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A B S T R A C T

The aim of this study was to investigate how two cognitive skills—working memory and

IQ—are linked to learning in students with ADHD or SLI. Although there has been much

research examining ADHD and its co-morbidity with language impairment, little research

has been conducted on their learning profiles when these two conditions occur

independently. The data confirmed that those with ADHD performed better in some

tasks of verbal abilities (learning outcomes), compared to those with SLI. In contrast,

children with SLI had relative strengths in some nonverbal tasks (WM and IQ) compared to

those with ADHD. However when looking at academic performance, there were domain-

specific links between cognitive abilities and learning outcomes: verbal skills predict

verbal-based academic tests and visuo-spatial skills predict visuo-spatial-based academic

tests, in both ADHD and SLI groups. This finding can have important implications for how

intervention is tailored in the classroom, as domain-specific support could yield important

gains in learning.

� 2013 Elsevier Ltd. All rights reserved.
1. Introduction

Attention deficit hyperactivity disorder (ADHD) is the most common psychiatric disorder in children, characterized by
inattentiveness, hyperactivity, and impulsivity (Ho, Chien, & Wang, 2011). ADHD also commonly co-occurs with specific
language impairment (SLI), a language impairment characterized by a disproportionate difficulty in learning language
despite having normal hearing, intelligence, and no known neurological or emotional impairment (Bishop & Norbury, 2008).
Research relating to cognitive markers of these disorders suggests that they are two diverse conditions. Sustained attention,
inhibition, and response control have all been shown to be associated with ADHD (Uebel et al., 2010), whereas markers for
SLI include poor nonword repetition and a compromised auditory ability to identify tone sequences (Bishop, 2006). Despite
differing underlying factors responsible for the disorders, children with ADHD may show many similar signs with their SLI
counterparts.

One similar feature that these disorders share is poor academic performance. Two skills that have been shown to directly
contribute to grade performance are working memory and IQ. Working memory, defined as our ability to store and
manipulate information, can predict scores in reasoning tasks and verbal comprehension (Cowan & Alloway, 2008).
Although most schools today still rely on only IQ scores to gauge academic ability (Duckworth, Quinn, & Tsukayama, 2012),
longitudinal research has demonstrated that working memory makes a unique contribution to subsequent academic success
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(Alloway & Alloway, 2010). Recent research has also indicated that IQ and working represent distinct cognitive skills
(Ackerman, Beier, & Boyle, 2005; Alloway, 2009; Conway, Kane, & Engle, 2003; though see Stauffer, Ree, & Carretta, 1996).

1.1. ADHD and working memory

Both neuropsychological and empirical research supports the presence of working memory deficits in children with
ADHD. In neuropsychology, there has been reported dysfunction in the frontal brain regions in individuals with ADHD. As
working memory tasks draw on these brain regions, performance is comprised in this population (see Martinussen, Hayden,
Hogg-Johnson, & Tannock, 2005, for a review). In experimental research, verbal working memory—the ability to process and
recall verbal information—has been linked to hyperactive behavior, resulting in excessive motor activity (Rapport et al.,
2008). Verbal working memory has also been associated with classroom inattention, where children are more likely to
disengage from learning and appear ‘‘zoned out’’ (Holmes, Gathercole, Place, Alloway, & Elliott, 2010; Kane et al., 2007;
Thorell, 2007). Visuo-spatial short-term memory deficits have also been reported, however, few studies have investigated
their visuo-spatial working memory profile (see Kofler, Rapport, Bolden, Sarver, & Raiker, 2009, for a review).

Given the link between working memory and learning (Cowan & Alloway, 2008), it is likely that students with ADHD will
also demonstrate learning deficits as a result of their impaired working memory skills. Indeed, there are reports that students
with ADHD have learning problems (Mayes, Calhoun, & Crowell, 2000). However, it is not clear whether there are differential
links between verbal and visuo-spatial working memory and learning in this population.

1.2. SLI and working memory

Children with SLI typically display verbal memory deficits. In measures of verbal short-term memory, which measures
storage capacity, children with SLI exhibit poor performance, especially in tasks using nonwords (Botting & Conti-Ramsden,
2001; Ellis Weismer et al., 2000). In contrast, their visuo-spatial memory skills are often reported to be at age-appropriate
levels (Bavin, Wilson, Maruff, & Sleeman, 2005). This dissociation between verbal and visuo-spatial memory performance
could reflect an additive effect of their language deficit. Their memory performance is typically worsened when they have to
draw on their language skills and remember that information. For example, remembering nonwords in the correct sequence
mimics vocabulary learning—an activity in which they struggle, as they have to remember the sound structure of each
syllable in a particular order.

