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This study investigated the role of inattention and working memory in predicting academic achieve-
ment in 145 adolescents aged 13 to 18 referred for attention deficit/hyperactivity disorder (ADHD).
Path analysis was used to examine whether auditory-verbal and visual-spatial working memory
would mediate the relationships between classroom inattention symptoms and achievement outcomes.
Results provide support for the mediational model. Behavioral inattention significantly predicted both
auditory-verbal and visual-spatial working memory performance. Auditory-verbal working memory
was strongly associated with adolescents’ achievement in reading and mathematics, while visual-
spatial working memory was only associated with achievement in mathematics. The path from
inattention symptoms to reading was partially mediated by the working memory variables, but the
path from inattention to mathematics was not mediated by working memory. The proposed model
demonstrated a good fit to the data and explained a substantial amount of variance in the adolescents’
achievement outcomes. These findings imply that working memory is a risk factor for academic failure
for adolescents with attentional problems.
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INATTENTION, WORKING MEMORY, AND ACHIEVEMENT 445

INTRODUCTION

Attention deficit/hyperactivity disorder (ADHD) is a neurodevelopmental disorder that
affects 5%–10% of school-aged children (Polanczyk & Jensen, 2008; Polanczyk, de Lima,
Horta, Biederman, & Rohde, 2007). Although usually diagnosed in childhood, ADHD
persists as children develop, affecting approximately 5% of the adolescent population by
the age of 18 (Polanczyk et al., 2007). While hyperactivity declines over the course of
the disorder, inattention symptoms persist (Biederman, Mick, & Farone, 2000) and are
associated with numerous functional deficits, including educational failure (e.g., Currie &
Stabile, 2006; Mayes & Calhoun, 2007a). Academic underachievement in adolescents with
ADHD is particularly concerning, as it is associated with substantial social, health, and eco-
nomic problems in adulthood (Barkley, Fischer, Smallish, & Fletcher, 2006; Biederman
et al., 2006; Currie & Stabile, 2006; Harpin, 2005; Pelham, Foster, & Robb, 2007).
Although relatively well studied in children, we know considerably less about the factors
that contribute to underachievement in adolescents with ADHD. Based on extant neuropsy-
chological literature, this study sought to examine the unique and combined contributions
of behavioral inattention and working memory on academic achievement in adolescents
referred for ADHD.

Generally speaking, academic underachievement refers to school performance that is
below the expected level for one’s normative age level. Underachievement in children with
ADHD is a persistent problem that begins in the preschool years and endures throughout
childhood and adolescence. Academic difficulties are observed across subject areas and
regardless of the type of measurement or sample studied (Frazier, Youngstrom, Glutting,
& Watkins, 2007) and are evident even for children who are below the clinical thresh-
old for a diagnosis of ADHD (Breslau et al., 2009; Currie & Stabile, 2006). Significant
effects remain after controlling for comorbid learning disabilities (Currie & Stabile, 2006)
and behavioral problems (Giannopulu, Escolano, Cusin, Citeau, & Dellatolas, 2008).
Mounting evidence from cross-sectional (e.g., Dally, 2006; DuPaul et al., 2004) and
longitudinal (Breslau et al., 2009; Rabiner & Coie, 2000) studies suggest that the aca-
demic impairments seen in children with ADHD are primarily related to symptoms of
inattention, rather than symptoms of hyperactivity and impulsivity. Children who exhibit
purely inattentive behavior are likely to underachieve in reading (Warner-Rogers, Taylor,
Taylor, & Sandberg, 2000; Wilcutt & Pennington, 2000) and mathematics (Marshall, Hynd,
Handwrek, & Hall, 1997; Raghubar et al., 2009). Some evidence suggests that children
with ADHD – Inattentive Type may be more impaired academically than those with ADHD
– Combined Type (e.g., Weiss, Worling, & Wasdell, 2003). Furthermore, the inattention-
underachievement link persists into adolescence (Barkley, Fischer, Smallish, & Fletcher,
2002) and is associated with additional problems, such as high school dropout (Trampush,
Miller, Newcorn, & Halperin, 2009).

