, learning difficulties were unrelated to ADHD symptoms of inattention
combined with hyperactive and impulsive behaviour, and to hot EFs involving emotional
control. Both are common characteristics of children with ADHD (Sobanski et al., 2010).
Across the sample as a whole, severity of learning difficulties was linked to problem
behaviours such as failing to maintain attention across the course of an activity and having
trouble remembering things, getting started on new activities and poor time management.
These relate to cool EFs.

In summary, these findings favour a model in which learning difficulties originate in
deficits in basic cognitive dimensions that include cool EFs, but ADHD arises from
impairments in hot EFs. ADHD and learning difficulties appears to be consequence of co-

impairments in two separate functional systems (Castellanos et al., 2005; Sonuga-Barke,
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2002; Thorell, 2007; Zelazo & Miiller, 2002). With comorbid disorders, the cognitive and

behaviour symptoms summate but do not interact.

Conclusion
This study successfully applies a dimensional approach to children with one or both of the
two most common neurodevelopmental disorders — learning difficulties and ADHD. On the
surface, children with the two kinds of disorder have little in common. Those with learning
difficulties alone are far less hyperactive, impulsive and emotionally labile and experience
fewer social problems than individuals with ADHD. Despite these differences, we have
shown that many children with ADHD have the same deficits in basic phonological and visuo-
spatial executive skills as children with learning problems alone. Moreover, they appear to
give rise to the same learning problems. These findings have implications for both research
and practice. First, the cognitive and behavioural characteristics of the mixed sample of
children with learning difficulties either with ADHD or in isolation are more readily explained
in terms of independent impairments in learning-critical cognitive dimensions and of the
control of emotional and impulsive behaviour than of disorder-specific categorical
diagnoses.Second, the dimensional profiles form the natural basis for the choice of the kinds
of support and interventions necessary to meet the often complex needs of the individual

child.
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Key points

* Inalarge sample of struggling learner, reading and maths achievements were related to
three cognitive dimensions: phonological skills, speed of processing, and visuo-spatial/
executive skills.

* The links between cognition and learning were equivalent for children with and without
ADHD

¢ Children with ADHD were distinguished only by their hyperactive and impulsive
behaviours and other aspects of cognitive control related to affective value.

* The characteristics of children with learning difficulties either with ADHD or in isolation
can be explained in terms of independent impairments in dimensions of cognition and
behaviour.

* Dimensional profiles can form the natural basis for the choice of the kinds of support

and interventions necessary to meet the needs of the individual child.
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Table 1. Descriptive statistics for the sample and by group (boys, girls)

