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CHAPTER

Working Memory in the Classroom

SUSAN E. GATHERCOLE, EMILY LAMONT, AND
TRACY PACKIAM ALLOWAY

University of Durham

There have been many claims by cognitive psychologists that working
memory (WM) plays a role in learning during childhood, supported by
studies demonstrating close links between WM skills and measures of learn-
ing and academic achievement. An important shortcoming of this approach
is that it does not illuminate how and why WM is needed in the everyday
classroom activities that form the basis for learning. This is unfortunate
because this is the information needed by teachers and other education pro-
fessionals wishing to improve the learning outcomes for children with WM
problems.

The aim of this chapter is to begin to redress this situation by investi-
gating some of the ways in which WM may contribute to the process of
acquiring knowledge and complex skKills in school. Following a review of rel-
evant research evidence, findings are reported from a study in which chil-
dren with poor WM skills were observed in the course of their normal
classroom activities. Activities that demand WM were found to be common
in all classes observed and were particularly frequent in literacy and math-
ematics lessons. Children with poor WM skills experienced particular prob-
lems in carrying out complex tasks that required both memory storage and
effortful processing such as writing and counting and in remembering
instructions. They had difficulties in keeping track of their place in complex
task structures, particularly when writing. Poor episodic memory for the rel-
atively recent past was also observed in this group.

The possible psychological mechanisms linking WM failures to impair-
ments in the acquisition of knowledge and complex skills are considered in
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this chapter. We also discuss the implications of these findings for classroom
practice, and in particular for minimizing the learning difficulties that result
from WM failures.

WORKING MEMORY AND EDUCATIONAL ACHIEVEMENT:
A REVIEW

Over the past two decades cognitive psychologists have intensively investi-
gated the possible causes of low educational achievement. A consistent
finding from a large number of studies is a close relationship between chil-
dren’s performance on indicators of scholastic attainments and their WM
skills. Young people with low scores on standardized assessments of reading
and mathematics usually score poorly on complex memory span tasks that
involve both the processing and temporary storage of verbal reading mate-
rial (e.g., Bull & Scerif, 2000; de Jong, 1998; Gathercole & Pickering, 2000a;
McLean & Hitch, 1999; Passolunghi & Siegel, 2001; Swanson, 1994). A
typical example of such a task is listening span, in which the participant
makes a judgment about the meaning of each of a series of spoken sen-
tences and then attempts to recall in sequence the final word of each
sentence.

Complex memory span tasks have been suggested to depend on WM.
One popular view of WM is that it is a limited capacity system that oper-
ates as a kind of mental workspace in which material can be both processed
and maintained (Case, Kurland, & Goldberg, 1981; Daneman & Carpenter,
1980; Engle, Cantor, & Carullo, 1992; Just & Carpenter, 1992). According to
this view, activities that place heavy burdens on either processing or storage
are likely to place excessive demands on limited resources and therefore
will overload the system and result in task failure.

An alternative account is associated with the more detailed WM model
of Baddeley and Hitch (1974), elaborated by Baddeley (1986, 2000). This
model consists of three components. The central executive is an attentional
system responsible for a range of regulatory functions including attention,
the control of action, and problem solving. This component is supplemented
by two limited-capacity slave systems. The phonological loop is a slave
system specialized for the temporary storage of material that can be rep-
resented in a sound-based form. The visuo-spatial sketchpad stores and
maintains visual or spatial information for brief periods. It has been sug-
gested that, whereas the processing component of verbally based complex
span tasks such as listening span is supported by the central executive, the
storage needs are met by the phonological loop (Baddeley & Logie, 1999;
Duff & Logie, 2001).

The learning problems associated with poor WM sKills are substantial. In
England, children with low scores on WM assessments have been found to
perform poorly on national curriculum assessments at the ages of 7, 11, and
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14 years (Gathercole & Pickering, 2000b; Gathercole, Pickering, Knight, &
Stegmann, 2003; Jarvis & Gathercole, 2003). In some cases, the learning
difficulties of children with below-average WM function are sufficiently
severe to warrant special educational support in school (Alloway, Gathercole,
Adams, & Willis, in press; Gathercole, 2002; Gathercole & Pickering, 2001 ;
Pickering & Gathercole, 2004). More generally, many studies have shown
that weak WM function is a characteristic of children with learning disabil-
ities in literacy or numeracy or in both areas (Bull & Scerif, 2001; De Jong,
1998; Mayringer & Wimmer, 2000; Siegel & Ryan, 1989; Swanson, 1994;
Swanson, Ashbaker, & Sachse-Lee, 1996).

How Does Working Memory Constrain Learning?

What, then, is the underlying basis for the association between WM and
learning? Two main types of explanations have been advanced and are rep-
resented in Figure 8.1. One possibility (Model 1) is that WM limitations result
from difficulties in a particular processing domain. By this account, children
with poor skills in processing spoken language may obtain low listening
span scores because they are unable to meet the processing demands of
listening to a sentence and making a semantic decision, and this leads to
task failure. They would also be expected to struggle to learn to read as a
consequence of their weak language processing skills. In this situation,
neither the low listening span scores nor poor levels of academic achieve-
ment are a result of poor WM capacity per se; instead, they are both con-
sequences of a primary language processing problem.

The evidence in support of this model is not compelling. Many studies
have demonstrated that the relationships between WM measures and high-
level cognitive skills such as reading and mathematics are not explicable
simply in terms of the processing element of specific WM tasks (e.g., see
Engle, Tuholski, Laughlin, & Conway, 1999, for a review). It appears that it
is the general capacity of WM that is crucial, and not skill within a particu-
lar processing domain.

The alternative view (Model 2 in Figure 8.1) is that WM capacity directly
constrains the ability to learn complex skills and to acquire knowledge. The
detailed processes by which WM contributes to the acquisition of complex
skills and knowledge during the school years are not, however, well under-
stood. Statistical associations between WM assessments and outcome mea-
sures of learning (e.g., reading, mathematics) do not cast light on these
processes because these measures tap the endpoints of scholastic attain-
ment and thus provide no information regarding the nature of failed indi-
vidual learning episodes that led to poor attainment levels.