In addition to their severe verbal deficits in language, children with SLI also demonstrate learning difficulties across all
scholastic domains, including mathematics (Fazio, 1996; Arvedson, 2002) and literacy (Catts, Fey, Tomblin, & Zhang, 2002;
Flax et al., 2003). To date, it is not clear whether working memory is linked to these learning problems, or whether the
cumulative effects of working memory and language deficits are associated with their learning profile.

1.3. Present study

The aim of this study was to systematically investigate how working memory and IQ are linked to learning in students
with ADHD or SLI. Although there has been much research examining ADHD and its co-morbidity with language impairment,
little research has been conducted on their learning profiles when these two conditions occur independently. Specific
patterns of strengths and weaknesses are observable in these two groups. Children with ADHD perform better in tasks of
verbal abilities, compared to those with SLI. In contrast, children with SLI have relative strengths in nonverbal tasks
compared to those with ADHD (Sergeant, Piek, & Oosterlaan, 2005). However, it is difficult to ascertain whether these profiles
reflect unique patterns of strengths and difficulties, or if they are the result of the additive effects of co-morbidity. A benefit of
comparing cognitive profiles of those with ADHD and SLI without co-morbidity is that further information can be gained on
the links between two key cognitive skills linked to learning so that targeted support can be provided.

In this study, measures of verbal and visuo-spatial working memory were completed by three groups of children, children
with a clinical diagnosis of ADHD (combined subtype), children with SLI, and an age-matched group of children with
typically developing language skills. Working memory performance was measured using a computerized and standardized
tool, the Automated Working Memory Assessment (AWMA; Alloway, 2007). The AWMA provides measures of both verbal
and visuo-spatial aspects of working memory. In line with a substantial body of prior evidence, verbal and visuo-spatial
working memory were measured using tasks involving simultaneous storage and processing of information. Some research
suggests that that working memory resources are separated into verbal and visuo-spatial constructs that are underpinned by
related but distinct cognitive mechanisms (Alloway & Alloway, 2013; Shah & Miyake, 1996). As a result, verbal and visuo-
spatial working memory skills can have differential links with learning: verbal working memory may be more closely
associated with language needs; while visuo-spatial working memory may be linked to motor deficits (Alloway, Rajendran,
& Archibald, 2009).

The nature of working memory impairments in developmental disorders has important implications for learning. If
working memory deficits are pervasive impacting both verbal and visuo-spatial domains across disorder groups, then a
common strategy would suffice to support working memory in the classroom. However, if working memory deficits vary
across disorder groups, impacted by specific core deficits, then it may be best to tailor intervention to support the strengths
and weakness of each group.
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2. Method

2.1. Participants

2.1.1. ADHD

There were 83 children recruited through pediatric psychiatrists and pediatricians (M age: 9.9 years; SD = 11.98 months,
86% boys). The majority was receiving psycho stimulant medication for ADHD (n = 69) but had ceased ingestion 24 h prior to
testing. No children with Autistic Spectrum Disorders were included in this sample.

2.1.2. SLI

There were 40 children with a clinical diagnosis of specific language impairment, recruited from language units in England
(M age: 9.10 years, SD = 2.09 months, 87% boys). None of the children were diagnosed with ADD/ADHD or hearing impairments.

2.1.3. Control

A comparison group of 50 typically developing children were recruited from the same schools as the ADHD students (M
age: 9.10 years; SD = 11.89 months; 40% boys). None were identified with a learning disorder or were receiving special
support at school. Consent was obtained from all participating parents/guardians.

2.2. Materials

Participants completed six standardized tests measuring both verbal and non-verbal abilities in working memory, IQ, and
academic performance.

2.2.1. Working memory

Working memory (WM) was tested using standardized working memory tests from the Alloway Working Memory
Assessment (AWMA-2; Alloway, 2012). The verbal working memory test was Processing Letter Recall. Participants heard a
letter and then had to identify whether a new letter shown on the computer screen matched the letter they heard. They then
had to recall the letter/s presented auditorily in the correct sequence.

The visuo-spatial working memory test was Mr. X. Participants first determined whether Mr. Blue held a ball in the same
hand as Mr. Red. Then they had to identify the location of Mr. Blue’s ball/s on the computer screen.

The test begins with one item, and increases by one item in each block, until the participant is unable to correctly recall
three out of four trials in a block. The move forward and discontinue rules were automated by the program. The total number
of trials correct was calculated and the raw scores were converted into standard scores based on a normative sample
(M = 100; SD = 15; Alloway, 2007).