Despite the established link between inattention and learning problems, the
mechanisms that underlie this association in adolescence remain poorly understood.
Developments in child neuropsychology suggest that working memory may be an
important player in this relationship. Deficits in working memory (which refers to the
temporary storage and manipulation of information; Baddeley & Hitch, 1974) have
been well documented in children with ADHD (Martinussen, Hayden, Hogg-Johnson,
& Tannock, 2005; Willcutt, Doyle, Nigg, Faraone, & Pennington, 2005). Even children
with subclinical levels of inattention exhibit working memory deficits (Alloway, Elliot, &
Place, 2010). Adolescents have received less attention in this body of research; however
a few studies suggest that adolescents with ADHD also display problems in working
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446 M. ROGERS ET AL.

memory, both on performance-based tasks (Marx et al., 2010; Toplak, Jain, & Tannock,
2005) and parent and teacher reports (Toplak, Bucciarelli, Jain, & Tannock, 2009).

In his leading model of working memory, Baddeley (2003a; Baddeley & Hitch
1974,) presents working memory as a multicomponent system coordinated and controlled
by a central executive module. Auditory-verbal working memory is used to manipu-
late verbal information and learning, whereas visual-spatial working memory manipu-
lates visual images and visual-spatial learning. Extensive evidence from factor analytic
(Alloway, Gathercole, & Pickering, 2006), neuropsychological (Baddeley, 2003a; Repovs
& Baddeley, 2006), neuroanatomical (Smith, Jonides, & Koeppe, 1996), and neuroimaging
(Fassbender & Schweitzer, 2006) studies support the independent contributions of these
two types of working memory.

There is substantial evidence that working memory plays an important role in the
development of academic skills in typically developing children (Alloway & Alloway,
2010; Gathercole, Pickering, Knight, & Stegmann, 2004). Studies using both experimen-
tal (e.g., L. Swanson & Kim, 2006) and classroom-based designs (e.g., Gathercole &
Alloway, 2008; Gathercole, Durling, Evans, Jeffcock, & Stone, 2008) have shown that
deficits in working memory are strongly related to academic underachievement. More
specifically, the auditory-verbal working memory system has been linked with the ability to
acquire new knowledge and skills, particularly in the development of reading and language
(Acheson & MacDonald, 2009; Baddeley, 2003b) but also in mathematics (Ashcraft &
Krause, 2007; Iguchi, 2009; L. Swanson, 2006; L. Swanson & Kim, 2006). Visual-spatial
working memory has also been implicated as a determinant of children’s learning. For
instance, St. Clair-Thompson and Gathercole (2006) found visual-spatial working mem-
ory was associated with academic attainment in English, mathematics, and science. To our
knowledge, only one study to date (Vexelman & Tannock, 2011) has examined the relation-
ship between working memory and learning problems in an adolescent ADHD population.
Furthermore, it remains unclear how each type of working memory (i.e., auditory-verbal
and visual-spatial) is linked to different academic domains in adolescence.

In light of the academic deficits associated with inattention, coupled with the well-
established role of working memory in learning, this study sought to investigate working
memory and achievement in adolescents referred for ADHD; a population that is under-
studied and at high risk for educational and economic problems as they enter adulthood
(Currie & Stabile, 2006; Kessler et al., 2005). We examined the contributions of auditory-
verbal and visual-spatial working memory as potential mediators in the relationship
between symptoms of attention and academic achievement in adolescents referred for
ADHD. To determine if these two aspects of working memory differentially affect reading
and math, we employed a path analytic approach to evaluate whether auditory-verbal and
visual-spatial working memory account for the associations between classroom inattention
and adolescents’ achievement in reading and mathematics.

METHOD

Participants

The sample included 145 adolescents referred for assessment of ADHD: 104 males
(72%) and 41 females (28%). Their ages ranged from 13 to 18 years (M = 15.37,
SD = 1.41) and all participants were native English speakers. The participants were
recruited through advertisements at pediatric offices in a large metropolitan city in Canada.
A telephone-screening interview was conducted prior to the assessment to confirm that

D
ow

nl
oa

de
d 

by
 [

U
ni

ve
rs

ity
 o

f 
T

or
on

to
 L

ib
ra

ri
es

] 
at

 0
8:

52
 1

5 
N

ov
em

be
r 

20
11

 



INATTENTION, WORKING MEMORY, AND ACHIEVEMENT 447

all participants had a history of ADHD symptoms or a previous diagnosis of ADHD.
Additionally, parents and teachers completed behavioral ratings prior to the assessments.
Adolescents were excluded from the study if there was evidence of pervasive developmen-
tal disorder, psychosis, or a serious medical condition during the screening interview.