The contribution of WM to mental arithmetic in particular has been inves-
tigated more directly using experimental methods. Consistent with the view
that WM is used to support storage and processing in the course of mental
arithmetic, mathematic calculations have been found to be more accurate
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FIGURE 8.1
Alternative models of the relationship between working memory
and achievement.

when the numbers in the problem are visible throughout calculation, hence
alleviating the WM burden (Adams & Hitch, 1997). Other studies have used
dual-task procedures to impair selectively the operation of specific com-
ponents of WM during arithmetic calculations. This research has yielded
strong evidence for central executive involvement in mental addition (De
Rammelaere, Stuyven, & Vandierendonck, 2001; Furst & Hitch, 2000; Logie,
Gilhooly, & Wynn, 1994) and for the contribution of the phonological loop
to the storage of problem information (Furst & Hitch, 2000; Logie et al.,
1994). The loop may also play a more specific role in supporting multipli-
cation (Lee & Kang, 2002).

Although these studies provide valuable insights into how mental arith-
metic may be limited by poor WM function, it should be noted that because
participants were adults in most cases, the results reflect the cognitive
processes involved in skilled mathematic functioning rather than the acqui-
sition of mathematic skills. There have been no investigations, to our knowl-
edge, either of the WM loads of real-life learning activities, or of the specific
difficulties experienced by children with poor WM function in the classroom.
This limits the practical applications of the substantial evidence that WM
plays a crucial role in supporting the acquisition of knowledge and complex
skills during the school years. To provide effective remedial support for chil-
dren with poor WM skKills, it is necessary to anticipate, alleviate, and com-
pensate for these problems in school. These questions can only start to be
answered effectively if the role of WM in the classroom is known.
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OBSERVING WORKING MEMORY IN THE CLASSROOM

Our study investigated WM and learning directly, by observing and analyz-
ing the WM constraints of routine classroom activities. The aim of the study
was to bridge the gap between educational practice and the empirical evi-
dence that WM is a conduit to academic learning during the school years,
complementing the outcome-based studies that form the scientific founda-
tions for the study. Our specific objectives were to provide a detailed analy-
sis of the learning situations in which WM demands are sufficient to impair
progress toward learning goals in some children and to begin identifying
means by which the learning difficulties that may arise from poor WM func-
tion can be alleviated.

The WM demands of regular activities across the range of curricular and
noncurricular activities in the course of a normal school week were observed
in classes of 5- and 6-year old children in four state primary schools in an
urban area of northeast England. The observations focused on 3 boys who
had been identified 1 year earlier as having poor WM test scores shortly
after commencing full-time schooling, as part of a large-scale screening
study of memory and more general cognitive function of children in recep-
tion classes (Alloway, Gathercole, Willis, & Adams, 2004). In what follows,
the 3 children are referred to using the pseudonyms of David, Philip, and
Joshua.

The children’s scores on standardized ability tests are summarized in
Table 8.1. Testing occasion 1 was the original screening study; at this time,
the children’s ages ranged between 4 years 10 months and 5 years 2
months. Testing occasion 2 took place between 9 and 12 months later, when
the children were in Year 1| classes. These children were selected on the

TABLE 8.1
Standardized Scores on the Cognitive and Behavioral Assessments, for Each Child

Testing

Area of Assessment Test Occasion David Philip Joshua
Working memory/ Backwards digit recall 1 56 71 56
central executive Counting recall 1 67 70 70
Listening recall 2 73 73 55
Phonological loop Nonword recall 1 98 78 86
2 89 85 89
Word recall 1 92 108 81
2 101 101 105
Digit recall 1 97 83 86
Nonverbal ability* Object assembly 1 7 10 8
Block design 1 11 5 8
2 11 5 9

*Scaled scores (mean = 10, SD = 3).
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basis of low scores on the first occasion (=>2 SD below the mean) on 2
complex span measures (Backward Digit Recall and Counting Span) from
the Working Memory Test Battery for Children (WMTB-C; Pickering &
Gathercole, 2001). Their average standardized scores on 3 phonological
loop measures (the Children’s Test of Nonword Repetition, Gathercole &
Baddeley, 1996; Word List Recall and Digit Recall from the WMTB-C) fell
within 1 SD of the mean. The mean scaled scores on 2 performance sub-
tests (block design and object assembly) of the Wechsler Preschool and
Primary Scale of Intelligence—Revised (WPPSI—R; Wechsler, 1990) fell
within a standard deviation of the population mean for each child.

Each child was observed in the course of normal classroom activities for
3 or 4 days. At the end of this period, the children were reassessed on 2
phonological loop tests and 1 complex span test from the Working Memory
Test Battery for Children. They were also given the block design test of the
WPPSI—R. Test scores on this second testing occasion are shown in Table
8.1. In addition, the class teachers rated the children’s behavior using the
Conners’ Rating Scale for Teachers (Conners, 1997), a measure devised to
detect attentional problems. Responses are scored on 4 scales—opposi-
tional, cognitive problems/inattention, hyperactivity, and the Conners’
ADHD (attention deficit/hyperactivity disorder) index.

The aim of the observations was to identify the learning situations in
which the WM demands have detectable consequences on a child’s ability
to complete a task satisfactorily. The observer was seated in a position allow-
ing a clear view of the target child but in a location that did not disrupt
ongoing individual and group activities and that did not alert the child to
the ongoing observation. Observations were recorded in note form at the
time of observation. The following operational definition of WM demands
was adopted to guide the observations:

The requirement of temporary mental storage, or temporary storage combined with
ongoing processing, that is sufficiently demanding to lead, on occasion, to failures
to complete target activities.

Although the primary focus of the observer was the target child, WM loads
in other classroom activities that did not include the target child were also
observed and recorded where possible. Note was also taken of methods
used spontaneously by the child, teacher, or any other person to alleviate
the WM demands of specific activities, with the aim of identifying good
practice where possible.

Profiles

Characteristics of the behavior of each child and his or her performance on
cognitive assessments are provided in the following. The behavioral profiles
of the children are based both on teacher reports and the observer’s own
impressions of the academic and social functioning of each child.
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David

David’s scores on the complex memory span tests fell considerably below
the population mean at the times of both the original assessments of Back-
wards Digit Recall and Counting Recall at 4 years of age and the Listening
Recall test at 5 years. Performance on phonological loop measures was
normal for age at both points in time, as was David’s performance on the
nonverbal ability tests. Scores on the Conners’ Teaching Rating Scale
(Conners, 1997) indicated significant attentional difficulties on one scale,
Cognitive Problems/Inattention. According to the test material, high scorers
on this scale may be inattentive, have more academic difficulties than most
individuals of their age, have problems organizing their work, have difficulty
completing tasks or schoolwork, and appear to have trouble concentrating
on tasks that require sustained mental effort.

