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Assessment and Treatment of Working
Memory Deficits in School-Age
Children: The Role of the
Speech-Language Pathologist

Donna Boudreau® and Amy Costanza-Smith®

Purpose: To review research addressing the relationship

of working memory (WM) to language development and
academic functioning and to consider the role of the speech-
language pathologist (SLP) in assessment and intervention of
WM difficulties in school-age children.

Method: Aspects of WM critical to language acquisition and
academic success are defined, and the importance of WM to
language development and learning is discussed. Subsequently,
strategies for assessing WM skills in children are presented.
Following a discussion regarding the assessment of WM
demands in the classroom, intervention strategies are provided.
Results: Children with poor WM skills are likely to experience
significant difficulty in academic settings. Evidence-based

strategies for both reducing WM demands and improving
functional WM skills are reviewed.

Conclusion: Research to date has documented that children
with language impairments frequently have poor WM skills.
SLPs can support poor WM skills by considering both modi-
fications to the environment and child-enacted knowledge
and skills, which may serve to reduce the impact of poor
WM skills on learning and academic success.

Key Words: working memory, language impairment,
language assessment, language intervention,
phonological memory

tionship of working memory (WM) to language

development and learning has occurred during the
past 20 years. WM has been implicated in the rate at which
children learn new vocabulary; comprehend language (oral
and written); acquire literacy skills; and gain efficiency in
math, reasoning, and problem-solving tasks (Adams, Bourke,
& Willis, 1999; Alloway & Alloway, 2010; Cain, Oakhill, &
Bryant, 2004; De Jong, 1998; Passolunghi & Siegel, 2004;
Salthouse, Mitchell, Skovronek, & Babcock, 1989; Swanson,

S ubstantial growth in research investigating the rela-
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Cochran, & Ewers, 1989; Swanson & Sachse-Lee, 2001;
Vanderberg & Swanson, 2007; Vukovic & Siegel, 2010).
Children’s WM abilities at school entry have been shown
to predict their overall academic attainment through adoles-
cence (Alloway, 2009; Alloway et al., 2005; Gathercole,
Brown, & Pickering, 2003; Gathercole & Pickering, 2000;
Gathercole, Pickering, Knight, & Stegmann, 2004), serving
as a better predictor of school success than 1Q (Alloway,
2009). The purpose of this article is to consider the implica-
tions of WM deficits to school-age children’s academic
success and to provide suggestions for ways that speech-
language pathologists (SLPs) can assist children with such
deficits. Following a theoretical discussion of the concept
of WM, studies addressing the contribution of WM to lan-
guage acquisition and literacy development, as well as the
development of WM abilities in children with language
impairments (LI), are reviewed. Subsequently, tools for
assessing WM abilities, as well as implications of poor WM
abilities to the assessment of language and literacy, are
considered. We conclude with suggestions for practioners
of ways to support children with WM difficulties in educa-
tional and clinical settings.
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WM DEFINED

There are several aspects of memory that are important for
language learning and use. These include short-term memory
(STM), long-term memory (LTM; including semantic and
episodic memory), and WM (Hood & Rankin, 2005). STM
involves the temporary storage of information (Alloway,
Gathercole, Kirkwood, & Elliott, 2009; Minear & Shah,
2006). An example of STM would be immediately recalling
a list of items on a shopping list or a recently heard telephone
number, or obtaining items identified by a teacher to com-
plete a given task (e.g., “Take out your pencil, markers, and
writing journal.”). Comparatively, LTM serves as long-term
storage for information within an individual (Cowan, 1998).
LTM has a potentially infinite capacity (that is difficult to
measure), and information from LTM must be brought to a
conscious level in order to complete a given task. LTM is
critical for accessing previously learned information and
for learning and retaining new information (Hutchinson &
Marquardt, 1997; Jones, Gobet, & Pine, 2007).

Of particular importance to higher level language and
cognitive tasks, and the focus of the current article, is WM.
WM is considered a domain-general system that controls
attention and processing of information (Baddeley, 1996). It
has been described as the temporary memory used in infor-
mation processing (Baddeley & Hitch, 1974) or “STM when
it is used to solve a problem or perform a task” (Cowan, 1998,
p. 4). Thus, WM is information that is in an active and/or
accessible state and is used to complete some form of mental
activity (Cowan, 1998). Examples of real-life activities that
draw on WM include following multiple-step directions that
build on each other, counting forward or backward by a set
incremental amount (e.g., = 3), mentally completing a math
equation with two-digit or larger numbers, attempting to write
down verbatim a series of recently heard sentences, and fol-
lowing the actions of multiple characters over the course
of a story. In each of these tasks, information must be tem-
porarily maintained while a mental operation is completed.
Stated differently, each of these activities draws on WM.

In the WM model proposed by Baddeley (1990; which
provides the theoretical framework for a broad base of research
to date), WM consists of a central executive system with two
slave systems—a phonological buffer and a visuospatial
sketch pad (responsible for storage and processing of visual
and spatial information). The phonological buffer contains two
subcomponents: an articulatory rehearsal process in which
phonological information is maintained in memory through
a process of subvocal rehearsal (Baddeley, Gathercole, &
Papagno, 1998; Gathercole & Baddeley, 1993a), as well as
a short-term phonological store (also called phonological
STM [PSTM] or phonological WM) that is responsible for the
temporary storage and processing of phonological represen-
tations. Within PSTM, phonological information is encoded
but quickly decays without covert efforts to maintain the

information (Baddeley, 1990; Baddeley & Hitch, 1974). In
this article, we focus on two mechanisms of WM that play
critical roles in language and learning in children: PSTM
and the central executive/limited capacity system, which we
refer to as functional working memory (FWM).

