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examined age differences in the structure of chil-
dren’s language concepts, and these differences wi
be discussed in Chapters 7 and 9. However, the
bénchmark of information-processing theories isfthe
idey of limited mental capacity, and it is here/that
psychologists have searched for age differencgs that
would\ explain devclopmental changes in € ldren’s
thinking. There are apparently no capacity limita-
tions to\the long-term store. (Children’ ability to
store and\ subsequently retrieve inforgfation from
the long-t&rm store will be the focus of Chapter 8.)
When looking for developmental differences in ca-
pacity, most researchers have limited their search to
sensory registérs and the short-t¢rm store of the
multistore modtl described earlfer and for differ-
ences in speed of \processing.

In the sections Yo follow, I il discuss age differ-
ences in the short-term store/and speed of process-
ing. In comparison with these two topics relatively
little research has examingd developmental differ-
ences in the sensory store] and I will summarize the
conclusions of this resedrch briefly here. Children
from about the age of § y&ars can register and hold
relatively large amounfts of ¥sual information over a
brief interval, about/as much\ as older children and
adults (Sheingold, 1973). However, young children
are less able to gét this information to the short-
term store wheré they can makg some sense of it.
One factor cerfainly involved in Yge differences in
getting informfation from the visual\sensory store, or
iconic store, o the short-term store I speed of pro-
cessing. Refearch suggests that there Yre age differ-
ences in the speed with which sensory\jnformation
is transiditted, as well as differences in the speed
with wiich visual information is accumulated and
extracted for interpretation from the iconic store
(LeBlanc, Muise, & Blanchard, 1992). Dgcause
youhger children process information slower \than
older children do, younger children lose more ir{or-

pation before it can be encoded in memory.

Start here.
The Short-Term Store

Traditionally, the capacity of the shortterm store
has been assessed by tests of memory spanthat mea-
sure the number of (usually) unrelated items that

can be recalled in exact order. Presentation of items 3§
is done rapidly (usually one per second), so there is
minimal time for the application of strategies to aid §
recall. A child’s memory span is considered a reflec- }
tion of the size of the short-term store, or the capac-
ity of working memory. Norms from the digit-span |
subtests of the Stanford-Binet and Wechsler 1Q) |
scales show a regular increase with age. Similar find-
ings have been provided by Frank Dempster (1981), ]
who reported, for example, that when digits are }
used, the memory span of 2-year-olds is about two §
items; of 5-year-olds, about four items; of 7-year- 1
olds, about five items; and of 9-year-olds, about six :
items. The average memory span of adults is about §
seven items. Figure 5-3 shows the highly predictable %
growth of the memory span for digits (digit span) for §
children from age 2 years through adulthood (from
Dempster, 1981).

Evidence for developmental differences in the §
capacity of the short-term store comes from a recent 4
study by Nelson Cowan and his colleagues (in press) |
assessing span of apprehension, a term coined by Sper-
ling (1960) to refer to the number of items that peo-
ple can keep in mind at any one time, or the
amount of information that people can attend to at
a single time. Sperling found that the span of appre-
hension for adules was about four items. This is
lower than the average adult memory span of seven
items because factors such as focused attention,
knowledge for the to-be-remembered information,
and encoding strategies can affect memory span
when items are presented more slowly (see later dis-
cussion). Does span of apprehension represent an
absolute capacity of the short-term store, and does it
increase with age? In the critical condition in the
study by Cowan et al. (in press), first-grade and
fourth-grade children and adults played a computer
game. Over earphones they also heard series of dig-
its that they were to ignore. Occasionally and unex-
pectedly, however, they were signaled to recall, in
exact order, the most recently presented set of digits
they had heard. Thus, participants were not explic-
itly attending to the digits, making it unlikely that
they were using any encoding strategies to remem-
ber the series of digits. Thus, perfformance on this
task seems to be a fair test of span of apprehension.
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FIGURE 5-3  Children’s memory span for digits

(digit span) shows regular increases with age. SOURCE:
“Memory Span: Sources of Individual and Development
Differences,” by E N. Dempster, 1981, Psychological
Bulletin, 89, 63-100. Copyright © 1981 American
Psychological Association. Reprinted with permission.

Average span of apprehension was about 3.5 digits
for adults, about 3 digits for fourth graders, and
about 2.5 digits for first-grade children. Cowan and
his colleagues interpreted these significant age dif-
ferences as reflecting a true developmental differ-
ence in the capacity of the short-term store.
According to Cowan et al., there seems to be an un-
derlying difference in capacity, as reflected by differ-
ences in the span of apprehension, that serves as the
foundation for age differences on memory span
tasks.

Despite these impressive and robust findings, re-
search has seriously questioned the idea that the ca-
pacity of the short-term is the only (or even most
important) source of age differences on memory
span tasks. For example, in one often-cited study, a
group of graduate students at the University of Pitts-
burgh were given two simple memory tests. On one,
they were read a series of numbers quickly (about
one per second) and were asked to recall them im-
mediately in exact order. On a second test, they

were briefly shown chess pieces on a chessboard in
game-possible positions (again, about one chess
piece per second) and then given the pieces and
asked to place them at their previous positions on
the board. Their performance on these tasks was
compared with that of a group of 10-year-olds. In all
fairness, these were not typical 10-year-olds—they
were all chess experts, winners of local tournaments
or members of chess clubs. When memory for the
chess positions was tested, the children outper-
formed the adults. This finding is probably not sur-
prising, given the expert status of the children. But
the critical question is how they did when remem-
bering the numberts. Does being a chess expert cause
one’s memory capabilities to improve overall, or was
the children’s remarkable performance limited to
what they knew best? The results supported the lat-
ter interpretation. The adults, despite being out-
done by the children when memory for chess
positions was tested, were superior to the children
when the test stimuli were numbers. The results of
this experiment, conducted by Chi (1978), can be
seen in Figure 5-4 (see also Schneider et al., 1993).