David was a reserved, well-behaved child who was observed to be rea-
sonably well-liked by his classmates. He rarely contributed to class discus-
sions unless asked directly and was generally reticent about offering
information. At the time of observation he was placed in the lowest ability
group in the class for numeracy. In literacy he had just been moved up from
the lowest ability group to the next group up to minimize contact with
another child who was considered to be a bad influence.

Joshua

Joshua performed very poorly on the complex memory span measures on
both occasions, but he scored within the normal range on the phonological
loop tests. His performance on the nonverbal ability tests was also normal
for age at both times of testing. Joshua’s scores on the Conners’ Rating Scale
for Teachers identified no significant behavioral problems.

Joshua was observed to be a quiet child who was obedient in the class-
room and was well liked by his peers. He had a characteristic style of
responding slowly in all tasks. Joshua often failed to follow general class
instructions and required frequent reminders. His teacher described him as
being in a world of his own. During observation he rarely contributed to
class discussions and, at the time of observation, was in the lowest ability
groups in both numeracy and literacy. Joshua frequently showed overt signs
of frustration, including pulling faces and banging his head with his hands,
during activities at which he was struggling.

Philip

Philip obtained very low scores on all three assessments of complex
memory span, with phonological memory scores falling within the average
range. Philip’s performance on the object assembly test from the WPPSI

was normal for his age, although he did perform at low levels on the block
design test on both testing occasions.
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Philip had a very pleasant and cheery personality. He was well behaved
and popular in his class. His performance was poor in the areas of both
numeracy and literacy and, at the time of observation, was in the lowest
ability group in literacy. He frequently became frustrated by the difficulties
that he experienced, particularly in writing. Philip did not often participate
in class discussions, and on several occasions he was observed to be unable
to respond even after he had raised his hand in response to a question by
the teacher. Philip showed awareness of his memory problems, making
comments such as, “I forget everything, me.” No behavioral problems were
identified for Philip on the Conners’ Rating Scale for Teachers.

Observed Memory Failures

David, Joshua, and Philip struggled in many of their classroom activities,
reflecting their generally low levels of academic ability. Task failures that
appeared to be the result in part, at least, of failure to meet the WM
demands of the situation were observed in all three cases and were partic-
ularly common in the daily numeracy and literacy sessions. These failures
were many times more common than those observed in two further chil-
dren selected on the basis of very poor phonological short-term memory
but normal complex memory span performance. The main categories of
memory-related failure observed in David, Joshua, and Philip are described
in the following.

Forgetting Instructions

The most commonly observed memory-related failure in all three children
was an inability to follow instructions from the teacher. This failure appeared
to be the result of forgetting the content of the instruction, particularly when
it was fairly lengthy and did not represent a routine classroom activity. Some
examples are provided in the following.

“Put your sheets on the green table, put your arrow cards in the packet, put your pencil
away and come and sit on the carpet.”

David failed to put his sheet on the green table. The teacher asked David if
he could remember where he was supposed to put it; he could not and
needed reminding.

“Put your arrow cards in their packets and come and sit in a circle on the floor.”
David put the cards away and then sat at his desk with arms folded.

“Can you collect the books in from the yellow and green table, please, and put them on
the shelf?”

Having collected the books, Joshua had to ask where to put them.
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Joshua was handed his computer login cards and told to go and work on
computer number 13. He failed to do this because he had forgotten which
computer he had been told to use.

Philip was asked to go back and put an “n” in the word bean. He went
back and asked the classroom assistant what he had been asked to do.

In each of these instances, the child has to process linguistic information
that includes some fairly arbitrary content. Such material has been found
to place substantial demands on short-term memory, which is needed to
support off-line linguistic analysis (Baddeley & Wilson, 1988). Poor short-
term memory capacity would be expected to lead to failures to process such
instructions adequately and may explain the difficulties experienced by
each of these children in grasping the structure of many classroom
activities.

Failing to Cope with Simultaneous Processing and Storage Demands

David, Joshua, and Philip all frequently struggled in structured activities
whose successful completion involved engaging in a relatively demanding
processing activity at the same time as storage of information. Many of
these activities involved counting. Although all three children were capable
of counting accurately in the context of a simple task, many classroom activ-
ities combined counting with other cognitive processes. One frequent activ-
ity in literacy sessions involved counting the numbers of words in a
sentence, often prior to writing the sentence down. Joshua was unable to
recall the sentence, isolate each word, and count it without assistance from
the teacher. A group activity in Philip’s class was to count the number of
sentences in a text. Philip was unable to keep track of the tally number
while reading aloud the text. In both cases, the task failure appeared to result
from combining the memory demands of counting (keeping track of the
tally number) in the context of a concurrent and fairly demanding pro-
cessing activity.

There was frequent use in each classroom of number aids, designed to
facilitate children’s grasp and mastery of counting and basic arithmetic.
Examples included number lines, number fans, and “Unifix” blocks. In each
case, the device provides a means of representing number physically. The
children in the low WM group struggled to take full advantage of the support
potentially provided by these number aids. Number lines are designed to
facilitate counting by allowing the child to jump one step at a time from a
starting number. Joshua was encouraged to use a number line when count-
ing up the number of ducks shown on two cards, but he struggled to coordi-
nate the act of jumping along the line with counting up to the second number.
He abandoned the attempt, solving the sum instead by counting up the total
number of ducks on the two cards. Similarly, Philip was observed to choose
not to use the number line when available; instead he counted on his fingers.
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In both cases, the unfamiliar activity of counting along the points of the
number line to a stored target number appeared to impose a greater WM load
than simple counting of the physical events.