Baddeley (1996) originally suggested that the central
executive serves as a supervisor to other systems, controlling
attention and allocation of resources (Parente, Kolakowsky-
Hayner, Krug, & Wilk, 1999). The central executive is also
thought to control metacognitive processes such as task anal-
ysis, strategy selection, and strategy revision (Wynn Dancy
& Gillam, 1997). The limited capacity theory of WM (i.e.,
FWM) was developed by Daneman and Carpenter (1980)
from Baddeley’s model of the central executive to more
fully explain the role of WM in language development.
This attentional resource capacity/allocation mechanism
(Montgomery, Polunenko, & Marinellie, 2009) encompasses
both the amount of resources available to complete a task
requiring mental energy (capacity) as well as the flexibility in
which an individual allocates available resources between
simultaneous demands of storage and processing (Baddeley,
1996; Montgomery et al., 2009). In this model, WM is viewed
as the dynamic allocation of a limited capacity of resources
that perform the language processes and store the transitional
and final products (Just & Carpenter, 1992). Individuals
are thought to vary in their level of resource capacity, with
limitations in resources attributed to the amount of processing
capacity (effort and cognitive ability) available at any time
(Snyder, Dabasinskas, & O’Connor, 2002; Tompkins, 1995).
Thus, tasks that place a demand on the system that is greater
than the resources available will result in performance dif-
ficulties (Just & Carpenter, 1992).

THE RELATIONSHIP OF WM
AND LANGUAGE DEVELOPMENT

Vocabulary

WM, and more specifically, PSTM, plays an important
role in the early stages of language acquisition, particularly in
relation to vocabulary development. Children’s abilities to
encode acoustic information into phonological codes and
temporarily maintain phonological information (typically
measured using a nonword repetition [ NWR] task) are related
to their ability to construct a long-term phonological repre-
sentation of a new word (Baddeley, 1996). This skill is critical
for the development of early vocabulary for both typically
developing children and children with LI (Avons, Wragg,
Cupples, & Lovegrove, 1998; Edwards, Beckman, & Munson,
2004; Ellis Weismer & Edwards, 2006; Gathercole & Baddeley,
1990b; Gathercole & Baddeley, 1993b). Difficulty with pro-
cessing resources is thought to be the root problem of poor
vocabulary skills in at-risk children (Gilliver & Byrne, 2009).
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Studies that examined phonological memory skills and vo-
cabulary acquisition in varied age groups found that differ-
ences in NWR tasks on low as compared to large phoneme
sequences varied for children with smaller versus larger
vocabularies (Edwards et al., 2004; see also Gupta & Tisdale,
2009), suggesting that PSTM is an important contributor to
the early development of vocabulary but that other cognitive
processes and language skills become more critical as a child’s
linguistic skills develop. PSTM also has been shown to
contribute to grammatical accuracy and morphology in at
least some languages (Gathercole, 1995; Thordardottir, 2008).
Work with young preschool children has also demonstrated a
relationship between PSTM and mean length of utterance
(MLU; Adams & Gathercole, 1995).

Language Comprehension

Language comprehension requires children to store in-
formation received verbally for the extent of time needed to
process and construct an appropriate interpretation of the
sentence (Montgomery, 1995; Montgomery, Magimairaj, &
Finney, 2010). In complex sentences that include clauses/
phrases in the medial or final position of the sentence (e.g.,
relative clauses), information from earlier parts of sentences
may be forgotten, or storage and processing trade-offs may
occur when a large amount of resources is dedicated to
processing some aspects of syntax—semantic relationships,
leaving fewer resources available to maintain earlier infor-
mation processed or later information received (Montgomery,
2000a). In a series of studies designed to investigate the rela-
tionship between PSTM, WM, and sentence comprehen-
sion in school-age children with LI and peers matched for age
and/or language skills, experimental sentences consisted of
redundant (but not linguistically more complex) informa-
tion, effectively increasing their length without increasing
the processing demand (Montgomery, 1995, 2000a, 2000b;
Montgomery & Evans, 2009; Montgomery, Magimairaj, &
O’Malley, 2008). Both PSTM and FWM were found to
be significant predictors of comprehension of complex sen-
tences (see also Botting & Conti-Ramsden, 2001; Thordardottir,
2008). For participants with specific language impairment
(SLI), even simple sentences required significant PSTM
resources (Montgomery & Evans, 2009).

More recent work examined the role of WM in compre-
hension of oral narratives, which requires a child to create
a mental model of a text (storage demand), maintain/modify
this model in WM, and integrate large chunks of new infor-
mation received into the stored mental representation to al-
low for changes/updating of the mental model (processing
demand; Montgomery et al., 2009). From a theoretical frame-
work, a child’s ability to complete a WM task that requires
storage and processing of information while simultaneously
inhibiting information that is not related to the task at hand
is closely aligned with the process of reading comprehension.
In a recent study examining the relationship between WM

and narrative comprehension in 6- to 11-year-olds (N = 67),
measures included a digit span task (PSTM), a measure of
capacity/storage (FWM), and the comprehension section of
the Test of Narrative Language (Montgomery et al., 2009).
Results revealed that FWM (but not PSTM) made a signifi-
cant contribution to children’s ability to answer factual and
inferential questions on the narrative measure. The authors
attributed these findings to the fact that whereas PSTM is
required to maintain sequences of verbal information in mem-
ory until they can be processed, it is FWM that is required
to establish a coherent mental model of events (Montgomery
et al., 2009).

Academic Achievement

WM abilities have been implicated in broad studies of aca-
demic achievement as well as more narrow investigations of
literacy acquisition and mathematical skills (Berninger et al.,
2008; Cain et al., 2004; Gathercole, Alloway, Willis, & Adams,
2006; Gathercole, Willis, Emslie, & Baddeley, 1992; Georgiou,
Parilla, & Papadopoulos, 2008; Nation, Adams, Bowyer-
Crane, & Snowling, 1999; Swanson & Berninger, 1995;
Swanson & Jerman, 2007; Torppa, Poikkeus, Laakso, Eklund,
& Lyytinen, 2006; Yuill, Oakhill, & Parkin, 1989). Decod-
ing a novel word requires a child to break a word into its
individual sounds and hold the accompanying phonological
representations in memory until each letter/letter sequence
is encoded and can be blended together to form a word—a
process similar to writing and spelling as a child breaks each
word into its individual parts, accesses the accompanying
phonological representation in memory (or letter—sound),
and represents each sound with a graphic symbol. Studies
have shown that PSTM at age 4 is a significant predictor
ofreading abilities at age 8, even when controlling for age and
nonverbal intelligence (Gathercole et al., 1992). In a longi-
tudinal examination of the relationship of PSTM and literacy
(i.e., decoding, reading comprehension, and spelling) in ado-
lescents with SLI, participants with good NWR skills (e.g.,
good PSTM) performed better on literacy measures than
did children with poor NWR skills, most notably on decoding
and spelling tasks. This relationship was not unidirectional,
as language and literacy skills at age 11 predicted NWR skills
at age 14 (Conti-Ramsden & Durkin, 2007).