These findings indicate that having a detailed
knowledge base in a particular domain facilitates
memory for information from that domain but not
necessarily for information from other areas. But
how does being an expert in a subject such as chess
result in improved memory span? Some researchers
have proposed that age and individual differences in
memory span may be caused by developmental dif-
ferences in the use of strategies such as rehearsal (re-
peating the items to oneself) or chunking (recoding
two or more items into a single memory unit). How-
ever, Frank Dempster (1981, 1985) and others have
questioned both the capacity and strategy hypothe-
ses tegarding developmental changes in memory
span. Concerning the role of strategies in memory
span, Dempster (1981) concluded that “research of-
fers little evidence that strategic variables are a
source of span differences, even though several —
rehearsal, chunking and retrieval strategies-—ap-
pear to be sources of performance differences in
other tasks” (pp. 78—79). Of ten strategic and non-
strategic variables investigated by Dempster, only
one —ease of item identification —appeared to be a
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FIGURE 5-4 The average memory span for digits
and chess arrays by chess-expert children and college-
educated adults. source: Adapted from “Knowledge
Structures and Memory Development,” by M. T. H. Chi.
InR. Siegler, (Ed.), Children’s Thinking: What Develops?
Copyright © 1978 Lawrence Erlbaum Associates, Inc.
Reprinted with permission.

major source of developmental differences in mem-
ory span.

Ease of item identification relates to speed of pro-
cessing: how quickly can a child identify an item?
Speed of identification is an indication of processing
efficiency; the faster an operation can be completed,
the less mental effort it presumably requires for its
execution. In work by Chi (1977), 5-year-olds re-
quired more time to identify photographs of faces
than did adults and showed corresponding differ-
ences in memory span for the faces. When the
amount of time that adults were permitted to view
the faces was limited, however, Chi reported drastic
reductions in age differences in memory span. Thus,
although maturational differences in the capacity of
the short-term store appear to be small (few psy-
chologists would say nonexistent), maturational dif-
ferences in speed of processing, which in turn affects
memory span, are more substantial (Kail, 1993).

A distinction is often made between short-term
memory and working memory, with the former in-
volving only the storage of information held in the
short-term system, whereas the latter involves stor-
age capacity and the capacity to transform informa-

tion held in the short-term system (Schneider &
Pressley, 1997). Digit-span tasks described earlier o
sess the capacity of short-term memory. An examp
of a working-memory task can be found in the rof
search of Siegel and Ryan (1989). They gave ch
dren sets of incomplete sentences, requiring them g
supply the final word (for example, “In the summg#
it is very "). After being presented wih
several such sentences, children were asked to recy
the final word in each sentence, in order. Such a teig
requires not only the short-term storage of info
tion, but also some mental work dealing with the to}
be-remembered information. Similar to the finding
reported for digit span, reliable age differences iy
working memory are found, although working
memory span is usually about two items less than 3
child’s short-term memory span (Case, 1985).

One popular account of working memory and its
development has been presented by Baddeley an
Hitch (Baddeley, 1986; Baddeley & Hitch, 1974)
According to the Baddeley and Hitch model, age’
differences in verbal memory span (for example, re- §
call of digits or words) are primarily caused by devel- §
opmental differences in a phonological subsystem §
termed the articulatory loop. On verbal span tasks,
phonological information is stored in the articula-
tory loop. These verbal representations (or memory
traces) decay rapidly but can be maintained in §
working memory by verbal rehearsal. Although age 3§
differences in the rate that information decays in §
working memory have been reported (see Cowan,
1997), most researchers believe thart age differences
in rehearsal rate is the primary reason for develop-
mental differences in memory span. The faster one
rehearses, the more memory traces one can rehearse,
the more information that can be kept active in
working memory, the more one can remember. One
factor that influences rehearsal rate is word length.
Baddeley and Hitch assume that the articulatory
loop involves a literal subvocalization process, with
people saying the items to themselves. Longer words
require more time to say, thus leaving less time to re-
hearse other words before they decay and are lost
from working memory.

There is good evidence from the adult literature
that such a process (or one very like it) actually oc-
curs (see Baddeley, 1986, for an extensive review).
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FIGURE 5-5 The relationship between word length,
speech rate, and memory span as a function of age. As
speech rate increases, more words are recalled, with

both speech rate and words recalled increasing with age.
souRck: “Speech Rate and the Development of Spoken
Words: The Role of Rehearsal and Item Identification
Processes,” by C. Hulme, N. Thomson, C. Muir, and

A. Lawrence, 1984, Journal of Experimental Child Psychol-
ogy, 38, 241-253. Copyright © 1984 Academic Press.
Reprinted with permission.

In the developmental literature, research has shown
a relationship between the speed with which chil-
dren can say words and memory span. With age,
children are able to read or say words at a faster rate,
and memory span increases accordingly (Hulme et
al.,, 1984; Kail & Park, 1994). Figure 5-5 presents
data from a study by Hulme and his colleagues
(1984) showing a very regular, age-related relation-
ship between speech rate (that is, how fast people
can say the words) and the number of words recalled
on a word-span task. Older children and adults have
a faster rate of speech than younger children, and
their memory spans vary accordingly.

It is interesting to note that differences in digit
span have been found as a function of the language
4 person speaks. For example, Chinese speakers

ave considerably longer digit spans than English

speakers do; this difference is apparent as early as
age 4 and extends into adulthood (Chen & Steven-
son, 1988; Geary et al., 1993). This cultural effect
seemns to be caused by differences in the rate with
which number words (one, two, and so on) in the
two languages are spoken. Languages such as Chi-
nese with relatively short number words that can be
articulated quickly enable longer digit spans than do
languages such as English with relatively long num-
ber words that are articulated more slowly (Chen &
Stevenson, 1988). In fact, in one study with bilin-
gual children, children had longer digit spans in
their second language (English) than their first
(Welsh). This counterintuitive finding was because
number words can be articulated more rapidly in
English than in Welsh (Ellis & Hennelley, 1980).
Thus, the greater digit spans of Chinese relative to
American children, for example, seem not the result
of some inherent cognitive or educational superior-
ity for the Chinese children but, rather, the result of
the language they speak.