2.2.2. IQ

Verbal and non-verbal IQ were indexed with the vocabulary and matrix tests, respectively, from the
Wechsler Abbreviated Scale of Intelligence (WASI, Wechsler, 1999). In the vocabulary test, the participant provides a
definition of a given word. In the matrix test, the participant is shown a set of shapes and has to select the next shape in the
sequence from an array. Raw scores were converted into standard scores based on a normative sample (M = 100; SD = 15).

2.2.3. Academic attainment

Academic performance was assessed with arithmetic and spelling tests from the Wechsler Individual Achievement Test-
Revised (WIAT-II, Wechsler, 2001). In the spelling test, participants had to write out words. In the arithmetic test, there was a
combination of math problems that included addition, subtraction, multiplication, division, fractions, and algebraic
equations. Raw scores were converted to standard scores based on test norms (M = 100; SD = 15). Children were tested
individually with a trained researcher, in a quiet classroom at school.

3. Results

The pattern of performance as a function of group (ADHD, SLI, Control) is shown in Table 1. The relationship between the
six cognitive test scores is demonstrated in Table 2, as a function of learning need. For the children with ADHD, there were
significant links (p > .01) between all six cognitive test scores. However, the children with SLI showed a differential pattern of
association. Their performance on the nonverbal IQ test (Matrix) was significantly linked to performance in tests of visuo-
spatial working memory, verbal IQ (vocabulary), and math. Math scores were also associated with spelling and verbal IQ
scores. This pattern suggests that the difference in learning needs between those with ADHD and SLI may drive differential
patterns of associations in cognitive skills.

3.1. Group comparisons

In order to compare the group performances on the cognitive tests, multiple MANOVAs were conducted on the standard
scores. The overall group term associated with Hotelling’s T-test is reported in all instances, with post hoc comparisons set at



Table 1

Descriptive statistics for all cognitive tests as a function of group (standard scores, unless otherwise stated, M = 100, SD = 15).

Standardized tests SLI ADHD Control

M (SD) M (SD) M (SD)

Verbal working memory 87.65 (7.62) 90.65 (17.70) 102.76 (10.84)

Visuo-spatial working memory 95.93 (17.09) 85.84 (14.68) 102.90 (19.25)

Verbal IQ: vocabulary 38.37* (8.78) 38.52* (10.60) 47.24* (10.92)

Non-verbal IQ: matrix 46.10* (10.66) 41.00* (9.52) 47.50* (9.25)

Academic: spelling 75.75 (8.99) 86.75 (14.41) 100.12 (12.41)

Academic: arithmetic 82.83 (9.63) 83.93 (13.84) 95.62 (8.57)

Note: T scores (M = 50, SD = 10).

Table 2

Correlations coefficients among the cognitive measures; the children with ADHD are indicated in the bottom half of the triangle, and the children with SL

are represented in the top half of the triangle.

1 2 3 4 5 6

1. Verbal working memory 1 .33* �.15 .06 .03 .16

2. Visuo-spatial working memory .44** 1 .41** .12 .01 �.14

3. Non-verbal IQ: matrix .38** .54** 1 .46** .45** .17

4. Verbal IQ: vocabulary .47** .45** .54** 1 .24 .37*

5. Academic: arithmetic .47** .49** .49** .59** 1 .51**

6. Academic: spelling .40** .31** .45** .63** .46** 1

* p < .05.

** p < .01.

Table 3

Stepwise regression analyses predicting academic performance.

Dependent Independent R2 DR2 df DF B t

Spelling (ADHD) 1 Vocabulary .383 – 1, 81 51.87* .63 7.21*

Spelling (SLI) 1 Vocabulary .140 – 1, 38 6.17* .37 2.49*

Arithmetic (ADHD) 1 Vocabulary .342 – 1, 81 42.08* .46 4.76*

2 Mr X .407 .065 1, 80 8.74* .28 2.96*

Arithmetic (SLI) 1 Matrix .200 – 1, 38 9.51* .45 3.08*

* p < .02.
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an alpha level of .05 (Table 1). The first MANOVA performed on working memory indicated a significant group difference:
F = 13.92, p < .001; h2p = .14. In verbal working memory, the control group scored significantly higher than both the children
with SLI and ADHD. In visuo-spatial working memory, those in both the control and SLI groups performed better than those
in the ADHD group.

The next MANOVA performed on IQ also indicated a significant group difference: F = 8.86, p < .001; h2p = .09. In
vocabulary, those in both the SLI and ADHD groups scored significantly lower than those in the control group. In the Matrix
test, the children with ADHD performed worse than those in the control and SLI groups.