Learning group ADHD group
Literacy & ADHD under
All (108,55) 'V'(aztsh;i;t; Litggclyf)% maths<yBG N(‘;fir)') ADHD (37,8) investigation
’ ’ (51,32) ’ (14,3)
Measi Test M SD M SD M SD M SD M SD M SD M SD
Learni Age in months 125.77 21.593 129.68 2254 123.63 21.66 125.14 21.17 124.26 20.158 132.07 23.819 118.12 20.808
Vocabulary 95.57 15.643 96.84 11.82 100.79 14.05 92.31 17.18 94.51 17.345 96.13 11.952 100.41 13.106
Reading 85.27 13.395 99.03 7.46 84.81 8.44 79.37 13.15 83.74 13.244 86.27 12.876 91.71 14.247
Spelling 80.48 10.727 95.24 8.19 79.47 5.33 7443 6.89 79.49 9.388 80.07 9.969 87.53 16.775
Mathematics 80.36 12.991 76.16 6.84 97.60 811 7329 8.04 79.43 12297 81.53 13.972 82.76 14.537
Phonological processing
Alliteration 41.34 8.67 94.54 8.54 92.86 9.38 87.95 10.10 41.24 8.348 41.53 8.974 41.47 10.193
Rapid naming 90.74 9.958 93.11 1539 9123 1417 8676 1235  90.57 9.792 9147 9.841 89.82 11.652
Working memory
Digit span 89.38 13.765 95.80 12.42 90.99 11.75 87.72 13.78 87.58 13.633 93.09 14.058 90.24 12.387
Dot matrix 90.42 13.29 9198 15.02 92.69 12.00 89.21 13.76 91.52 13.167 89.26 14.039 86.98 11.783
Backward digit span 9076 13.634 90.89 6.95 93.44 9.68 88.84 9.82 90.84 13.848 92.34 14.06 86.08 10.475
Mr X 90.52 9.358 95.10 12.51 100.24 10.98 94.04 13.40 90.29 9.359 90.89 8.978 90.95 10.803
Processing speed
Visual scanning 95.92 12.802 9.78 2.95 9.93 3.10 8.84 3.86 95.55 13.31 95.86 12.154 98.22 11.811
Motor speed 9.34 3.493 1049 2.82 11.19 1.83 1032 251 9.62 3.352 8.69 3.679 9.41 3.792
Executive functions
Matrix reasoning 10.59 2437 39.05 10.17 46.19 6.93 39.86 7.85 10.39 2.569 10.83 2.082 11.12 2.497
Switching 6.19 3.644 5.16 3.50 8.16 3.63 5.63 3.36 6.25 3.618 6.18 3.695 5.88 3.871
Planning 9.55 2.409 8.89 1.97 10.49 2.46 9.35 2.44 9.35 2351 9.91 2557 9.76  2.359
Behaviour
Inattention® 83.50 9.75 86.36 7.65 81.36 11.68 83.34 9.30 81.34 11.26 86.84 5.22 87.76 3.40
Hyperactivity/ impul' 77.05  16.02 77.83 15.22 79.33 15.80 75.54 16.49 71.05 16.84 86.84 7.09 87.59 7.95
Learning problems' 78.73  9.55 75.67 9.21 75.33  9.45 81.80 8.80 78.41 10.14 79.19 8.63 79.41 8.52
Executive function® 76.13 11.47 76.06 12.74 7429 12.58 77.11 10.25 73.92 12.24 78.23 9.22 83.82 7.23
Aggression® 67.00 18.07 68.69 17.36 66.24 18.65 66.65 18.24 61.43 17.07 75.37 16.55 78.59 14.07
Peer relations" 75.13 17.96 79.00 16.57 7043 17.66 75.83 18.38 7250 18.63 79.86 16.14 78.59 16.03
Inhibit? 67.51 15.27 69.00 15.03 66.38 1494 6741 15.66 61.22 15.02 77.64 9.13 77.65 8.69
Shift? 69.74 1432 7032 1333 65.74 1495 7151 14.18 66.03 14.69 7544 1134 76.47 12.14
Emotional control” 65.99 13.27 67.05 13.97 64.05 1338 66.49 12.96 61.82 13.47 7344 9.38 70.76 10.89
Initiate’ 67.57 9.75 67.89 9.32 64.98 10.06 68.75 9.63 65.28 10.46 71.58 7.41 70.47 6.34
Working memory2 7491 841 76.57 7.40 71.67 8.86 75.82 8.25 73.83 9.52 76.47 6.68 77.18 2.96
Planning® 72.30 7.90 71.67 7.82 70.10 9.06 73.70 7.08 70.40 8.40 75.18 598 75.76 6.05
Organisation2 60.67 9.35 59.76 1040 62.86 7.72 59.98 9.53 59.02 10.15 63.07 7.37 64.06 6.88
Monitor’ 67.51 8.96 69.03 7.83 64.95 9.50 68.12 9.00 64.34 9.01 72.53 6.55 72.82 4.88
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Table 2. Rotated component matrices for cognition and behaviour