What seems central to the various accounts of
age differences in memory span is speed of process-
ing. For example, Dempster’s (1981) review of the
literature concluded that the only factor influencing
memory span is speed of item identification, and the
research performed in the Baddeley and Hitch tra-
dition similarly demonstrates that speed of speech
articulation plays a central role in children’s mem-
ory spans. Recent research has shown that both of
these factors affect children’s memory spans, but
that neither factor alone adequately accounts
for developmental differences in working memory
(Henry & Millar, 1991; Hitch & Towse, 1995).
Speed of processing must be considered along with
other factors, such as children’s familiarity with
the to-be-remembered information. Nonetheless,
age differences in speed of processing seem to be
critically related to age differences in working mem-
ory and thus to cognitive development in general.

Speed of Processing

With respect to overall speed of processing, young
children require more time, and thus presumably use
more of their limited capacity, to execute most cog-
nitive processes than do older children (Dempster,



1Y81). In a series of studies, Robert Kail (1991,
1997) has reported that the general developmental
changes in processing speed are similar across differ-
ent tasks. In Kail’s studies, participants ranging in
age from 6 to about 21 years were given a series of
reaction-time tasks. For example, in some experi-
ments participants were presented with a pair of let-
ters in different orientations and were to determine
as quickly as possible whether the two letters were
identical or mirror images of each other. To do this,
participants had to mentally rotate one letter into
the same orientation as the other. In a name-
retrieval task, the participants were shown pairs of
pictures and asked to determine whether they were
physically identical or had the same name (for in-
stance, different examples of a banana, one peeled
and one unpeeled). Patterns of responscs over these
two, and several other tasks were highly similar,
with reaction times becoming faster with age (see
also Hale, Fry, & Jessie, 1993; Miller & Vernon,
1997). Figure 5-6 presents the pattern of reaction
times across age for a variety of tasks used in Kail’s
experiments. Note that despite substantial differ-
ences in the task requirements, all show essentially
the same pattern of changes in reaction time across
age. Recent research has even shown a similar
(though nort identical) age trend in reaction time
over the first year of life (Canfield et al., 1997), and
between 22- and 32-months of age (Zelazo, Kears-
ley, & Stack, 1995).

Kail interpreted these findings as reflecting age-
related increases in the amount of processing re-
sources available for the execution of cognitive
operations. Kail acknowledged that knowledge
(such as that possessed by a chess expert) influences
speed of processing, and thus levels of performance
on cognitive tasks, but he argued that matura-
tionally based factors are primarily responsible for
age-related differcnces in speed, and thus efficiency,
of processing (see Kail & Salthouse, 1994).

Developmental and individual differences in
knowledge cannot be dismissed as playing only a
minor role in differences in speed of processing,
though. The relationship between knowledge,
speed, and cognitive perfformance has been demon-
strated repeatedly (Chi, 1977). People process fa-

miliar information faster (and thus with less
effort) than they do less familiar information, g
children are relatively unfamiliar with muycjg
what they encounter in their everyday world. W
age, they become more experienced and in the
cess quicken their speed of responding. As Kaj] 4
Salthouse (1994) point out, however, althog
knowledge can substantially affect speed of per
mance on many tasks, the effects of knowled
appear to operate in a similar way for peopled
different ages. Thus, underlying individual and
velopmental differences in knowledge are maty;
tionally based neurological differences, which, §
combination, determinc speed of processing ag
availability of mental capacity.

Speed of processing plays an important role
only on tasks where children are required to respory
as quickly as they can, but also on tasks that do nd
demand rapid performance (see Kail, 1993). For ex
ample, in studies of memory, young children’s pet
formance can be improved merely by increasing thd
amount of time they have to study the to-be
remembered words (Douglas & Corsale, 1977; Nau
Ornstein, & Aivano, 1977). In one study examining
children’s use of a rehearsal memory strategy (re-
peating words to enhance memory), third-grade girls
rehearsed more words and remembered more words
when they were given more time between the pre-
sentation of successive words (from 5 to 10 seconds A
per word). The different rate of presentation made
no difference to sixth-graders, nor to third-grade
boys, but the added time apparently allowed the
younger girls to compensate for their slower process-
ing time, resulting in increased performance (Naus,
Ornstein, & Aivano, 1977). Of course, for some
tasks, providing children with all the time in the
world will not change their performance. Several
studies have given children extra time to study
problems, such as determining what factors influ-
ence which way a balance scale will tilt (Siegler,
1976), but to no avail. Without explicit instructions
or a greater understanding of the nature of the
task, increased processing time seems to make no
difference. Such patterns of results— with increased
time enhancing young children’s performance on
some tasks but not others— caused Kail (1993) to




Processing Time

Mental Roration

Lol 1 1Men

16 20

Age in Years

- Memory Search
150 |- .
100 LY
» a
" _':
AR EEEEE NN N
8 12 16 20

Name Retrieval

T 1

300 n oy
]
n
I~ . L
100 .
Lttt eit
8 12 16 20

Visual Search

Mental Addition

FIGURE 5-6 Developmental patterns of speed of processing for five cognitive tasks. source: “Development of
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conclude that “increased processing time may often
be a necessary component of improved performance
for younger children but it may not always be suffi-
cient for improved performance” (p. 115).

What is the nature of those maturationally based
changes that are proposed to underlie age-related

changes in speed of processing? They might involve
the myelination of nerves in the associative (“think-
ing”) area of the brain. As noted in Chapter 2,
myelin is a fatty substance that surrounds nerves and
facilitates transmission of nerve impulses. Whereas
myelination of most sensory and motor areas of the




brain is adultlike within the first several years of life,
myelination of the associative area is not complete
until the teen years and beyond.