Cain et al. (2004) investigated the relationship between
WM capacity and reading comprehension in a group of school-
age children (N =102) 7 to10 years of age over a 2-year
period. Findings revealed that verbal FWM was a significant
predictor of reading comprehension, beyond the contribu-
tions made by other variables at each point in time. FWM is
most likely to contribute to reading comprehension when
the amount of text a child is able to read places demands on
his or her WM. For example, Seigneuric and Ehrlich (2005)
conducted a longitudinal investigation of the contribution
of WM capacity to reading comprehension in French-speaking
children who were evaluated in Grades 1, 2, and 3 (N = 74).
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Although FWM failed to account for a significant proportion
of variance in measures of reading comprehension at 1* and
2" grade (when the amount of text a child is able to read is
more limited), FWM at Grade 2 was correlated with 3™-grade
reading comprehension. Importantly, the predictive value of
FWM increased over time, and WM was a significant predictor
of reading comprehension (along with decoding skills and
vocabulary) in 3rd grade (see also Seigneuric, Ehrlich, Oakhill,
& Yuill, 2000; Swanson & Jerman, 2007). Findings from

a recent meta-analysis examining the contribution of WM
to reading comprehension (Carretti, Borella, Cornoldi, &
De Beni, 2009) suggested that WM plays an important role
in children who are experiencing comprehension difficulties
when the measure of WM requires both storage and pro-
cessing, rather than storage only, of verbal information.

WM IN CHILDREN WITH LI

Theories addressing particular WM deficits observed in
children with LI include difficulty with attention or percep-
tion, limited capacity in PSTM, limitations in accessing
information from LTM, reduced processing speed, as well as
a broader general capacity limitation (Archibald & Gathercole,
2006; Gathercole & Baddeley, 1990b; Gillam, 1997; Leonard
et al., 2007; Montgomery & Evans, 2009). What holds con-
stant across these theoretical perspectives is the notion that
WM consists of both processing and storage of information,
and that tasks that are particularly demanding from either a
storage and/or a processing perspective result in fewer re-
sources available for other aspects of a task.

The important roles that PSTM and FWM play in language
acquisition and academic success has prompted researchers
to look more closely at these components of WM in children
with LI. Studies have found that children with LI perform
more poorly than typically developing peers on PSTM tasks
(Dollaghan & Campbell, 1998; Ellis Weismer et al., 2000;
Leonard et al., 2007), with scores on NWR tasks serving to
successfully discriminate between children with LI and con-
trols (Gathercole & Baddeley, 1990a). A study by Bishop,
North, and Donlan (1995) of twins suggests that difficulties
in PSTM in children with LI are highly heritable, and may in
fact constitute a phenotypic marker of children with LI.

Limitations in FWM abilities in children with LI and
language-learning disabilities have also been well documented.
School-age children with language-learning difficulties con-
sistently perform more poorly on tasks that tap into storage
and processing components of WM when compared to typ-
ically developing peers (Archibald & Gathercole, 2006; Ellis
Weismer, Evans, & Hesketh, 1999; Riccio, Cash, & Cohen,
2007). These difficulties are often attributed to processing
capacity limitations as well as difficulty in inhibition and
executive function (Brocki, Randall, Bohlin, & Kerns, 2008;
Isaki, Spaulding, & Plante, 2008; Marton, Kelmenson, &

Pinkhasova, 2007). Additional work has attempted to
substantiate physiological differences that may underlie
behavioral measures of WM difficulties in children with SLI.
In a study of adolescents with SLI (Ellis Weismer, Plante,
Jones, & Tomblin, 2005), functional magnetic resonance
imaging was used in combination with a behavioral task to
measure WM and processing capacity limitations in this
population. Results revealed hypoactivation in regions as-
sociated with attention, memory, and language processing,
as well as differences in patterns of coordination activation
among brain regions, providing support for physiological
differences related to WM in children with SLI.

WM IN ASSESSMENT

In light of the significant role WM plays in language
acquisition and learning, SLPs should consider WM when
completing a language assessment. SLPs who work on
multidisciplinary teams may have access to a wealth of
information regarding WM from other team members, as
psychologists frequently assess WM as part of a standardized
assessment of intelligence and academic achievement. For
example, on the Wechsler Intelligence Scale for Children—IV
(WISC-1V; Wechsler, Kaplan, Fein, & Kramer, 2004), a
child’s full-scale IQ is based on four composite scores, of
which one is WM. Similarly, the Stanford-Binet Intelligence
Scale (Gale, 2003) includes WM measures in the calculation
of both nonverbal and verbal IQ scores.

When WM information is not available, SLPs may choose
to assess WM directly, using a WM-specific measure as
part of a comprehensive language evaluation. This may be
warranted if memory is a presenting concern (e.g., traumatic
brain injury), if memory difficulties have been implicated by
other testing or observation of a child’s functioning, or if
the clinician wants to consider the underlying factors that
may contribute to language or academic difficulties. In light
of evidence that WM difficulties often are viewed as attention
problems by teachers, concerns about a child experiencing
difficulty in completing tasks, keeping pace, or following
instructions may also serve as red flags for possible WM
deficits (Gathercole, 2008). In children, WM-specific mea-
sures include measures of PSTM and FWM.

PSTM

For children who are experiencing vocabulary or literacy
difficulties (e.g., decoding or spelling), an assessment of
PSTM may be particularly important. PSTM is typically
measured using NWR tasks, which are designed to measure
phonologic processing efficiency independent of lexical
knowledge (Dollaghan, Campbell, Needleman, & Janosky,
1997; Gillam, Hoffman, Marler, & Wynn-Dancy, 2002).
NWR requires PSTM because to repeat a nonword, a person
has to maintain an accurate phonological representation of

Boudreau & Costanza-Smith: Working Memory and Language Assessment and Intervention 155



unfamiliar phonologic information in memory (Jarrold, 2001;
Montgomery, 2002). Performance on NWR tasks is depen-
dent on the ability to encode and produce the phonological
information presented (Jarrold, 2001). Two NWR measures
that have been used frequently in research to date with chil-
dren are the Children’s Test of Nonword Repetition (CNrep;
Gathercole & Baddeley, 1996) and the Nonword Repetition
Task (NRT; Dollaghan & Campbell, 1998). Both tasks require
the child to repeat lists of nonwords, which systematically
vary in both the number of nonwords included and the number
of syllables represented in the nonword. Nonwords are used
rather than real lexical items to avoid children drawing on prior
learned knowledge or lexical abilities (Bishop et al., 1996).
In other research, NRT performance was found to be influ-
enced more strongly by cognitive deficits, and the CNRep was
more sensitive in identifying phonologic memory deficits in
children with SLI (Archibald & Gathercole, 2006).