Cognition
F1 F2 F3
Factor descriptors:  Executive/ Speed Phonological
Matrix 0.684 0.105 0.203
Alliteration 0.175 0.040 0.668
Rapid Naming 0.026 0.690 -0.068
Digit Recall -0.054 -0.016 0.834
Dot Matrix 0.473 0.193 0.302
Back Digit 0.327 0.133 0.543
Mr X 0.637 -0.098 0.286
Visual Scan 0.154 0.708 0.024
Motor Speed -0.083 0.712 0.120
Switching 0.378 0.526 0.147
Planning 0.727 0.086 -0.200
Behaviour
F1 F2 F3
Factor descriptors: Hot EF ADHD Cool EF
Inattention 0.180 0.809 0.030
Hyper/ impuls 0.599 0.557 -0.173
Learning problems 0.069 0.038 0.653
Executive functions 0.095 0.787 0.289
Aggression 0.756 0.232 0.044
Peer relations 0.663 -0.112 0.327
Inhibit 0.782 0.426 0.059
Shift 0.748 0.124 0.297
Emotional control 0.854 0.231 0.065
Initiate 0.480 0.313 0.562
Working memory 0.211 0.631 0.536
Planning 0.125 0.592 0.602
Organisation 0.228 0.664 0.073

Monitor 0.560 0.517 0.200
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Table 3. Correlations between learning scores, cognitive and behaviour factors

Learning Cognition
Vocabulary Reading Spelling Maths E?<ecutive/. Speed Phonological
Measure visuo-spatial
Reading .353%*
Spelling 0.154 .735%*
Maths .266%* 0.111 0.102
VS/ executive .290%* 0.058 -0.038 A13%*
Speed 0.041 0.136 0.096 .219** 0
Phonological 418** .379** 297%* .263** 0 0
Hot behaviour  0.006 0.133 0.078 -0.02 -0.093 0.115 -0.003
ADHD symptoms 0.144 0.1 0.100 0.003 0.050 -0.035 -0.059
Cool EF -0.134 -0.159* -.174%* -.318** -0.118 -0.147 -.205**
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Phonological

Phonological
M Low literacy & maths
@ Low literacy only ®No ADHD
Speed @Low maths only Speed @ ADHD under investigation

BADHD

Exec/ visuo-spatial Exec/ visuo-spatial

-1 -0.5 0 0.5 1 -1 -0.5 0 0.5 1
Cool EF
Cool EF ENo ADHD
B ADHD under
investigation
_‘
B ow maths & literacy
ADHD symptoms
alow Iiteracy Only ADHD symptoms
B ow maths only
_‘
Hot EF
Hot EF
-1 -0.5 0 0.5 1

-1 -0.8 -0.6 -04 -0.2 0 0.2 04 0.6 0.8

Figure 1. Top: mean cognitive factor scores (SEs) as a function of learning group (left) and ADHD group (right). Bottom: mean behaviour factor scores (Ses) as a function
of learning group (left) and ADHD group (right).
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S 1. Number of children by referral route, ADHD status and primary reason for referral

Primary reason for referral: problem areas

Category Attention Literacy Maths Language Acadt.emlc Memory Total
learning
Education No ADHD 2 16 3 1 33 13 68
ADHD 10 0 0 3 0 13
ADHD under
investigation 4 0 0 1 1 0 6
CAMHS' & No ADHD
Paediatrics 8 0 2 3 12 0 25
ADHD 26 0 0 0 6 0 32
ADHD under
investigation 10 0 0 0 1 0 11
Speech &
language No ADHD 0 0 0 5 0 2 7
therapy ADHD 0 0 0 0 0 0 0
ADHD under
investigation 0O 0 0 0 0 0 0
Total 60 16 5 10 56 15 162

!Child and Adolescent Mental Health Services
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S2: Recruitment flow chart showing recruitment routes and sources of exclusion to the data analysed

Education n=374 (126 f)

CAMHS & Paediatrics n=216 (50 f)

Speech & Language therapy

Excluded:
* 9 noshows
* 41 did not meet criteria

n=34 (15 f)

Excluded:
-> * 5noshow
* 15did not

S
meet criteria

A 4

Referred n=624 (191 f)

A 4

Assessed n=550 (169 f)

Excluded:

* 1 refused to complete tests
A 3 non-native English speakers
* 4 did not meet criteria

\4

Excluded:

* 182 did not meet minimum age requirement of
DKEFS

¢ 150 had incomplete cognition or learning data
due to refusal or administration error

* 54 with reading, spelling and maths scores>85

¢ 1 multivariate outlier

A\ 4

Sample for analysis n=163 (55 f)




S3. Numbers of children (m) as a function of learning ability and ADHD groups

ADHD group

ADHD under
Learning abilit ADHD investigation No ADHD Total
Low maths 11 (9) 6 (5) 20(11) 37 (25)
Low literacy 15 (13) 5(4) 23 (15) 43 (32)
Low literacy & 19 (15) 6 (5) 58 (31) 83 (51)
Total 45 17 101 163

S4. Correlations between learning, cognition and behaviour

Rapid Back. digit
Measure Vocabulary Reading Spelling Maths Matrix Alliteration  naming Digit span Dot matrix  span Mr X
Reading .353**
Spelling 0.154 .735%*
Maths .266** 0.111 0.102
Matrix .386%** 0.149 -0.015 .380**
Alliteration  .360** .347** .207** .255%* L229%*
Rapid naming 0.003 .199%* 0.148 0.132 0.046 0.062
Digit span .323%* .323** .285%* .215%* 0.077 .384** -0.096
Dot matrix  .289** .160* 0.091 .209%* .341%* .181* 0.108 0.13
Back. digit sp .234** .191%* 0.147 .332%* .319%* .220%* 0.118 .286** .325%*
Mr X .314%* 0.124 0.079 .303** .320%** .236%* 0.015 .210** .268** .238**
Visual scannir 0.045 0.066 0.134 .219%* 0.088 0.081 .278** 0.059 .161* 0.136 0.083
Motor speed 0.136 0.115 -0.032 0.149 0.134 0.071 .254** 0.055 .172%* 0.049 -0.006
Switching 0.147 0.074 0.064 .360%** .329%* 0.126 L291%* .178* .161%* L212%* .162*
Planning 0.09 0.022 -0.067 .293** .255%* 0.131 0.05 -0.031 .158%* 0.081 274%*
Inattention -0.028 0.063 0.084 -0.129 -0.099 0.024 0.084 -0.126 -0.129 -0.098 -0.106
Hyper/ impuls 0.062 0.071 0.039 0.106 -0.059 0.046 0.144 -0.091 -0.058 0.009 0.028
Learning prob-.218** -.379%* -.292%* -.221%* -.264%* -.203* -0.044 -.273%* -.189* -.176* -0.151
Executive fun 0.081 0.102 0.08 -0.089 -0.008 -0.018 -0.025 -0.141 -0.141 0.027 -0.016
Aggression  -0.038 -0.017 0.02 -0.021 -0.133 -0.052 0.143 -.163* -.184* -0.024 -0.063
Peer relations -0.03 .173* 0.035 -0.142 -0.047 0.044 0.09 -0.012 -0.088 -0.012 0.021
Inhibit 0.077 0.08 0.021 -0.047 -0.059 0.079 0.115 -0.105 -0.088 0.025 0.018