Developmental Differences
in the Efﬁciency of Processing

The findings of Dempster, Kail, and others reporting
age-related changes in speed of processing concomi-
tant with age-related changes in cognitive task per-
formance are consistent with theories attributing
changes in cognitive development to changes in
general information-processing capacity (Halford,
1982; Pascual-Leone, 1970). Early “capacity mod-
els” of cognitive devclopment took a neo-Piagetian
perspective and essentially proposed that children’s
performance on tasks such as conservation could be
accounted for by how much information they could
hold in mind at a given time (Pascual-Leone, 1970;
Stewart & Pascual-Leone, 1992). These theories
proposed a domain-general set of cognitive re-
sources that children allocated to various cognitive
operations that increase with age. Such domain-
general models have a difficult time explaining re-
sults such as those reported by Chi (1978), where
chess-expert children had a greater memory span for
chess positions than did adults, but not when digits
served as stimuli. Some cognitive feats seem to be
domain specific, with skills in one domain not gen-
eralizing to other domains. How can a theory that
postulates a domain-general pool of resources ac-
count for such findings?

More contemporary theories propose age differ-
ences not so much in absolute capacity (although
such differences may exist), but in the efficiency with
which children use the mental capacity they have
available to them (Bjorklund, Muir-Broaddus, &
Schneider, 1990; Case, 1985; Kee, 1994). One influ-
ential theory of cognitive development that consid-
ers age differences in the efficiency with which
information is processed is that of Robbie Case
(Case, 1985, 1992a, 1998). (Aspects of Case’s the-
ory were discussed in the previous chapter when we
examined neo-Piagetian approaches to cognitive
development.) Case proposed age-related declines

Young Child Older Child
Operating Storage Operating
Space Space Space

FIGURE 5-7 With age, children process information
more efficiently, requiring less operating space and leav-
ing more storage space.

in the amount of mental effort required to execute a
cognitive process. Some of this improvement can be
attributed to maturation. However, within each
maturational stage children become increasingly "
adept at acquiring information and using strategies.
This ability, in turn, fosters greater efficiency, result-
ing in heightened speed of processing.

Case distinguished between storage space and
opcrating space when conceptualizing memory pro-
cesses. Storage space is the mental space that an in-
dividual has available for storing information;
operating space is the mental space that can be allo-
cated to the execution of intellectual operations.
Case also defined total processing space as the sum
of storage and operating space.

Case proposed that there is a developmental de-
crease in the amount of operating space required for
the execution of cognitive processes with a con-
comitant increase in operational efficiency. Simply
put, as each new developmental skill is mastered and
becomes practiced, the increase in processing effi-
ciency frees attention {or processing space) for coor-
dinating new strategies. Developmental changes in
operating and storage space are displayed in Figure
5-7. Case's theory is illustrated in a study by Case
and his colleagues (1982), who assessed the inde-
pendent contributions of storage space and operat-
ing efficiency to memory performance. Storage space
was measured by counting the number of items that
children (ranging in age from 3 to 6 years) recalled




under conditions that minimized the effects of mem-
ory strategies (for example, memory-span tasks). Op-
crating efficiency was reflected by the speed with
which a set of cognitive operations such as identify-
ing items could be performed. Case and his associ-
ates predicted that there would be a relationship
petween operational efficiency (as reflected by speed
of identification) and storage space (as reflected by
how much was remembered). Children who were
slow in identifying items (thus requiring substantial
amounts of operating space) should realize lower
levels of memory performance for those items. The
data supported this prediction, showing a relation-
ship between storage space and operating efficiency
that was also related to age. Furthermore, when the
processing speeds of college students were reduced
by changing the task so that they no longer bene-
fited from being able to say the words quickly (unfa-
miliar nonsense words were used), their level of
memory performance was comparably reduced. The
results of this study are graphically presented in Fig-
ure 5-8. As processing efficiency increased (as re-
flected by speed of processing), memory performance
also increased. When adults were given a task reduc-
ing their processing efficiency to a level comparable
to that of 6-year-olds, their memory performance
was similarly modified. These results are similar to
those reported by Hulme et al. (1984), who exam-
ined the relationship between word length, articula-
tory speed, and memory span (see Figure 5-5).

Few theorists today argue that there is a single
set of resources that influence all aspects of cogni-
tion. Yet the possibility that a general-processing
mechanism, in combination with more specific
mechanisms, plays a substantial role in cognitive
development is supported by much research and
many theorists. Although capacity models are fre-
quently expressed in terms of space, energy, or effi-
ciency metaphors, they can also be expressed as a
time metaphor. Older children require less time to
process information than younger children do. This
is reflected by age differences in speed of processing,
discussed earlier. If we view speed of processing as a
direct indication of capacity, we can avoid some de-
finitional problems associated with resource theories
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FIGURE 5-8 The relation between word span and
speed of word repetition at age levels from 3 to 6 years
and adulthood. Younger children were generally slower
to identify words and had shorter word spans than older
children. When the identification times of adults were
slowed to levels comparable to those of 6-year-olds, they
showed a corresponding deficit in word span. sOURCE:
“Operational Efficiency and the Growth of Short-Term
Memory Span,” by R. Case, D. M. Kurland, and J. Gold-
berg, 1982, Journal of Experimental Child Psychology, 23,
386-404. Copyright © 1982 Academic Press. Reprinted

with permission.

using metaphors of mental space or mental energy.
Kail and Salthouse (1994) have proposed such a
developmental theory; they suggest that a global
processing-speed mechanism influences cognitive
performance either directly (faster global processing
results in enhanced performance) or indirectly by
influencing the speed with which more domain-
specific processing mechanisms (such as rehearsal)
are executed. Each of these phenomena (global pro-
cessing speed, specific processing speed, and cogni-
tive performance) can be influenced by other factors
associated with age (such as maturational changes
in the brain or increased knowledge). Figure 5-9
illustrates the hypothetical relationship between
these factors.