In addition to experimental tasks, an increasing number of
standardized language measures are including an NWR task.
This is due in part to research indicating that performance
on PSTM is useful for differentiating typical from disordered
populations (Dollaghan et al., 1997; Engel, Santos, &
Gathercole, 2008). NWR tasks have also been found to be less
culturally biased than many language measures currently
available (Ellis Weismer & Evans, 2002; Engel et al., 2008;
Rodekohr & Haynes, 2001). Examples of language mea-
sures that contain an NWR task include the Comprehensive
Test of Phonological Processing (CTOPP; Wagner, Torgesen,
& Rashotte, 1999), which is normed on children 5 to 24 years
of age, as well as the Working Memory Test Battery for Chil-
dren (WMTB-C; Pickering & Gathercole, 2001), which
includes subtests that measure PSTM as well as FWM and
visuospatial WM. It should be noted, however, that NWR
in isolation may not be sensitive for all populations/dialects
of children (Oetting & Cleveland, 2006).

FWM

For children who are experiencing classroom difficulties
with following complex directions, oral or reading compre-
hension, or completing tasks that require completion of mental
operations (e.g., word/story problems, math equations per-
formed mentally), an assessment of FWM may provide some
insight into these challenges. Measures of FWM are designed
to evaluate how much information children can maintain in
storage while they simultaneously perform processing opera-
tions (Baddeley & Hitch, 2000; Hitch, Towse, & Hutton,
2001). Therefore, WM span is assessed using tasks that draw
resources from both storage and processing, or dual tasks
(Engle, 2001). In this type of assessment, an extrinsic mem-
ory load, such as a series of words to be remembered, is added
to a task requiring processing resources (Just & Carpenter,
1992). The processing component is typically a form of sym-
bolic manipulation (Duff & Logie, 2001), such as compre-
hending an oral or text sentence (reading or listening span),

putting words into categories (word memory span), or com-
pleting a mathematical operation (operation span). Storage

is simultaneously tapped through an extrinsic memory load,
such as remembering a list of words or numbers. In this way,
storage resources are consumed for retention of the extrin-
sic memory load in WM. As the extrinsic memory load in-
creases, processing declines because available resources are
shared between storage and processing (Duff & Logie, 2001;
Just & Carpenter, 1992). Differences in the coordination of
the simultaneous functions of storage and processing produce
individual differences in performance (Montgomery, 2002).

The competing language processing task (CLPT; Gaulin
& Campbell, 1994) is an experimental task that was devel-
oped to assess WM span in children. The CLPT is based
closely on the reading span task (Daneman & Carpenter,
1980) and is commonly used in research. The CLPT consists
of 42 true/false sentences presented in sets of 1—6 sentences.
During the task, the child is presented with a sentence and
is asked to assess the truth of the sentence by verbally stating
whether it is true or false while simultaneously holding the
last word of each sentence in WM. At the end of each set of
sentences, the child is asked to recall the last word of each
sentence in the group in order. Comprehension of the sen-
tences and storage of the final words draw on the available
pool of resources (see Figure 1). According to the limited
capacity model, performance in comprehension, final word
retention, or both will decline when the two tasks conjointly
exhaust the available resources (Gaulin & Campbell, 1994).
The authors consider word recall to be an estimate of memory
capacity for lexical information as well as an indication of
the efficiency of the processing resources being allocated
(Gaulin & Campbell, 1994). Because the CLPT holds pro-
cessing constant (single sentence understanding), it is primar-
ily a measure of storage (Montgomery, 2002).

In addition to the experimental task (CLPT), at least one
commonly used standardized language test now includes FWM
tasks. The Clinical Evaluation of Language Fundamentals—
Fourth Edition (CELF—4; Semel, Wiig, & Secord, 2003)

Figure 1. The Competing Language Processing Task (Gaulin
& Campbell, 1994) as a measure of limited capacity.

Working Memory Resources

w Processing
“shoes, plane, bush,

thumb

“Tell me all the words you can
remember in order from smallest to

largest.” thumb, shoes,

bush, plane”
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includes a WM index that is based on two subtests: Number
Repetition and Familiar Sequences. The Number Repetition
subtest includes forward and backward digit span. Whereas
forward span is considered a measure of STM, backward span
is considered a more difficult task because items must not
only be stored but also reversed, thereby taxing both process-
ing and storage resources in WM (see Gathercole & Pickering,
2000). The Familiar Sequences subtest considers a child’s
functional memory of numbers, days of the week, and months
of the year and assesses WM by having the child recall the
information backward or by using calculations (e.g., “Count
starting with 1 by adding two each time. For example, 1, 3, 5.”).
Scoring of the Familiar Sequences subtest is also based on
how quickly a child responds. These two subtests combine
to form the Working Memory Composite. This index is an
accessible complement to standardized language assess-
ment. Additionally, the WMTB—-C (previously described)
includes an assessment of central executive functioning and
may be administered by an SLP (Pickering & Gathercole,
2001). Recently, a teacher rating scale based on observa-
tions was developed to serve as an initial screening tool when
concerns about WM have been identified (Alloway et al.,
2009). Named the Working Memory Rating Scale, it consists
of 20 descriptions of problem behaviors in which the teacher
rates a child on a 4-point scale ranging from not typical at
allto very typical. It has reported good internal reliability and
adequate psychometric properties (Alloway et al., 2009).