Of the participants included in the study, 79 (54% of the sample, of whom 73% were
male) met criteria for an ADHD diagnosis. ADHD was diagnosed if the adolescents met
the following criteria: The participant (a) met diagnostic criteria for ADHD according to
the clinician’s diagnostic interview, (b) presented with symptoms of ADHD according to
interview and self-reports from the adolescent, their parents, and teachers and (c) showed
evidence of impairment. As an incentive for participation, participants were provided with
a certificate of volunteer community hours, which is a requirement for graduation from
many secondary schools.

Thirty-seven participants (26% of sample, 70% male) met subclinical criteria for
ADHD. Participants with subthreshold ADHD symptoms had a profile consistent with
ADHD but did not reach the clinical threshold for a diagnosis. These participants did not
have six full symptoms on either or both of the ADHD symptom domains, did not demon-
strate symptoms across settings or did not show adequate impairment. Although referred
for concerns about ADHD, 29 adolescents (20% of sample, 69% male) displayed several
ADHD symptoms, but they were better accounted for by another diagnosis and are there-
fore described as clinical controls. The other diagnoses of the clinical controls included
mood disorders (13%), anxiety (10%), learning disorder (23%), conduct disorder (3%),
substance use (3%), Asperger’s disorder (16%), bipolar disorder (13%), delusional disorder
(3%), posttraumatic stress disorder (PTSD; 3%), and reactive attachment disorder (6%).
There were no age or gender differences between the ADHD and clinical control groups.

Measures and Procedure

Diagnostic Measures (see Table 1 for scores).

Clinical Interview. To determine ADHD diagnoses, semi-structured clinical inter-
views were conducted with adolescents and their parents using the Schedule for Affective
Disorders and Schizophrenia for School-Aged Children – Present and Lifetime Version
(K-SADS-PL; Kaufman et al., 1997). A clinical psychologist or a supervised PhD candi-
date in clinical psychology performed the interviews separately for adolescents and their
parents. The KSADS-PL is a widely used diagnostic measure that has demonstrated accept-
able test-retest reliability (r = .63), and 98% interrater agreement (Kaufman et al., 1997).
The final Diagnostic and Statistical Manual of Mental Disorders, fourth edition (DSM-IV)
diagnosis of ADHD was based on the K-SADS-PL clinician’s summary from the par-
ent and adolescent interview, along with a teacher interview and rating scales (described
below), and was confirmed with the study’s consultant psychiatrist.

Teacher Interview. The Teacher Telephone Interview – IV (TTI-IV; Tannock,
Hum, Masellis, Humphries, & Schachar, 2000) is a semi-structured diagnostic interview
for use with teachers. It is used to systematically assess children’s disruptive behavior
and functioning in the school setting and assesses symptoms of ADHD, Oppositional
Defiant Disorder, (ODD), and Conduct Disorder (CD), according to the DSM-IV diagnos-
tic criteria. For the present study, the total number of inattentive and hyperactive/impulsive
symptoms were used. Research shows that the TTI-IV possesses good interscorer (r = .96–
.98) and test-retest reliability (r = .79–.95) for ADHD (Hum, 2004).
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448 M. ROGERS ET AL.

Table 1 Descriptive Statistics for Diagnostic Variables.

Mean (SD)
Total sample

(N = 145)

Mean (SD)
ADHD group

(n = 79)

Mean (SD)
Sub-threshold
group (n = 37)

Mean (SD)
Clinical control
group (n = 29)

K-SADS-PL Number of
inattentive symptoms

6.25 (2.09) 6.43 (1.87) 5.88 (2.39) 6.15 (2.49)

K-SADS-PL Number of
hyperactive/ impulsive
symptoms

3.01 (2.27) 3.34 (2.35) 3.08 (1.91) 1.38 (1.98)

SDQ Parent report:
Hyperactive difficulties

7.01 (2.01) 7.37 (2.00) 6.78 (1.84) 6.31 (2.11)

SDQ Teacher report:
Hyperactive difficulties

6.53 (2.67) 7.23 (2.40) 6.59 (2.60) 4.55 (2.57)