Based on evidence of regular age-related changes
in speed of processing (discussed earlier), Kail and
Salthouse (1994) proposed that speed of processing
is a cognitive primitive, or a basic aspect of the human



“Global”
Processing
Speed

Cognitive
Performance

Age

Specific
Processing
Speed

FIGURE 5-9 Model showing the possible relation-
ships among age, global processing speed, specific
processing speed, and cognitive performance. SOURCE:
Adapted from “Processing Speed as a Mental Capacity,”
by R. V. Kail and T. A. Salthouse, 1994, Acta Psycholog-
ica, 86, 199-225. Copyright © 1994 by Elsevier Science
Publishers BV. Adapted with permission.

cognitive architecture, much like the central pro-
cessing unit of a computer is a basic part of the
machine’s hardware. Differences in this capacity
change with age in regular ways and influence much
cognitive functioning by limiting how much (or
how quickly) information can be handled at any
one time. Yet, age differences in speed of processing
do not account for all age differences in cognitive
performance. As Figure 5-9 shows, factors associated
with age may directly influence cognitive function-
ing independent of processing speed, or age may af-
fect task-specific processing speed. So although
speed of processing is not everything, Kail and Salt-
house (1994), like other capacity theorists, propose
that it is perhaps the most important single factor
underlying cognitive development.

Stop here!
The Ro e of Strategies
in Cognitive Develo

Given that children

some mental resources

or somehow represented in the cognitive syste
gnd once it is in the mind/brain, something musy ba
done with it. Perhaps the information— let’s say the :
word dog— must be identified (a meaning myist he.
found in memory for the visual stimulus), clgssifieq i
(as &\ small, four-legged, domestic mammal}, com,
pared\with other stimuli or other items in memory
(similak to cats; very different from sea slugs), or re
membergd for later on. Each of these opefrations (or
set of opekations) takes time and each refuires expe.
rience to perform efficiently. Some may be executed.
automatically and unconsciously, whereas others’
may be execlted only at the individyal’s discretion,
with the menkal operations and their results being
available for conscious evaluation,

Much of the ¥est of this book will be concemed
with developmental differences/in these and other
information-processing operatjons. In the present
section, | would like to disclss a broad category
of information-processing cofiponents— strategies.
Strategies are goal-directed/operations used to aid
task performance. Strategijes are usually viewed as

being deliberately impletyénted, nonobligatory, and §

potentially available to cOqsciousness (Harnishfeger
& Bjorklund, 1990a; Pressley & Van Meter, 1993).
And strategies develog.

Strategies are releyant to kpost aspects of cogni-
tive development. Fgr example) in memory develop-
ment, commonly uged strategiey include rehearsing
information or groliping to-be-refpembered items by
conceptual categgries (for example, remembering all
the outfielders gh a baseball team 1§ one group and
all the pitchers/in another). In mathematics, simple
strategies of addition include counting on one's fin-
gers ot mental counting (for instance, Yor the prob-
lem 3 + 2 =/7, mentally starting with 3 akd counting
up two to grrive at 5). Strategies can be fyuch more
complicated and involve an evaluation colnponent.
For exanjple, in reading, one must occasionally de-
terming/ how well the recently read information is
being ynderstood. In all cases, the strategy is used to
achiefe some cognitive goal (remembering, ad{ing,
comprehending).

Although children often discover strategies gn
théir own in the process of performing a ta
(Piegler & Jenkins, 1989), many important cogni-
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xperiment is shown in Figure 5-11. The mental e
foxt associated with having to generate elaboratjéns

fectedNpow children used the strategy ghd how
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served phenomenon of domain specificity.

Attention

One concept closely associated with information-
processing approaches to cognition and develop-
ment is that of attention. In everyday parlance, we
use the term interchangeably with concentration.
When we tell a child to “pay attention,” we usually
want that child to concentrate on the task at hand
and not to let his or her mind wander to other
things. Attention has been used similarly in the psy-
chological literature. Psychologists who study atten-
tion are interested in how and why people attend to
some objects and events in the environment and
not to others. Developmental psychologists are in-
terested in the development of various aspects of
attention.

One assumption about attention is that it con-
sumes limited mental resources. Thus, age differ-
ences in the ability to attend to, or to focus one’s
attention on, a particular stimulus or task have been
presumed to reflect differences in the availability of
and ability to allocate limited mental resources.
Thus, attending to some task has often been seen as
equivalent to allocating one’s limited resources to

_—
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familiar relations
among word pairs)

Accessible (familiar
relations among
word pairs)

Mean Percentage Reduction in Finger Tapping
S
I

Provided

Generate

FIGURE 5-11 Mean percentage reduction in finger
tapping as a function of accessibility for subjects in the
dual-task memory experiment by Kee and Davies.
source: “Mental Effort and Elaboration: Effects of
Accessibility and Instruction,” by D. W. Kee and
L. Davies, 1990, Journal of Experimental Child Psychology,,
49, 264-274. Copyright © 1990 Academic Press.
Reprinted with permission.

that task. Yet attending means more than merely
consuming limited resources. Developmental differ
ences in attention have been examined for a variety
of phenomena, including the extent to which chil-
dren can sustain their focus on tasks, as well as their
abilities to switch their focus between competing
stimuli, to focus selectively on some stimuli to the
exclusion of others, and to apply strategies for selec-
tive attention.

Sustaining Attention

One aspect of attention involves sustaining one’s fo-
cus on a particular task—that is, paying attention.
To some extent, we can measure this even in in-
fancy, with some babies staying “on task” better
than others. Some interesting evidence indicates
that variations in attention in infants and toddlers
(1- and 2-year-olds) are predictive of attention in
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carly childhood (3.5 years) (Ruff et al., 1990). Such
a finding suggests that some common factor may un-
derlie individual differences in attentiveness, both
in infancy and childhood, and might make possible
the prediction of attention disorders from measure-
ments in infancy.

The ability to sustain attention becomes increas-
ingly important for children beyond infancy, and
ample evidence indicates that children’s attention
span, the length of time for which they can sustain
focused attention, increases with age. For example,
Ruff and Lawson (1990) observed children between
the ages of 1 and 4.5 years during free play. They
noted a regular increase in focused attention during
play over this time and attributed such increases, in
part, to improved abilities to inhibit extraneous in-
formation. In other research, children between the
ages of 30 and 54 months were given a series of tests
of sustained visual attention, for example, attention
during play, while watching television, and during a
reaction-time task (Ruff, Capozzoli, & Weisberg,
1998). For each measure, attention increased with
age, although it differed among the tasks, with at-
tention during play and for television viewing
developing earlier than attention during the
reaction-time task. Also, there were only low to
moderate correlations among the tasks, indicating
that individual differences in attention were rela-
tively domain specific in nature, tied to particular
contexts.