Shift 0.008 0.051 0.002 -0.146 -0.062 -0.058 0.106 -0.04 -0.13 -0.082 -0.006
Emotional cor 0.053 0.103 0.074 -0.068 -0.065 0.041 .174%* -0.024 -0.102 0.022 -0.022
Initiate -0.011 0.07 0.017 -0.107 -0.092 -0.063 -0.026 -0.046 -0.081 -0.092 -0.001
Working mem-0.043 0.03 0.036 -.241%* -0.117 -0.029 -0.079 -0.117 -.183* -0.131 -0.054
Planning 0.136 0.02 -0.076 -0.153 -0.036 -0.034 -0.071 -0.124 -0.123 -0.09 0.071
Organisation .225%* 0.062 0.009 0.082 0.044 0.132 0.03 -0.096 -0.054 0.068 0.152
Monitor 0.078 .194* 0.113 -.187* -0.085 -0.028 0.038 -0.091 -0.11 -0.093 -0.083
Visual Hyper/ Learning Executive Peer
Measure scanning Motor speed Switching Planning Inattention impuls problems functions Aggression  relations Inhibit Shift
Motor speed .358**
Switching .306** .205**
Planning 223%* 0.007 .241%*
Inattention  -0.055 0.061 0.02 0.025
Hyper/ impuls -0.044 0.088 0.082 0.034 .617%*
Learning prob-0.028 -0.058 -0.15 -0.09 .174%* .168*
Executive fun -0.037 -0.022 0.013 -0.036 .579%* 371%* .200*
Aggression  -0.072 0.025 -0.01 -0.061 .314%* 497** .214%* .342%*
Peer relations -0.093 0.155 0.008 -0.068 .157%* L297%* 0.126 .159% 431%*
Inhibit -0.113 0.093 0.043 -0.033 430%* .726%* 212%* .408** .658** 436**
Shift -.198* 0.064 -0.015 0.01 .256%* 402%* 0.127 .255%* 492** 470** .585**
Emotional cor -0.077 0.116 0.044 -0.035 313** .563** 0.117 .305** .649** 450** .728** L715%*
Initiate -0.148 0.014 -0.035 0.015 327%* .339%* .196* 434** 421%* 435** 513** .542*x*
Working mem-.165% -0.126 -0.085 0.039 .586** .405** .328** .566** .326** \233** .483** .405**
Planning -0.114 0.086 -0.032 0.043 462%* 278%* .258** .612%* L216%* \222%* 374%* .398*x*
Organisation -0.124 -0.048 0.06 0.074 373%* .335%* 0.033 .591** .354** .159%* 438** .300**
Monitor -.182%* 0.034 0.001 -0.111 .516** .565** .169* 447** .485** .314** .662** .525**
Emotional Working
Measure control Initiate memory Planning Organisation
Initiate .487%*
Working mem .358** 577**
Planning 312%%* .549%* .625%*
Organisation .385** .384** 444%** 441**
Monitor 571%* .543** .490** .549%* .347**




S5. Regression models for cognitive and behaviour factors with and without ADHD by learning group interactions

Model with group terms only Model with ADHD" interactions
Terms Unstand. b  SE Stand. b t p R’ change F change p
Cogpnitive factors
Visuo-spatial/
executive Constant 0.282 0.255 1.108 0.270 0.006 0.568 0.568
ADHD group 0.075 0.155 0.037 0.487 0.627
Literacy groug 0.246 0.188 0.103 1.305 0.194
Maths group -0.680 0.179 -0.301 -3.795 0.000
Speed Constant 0.495 0.267 1.853 0.066 0.001 0.09 0.914
ADHD group 0.060 0.162 0.029 0.371 0.711
Literacy groug -0.248 0.197 -0.104 -1.258 0.210
Maths group -0.442 0.188 -0.196 -2.354 0.020
Phonological Constant 0.973 0.259 3.760 0.000 0.005 0.436 0.648
ADHD group -0.240 0.157 -0.117 -1.532 0.128
Literacy groug -0.740 0.191 -0.311 -3.869 0.000
Maths group -0.420 0.182 -0.186 -2.308 0.022
Behaviour factors
Hot
behaviour Constant -0.505 0.251 -2.011 0.046 0.009 0.818 0.443
ADHD group 0.916 0.151 0.446 6.065 0.000
Literacy groug -0.006 0.184 -0.002 -0.031 0.975
Maths group 0.218 0.176 0.096 1.244 0.216
ADHD Constant -0.200 0.267 -0.748 0.455 0.001 0.121 0.886
symptoms ADHD group 0.609 0.161 0.297 3.790 0.000
Literacy groug-0.051 0.196 -0.021 -0.258 0.797
Maths group 0.011 0.187 0.005 0.059 0.953
Cool
cognition Constant -1.103 0.258 -4.282 0.000 0.002 0.152 0.859
ADHD group 0.037 0.155 0.018 0.239 0.811
Literacy group 0.521 0.189 0.217 2.752 0.007

Maths group 0.924 0.180 0.406 5.127 0.000