WM Demands of Assessment

It is also important for SLPs to consider the WM demands
inherent in measures of speech, language, and reading. To do
so, clinicians can examine storage and processing require-
ments of language assessment tools and consider how these
demands may influence a child’s performance. Tasks that
require a child to hold onto multiple pieces of information and
engage in a mental activity require WM. Examples include
judgment tasks where a child must hold on to a verbal target
and compare it to information stored in memory, or tasks that
require a child to determine which items may be similar or
different based on a presented criteria. Analyzing the pattern of
breakdowns observed (or task analysis) can make standardized
testing more informative (Ellis Weismer & Evans, 2002;
Lahey & Bloom, 1994). For example, performance on sen-
tence imitation tasks serves as a marker of both WM and LI
(Archibald & Joanisse, 2009). If a child performs better on a
sentence imitation task (considered mostly rote memory)
compared to a task in which comprehension of the sentence
must be demonstrated (such as a following directions task),
then SLPs should consider a child’s WM abilities as a way
of accounting for this discrepancy. In this example, the
child has the PSTM skills to repeat a sentence (storage) but
may not have the capacity needed to act on the sentence
(processing).

INTERVENTION

Gillam (1997) suggested that given the critical role lan-
guage plays in memory and memory plays in language, it
is difficult to separate language intervention from the topic of
memory. When working with children known to have WM
limitations, clinicians will want to be particularly considerate
of the potential impact of these difficulties on a child’s re-
sponse to intervention, as well as his or her academic func-
tioning in the classroom.

There are several theories about the ways WM limitations
may contribute to poor performance on academic and lan-
guage tasks. Whereas some theorists subscribe to the notion
of differences in overall capacity as being the primary vari-
able that predicts performance on WM and related measures,
others acknowledge the importance of domain-specific knowl-
edge and/or use of strategies to the completion of a given
task with significant WM demands (Minear & Shah, 2006).
Some support for this latter perspective is observed when
considering individuals who may perform particularly well in
some real-life contexts (e.g., a waiter who does not need to
write down orders) but may not perform particularly well
on clinical measures of WM (Minear & Shah, 2006). In
actuality, there is the likelihood that how a task with signifi-
cant WM demands is performed reflects some combination
of knowledge representation, limitations in capacity, and
strategy use (Minear & Shah, 2006).

The notion that WM and processing capacity may be
biologically predisposed begets the question of (a) whether
we can modify this cognitive process that is so critical for
language acquisition and learning, and (b) whether changes
in WM skills will result in improved language abilities or
academic performance. Although a number of intervention
studies have successfully retrained WM skills in patients with
traumatic brain injury (Cicerone, 2002; Parente et al., 1999;
Vallat et al., 2005) and schizophrenia (Wexler, Anderson,
Fulbright, & Gore, 2000), research with children is only
beginning to emerge. Despite the fact that studies to date have
been completed with populations of children other than those
with LI, results have been promising. For example, Klingberg
et al. (2005) investigated the effects of computerized training
to improve WM skills in school-age children with attention
deficit hyperactivity disorder. Intervention completed over a
5-week period consisted of performing both visuospatial and
verbal WM tasks daily for approximately 40 min/90 WM
trials presented within a computer program (termed Cogmed
for Cognitive Memory Training Program; Klingberg et al.,
2001). Tasks were increased in complexity based on children’s
level of success on a given trial. In both posttreatment as-
sessment as well as follow-up 3 months later, children in the
treatment group outperformed the control group on a mea-
sure of visuospatial WM skills as well as measures of verbal
WM (see also Holmes, Gathercole, & Dunning, 2009; Jaeggi,
Buschkuehl, Jonides, & Perrig, 2008; Klingberg, Forssberg,
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& Westerberg, 2002; St. Clair-Thompson, Stevens, Hunt, &
Bolder, 2010).

Similar results were obtained with preschool children
in a 5-week computerized training program designed to im-
prove visuospatial WM or inhibition. Only the training group
demonstrated improvements on trained and untrained visuo-
spatial and verbal WM tasks (Thorell, Lindqvist, Nutley,
Bohlin, & Klingberg, 2009). A critical component of success-
ful intervention projects to date has been the inclusion of
tasks that place significant storage and processing demands
on the system, as well as systematically increasing/decreasing
demands based on individual performance. Generalizing
research findings to children with LI should be approached
cautiously, however, given the fact that studies to date have
not targeted this population specifically. Interestingly, research
using functional magnetic resonance imaging as a tool to
measure changes in brain activity following WM training in
young, healthy adults has shown increased activity in areas
of the brain associated with WM (e.g., dorsolateral, prefrontal,
parietal association contexts, as well as left inferior frontal
cortex) (Wexler et al., 2000; see also Olesen, Westerberg,
& Klingberg, 2004). These findings are promising in their
substantiation of physiological changes following WM
intervention.

In addition to considering training WM abilities directly,
there are a number of other ways clinicians can support WM
difficulties and their impact on learning and academic func-
tioning. The goals of such efforts are to reduce demands in
those contexts in which it is believed that WM limitations
are impacting performance, while at the same time improve
the efficiency in which the child uses available resources/
capacity. In the following section, we present our suggestions
for evaluating the current WM demands of the classroom.
Subsequently, we discuss strategies for modifying the envi-
ronment as well as ideas for addressing child-specific knowl-
edge, skills, and strategies.

Identify WM Demands of the Classroom

Classroom and discourse practices. Observing and ana-
lyzing the WM demands of both classroom discourse and
assignments is an appropriate first step for the SLP. Of sig-
nificance is the identification of learning contexts in which
WM limitations are likely to influence performance. There
are some types of instructional activities and practices that are
inherently likely to place greater WM demands on a child
than others, such as learning situations in which a child is
asked to store a considerable amount of information while at
the same time engage in mental operations related to infor-
mation stored. Gathercole et al. (2006) studied WM demands
within regular education activities of a small group of 5- and
6-year-olds with poor WM abilities in an attempt to iden-
tify situations in which WM demands contributed to the chil-
dren’s ability to complete target activities. Results revealed
particular difficulties in the following contexts: classroom

instruction (particularly if instructions were lengthy and did
not reflect a routine activity of the classroom), completing
demanding processing activities that included storage and
processing of information (such as counting activities that
increased or decreased by a set amount), and writing (includ-
ing generating sentences or writing to dictation) (see also
Alloway et al., 2005). Thus, SLPs should work with teachers
to identify those learning contexts that contain significant
processing and storage demands—a task likely best com-
pleted through observations across the curriculum. SLPs will
want to pay particular attention to the language of instruction
within the classroom, noting the way in which information
is delivered, assignments are communicated, and participa-
tion is facilitated. Although significant attention to the WM
demands of the language arts curriculum is warranted, it is
important to remember that WM demands are not limited to
reading and writing activities.