One area where issues of sustained attention
could have some social and educational implica-
tions concerns young children’s attention to televi-
sion shows. It is widely believed that children’s
comprehension of television is fragmented and pas-
sive, promoting a passive attitude toward thinking
in general (Singer, 1980). However, there is evi-
dence that young children can and do sustain atten-
tion to television shows, although the degree of
attention varies with the comprehensibility of the
program (Anderson & Lorch, 1983). For example,
in a study by Lorch and Castle (1997), 5-year-old
children watched special shows of Sesame Street.
Some of the segments in the shows had been altered
to make them less comprehensible by dubbing them
in a foreign language, whereas others were intact

(more comprehensible). Children were told to
“watch and enjoy” the shows. However, they also
were asked to press a button every time a loud buzzer
went off, and to do this as fast as they could. This
was a secondary task (viewing the TV show being the
primary task), and reaction times to press the buzzer
were used as an indication of how much attention
they were showing to the TV program. The longer it
took them to press the button, the more attention
they were presumably paying to the television show.
Lorch and Castle reported that children paid
more attention to the television show when more
versus less comprehensible segments were showing,
and that, when watching the shows, children de-
voted more attention to the more comprehensible
segments. That is, they had slower reaction times to
the secondary task when watching the more mean-
ingful shows than the less meaningful shows, or
when not looking at the TV at all. Also, the longer
children sustained their attention to the meaning-
ful segments (sustaining attention for 15 seconds
or longer), the slower were their reaction times on
the secondary task, implying that they were devot-
ing more attention to the TV program. In general,
children paid substantial attention to meaningful
TV programs, implying active, rather than passive
processing of the show’s content, and they might
become more actively involved (cognitively) the
longer they continuously attend to the show.

Selective Attention

The term attention is frequently used as a synonym
for concentration. When we concentrate, we focus
our attention on some stimulus, ignoring others. Se-
lective attention is the ability to concentrate only
on chosen stimuli and not to be distracted by other
“noise” in the environment. In general, selective-
attention abilities increase with age, with young
children giving a disproportionate amount of atten-
tion to information irrelevant to the task at hand
and not enough attention to important information
(Lane & Pearson, 1982).

Selective attention in children has been exten-
sively studied using tests of incidental learning. In
a typical experiment, children are shown pairs of
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FIGURE 5-12  Stimulus materials used in central-incidental memory tasks. Children are instructed to attend to one
stimulus class of pictures (the animals, for example) and are later tested for memory of both the central (animals) and
incidental (household items) stimuli. sOURCE: “Strategies for Remembering,” by ]. W. Hagen. In S. Farnham-Diggory
(Ed.), Information Processing in Children, p. 68. Copyright © 1972 Academic Press. Reprinted with permission.

pictures like those in Figure 5-12. One member of
each pair is designated as central, and the children
are told to remember it for later on. The other is
designated as incidental and the children are told
that they can ignore it (Hagen & Stanovich, 1977).
Following stimulus presentation, the children are
asked to recall the central stimuli, and, as would be
expected, the older they are, the more they recall.
Then, the children are asked to recall the inciden-
tal stimuli— the ones they were supposed to ignore.

Age differences are much smaller for the incidental
recall. In fact, after about age 11, the amount of in-
cidental information remembered actually de-
creases (Hagen & Stanovich, 1977). This means
that when instructed to remember one set of items
and ignore another, younger children have more
difficulty with both. From results such as these, re-
searchers have concluded that older children are
better able to allocate attention in accordance with

" task demands and that they can store information




ore efficiently than younger children (Schiff &
Knoph, 1985). Teachers and parents need to recog-
pize the possibility that young childr(?n’s seeming in-
ability to learn prescribed lessons might be because
chey are filling their minds with incidental learning.
Other researchers have emphasized the role that
age differences in the ability to exert inhibitory con-
trol plays in developmental differences in selective
attention. For example, in research with 5- to 12-
car-old children and adults (Ridderinkhof & van
der Molen, 1995), participants were shown target
arrays (central stimuli) with arrows pointing either
to the left or the right. In each hand they held a
bulb and were to squeeze the bulb in their right
hand for a right facing arrow and the bulb in their
left hand for a left-facing arrow. The target arrows
were surrounded either by (1) incidental arrows
(that children were told to ignore) that faced in the
same direction as the target arrows, (2) incidental
arrows that faced in the opposite direction, or (3)
with diamonds, that served as a neutral stimulus.
The length of time it took children to squeeze the
bulb, depending on whether the distractor arrows
were pointing in the same or opposite direction as
the target arrows (all relative to the time it took to
squeeze the bulb in the neutral “diamond” condi-
tion) was measured. The longer it took children to
squeeze the bulb, relative to the neutral condition,
the greater interference (and the poorer their selec-
tive attention) was proposed to be. Children’s brain-
wave patterns were also recorded. Ridderinkhof and
van der Molen reported a reduction in interference
effects with age, as measured both by patterns of
hand squeezes and brain waves, Based on their find-
ings, they concluded that age-related differences in
inhibition account for much of the data and that
this is related to developmental differences in the
maturation of the frontal cortex (see also Rid-
derinkhof, van der Molen, & Band, 1997).

Attentional Strategies

When children must inspect something or make
comparisons among objects, how do they allocate,
or spend, their attention? Do children attend to
some parts of a display more than to others? Do they

compare two objects carefully before declaring them
the same or different? Are there age differences in
what they do? Stated another way, what strategies of
attention do children use when they must examine
a stimulus or set of stimuli?