Further failures were observed in tasks that involved the detection of
target items in spoken or written text. These tasks imposed significant pro-
cessing demands (analysis and comprehension of spoken language, or text
reading) in conjunction with the storage of multiple items. For example, the
children in Joshua’s class were asked to identify the rhyming words in a text
read aloud by the teacher. They had to wait until all four lines had been read
before telling the teacher the two words that rhymed: tie and fly. This task
involves matching the sound structures of a pair of words and storing them.
Joshua was unable to do this. A related activity in David’s class involved the
teacher writing number sequences on the white board with some numbers
missing. She counted the numbers aloud and asked the class what numbers
she had left out. In each case, there was more than one number missing
(eg., 0, 1, 2, 4, 5, 7, 8). Here, the child had to use his or her number
knowledge to identify each missing number and store them. David was
unable to tell the teacher which numbers she had missed out on any of the
occasions.

All of the tasks discussed here share the common feature of imposing
significant processing demands on the child at the same time as creating a
storage load. In themselves, the storage loads do not appear to be particu-
larly excessive. In the case of counting-based activities, the child simply has
to retain the tally number and sometimes the target number to which he
must count, and, in the examples of the detection tasks supplied listed pre-
viously, the child had only to store two items in each case. In isolation, it
seems likely that the child would be able to meet these storage requirements
without difficulty. The task failures appear to arise from the combining
storage with the significant processing demands of the task. These task fea-
tures are, of course, also shared by the complex memory span tasks on
which David, Joshua, and Philip scored so poorly and have been strongly
associated with general WM capacity.

Losing Track in Complex Tasks

David, Joshua, and Philip experienced marked difficulties in writing a sen-
tence either generated by the child himself or provided by the teacher. The
task structure of writing a sentence accurately consists of a hierarchy involv-
ing three levels—letters, words, and the sentence. If the sentence is inter-
nally generated by the child or spoken by the teacher, its surface form needs
to be maintained to guide the writing of the words and their individual
letters, and the child has to keep track of the position in the sentence while
writing. If the task involves copying a sentence, the burden of sentence rep-
resentation in WM is reduced, but the child still needs to keep track of his
position while writing.
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Two types of failure were observed in writing. The first type of error
involved the child forgetting either some or all of the sentence content. This
was relatively easy to identify because it was common practice for teach-
ers to check with children in lower-ability groups if they were able to repeat
the sentence before beginning to write it. David, Joshua, and Philip all
demonstrated on occasion that they were unable to do this. The second type
of error involved the child losing track of his position in the sentence. This
resulted in omission of words, repetition of words (when the child forgot
that the word had already been written), intrusion of words that were not
in the target sentence, and (frequently) abandonment of the task.

David provided an example of both types of writing failure when he was
working with his teacher and the rest of the low-ability group. The teacher
decided that the children should write “He had 36 barrels of gunpowder.”
The sentence was repeated until the children appeared to remember it.
David successfully wrote “he” and “had” and then could not remember what
to write next. The teacher asked him to read what he had already written
and then to say what word came next, but he could not. The teacher
reminded him of the sentence. David then got stuck after writing several
letters of the word “gunpowder,” attempted and failed to get the teacher’s
attention to help him, and then forgot that the word needed completing.

A further example of a place-keeping error was provided by Philip. The
teacher wrote on the board “Monday 11™ November” and underneath, “The
Market,” which was the title of the piece of work. Philip lost his place in
the laborious attempt to copy the words down letter-by-letter, writing
“moNemarket.” It appeared that he had begun to write the date, forgot what
he was doing, and began writing the title instead.

One of the reasons that place-keeping failures were particularly common
in the WM group even when copying from a board or card was that the chil-
dren wrote the letters on a one-by-one basis rather than in a larger group
or word. This strategy presumably reflected the children’s poor knowledge
of spelling patterns, reducing the opportunity for chunking letter groups. As
a consequence, the child had to remember not only his place in the word
sequence of the sentence, but the letter sequence of each word. Effectively,
this means that the children with low WM skills were working with a more
complex task structure (a hierarchy involving three levels of unit—Iletter,
word, and sentence) than more able children for whom task hierarchies
were reduced to two levels (word and sentence), imposing a commensu-
rately greater place-keeping load.

Episodic Forgetting

The main focus of the observations was on task failures that may have been
the result of excessive WM loads for this group of children. Longer-term
memory failures were, however, also frequently observed in this group, with
all three children failing on several occasions to remember information that
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they had encountered in an earlier activity in the day. Memory for specific
events in the relatively recent past is known as “episodic memory” (Tulving,
1983) and traditionally represents a functionally distinct system from WM
or short-term memory (Baddeley & Warrington, 1970).

The following examples illustrate the poor episodic remembering of the
three children. David’s teacher discussed bonfire night and read the story
of Guy Fawkes to the class. When David was asked, “What might you see in
the sky tomorrow night?” he failed to answer fireworks. He was also unable
to say what Guy Fawkes planned to do, even after writing the sentence in
answer to the question. Similarly, in a class activity involving the teacher
and class together reading from a big book, Joshua was unable to answer
any questions asked about the text.

A number of episodic memory failures were also observed for Philip. For
example, he failed to remember the three vegetables that a character had
bought in a book read by the class together. As reported earlier, Philip
showed considerable awareness of his poor memory abilities. When the
teacher told them to learn their spellings that night ready for a test the next
day, Philip responded by slapping himself on the forehead and saying, “If I
rememberl!”

These observations raise the interesting possibility that episodic memory
is based in part at least on records from the more temporary storage
systems corresponding to WM. Baddeley (2000) has made a similar sug-
gestion based on the identification of a new component of WM, the episodic
buffer. The function of the buffer is to integrate multiple sources of memory
information, effectively binding representations from different modalities
and representational domains (e.g., other components of WM as well as
more durable memory systems) in a way that may generate the experience
of consciousness. Furthermore, Baddeley suggested that the episodic buffer
is linked to episodic memory. The current observations of frequent episodic
forgetting in children with poor WM function fit well with this proposal.

Other Observations

Despite their contrasting personalities, there were a number of interesting
commonalities in the classroom behavior of David, Philip, and Joshua. First,
all three children were reserved in group and class discussions, rarely vol-
unteering information or raising their hand in answer to questions. This was
notable particularly in the case of Philip, who was outgoing and humorous
by nature in more informal social interactions. Because teachers often asked
the children questions about recent activities as part of these discussions,
it is possible that the poor episodic remembering of these children (possi-
bly resulting from a primary problem in WM) prevented them from partic-
ipating in these exercises.