Instructional materials. In addition to considering the
WM demands related to oral discourse, SLPs should also
consider the WM demands within classroom texts. In early
elementary school, the ability to comprehend and construct
oral and written stories comprises a substantial component of
classroom expectations (McCabe & Bliss, 2003). Research
has shown that complex narratives place a greater demand
on children than simple narratives do, resulting in poorer
performance on measures of narrative production and com-
prehension (Boudreau, 2007). Observation and analyses of
the complexity of stories used in the curriculum, such as the
difficulty of language used, the number of episodes included,
and the intricacies of interaction of characters, will provide
insight into the level of WM demand these texts place on a
child. This information can help explain discrepancies in a
child’s ability to comprehend different texts (oral or written).

WM demands within the context of academic texts should
also be considered. Research has demonstrated that process-
ing complex sentences places greater demand on WM than
processing simple sentences does (Montgomery & Evans,
2009; Thordardottir, 2008). For example, new concepts and
ideas introduced in a 5™-grade science textbook may be
within the student’s grasp as long as the language used (e.g.,
vocabulary, syntactic structure) is familiar to the child. In
contrast, in scenarios where the child must contribute a great
deal of mental resources to the comprehension of word
meaning or syntactic frame(s) within a paragraph, it is likely
that fewer resources will be available to integrate the content
information with previous information to create new knowl-
edge or learning.

Support(s) provided. After evaluating the WM demands
of the classroom, SLPs will want to consider the supports/
strategies currently in place that may serve to reduce WM
demands. For example, the use of visual supports (e.g., writ-
ing detailed instructions for a task on the board, using a num-
ber line in addition/subtraction equations within the math
curriculum) can reduce the amount of information a child
must maintain in memory, thereby improving his or her

158 LaNGuaGE, SpeecH, AND HEARING SERVICES IN ScHooLs ¢ Vol. 42 ¢ 152-166 < April 2011



chance for success on the task or assignment (Gathercole,
Lamont, & Alloway, 2004; Minear & Shah, 2006). Eval-
uating teaching practices currently in place that may reduce
WM demands is an important early step in planning appro-
priate intervention.

Once situations that place particular demands on WM are
identified, SLPs can provide support for children by making
teachers and other educators aware of the ways in which
WM and resource limitations may play out in a child’s response
to expectations and assignments within the classroom. Addi-
tionally, SLPs can provide suggestions for decreasing the
overall WM demand(s) of classroom assignments. Finally,
SLPs can work directly with children on skills and strategies
that will help improve their use of available resources to
complete tasks successfully.

Classroom Modifications and Supports

Adult discourse strategies. First and foremost, attention
to the task is important, particularly attention to information
that is most critical for the task at hand. Repetition is one
strategy that assists a child in knowing what is most important
from a story, lecture, or discussion; ensuring ample oppor-
tunity to store key information in memory. Additionally, the
use of “chunking” information, such as summarizing key
content or asking students to summarize at varied points
along the way, helps to reduce WM demands (Rankin &
Hood, 2005).

Children with poor WM often experience task failures
after beginning a task, which may be a function of WM
overload (Alloway et al., 2009). Thus, it is important that
children understand what is expected of them related to a task
or assignment, as well as be aware of what they will be asked
to do with the information being presented or discussed.
This may influence both what is attended to as well as strat-
egies a child may use to remember the information. Rankin
and Hood (2005) suggested that children with WM difficul-
ties may also benefit from an example of the targeted end
product, providing further support regarding the goal of the
task and the expected outcome.

Teachers will also want to ensure that children can remem-
ber the requirements of the task they have been assigned by
checking in regarding their perceived understanding and/or by
requesting students to restate the directions in their own words
or demonstrate what they have been told to do (Gathercole
etal., 2006). For older children and/or tasks that are completed
repeatedly, educators may consider providing a written list
of key steps in the process (Rankin & Hood, 2005).

Clinicians and educators should also consider reducing
their rate of instruction, as this can assist children with WM
difficulties as well. Research has shown that reduced rate
results in better word learning in children with LI (Ellis
Weismer & Hesketh, 1996; Horohov & Oetting, 2004).
Decreasing the rate at which information is delivered may be
particularly important when new concepts are introduced or

when modifications to the complexity of language used are
not possible due to the nature of the assigned task (e.g., read-
ing of Shakespeare in English class).

The WM demands of response environments should be
considered as well, as some inherently place a greater demand
on WM than others. For example, situations when a student
is asked to contribute to a discussion that requires him or
her to build on prior contributions to the conversation, or is
the third or fourth student called on to answer a question
posed, requires a child to hold prior information in memory
while at the same time formulate a response. Strategies such
as allowing a student to be the first or second contributor
to a discussion or recapping key points in a discussion before
asking the child to contribute will reduce WM demands,
which may allow for greater success in responding to ques-
tions presented.

Visual support. The use of visual supports is another way
to reduce WM demands in at least some learning contexts.
Although research to date is conflicting regarding whether
visuospatial WM skills are compromised in children with LI,
studies have found that verbal WM skills are more impaired
than visuospatial WM skills in this population (Marton,
2008; Riccio et al., 2007). Providing visual support, both
when providing information related to assignments and when
teaching new information, may be helpful in reducing WM
demands and allow children with poor WM skills to be
more successful. Examples include providing visual support
when providing instructions (e.g., gesturing toward the items
needed in a multistep direction, writing a sequence of in-
structions to be remembered on the board) as well as making
information needed to complete a secondary task more ac-
cessible (e.g., word wall with high-frequency written words
for writing assignments, posting addition and multiplication
facts) (Quail, Williams, & Leitao, 2009). Educators should also
consider individualizing visual supports and making them
personally accessible to a child (e.g., specific to an individual
assignment, posted on child’s desk or in clear visual sight) as
there is some suggestion that supports that are at a distance
may make it more difficult for the child to use this informa-
tion. Educators and clinicians can also consider other contexts
where visual demands may reduce the amount of informa-
tion that needs to be stored in WM. For example, research has
found that visual support in the context of providing objects
for physical manipulation that correspond with written text
can enhance reading comprehension as well as performance
on math-based story problems in elementary-age children
(Glenberg, Brown, & Levin, 2007; Glenberg, Jaworksi, &
Rischal, 2005); this is an outcome likely due in part to the
memory support provided by combining verbal information
with physical experience.