Classic work on developmental differences in
children’s attentional strategies was conducted by
Vurpillot (1968; Vurpillot & Ball, 1979). In these
studies, children were shown pictures of pairs of
houses (see Figure 5-13). The children’s task was to
tell whether the windows in the two houses were
the same or different. While they were making their
decisions, their eye movements were recorded by a
camera concealed behind the picture. It was found
that preschool children rarely looked at all the win-
dows before making a judgment. For example, when
there were 12 windows in the two houses, 4- and 5-
year-olds, on average, made a decision after looking
at only 7 of the 12 windows. Children aged 6 to 8
years old, however, looked at between 10 and 12 of
the windows, on average. Not surprisingly, the older
children, who used a better strategy, were more apt
to be correct in their judgments than the less strate-
gic preschoolers (Vurpillot & Ball, 1979).

Research by Miller and her colleagues, discussed
earlier with respect to utilization deficiencies, has
similarly shown improved attentional strategies
over the course of the preschool years. In this work,
children are instructed to study and remember only
a subset of items, hidden in clearly marked boxes
(for example, they are asked to remember only the
animals, which are hidden in boxes with cages
marked on them). Most 3-year-olds open all boxes,
both relevant (those with cages on them) and irrel-
evant (those with houses on them). Slightly older
children begin to use a systematic strategy, but it is
not typically until after 6 years of age that children
consistently use a selecrive strategy on this task
(DeMarie-Dreblow & Miller, 1988; Miller et al.,
1986).

What Do Children Know about Attention?

Do young children know more about attentional
processes than their behavior might indicate?
That is, is their meta-attention greater than their
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FIGURE 5-13  Stimulus materials used in research on attentional strategies. Children’s eye movements are recorded
as they determine whether the houses in each pair are the same or different. source: “The Development of Scanning
Strategies and Their Relations to Visual Differentiation,” by E. Vurpillot, 1968, Journal of Experimental Child Psychology,
6, 632-650. Copyright © 1968 Academic Press. Reprinted with permission.




ional abilities? This often seems to be the
Even though 4.year-olds generally cannot
case-come distractions when performing “selective-
Overndon" tasks, they are apparently aware that dis-
rions are a problem, for they realize that two
e s will be harder to understand if the storytellers
Smralle\- simultaneously rather than taking turns (Pil-
;s; 1988). By contrast, 3-year-olds would just as
soon listen t0 stories told simultaneously as to have
the storytellers take turns. In other research, Miller
and Weiss (1982) asked 5-, 7-, and 9-year-olds to
answer a series of questions about factors known to
affect performance on an incidental-learning task
(hat is, a task like the “animals and objects” test de-
scribed earlier). Although knowledge about atten-
rional processes generally increased with age, even
the 5-year-olds realized that one should at least look
frrst at task-relevant stimuli and then label these ob-
jects as an aid to remembering them. The 7- and 10-
year-olds further understood that one must attend
selectively to task-relevant stimuli and ignore irrele-
vant information to do well on these problems.

However, at other times young children seem un-
aware that paying attention is something special.
John Flavell and his colleagues (Flavell, Green, &
Flavell, 1995a), asked 4-, 6-, and 8-year-old children
a series of questions about attention. For example, if
a woman is examining a set of decorative pins so
that she can select one as a gift, what would be on
her mind? Would she be focusing just on the pins, or
might she have other things on her mind as well?
Whereas almost all 8-year-olds and most 6-year-olds
were aware that the woman would be thinking pri-
marily about the pins and not likely thinking about
other things, few 4-year-olds had this insight. It’s as
if they do not realize what is involved in selective
attention. By 8 years of age, children’s understand-
ing of artentional focus was about as good as that of
aduls.

In sum, the development of attention is appar-
ently a lengthy process in which children first learn
to translate what they know into appropriate ac-
tions and then gradually come to rely on these strat-
egies as they become more routinized and an
effective means of gathering information to achieve
their objectives.
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New Approaches to Developmental
Differences in Information Processing

I think it would be accurate to say that information-
processing models, in one guise or another, remain
the dominant perspective in cognitive development
today. As with all psychological theories, however,
information-processing conceptions of children’s
thought are constantly being tested, challenged,
and modified. Some challenges to information-
processing approaches come from the developing
field of cognitive science. Psychologists are in-
creasingly concerned with the biological basis of
cognition and its development, including both
neurological (proximate) and evolutionary (distal)
causes. These have not been traditional concerns of
information-processing approaches, and critics have
argued convincingly that new theories must be de-
veloped that take the brain as seriously as the mind
when describing and explaining cognition and its
development (see Gibson & Petersen, 1991; Tooby
& Cosmides, 1992).

But information-processing accounts of cogni-
tion and development have been sufficiently flexi-
ble to change with the times. Although few
researchers today take the “mind as a computer”
metaphor too seriously, most still believe that the
mind/brain processes information (that is, encodes,
represents, categorizes, retrieves). Thinking in-
volves computation, done by bundles of nerve cells
and not silicon chips. However, some of the basic
assumptions of classical information-processing the-
ory have slowly been eroding, such as the belief in a
single set of generic resources or that all processing
is serial in nature (that is, that we can only think of
one thing at a time).

In the sections that follow, I discuss three new
approaches within the general framework of
information-processing theory: theories that posit
deveiopmental differences in inhibition and resis-
tance to interference as the underlying cause of
much of cognitive development; Charles Brainerd
and Valerie Reyna’s fuzzy-trace theory, which looks
at age differences in basic processes, rather than
higher-level, conscious processes, as the mechanisms



for cognitive change; and connectionist models of
cognitive development, which involve a particular
type of computer simulations to achieve a better un-
derstanding of development.