A further similarity between all three children was their preference for
simplifying tasks where possible. An example of this was provided earlier
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for Philip, who would not use a number line to add the two numbers cor-
responding to the number of ducks on two cards together. Instead, he
counted the ducks individually. It was argued that in doing so Philip was
avoiding the additional processing load involved in jumping along a number
line a specific number of times (which had to be stored). His preference was
for simple counting of physical objects—a more highly practiced activity
that imposes reduced processing and storage loads.

Joshua also demonstrated a tendency to simplify tasks in a way that was
likely to reduce memory loads. Children in his class were taught a five-stage
process for learning spellings, known as “look, say, cover, write, check.”
Joshua avoided the memory test element of this procedure of covering the
spelling and chose instead simply to copy the word down a second time
with the target word in full view.

It is notable that in both of the examples, the learning benefits associ-
ated with the specified learning activity are likely to be reduced by the chil-
dren’s simplification of the tasks. Joshua’s choice not to cover the original
spelling when copying the word a second time is likely to have prevented
him from valuable retrieval practice and the subsequent opportunity for self-
correction in the case of an error. In the case of Philip, his dependence on
simple counting rather than use of an external memory aid would po-
tentially have increased the WM load of the task. It is possible that the
tendency to simplify complex tasks reflects the children’s avoidance of
situations in which they lose their place in task hierarchies. Paradoxically,
the consequence for the child is likely to be increased, rather than reduced,
rates of learning failure.

LEARNING IS BASED ON SUCCESS

In the previous sections we described some of the learning failures observed
in common classroom activities that can be attributable failures of WM
resulting from excessive memory demands of the tasks or from the very
poor WM capacities of some children. Could these failures underlie the dif-
ficulties experienced by some children in making normal educational
progress through the school years? Certainly, the poor performance on WM
assessments of David, Philip, and Joshua predated their failures to progress
normally in the crucial scholastic domains of literacy and numeracy.
Some insights into why classroom failures may compromise learning in
this way is provided by research comparing learning under conditions where
errors are prevented (“errorless learning”) with learning in situations in
which the participant learns by trial and error (“errorful learning”). Studies
of individuals with memory deficits resulting from acquired brain damage
have consistently shown a substantial benefit to errorless learning (e.g.,
Baddeley & Wilson, 1994; Clare, Wilson, Carter, Roth, & Hodges, 2000;
Parkin, Hunkin, & Squires, 1998). One explanation for this finding is that
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responses in specific situations are based on long-term memories from pre-
vious related episodes. The probability of a correct response being gener-
ated in a particular situation is, therefore, greater if the participant has
consistently made correct responses in the past than if prior responses were
inconsistent.

This analysis may provide a simple explanation for why children with
poor WM abilities experience difficulties in learning during the school years.
The frequent WM-related errors that these children were observed to make
in the course of complex learning activities may have impeded their chances
of acquiring crucial skills in the domains of literacy and numeracy because
they prevented the successful completion of relevant tasks. Task errors and
failures to complete target activities constitute exactly the type of errorful
learning situations previously shown to compromise learning achievements.
If a child has poor WM, it is therefore extremely important to minimize
chances of task failure resulting from WM overload.

IMPLICATIONS FOR CLASSROOM PRACTICE

To manage WM loads effectively in the course of classroom activities, it is
important to be aware of the memory capacities for that age group. It is not
in the interests of the smooth running of the classroom that children engage
in activities in which many of them will fail because of excessive memory
demands. This situation will result in frequent requests by children for
reminders that will disrupt the lesson and also in some children abandon-
ing activities because they cannot remember what is required of them.
These situations represent lost learning opportunities.

The data plotted in Figure 8.2 are taken from the standardization data
for the Working Memory Test Battery for Children (Pickering & Gathercole,
2001; see also Gathercole, Pickering, Ambridge, & Wearing, 2004). This
battery provides multiple assessments of each of the main components of
the Baddeley & Hitch (1974) WM model and is suitable for use with chil-
dren aged 4-15 years of age (see Chapter 9 for a detailed description of this
test). Phonological loop assessments include Digit Recall, Word List Recall,
Nonword List Recall, and Word List Matching. Visuo-spatial tests are Block
Recall, Visual Patterns Test (Della Sala, Gray, Baddeley, & Wilson, 1997), and
Mazes Memory. Central executive measures are Listening Recall, Counting
Recall, and Backward Digit Recall. The data points were obtained by calcu-
lating z-scores for each subtest across the standardization sample as a whole
and then averaging the scores across different subtests tapping each com-
ponent of WM to produce composite scores.

The figure shows that WM capacity develops steadily across the primary
and secondary school years. Children’s abilities to cope with the memory
demands of particular activities will therefore depend very much on their
age. The likelihood of WM-related failures is greatest in the early school
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Mean standard scores as a function of aspect of working memory, with
10" and 90™ centiles.

years, diminishing gradually in older age groups. As a rule, most children’s
scores on WM assessments are close to those of the average adult by 14
years of age. At the age of 6 years, they are approximately half of this on
measures associated with the central executive and visuo-spatial sketchpad
and about three-fourths of this on measures of the phonological loop. This
marked reduction in WM capacity in younger children should be borne in
mind when planning their learning activities.

It is also important to recognize that some children in a class will have
much poorer WM than others. There is a substantial degree of individual
variability in WM abilities, as demonstrated by the difference between 10™
and 90™ centile plots in Figure 8.2. A typical class of 9-year-old children is
therefore likely to include individuals whose WM capacities vary from that
of the average 7-12 year old.

We now turn to the issue of when one might consider the possibility of
a WM deficit in a child who is failing to progress well in class. The case
studies reported here give some indication of the behavioral and cognitive
profiles that are associated with WM deficits. The children we observed did
not usually exhibit overt behavioral problems, and they showed reasonable
social adjustment. They were, however, reserved in school and unwilling to
participate in class discussions. In all aspects of the classroom, they often
had difficulties following instructions that involved unfamiliar or arbitrary
sequences of actions. Their learning difficulties were manifest in frequent
failures to complete activities involving significant cognitive processing
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loads in the course of more complex tasks involving memory storage. Exam-
ples include attempting to spell an unfamiliar word while writing a sentence
from memory and carrying out a numeric calculation abstracted from
a question expressed in everyday language. In these situations, children
with poor WM function are likely to lose their place in the complex
task structure, resulting in frequent repetitions, place-skipping, or task
abandonment.