SDQ Self report:
Hyperactive difficulties

6.26 (2.30) 6.44 (2.14) 6.27 (2.37) 5.76 (2.64)

TTI Number of inattentive
symptoms

4.37 (2.22) 4.69 (2.34) 4.63 (1.86) 3.07 (1.90)

TTI Number of
hyperactive/ impulsive
symptoms

2.91 (2.51) 3.66 (2.32) 2.00 (2.58) 1.93 (2.34)

Rating Scales. The Strengths and Difficulties Questionnaire (SDQ; Goodman,
1997) is a standardized measure of social, emotional, and behavioral functioning that
includes a teacher, parent, and adolescent report. For the present study, only the hyperac-
tivity subscale was used. For each of the five scale items, adolescents, parents, and teachers
responded on a scale from 0 (not at all), 1 (a little, sometimes), or 2 (very much, all the
time). Previous research with the SDQ has shown to be valid as a clinical tool for screening
for psychiatric conditions (Goodman, 1997).

Path Analysis Measures (see Table 2 for scores).

Inattention. The teacher form of the Strengths and Weaknesses of ADHD-
symptoms and Normal Behavior Scale (SWAN; J. Swanson et al., 2005) was used to
assess classroom inattentiveness. The first nine items of the SWAN constitute the DSM-
IV-TR (American Psychiatric Association [APA], 2000) criteria for ADHD – Inattentive
Type; thus an average for these items was used as a measure of inattention. The SWAN
asks teachers to rate each student relative to others of the same age on a 7-point scale
ranging from “far above average” (coded as 1 for this study) to “far below average”
(coded as 7). Therefore, the higher the SWAN score, the more inattentive the teacher
rated the adolescent. Previous research has demonstrated that the inattentiveness and
hyperactivity/impulsivity items on the SWAN have strong cohesiveness (Young, Levy,
Martin, & Hay, 2009) and they showed very good internal reliability within the current
sample (r = .93 for inattentive scale, r = .95 for hyperactive/impulsive scale).

Auditory-Verbal Working Memory. Two tasks were used to assess auditory-
verbal working memory: the Digit Span and Letter-Number Sequencing subtests of the
Wechsler Intelligence Scale for Children – Fourth Edition (WISC-IV; Wechsler, 2003).
Both subtests require the participant to listen to increasingly longer lists of digits and/or
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INATTENTION, WORKING MEMORY, AND ACHIEVEMENT 449

Table 2 Descriptive Statistics for Path Analysis Variables.

Mean (SD)
Total sample

(N = 145)

Mean (SD)
ADHD group

(n = 79)

Mean (SD)
Sub-threshold
group (n = 37)

Mean (SD)
Clinical control
group (n = 29)

WJ reading achievement
composite standard score

96.54 (12.05) 96.27 (11.58) 96.22 (12.77) 97.72 (12.74)

WJ mathematics achievement
composite standard score

104.71 (13.29) 105.41 (13.78) 102.00 (10.43) 106.28 (15.01)

Auditory-verbal working
memory composite scaled
score

10.41 (2.38) 10.26 (2.48) 10.23 (2.18) 11.08 (2.28)

Visual-spatial working
memory composite scaled
score

12.22 (2.67) 12.10 (2.42) 12.46 (3.12) 12.33 (2.79)

SWAN – teacher-rated
inattention

4.19 (0.97) 4.36 (0.92) 4.19 (0.94) 3.69 (1.04)

letters that are read aloud by the examiner at a rate of one digit per second, starting with
two digits/letters. On the Digit Span subtest (r = .87), adolescents were required to repeat
digits first forward and then backward. On the Letter-Number Sequencing task (r = .90),
they were required to first repeat the numbers in numerical order and then the letters in
alphabetical order. The subtest raw scores were converted to age-adjusted scaled scores
(M = 10, SD = 3); composite scores were subsequently created by averaging the Digit Span
and Letter-Number Sequencing scaled scores.