The last MANOVA was performed on academic performance: F = 23.16, p < .001; h2p = .22. The control group
scored higher on both spelling and arithmetic measures, while those in the ADHD group scored higher in Spelling, compared
to the SLI.

3.2. Predictors of learning

In order to identify the best predictive variables of academic performance (spelling and arithmetic), a series of regression
analyses were conducted. Standard scores of all four cognitive tests were entered simultaneously with a stepwise function.
Model statistics, as well as standardized beta values, and t-statistics, are provided in Table 2 (Table 3).

For spelling in both the ADHD and SLI samples, Vocabulary accounted for significant proportion of unique variance: ADHD
(38.3%) and SLI (14%). In arithmetic, there were differential predictors for the groups. For the ADHD students, both
Vocabulary (34.2%) and visuo-spatial working memory (6.5%) accounted for significant proportion of unique variance. For
the SLI students, only the Matrix test (20%) significantly predicted arithmetic performance.

4. Discussion

There were several key patterns observed in the present study. Looking first at the students with SLI, their verbal
performance was significantly worse than the control group in tests of working memory, IQ, and spelling. However, they



T.P. Alloway, A. Stein / International Journal of Educational Research 64 (2014) 26–3130
demonstrated relative strengths in visuo-spatial skills (working memory and IQ) compared the children with ADHD. It was
interesting to note that despite average non-verbal performance in tests of working memory and IQ, the children with SLI
still performed below average in both academic tests. One possibility is average nonverbal IQ and working memory skills are
not sufficient to overcome the impact of language impairments on learning. The issue of whether language impairments
cause learning difficulties, with verbal working memory and IQ playing a mediating role, or whether these effects provide
additive risks for learning is not resolved in the present study (see Bishop, Hardiman, & Barry, 2012). What we can learn from
the present findings is that average nonverbal skills don’t offer an advantage for learning in those with SLI, and thus
educational strategies may be best focused on supporting difficulties in the verbal domain in order to see learning gains.

With respect to those with ADHD, as a group they displayed a relative verbal advantage compared to the children with SLI,
however their performance was only significantly better in the spelling test. This suggests that the children with ADHD also
demonstrated verbal impairments in tests of working memory and verbal ability, yet possibly because they did not also
manifest the same language impairments in grammar and vocabulary as those with SLI, they demonstrated relative
strengths in the verbal academic test. In contrast, their nonverbal working memory and IQ performance was significantly
worse than both the control and SLI groups. This pattern may explain why some researchers link ADHD with non-verbal
learning disorders (Scherer, 2013), and even misdiagnose NLD as ADHD.

When investigating predictors of learning, the findings suggest domain-specific links between cognitive skills and
academic tests, for both learning disorders. For example, verbal IQ was the best predictor of the verbal academic test—
spelling—for both ADHD and SLI groups. Likewise, Mr X and the Matrix were the best predictors of arithmetic, a task that
typically relies on visuo-spatial memory (D’Amico & Guarnera, 2005; Geary, 1990; McLean & Hitch, 1999). It was
interesting to note that while the children with ADHD exhibited worse visuo-spatial skills (working memory and IQ)
compared to the SLI group, their verbal IQ scores, rather than visuo-spatial skils, predicted spelling. The group with SLI
displayed a deficit in verbal skills (working memory and IQ), yet their visuo-spatial skills predicted arithmetic
performance. It could be that with respect to learning, specific cognitive deficits associated with the disorder (behavioral
inhibition or language impairments) are not predictors of academic outcomes. Rather, this pattern of findings suggests that
children draw on a similar skill set, regardless of their learning needs. This finding can have important implications for how
intervention is tailored in the classroom, and it may be that domain-specific support could yield important gains in
learning.

In summary, the paper adds to existing research by examining how working memory and IQ are differentially linked to
learning ADHD and SLI without co-morbidity. This study also shows that despite average non-verbal abilities in those with
SLI, they still demonstrated weaknesses in tests of academic performance. The findings also suggest that there are domain-
specific links between cognitive abilities and learning outcomes: verbal skills predict verbal-based academic tests and
visuo-spatial skills predict academic tests that rely on these skills. Future research could also extend such investigations to
cross-cultural comparisons. Recent research on children from Russia living in the US has shown a large number of
developmental disorder cases (Beverly, McGuinness, & Blanton, 2008). By expanding research to other cultures, such as
China and Russia, we can gain further understanding on whether these domain-specific links are culture-dependent or
culture-general.
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