WM deficits are not easy to detect on the basis of informal contact alone
and can easily be misclassified either as attentional problems or more per-
vasive cognitive impairments. Comments made to us by teachers about chil-
dren with poor WM abilities include: “He doesn’t seem to listen to what I say”
and “It's in one ear and out the other.”

A notable finding of our observational study was that children seem to
be capable of considerable insight into their memory failures. Philip, a child
with very poor WM function, commented to the classroom assistant, “I
Jorget everything, mel” On other occasions, we observed failures that were
likely the result of high WM demands in children with normal WM skKills for
their age. One child was given a long series of task instructions by her
teacher and failed to complete the activity. When asked why, she com-
mented, “Mrs. McGregor told me a lot and I forgot.” In another class-based
activity in which children had to clap one more time than the preceding
child in a circle, many children failed to clap the correct number of times.
Two children spontaneously exclaimed, “I forgot the number!” One valuable
strategy for identifying children with WM problems may therefore be, quite
simply, to ask them why they have failed in a particular activity: Insight
appears to be reliable.

In considering the possibility that a child has a WM deficit, it is worth
bearing in mind that there are a number of crucial differences in the behav-
ioral and cognitive profiles associated with poor WM, attentional problems,
and general cognitive deficits. First, children with low WM usually score in
the normal range on systematic assessments for attentional deficits or show
problems only related to inattention. The nature of the link between ADHD

6] and WM is not yet completely clear (as indicated in Chapter 6 of this book).
Children with low WM do not seem to have the problems of social integra-
tion with peers that are characteristic of ADHD. Second, individuals with
general cognitive impairments are distinguished by across-the-board deficits
in cognitive tests that include both WM and nonverbal ability measures, and
they show comprehension problems. In contrast, children with poor WM
perform at normal levels on nonverbal assessments and are less likely to
have problems with comprehension.

The best way to identify WM deficits is to assess them directly using tests
standardized for use with children (e.g., the Working Memory Test Battery
for Children). When assessing WM capacity, it is important to use a number
of tasks with varying processing demands. This is necessary to determine
whether a low WM score is the result of a processing impairment in a par-
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ticular domain or a more general decrement in WM capacity. For example,
some children have specific difficulties with numbers. These individuals
inevitably will score very poorly on WM tasks that involve counting as the
processing activity (as in the case of Counting Recall, for example) because
the level of task difficulty will be higher for them than for other children. In
these cases, a low counting span score may reflect a specific counting
problem rather than a general WM deficit. To distinguish between these two
possibilities, it is necessary to test the child on other WM tasks that do not
tax the same processing activity. Listening Recall, in which the processing
activity involves making a decision about a spoken sentence, would be a
good alternative measure. A child with poor WM capacity would be expected
to score poorly on this task, too, whereas a child with only a counting
problem would not.

Minimizing Working Memory Failures in Learning Situations

Once it has been detected that a child has poor WM abilities, the next step
is to identify the learning activities that will place heavy memory demands.
There are two broad classes of WM-loaded activities. In the first, the child
has to store a considerable amount of material that may be arbitrary in
structure (such as a series of numbers or the precise wording of a fairly
lengthy sentence). The second type of activity involves the child storing
material while being engaged in another activity that is demanding for him
or her (such as spelling or reading a new word or making an arithmetic
calculation).

In the following section we discuss ways of managing and reducing the
WM demands of such learning situations. Some of these methods are based
on good practice by teachers and classroom assistants observed in the
course of our study. Other techniques have been derived from current
understanding of the cognitive processes of WM. We recommend a reme-
dial approach for children with WM deficits that combines multiple methods
as appropriate for particular learning situations. In each case, the aim is to
reduce the frequency of occasions in which the child fails a learning activ-
ity and so misses a crucial learning opportunity because he or she is unable
to meet the WM demands of the situation.

Ensure That the Child Can Remember the Task

To achieve learning success, it is crucial that the child can remember the
task set by the teacher. The child’s memory for instructions will be enhanced
by keeping the instructions as brief and linguistically simple as possible.
Because instructions that are too lengthy will not be remembered, it is advis-
able to break them down into smaller constituents where possible. This will
also have the advantage of reducing task complexity, another factor influ-
encing learning success in children with low WM (see later).

e



Ch008-P554465.gxd 1/17/2006 14:02 Page 2%

236 Susan E. Gathercole et al.

One effective strategy for improving memory for task instructions is fre-
quent repetition of instructions. For tasks that take place over an extended
time period, reminding of crucial information rather than repetition of the
original instruction is likely to be most useful. Probably the best way to
ensure that the child has not forgotten crucial information is to ask them to
repeat it back. Children have good insight into their WM failures and are
able to say they have forgotten if given the opportunity. It has also been
shown that attempting to remember information boosts memory perfor-
mance on subsequent retrieval attempts.

Use External Memory Aids

The child’s performance in activities that have a complex structure, or that
impose significant processing as well as storage loads, will be aided by the
use of external memory aids. These are already in widespread usage within
many classrooms. They include number aids such as “Unifix” blocks and
number lines that are designed to reduce processing demands.

However, it was apparent in our observational study that children with
poor WM function often choose not to use such devices in the context of rel-
atively complex tasks and gravitate instead toward lower-level strategies
whose processing requirements may be lower (such as simple counting) but
less efficient (e.g., more error-prone and time-consuming). To encourage chil-
dren’s uptake of such aids, we recommend regular periods of practice in the
use of the aids in the context of simple activities.

Relevant spellings also function as useful memory aids in writing activi-
ties. Reducing the processing load and opportunity for error in spelling indi-
vidual words will increase the child’s success in completing the sentence as
a whole. However, reading off information from such external aids was
observed, in itself, to be a source of error in children with low WM skKills,
with children often losing their place within either the word or the sentence.
Making available spellings of key words on the child’s own whiteboard
placed on his or her desk rather than a distant class board will reduce these
errors by making the task of locating key information easier and reducing
opportunities for distraction. Methods for marking the child’s place in word
spellings may also be useful because loss of position within a word while
copying was a frequent source of error and task abandonment.