Visual-Spatial Working Memory. Two tasks were used to assess visual-spatial
working memory: the Spatial Span subtest from the Wechsler Intelligence Scale for
Children – Third Edition – Process Instrument (WISC-IIII-PI; Kaplan, Fein, Kramer,
Delis, & Morris, 1999) and the Finger Windows subtest of the Wide Range Assessment
of Memory and Learning (WRAML-II; Adams & Sheslow, 1990). In the Spatial Span
subtest, the examiner tapped cubes (1 cube/second on a board with 10 blue randomly
mounted cubes) in increasingly long sequences, after which the adolescents were asked to
repeat the patterns, forward series followed by backwards series. In the Finger Windows
Forward subtest, the examiner indicates to an increasingly long series of spatial locations
by inserting a pencil through a series of randomly spaced holes (“windows”) on a card. The
adolescent was then asked to reproduce the same visual-spatial sequence by putting his or
her finger through each window in the same order as the presentation. The Spatial Span and
Finger Windows Forward subtest raw scores were converted to age-adjusted scaled scores
(M = 10, SD = 3); composite scores were created by averaging the two scaled scores.

Academic Achievement. The Woodcock-Johnston-III Test of Achievement
(WJ-III; Woodcock, McGrew, & Mather, 2001), a widely used individually administered
standardized test, was used to assess academic achievement. The Broad Reading Cluster,
a comprehensive measure of reading achievement, is comprised of three subtests: (a)
Letter-Word Identification, (b) Reading Fluency, and (c) Passage Comprehension. The
Broad Math Cluster was used as a measure of math achievement and is comprised of
the (a) Calculation, (b) Math Fluency, and (c) Applied Problems subtests. Raw scores
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450 M. ROGERS ET AL.

for both clusters were converted to standard scores with a mean of 100 and a standard
deviation of 15.

STATISTICAL APPROACH

Path analysis was used to examine the proposed mediational model. This statistical
technique was selected because of its ability to assess multiple paths of direct and indirect
influence and because it provides indices of fit between the data and the proposed medi-
ational model (Fassinger, 1987; Holmbeck, 1997). Additionally, this method allows for
the examination of the influence of variables while controlling for the influence of other
variables in a model when shared variance and error would be expected (i.e., auditory-
verbal and visual-spatial working memory). Our relatively small sample precluded the use
of latent variables with multiple indicators; thus subscale or composite scores were used
as single-item indicators. Nevertheless, this study satisfied the commonly used criterion
of a minimum of 100–150 participants to effectively conduct path analysis with sufficient
power (Ding, Velicer, & Harlow, 1995). The model was tested using the statistical software
LISREL (Jöreskog & Sörbom, 2009) using the maximum likelihood method of parameter
estimation.

Although usually categorized for the purposes of clinical diagnosis, in research
ADHD symptoms are frequently viewed as continuous traits, with the clinical popula-
tion at the uppermost end of the continuum and those with few symptoms at the low end.
Ample evidence exists to support the use of ADHD as a dimensional trait in research as
it allows for the preservation of more information (i.e., more data variance) and increased
statistical power (Levy et al., 1997; Lifford, Harold, & Thapar, 2008). This data analy-
sis approach has been used in several previous studies of ADHD (e.g., Rogers, Wiener,
Marton, & Tannock, 2009; Thapar et al., 2003). Considering the statistical merits of this
approach and given that all participants in this study were referred for ADHD and indeed
displayed many symptoms, we collapsed the ADHD, subthreshold, and clinical-control
samples. This allowed us to examine inattention as a continuous trait in the path analysis.
This method of analysis is further supported by the findings that even subthreshold levels
of inattention (Currie & Stabile, 2006) and working memory (Alloway et al., 2010) are
associated with academic underachievement.

RESULTS

Preliminary Analyses

Bivariate correlations for all path model variables are presented in Table 3. The corre-
lations are consistent with existing studies in terms of both direction and significance. The
correlations between all the path model variables were statistically significant at a level of
.01, with the exception of the correlation between inattention and visual-spatial working
memory, which was significant at .05.

Teacher-rated hyperactivity/impulsivity was assessed (using the Hyperactive/
Impulsive items from the SWAN – teacher form) and included in the correlation matrix
to determine if it had any significant relationships with any of the path model variables. As
expected, it was not significantly correlated with either the working memory variables or
the achievement outcomes. In light of these nonsignificant correlations and because abun-
dant research suggests that inattention is the primary ADHD symptom associated with
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INATTENTION, WORKING MEMORY, AND ACHIEVEMENT 451

Table 3 Bivariate Intercorrelations between Study Variables Using Total Adolescent Sample
(N = 145).