Preteaching. Educators and clinicians can also reduce
demands on WM in the context of academic subjects by pre-
teaching key concepts. Ensuring that background and related
knowledge (e.g., relevant vocabulary, literate language fea-
tures) about a topic has been activated will allow for the
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dedication of greater resources to learning a new concept
(Klingner, Vaughn, & Boardman, 2007). Although this type
of preactivation of information in LTM before completion
of a task will be supportive of all children, it may be critical
for the child with WM limitations.

Breaking down tasks. Finally, children with WM limita-
tions are likely to do better if tasks are broken into smaller
parts. By reducing the amount of information a child must
process or store for a given task or assignment, we can assist
him or her to be more successful. Suggestions include break-
ing complex directions into a sequence of steps in which
each part is a small piece of the larger whole (Gathercole &
Alloway, 2008).

Supporting Child-Specific Knowledge
and Skills

In addition to modifications to the environment, SLPs
will also want to address child-specific variables that would
allow the child to manage his or her WM skills and available
resources more effectively. Given that any cognitive task
requires some level of processing capacity, improved func-
tioning in any aspect of the task that reduces the draw on
available resources will allow for a greater amount of re-
sources to be dedicated to other aspects of the task. Key is the
notion that WM can be improved when efforts are “highly
strategic and specific to the task practiced” (Minear & Shah,
2006, p. 276).

Improve phonological memory. Improving phonological
memory may facilitate improved WM abilities, as practice
in repeating phonological forms that are unfamiliar may assist
children in perceiving “essential combinatorial basis of pho-
nologic structure of language” (Gathercole & Baddeley,
1993a, p. 269; Lindblom, 1989). Enhancing the efficiency
of phonological encoding may improve the retention, as well
as the quality, of phonological information in WM (Minear
& Shah, 2006). In a longitudinal study, a group of Greek-
speaking preschool children (N = 120) were enrolled in a
treatment or control group and were followed through the end
of Grade 1 (Maridaki-Kassotaki, 2002). Training was pro-
vided for 15 min per day, 4 days per week, over a 7-month
period by the experimenter as well as classroom teachers,
with the experimental group receiving repeated practice on
a target set of nonwords and the control group engaged in art
activities. In addition to better performance on NWR tasks
at completion of the intervention, the experimental group also
demonstrated superior performance on a measure of read-
ing at the end of Grade 1. In light of phonological memory
deficits experienced by children with LI, further exploration
of phonological memory training in this population of chil-
dren may be a promising line of research.

Phonological memory may be improved through training
of other phonological processes as well (Gillam & van Kleek,
1996; O’Shaughnessy & Swanson, 2000). For example,
van Kleek, Gillam, and McFadden (1998) conducted a study

addressing phonological awareness in preschool children
with identified LI. Intervention focusing on rhyme and pho-
neme awareness provided over a 9-month period resulted

in improved phonological awareness skills as well as signifi-
cant improvement on NWR tasks. In light of the direct and
longstanding impact of phonological awareness training with
young children on later reading abilities, it would be of in-
terest to investigate whether training phonological memory
through NWR provides any benefit not observed in phonologi-
cal awareness training (see also O’Shaughnessy & Swanson,
2000).

More recent work has examined the effects of reading and
writing interventions on phonological memory skills. In a
project designed to improve writing abilities in 4™—6" graders
with dyslexia (Berninger et al., 2008), children were randomly
assigned to receive either orthographic or morphological
spelling treatment in addition to broader strategies related to
the writing process (e.g., planning, writing, and revising).
Results revealed that the phonological spelling intervention,
which included specific training with syllable and phoneme
segmentation of unfamiliar words as well as phoneme—
grapheme relationships, resulted in children’s improved
ability to spell, repeat, and read pseudowords. These findings
are particularly significant in documenting that the provi-
sion of research-based interventions to address literacy diffi-
culties in children with WM difficulties improves both
PSTM skills and performance on tasks that require the use
of PSTM to be successful.

Increase automaticy of skills. An additional strategy that
may serve to decrease WM demands is to make some com-
ponents of the specific learning situation more automatic.
When learning new information, conscious attentional re-
sources are needed. In contrast, tasks that do not require
significant resources are considered automatic (Fazio, 1996).
It is through repeated practice, as well as overlearning and
overrehearsal, that tasks become automatic. With increased
automaticity, the amount of resources available to a child is
increased, resulting in a “functional” increase in WM (Fazio,
1996; Kail, 1990). Thus, educators and clinicians can con-
sider knowledge and skills important for the completion of an
assignment that may become more automatic with repeated
practice. This may include mathematical foundations that
support higher level math computations (e.g., addition, multi-
plication facts), knowledge of literate language features to
include in story writing or retelling (e.g., knowledge of story
grammar), or thymes that support time concepts (e.g., months
of the year, days of the week).

For children with LI, a specific focus on language abilities
that are critical for assignments in reading and writing may
also help to support WM limitations. Specifically, addressing
vocabulary and syntactic structure, particularly those that
are tied closely to a given task, is also likely to reduce the
demands on available resources. For example, if a child has
a stored template of syntactic constructions, this may make
constructing utterances less demanding (Adams & Willis,
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2001). Intervention targets may include practice in writing
routinely used sentence frames for particular classroom
activities, such as responding to journal prompts or writing
about personal events. Additionally, knowledge of relevant
vocabulary ensures that resources are not redistributed in
online processing to search for word meaning. For young
children, ensuring they can understand and follow temporal
directions prominent in the discourse of the classroom may
be particularly helpful, as this will reduce the amount of
resources needed to process what is being asked of them. This
may include using sentence frames with causal or conditional
clauses (e.g., if/then), temporal terms (e.g., before, after),

or mathematical concepts (e.g., more than, less than).