Reduce Processing Loads

In complex learning situations that place significant processing and storage
demands on the child, the chances of WM failures can be reduced by cutting
down the processing load of the task. This will reduce the possibility of task
failure as a result of a combination of excessive storage and processing
demands. In many situations, this may be achieved easily. Consider, for
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example, the sentence-writing activity that was a source of difficulty for all
of the children with low WM that we observed. Processing loads can be
diminished by reducing the linguistic complexity of the sentence—in terms
either of the vocabulary (common versus lower frequency words) or of the
syntactic structures (simple subject-verb-object constructions rather than
relative clauses). The planned sentences could also be reduced in length. If
the child has to work with lengthy sentences and difficult words, the chances
of task failure will increase dramatically and an opportunity for task success,
and hence for learning, is lost. Provided that the modified learning activity
successfully meets the desired learning outcomes identified by the teacher,
this strategy of simplifying processing requirements is likely to be highly
effective in promoting successful completion of complex tasks.

SUMMARY

There is substantial evidence that low scores on tests of WM skills are asso-
ciated with poor attainments in the key curricular areas of English and math-
ematics. To illuminate the specific nature of the failed learning episodes that
may be contributing to the failure of such children to make normal scholas-
tic progress, we observed the classroom behavior of three children with poor
WM abilities. Four different kinds of learning failure were observed with high
frequency in each of these children that could be attributed to the children
failing to meet the WM demands of the activity: forgetting instructions,
failing to meet combined processing and storage demands, losing track in
complex tasks, and forgetting from episodic long-term memory at high
rates.

We propose that these learning failures impair the children’s chances of
abstracting knowledge and skills that form the basis for functioning in the
complex cognitive activities associated with the domains of literacy and
mathematics. It is therefore important to identify WM problems as a source
of learning difficulty in individual children and to reduce the opportunities
for learning failures by minimizing WM demands in classroom activities. In
a WM intervention study, we are applying the principles from cognitive psy-
chology to achieve these goals. Children with WM impairments are identi-
fied using standardized tools derived from the WM model, such as the
Working Memory Test Battery for Children (Pickering & Gathercole, 2001)
and the Automated Working Memory Assessment (Alloway, Gathercole, &
Pickering, 2004). Classroom staff receive guidance that allows them to iden-
tify WM failures in the classroom and shows them how to minimize them
for individual children. The children will also be encouraged to use their
own strategies to overcome their WM limitations. It is hoped that this
approach will enhance learning outcomes for children struggling to cope
with poor WM function.
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Summary Box

* There is wide individual variation in WM skills during the childhood
years.

e Children with poor WM skills usually make poor academic progress
in the areas of literacy and mathematics.

e Children with WM impairments frequently fail in classroom activities
that impose significant WM loads.

* The most common types of classroom failure involved forgetting
instructions, losing place in complex tasks, and struggling in tasks
that involved both processing and storage loads.

e Although children with WM impairments have some awareness of
their memory problems, in our study their teachers did not and attrib-
uted their problems to lack of attention.

* |t is proposed that effective management of WM loads in classroom
activities may minimize the learning difficulties that usually accom-
pany impairments of WM.

Acknowledgment

This research was supported by the Medical Research Council core grant for the Co-operative
group on Human Memory and Learning: A Working Memory Approach.

References

Adams, J. W., & Hitch, G. J. (1997). Working memory and children’s mental addition. journal
of Experimental Child Psychology, 67, 21-38.

Alloway, T. P, Gathercole, S. E., Adams, A.-M., Willis, C. S. (in press). Working memory abili-
ties in children with special educational needs. Educational and Child Psychology.

Alloway, T. P, Gathercole, S. E., & Pickering, S. J. (2004). Automated Working Memory Assess-
ment. Available from the authors on request.

Alloway, T. P, Gathercole, S. E., Willis, C. S., & Adams, A.-M. (2004). A structural analysis of
working memory and related cognitive skills in young children. Journal of Experimental Child
Psychology, 87, 85-170.

Baddeley, A. D. (1986). Working memory. Oxford: Oxford University Press.

Baddeley, A. D. (2000). The episodic buffer: A new component of working memory? Trends in
Cognitive Sciences, 4, 417-422.

Baddeley, A. D., & Hitch, G. (1974). Working memory. In G. Bower (Ed.), The Psychology of
Learning and Motivation, 8, 47-90. New York: Academic Press.

Baddeley, A. D., & Logie, R. (1999). Working memory: The multiple component model. In A.
Miyake & P. Shah (Eds.), Models of Working Memory: Mechanisms of Active Maintenance and
Executive Control (pp. 28-61). Cambridge: Cambridge University Press.

Baddeley, A. D., & Warrington, E. K. (1970). Amnesia and the distinction between long- and
short-term memory. journal of Verbal Learning and Verbal Behavior, 9, 176~189.

e



Ch008-P554465.gxd 1/17/2006 14:02 Page 2%

8. Working Memory in the Classroom 239

Baddeley, A. D., & Wilson, B. A. (1994). When implicit learning fails: Amnesia and the problem
of error elimination. Neuropsychologia, 32, 53-68.

Bull, R., & Scerif, G. (2001). Executive functioning as a predictor of children’s mathematics
ability: Inhibition, task switching, and working memory. Developmental Neuropsychology,
19, 273-293.

Case, R., Kurland, D. M., & Goldberg, J. (1982). Operational efficiency and the growth of short-
term memory span. Journal of Experimental Child Psychology, 33, 386-404.

Clare, L., Wilson, B. A., Carter, G., Roth, 1., & Hodges, J. R. (2002). Relearning face-name asso-
ciations in early Alzheimer’s disease. Neuropsychology, 16, 538-547.

Conners, C. K. (1997). Conners’ Teacher Rating Scale—Revised (S). New York: Multi-Health
Systems Inc.

Daneman, M., & Carpenter, P. A. (1980). Individual differences in working memory and
reading. Journal of Verbal Learning and Verbal Behaviour, 19, 450-466.

de Jong, P. E (1998). Working memory deficits of reading disabled children. journal of Exper-
imental Child Psychology, 70, 75-96.