Variable 1 2 3 4 5 6

1. Reading achievement –
2. Mathematics achievement .53∗∗ –
3. Auditory-verbal working memory .58∗∗ .58∗∗ –
4. Visual-spatial working memory .31∗∗ .41∗∗ .49∗∗ –
5. Inattention −.26∗∗ −.38∗∗ −.29∗∗ −.18∗ –
6. Hyperactivity/Impulsivity −.08 −.09 −.05 −.14 .50∗∗ –

∗p < .05. ∗∗p < .01.

Behavioral
Inattention

Visual-spatial
Working
Memory

Auditory-Verbal
Working
Memory

Mathematics
Achievement

Reading
Achievement

−.29**

−.18* 

−.09 

−.23*

.02

.44**

.44** 

.15*

.55**

Figure 1 Path model showing all significant and nonsignificant paths with standardized beta coefficients (∗p<.05;
∗∗p<.01).

academic underachievement (Marshall et al., 1997; Rogers et al., 2009; Warner-Rogers
et al., 2000; Wilcutt & Pennington, 2000), hyperactivity/impulsivity was not included in
the path analysis.

Path Analysis

Figure 1 depicts the results from the path analysis, including the hypothesized paths
and their corresponding standardized estimates (significant paths are indicated with solid
lines and insignificant paths with dashed lines). When overall fit of the data to the proposed
model was examined, the fit of this model to the data was acceptable, χ2 = 10.37, df = 1,
Standardized Root Mean Residual (SRMR) = 0.04, Comparative Fit Index (CFI) = 0.96,
Goodness-of-Fit Index (GFI) = 0.97, Normed Fit Index (NFI) = 0.96, Root Mean Square
Error of Approximation (RMSEA) = 0.25, Confidence Interval (CI) = [0.13, 0.40].

The model shows that behavioral inattention was associated with both visual-spatial
(ß = −0.18, p ≤ .05) and auditory-verbal (ß = −0.29, p ≤ .001) working memory. Visual-
spatial working memory was associated with achievement in mathematics (ß = 0.15, p ≤
.05), but not in reading (ß = 0.02, p = .76). By contrast, auditory-verbal working mem-
ory showed significant and strong effects on both reading (ß = 0.55, p ≤ .001) and
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mathematics (ß = 0.44, p ≤ .001) achievement. Despite significant bivariate correlations
between behavioral inattention and the reading (r = −.26, p ≤ .001) and math (r = −.38,
p ≤ .001), achievement variables (as shown in Table 2), when examined in the path ana-
lytic model with the working memory subsystems, the path from behavioral inattention to
reading achievement turned out to be nonsignificant (ß = −0.09, p =.20). This illustrates
that the bivariate association between inattention and reading achievement is mediated by
auditory-verbal working memory. The path from behavioral inattention to mathematics
achievement (ß = −0.18, p ≤ .05) remained significant when the working memory vari-
ables were included. This suggests that behavioral inattention still has a significant, albeit
weak, association with math achievement even when working memory is accounted for. As
would be expected, there was a significant association between the errors of visual-spatial
and auditory-verbal working memory (ß = 0.44, p ≤ .001). Taken together, the variables in
this path model account for approximately 35% of the variance in the adolescents’ reading
achievement and 40% of the variance in their mathematics achievement.

DISCUSSION

In the present study, we investigated the interplay between behavioral inattention
and working memory, and their unique and combined influences on adolescents’ aca-
demic achievement. Using a multivariate path analytic approach, we tested the hypothesis
that working memory would have mediational and differential effects on the relation-
ship between observed classroom inattention and academic performance using a sample
of adolescents referred for ADHD. Indeed, our proposed model was supported by the
data: Deficits in adolescent working memory, particularly auditory-verbal working mem-
ory, appear to account for much of the relationship between teacher-observed inattention
and academic underachievement in reading and mathematics.

Consistent with developmental research, this study illustrates the dominance of
auditory-verbal working memory in adolescence, and its pervasive influence on academic
achievement. Throughout the elementary and middle school years, children undergo a
radical transformation in their working memory processes, moving from primarily visual
encoding, to combined visual-verbal strategies, and eventually to a more adult-like reliance
on auditory-verbal working memory (Palmer, 2000; Pickering, 2001). Considering the
preponderance of verbally presented information across all subject areas at the high
school level, and also the development of the prefrontal cortex at this developmental
period, it is not surprising that adolescents have come to rely on a auditory-verbal strat-
egy for learning, particularly reading. The present study suggests that the dominance of
auditory-verbal working memory may be a key mechanism by which inattention influences
reading and math outcomes, since the association between inattention and academic scores
dropped dramatically when working memory (namely auditory-verbal) was introduced as
a mediating variable.