Another strategy to improve the efficiency with which the
FWM system can complete a task is to improve domain-
specific knowledge. Studies have found that domain-specific
knowledge helps to increase FWM when completing domain-
related tasks (Alloway, 2009; Ricks & Wiley, 2009). Learn-
ing situations that draw on prior knowledge place greater
demand on a child’s WM abilities; thus, ensuring background
knowledge is readily available will result in greater resources
dedicated to the task. Additionally, ensuring children have
a schema for repeated classroom experiences/assignments,
such as familiarity with the structural organization of text-
books used in history class or the steps required to complete
a science lab (e.g., hypothesis, experiments, results, discus-
sion), may help reduce WM demands. This knowledge will
reduce the amount of resources that must be dedicated to
understanding macro-level knowledge.

Improve metacognition and strategy use. Educators and
clinicians can support children with poor WM skills by as-
sisting them to develop metacognition related to their WM
limitations. When children are aware of their difficulties,
they can better use strategies to support their challenges.
Gathercole et al. (2006) found that the children with poor
WM abilities who participated in their study had considerable
insight into the kinds of difficulties they were experiencing.

In addition to metacognitive awareness, metacognitive
skills are also important for compensating or making adjust-
ments for WM limitations. Wynn Dancy and Gillam (1997)
described metacognition as “the process through which
individuals reflect on the demands inherent in a situation, the
skills they bring to a task, and the actions needed to ensure
success” (p. 34). Thus, teaching children to analyze a learn-
ing situation, particularly as they get older, can enable them
to identify appropriate strategies to ensure success in task
completion. Research has documented that children with
language-learning difficulties are less likely than their typ-
ically developing peers to use memory strategies even when
specific strategy suggestions are provided (O’Shaughnessy
& Swanson, 1998). The teaching of metacognitive strategies
may allow children with language-learning difficulties to
manage limited resources more efficiently—an act that is
likely to improve performance (Minear & Shah, 2006;
Swanson, Kehler, & Jerman, 2010). In an investigation of the

development of strategy use in 4™, 5™ and 6™ graders in
the completion of simple addition problems, children were
asked to indicate the strategy they used from a choice of four:
retrieval (knew or remembered the information in memory),
counting (count certain number of times to get the answer),
transform (referring to related operations or deriving answers
from known facts), or “other.” Results revealed that although
all children used all strategies, performance was poorer when
children’s executive WM resources were experimentally
manipulated to be taxed (Imbo & Vandierendonck, 2007). As
children grew older, however, the negative effects of increased
WM load decreased, which suggests that greater WM re-
sources are needed as a skill is first acquired. These findings
were interpreted to be the result of age-related changes in
strategy efficiency and selections rather than changes in
processing demands or encoding abilities. Additional meta-
cognitive strategies that may help children with poor WM
perform successfully on academic tasks include the following:

» Use of rehearsal strategies. Rehearsal usually does not
take place before age 7 (Minear & Shah, 2006); how-
ever, studies with young adults have shown that training
on simple rote strategies improved WM (Turley-Ames &
Whitfield, 2003). In a study of undergraduate college
students, participants were trained on a variety of WM
strategies (e.g., rehearsal, visual imagery, and semantic
strategy). Rehearsal was the only strategy that was con-
sistently helpful across participants, with students with
low WM abilities at the onset of the project benefit-
ting most from its use (see also Parente et al., 1999).
Thus, older children and adolescents can be taught to
rehearse information that is critical to a task being com-
pleted, which would reduce WM demands. Children
may also be taught to chunk words together in system-
atic ways, making them easier to remember (Minear &
Shah, 2006). Research has shown that repeating a limited
amount of verbal information helps the information to be
maintained in STM (Gathercole & Alloway, 2008).

* Task analysis. Sohlberg, Mateer, and Struss (1993)
taught children to identify the current goal of a task as
a way of being more strategic. By analyzing the goal of
a task and the steps needed to reach that goal, children
may be better able to identify appropriate strategies.

* Visualization strategies. Gill, Klecan-Aker, Roberts,
and Fredenburg (2003) found that children who were
taught a rehearsal strategy focusing on visualization
improved in their ability to follow instructions. Hood
and Rankin (2005) suggested a strategy of “mind map-
ping” as a way of making verbal information more
organized; this includes using key words to help con-
struct a visual representation of a topic area and using
symbols to represent how concepts are related (similar to
semantic mapping). For children with WM difficulties,
there is some suggestion that more complex strategies
such as visual representations may prove difficult
(Alloway et al., 2009); thus, the amount of cognitive
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resources required to implement such a strategy should
be weighed against the potential benefit on an individual
basis.

* Study and organizational skills. Children with WM
difficulties often struggle with organizing information
(Rankin & Hood, 2005). Thus, helping children im-
plement organization and study skills is also important.
For older children, this may include strategies for self-
generating visual cues (pictures or written words) to
represent steps in a process or instructions to follow.

Conclusion

WM abilities are critical for language learning and aca-
demic success. A key finding in numerous studies to date is
the knowledge that WM difficulties may underlie learning
challenges experienced by some children, independent of
related cognitive skills (Gathercole et al., 2004). Thus, a first
step for SLPs working with children with WM difficulties
is to help make others aware of the ways that WM problems
can impact language and learning. Considering that WM
difficulties in children often are misdiagnosed as attention
or behavioral issues, helping teachers and other educators
be aware of characteristics of children with WM problems is
also important (Gathercole, 2008).

SLPs can also play a valuable role in the assessment of
WM when concerns are identified. Evidence that children
with LI often experience difficulties in both PSTM and FWM
skills when compared to typical peers makes WM an impor-
tant consideration when completing a language assessment.
Understanding a child’s underlying WM skills can provide
some insight into his or her performance on other assess-
ments, such as language and literacy measures, thereby pro-
viding a better picture of a child’s language and academic
difficulties.

Finally, SLPs can serve a key role in supporting WM
limitations in children. In addition to helping educators un-
derstand the relationship of WM difficulties to students’ per-
formance on language and academic tasks, SLPs can also
help to identify and implement strategies and supports to
reduce WM demands and improve the efficiency with which
children use WM resources (both directly and indirectly).
Minear and Shah (2006) suggested that given the contribu-
tion of WM resources to language and academic growth, even
small improvements in the efficiency in WM may improve
children’s classroom performance. Thus, supporting WM
limitations in children can be a valuable area of intervention
for SLPs working with school-age children.
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