De Rammelaere, S., Stuyven, E., & Vandierendonck, A. (2001). Verifying simple arithmetic
sums and products: Are the phonological loop and the central executive involved? Memory
and Cognition, 29, 267-273.

Della Sala, S., Gray, C., Baddeley, A. D., & Wilson, L. (1997). Visual Patterns Test. Bury St
Edmonds: Thames Valley Test Company.

Duff, S. C., & Logie, R. H. (2001). Processing and storage in working memory span. Quarterly
Journal of Experimental Psychology, 54A, 31-48.

Engle, R. W., Cantor, J., & Carullo, J. J. (1992). Individual differences in working memory and
comprehension: A test of four hypotheses. journal of Experimental Psychology: Learning,
Memory and Cognition, 18, 972-992.

Engle, R. W., Kane, M. ., & Tuholski, S. W. (1999). Individual differences in working memory
capacity and what they tell us about controlled attention, general fluid intelligence, and
functions of the prefrontal cortex. In A. Miyake & P. Shah (Eds.), Models of Working Memory,
(pp 102-134). Cambridge: Cambridge University Press.

Furst, A. J., & Hitch, G. J. (2000). Separate roles for executive and phonological components
of working memory in mental arithmetic. Memory and Cognition, 28, 774-782.

Gathercole, S. E. (2002). Working memory in the classroom. Speciall Summer 2002,
54-55.

Gathercole, S. E., & Baddeley, A. D. (1996). The Children’s Test of Nonword Repetition. London:
Psychological Corporation Europe.

Gathercole, S. E., & Pickering, S. J. (2000a). Working memory deficits in children with low
achievements in the national curriculum at seven years of age. British Journal of Educational
Psychology, 70, 177-194.

Gathercole, S. E., & Pickering, S. ]. (2000b). Assessment of working memory in six- and seven-
year old children. journal of Educational Psychology, 92, 377-390.

Gathercole, S. E., & Pickering, S. J. (2001). Working memory deficits in children with special
educational needs. British Journal of Special Education, 28, 89-97.

Gathercole, S. E., Pickering, S. J., Ambridge, B., & Wearing, H. (2004). The structure of working
memory from 4 to 15 years of age. Developmental Psychology, 40, 177-190.

Gathercole, S. E., Pickering, S. J., Knight, C., & Stegmann, Z. (2003). Working memory skills
and educational attainment: Evidence from National Curriculum assessments at 7 and 14
years of age. Applied Cognitive Psychology, 17, 1-16.

Jarvis, H. L., & Gathercole, S. E. (2003). Verbal and nonverbal working memory and achieve-
ments on national curriculum tests at 11 and 14 years of age. Educational and Child Psy-
chology, 20, 123-140.

Just, M. A., & Carpenter, P. A. (1992). A capacity theory of comprehension: Individual differ-
ences in working memory. Psychological Review, 99, 122-149.

Lee, K.-M., & Kang, S.-Y. (2002). Arithmetic operation and working memory: differential sup-
pression in dual tasks. Cognition, 83, B63-68.

e



Ch008-P554465.gxd 1/17/2006 14:02 Page 2%

240 Susan E. Gathercole et al.

Logie, R. H., Gilhooly, K. J., & Wynn, V. 1994. Counting on working memory in arithmetic
problem solving. Memory and Cognition, 22, 395-410.

McLean, J., & Hitch, G. J. (1999). Working memory impairments in children with specific arith-
metic learning difficulties. Journal of Experimental Child Psychology, 74, 240-260.

Mayringer, H., & Wimmer, H. (2000). Pseudoname learning by German-speaking children with
dyslexia: Evidence for a phonological learning deficit. Journal of Experimental Child Psy-
chology, 75, 116-133.

Parkin, A. J., Hunkin, N. M., & Squires, E. J. (1998). Unlearning John Major: The use of error-
less learning in the reacquisition of proper names following herpes simplex encephalitis.
Cognitive Neuropsychology, 15, 361-375.

Passolunghi, M. C., & Siegel, L. S. (2001). Short-term memory, working memory, and inhibitory
control in children with difficulties in arithmetic problem solving. Journal of Experimental
Child Psychology, 80, 44-57.

Pennington, B. E, & Ozonoff, S. (1996). Executive functions and developmental psy-
chopathology. journal of Child Psychology and Psychiatry, 37, 51-87.

Pickering, S. J., & Gathercole, S. E. (2001). Working Memory Test Battery for Children. London:
Psychological Corporation Europe.

Pickering, S. J., & Gathercole, S. E. (2004). Distinctive working memory profiles in children
with special educational needs. Educational Psychology, 24, 393-408.

Siegel, L. S., & Ryan, E. B. (1989). The development of working memory in normally achiev-
ing and subtypes of learning disabled children. Child Development, 60, 973-980.

Swanson, H. L. (1994). Short-term memory and working memory—Do both contribute to our
understanding of academic achievement in children and adults with learning disabilities?
Journal of Learning Disabilities, 27, 34-50.

Swanson, H. L., & Sachse-Lee, C. (2001). Mathematical problem solving and working memory
in children with learning disabilities: Both executive and phonological processes are impor-
tant. Journal of Experimental Child Psychology, 79, 294-321.

Tulving, E. (1983). Elements of episodic memory. Oxford: Oxford University Press.

Vallar, G., & Baddeley, A. D. (1984). Phonological short-term store, phonological processing and
sentence comprehension: A neuropsychological case study. Cognitive Neuropsychology, I,
121-141.

Wechsler, D. (1990). Wechsler Pre-school and Primary Scale of Intelligence-Revised UK edition.
London: Psychological Corporation.



query_PWM-Ch008 1/17/2006 14:02 Page 1 $

Dear Author:

AUTHOR QUERY FORM

During the preparation of your manuscript for publication, the questions listed
below have arisen. Please attend to these matters and return this form with your

proof.

Many thanks for your assistance.

Query
References

Query

Remarks

1

AU: Correct as edited?

2

AU: Please confirm—should “Ashbaker” be listed
here? Or should this be Swanson and Sachse-Lee,
20017 If so, please add this ref to ref list.

AU: Only subhead.

AIU: Please add to ref list.

AU: Please verify cross ref.

AU: Please verify cross ref.

AU: Still in press?

0 ([ [N ||| W

AU: Update available?

PWM_ChO008

e