Visual-spatial working memory showed a weaker effect on adolescents’ academic
outcomes but was nevertheless significantly related to math achievement. Indeed pre-
vious research shows that in addition to procedural and conceptual knowledge, success
in mathematics depends heavily on working memory (Raghubar, Barnes, & Hecht,
2010). In this study, both visual-spatial memory and auditory-verbal memory were
significantly associated with adolescents’ achievement in mathematics; although the path
from auditory-verbal working memory was stronger. Notably, the relationship between
behavioral inattention and mathematics remained significant even after accounting for
both working memory subsystems. This suggests that unlike reading achievement,
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inattentiveness continues to have an adverse impact on math achievement above and
beyond the influence of working memory.

Clinical and Educational Implications

Some research has suggested that as children with ADHD develop into adolescence,
working memory deficits are less pronounced (e.g., Marx et al., 2010). Nevertheless, the
current study suggests that working memory deficits indeed continue to have an adverse
effect on achievement in adolescence. As such, it is important that both visual-spatial and
auditory-verbal working memory be thoroughly assessed in clinical and educational refer-
rals for inattention and learning problems in adolescence. Emerging evidence from studies
of younger children suggest that working memory training may improve working memory
performance and inattentiveness (e.g., Klingberg et al., 2005), but no studies to date have
demonstrated improvements in academic achievement, nor has working memory training
been examined in adolescents. This seems a worthwhile avenue of research given that
working memory continues to adversely impact academic achievement into adolescence
(Gropper and Tannock, 2009). Moreover, identifying alternative academic interventions
is important because of the significant drop in treatment compliance, particularly with
stimulant medication, in this age group (Kilic, Bilgic, Gerkan, & Aysev, 2007).

High school teachers may benefit from being educated about the neurocognitive
basis of the inattention-underachievement link, as evidence from elementary school teach-
ers suggests that increasing awareness and understanding of ADHD and inattention can
improve school outcomes for children with ADHD (Martinussen, Tannock, Chaban,
McInnes, & Ferguson, 2006). In fact, the current results suggest that teacher-rated inatten-
tion (using a short rating scale, such as the SWAN) may be useful in screening adolescents
with achievement problems. This may be an easy and reliable method of identifying high
school students in need of neuropsychological assessment and academic remediation.

Limitations & Future Directions

The overarching objective of this research was to examine if auditory-verbal and
visual-spatial working memory mediate the relationship between inattention in the class-
room and adolescent’s academic achievement. Because we used single indicators, rather
than latent variables, there is an increased likelihood of measurement error, thus future
research with multiple indicators would be beneficial. Moreover, because of the potential
confounds of using a clinical control group, and our relatively small sample size, future
research with larger samples of adolescents with ADHD would be beneficial. Finally, this
study did not examine writing achievement. Writing places great demands on the working
memory system, and disorders of written expression are the most common learning dis-
abilities in children with ADHD (Mayes & Calhoun, 2007b). Therefore, future research
should include the impact of working memory on writing achievement in adolescence. A
closer examination of how working memory and inattention impact specific academic sub-
ject areas (e.g., math calculation, reading comprehension, etc.), or how they may vary by
ADHD subtype, may also be beneficial.

Conclusions

This study established the key mechanism of working memory by which inattention
influences adolescent’s scholastic achievement. Indeed, our model explained a substantial
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amount of variance in adolescents’ achievement outcomes (35%– 40%). This suggests that
there is a pervasive reliance on working memory for academic success that extends beyond
childhood and into adolescence, implying that working memory is a risk factor for aca-
demic failure for adolescents with attentional problems. By examining these variables with
path analysis, we were able to precisely examine the contributions of auditory-verbal and
visual-spatial working memory, both together and separately, and their relations to teacher-
observed inattention and standardized achievement in reading and mathematics. Future
studies that examine additional pertinent cognitive and behavioral variables will advance
our understanding further of the factors contributing to inattention, working memory, and
academic achievement in adolescence.
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