Inhibition and Resistance to Interference

Inhibition and interference are old concepts in psy-
chology. With the rise of information-processing
theory, however, concepts of inhibition and interfer-
ence fell out of grace, being seemingly incompatible
with the computer metaphor of mind. As gaps in
information-processing theory became apparent,
theorists looking both at adult cognition and cogni-
tive development re-examined the role that inhibi-
tion and resistance to interference might play in
human thought. Although it is clearly important to
activate knowledge or thought processes, it is
equally important that we don’t execute, or that we
inhibit, processes at other times. A theory of cogni-
tion that examines only “activation” is going to have
only part of the picture. And the role of inhibition
might be especially important, or obvious, in chil-
dren. Many of children’s cognitive errors and their
everyday “problem” behaviors come from things
they do despite instructions otherwise (for example,
“I didn’t mean to trip Josh when he walked up the
aisle, it just happened”). The basic idea at its sim-
plest is that, with age, children are increasingly able
to inhibit prepotent (primary) and often inappropri-
ate mental or behavioral responses or to resist inter-
ference from both internal and external sources, and
that these improved skills permit the more efficient
execution of other cognitive operations.

Neurological Locus

Inhibitory and resistance-to-interference processes
are seemingly related to the functioning of the
frontal lobes of the neocortex (or the prefrontal
cortex —see Chapter 2). The frontal lobes of the
neocortex have many projections to other areas of
the brain, including the limbic system, the “emo-
tional” part of the brain. The prefrontal cortex is
one of the last areas of the brain to reach full matu-

rity in ontogeny. Development of the frontal lobes
in humans is rapid between birth and about 2 yearg
of age. Another, less pronounced growth spurt oc-
curs between about 4 and 7 years, with subsequeng
growth being slow and gradual into young adult.
hood (Luria, 1973).

Much evidence for the role of frontal lobes in
inhibition in humans comes from cases of brain #§
damage. Humans with frontal lobe damage have dif- 4
ficulty with planning and concentration. Frontal
lobe dysfunction has been implicated in some psy-
chiatric syndromes, such as obsessive-compulsive
disorder (Malloy, 1987). One test that demonstrates
the difficulty frontal lobe patients have with in-
terference is the Wisconsin Card Sorting Test
(WCST). The WCST consists of cards on which
are depicted different objects (such as squares, stars,
and circles) that vary in color and number (see Fig-
ure 5-14). The participants’ task is to sort the cards
into specified categories (that is, according to color,
number, or shape), which is reinforced by the exam-
iner. Without specifically informing the participant,
the examiner then switches reinforcement to an-
other category. For example, the initial category
may be number, in which case participants would be
reinforced for sorting all the target cards with four
items on them under the cue card consisting of four
circles, all the cards with three items on them under
the cue card with the three crosses, and so on, re-
gardless of the color or shape of the items on the
cards. The examiner may then switch from number
to shape, so that all target cards are now to be placed
with the cue card consisting of the same shape (stars
with stars, triangles with triangles, and so on), with
color and number being irrelevant. Participants are
corrected after a mistake, so they should presumably
be able to learn a new classification scheme after
only a few trials. Normal people do exactly this.
However, patients with lesions in the frontal lobes
do poorly on this task, often finding it difficult to
make a new response (Milner, 1964). This reflects
an inability to inhibit a previously acquired re-
sponse. Based on these and related findings, it has
become clear that the frontal lobes play a central
role in the selection and regulation of behavior by
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FIGURE 5-14 The Wisconsin Card Sorting Test.
source: “Some Effects of Frontal Lobotomy in Man,’
by B. Milner. In . M. Warren & K. Akert (Eds.), The
Frontal Granular Cortex and Behavior, McGraw-Hill,

1964.

inhibiting previous responses and fostering resis-
tance to interference from extraneous stimuli (see

Dempster, 1993; Diamond, 1991; Luria, 1973).

Developmental Differences in Inhibition
and Resistance to Interference

Because we know the frontal lobes develop over in-
fancy and childhood, we should expect correspond-
ing changes in the ability to inhibit irrelevant
information and to resist interference, and ample
evidence demonstrates just that. Recall, for exam-
ple, the research by Diamond (1985), discussed in
Chapter 2, in which infants’ performance on A-not-
B object permanence tasks was related to develop-
ment of the prefrontal lobes (see also Bell & Fox,
1992). Likewise, many of the tasks that adults with
frontal lobe damage have difficulty performing also
show improvements with development. For exam-
ple, age differences are found in performance on the
WCST, with young children performing much the
way adults with frontal lesions perform (Chelune &
Baer, 1986).

In a task that is essentially a simplified version of
the WCST, children are given a set of cards with

each card depicting one of two objects (a red boat or
a blue rabbit, for example). Children first sort the
pictures into groups on the basis of one dimension
(shape, for example, boats versus rabbits), and then,
after several trials, are told that the rules have
changed and they must now sort the pictures on the
basis of the other dimension (color, red versus blue)
(Zelazo, Frye, & Rapus, 1996). Although 3-year-old
children can easily sort the pictures into groups on
the basis of either color or shape, they almost always
fail on the “switch” trials, when the rules change
from sorting on the basis of shape to color (or vice
versa). Instead, they continue to sort the cards as
they had previously, despite being able to articulate
the rule. Zelazo and his colleagues attribute this
failure to 3-year-olds’ inability to reflect on their
knowledge, something that develops between the
ages of 3 and 5 years (Zelazo et al., 1997) (see fur-
ther discussion of this and related tasks in Chapter
10). Zelazo might be correct about this, but it also
seems clear that one of the difficulties these young
children have is inhibiting the activation of the pre-
viously correct rule (boats go here, rabbits go there),
despite seemingly knowing better.

Children’s ability to regulate their behavior
(which involves inhibiting undesired behavior as
well as executing desired behavior) improves with
age (see Kochanska et al., 1996; Luria, 1961). This
includes using language to guide their behavior (see
Luria, 1961; Vygotsky, 1962), with young children
often displaying the same problems shown by adults
with frontal lesions. For example, preschool chil-
dren show the same difficulty in performing tasks in
which verbal instructions contradict a more salient
routine as do frontal lesion patients, such as the task
in which participants are to tap once each time the
examiner taps twice, and tap twice each time the
examiner taps once (Diamond & Taylor, 1996).
Young children’s difficulties inhibiting their behav-
ior to language can be seen even in simple games
such as “Simon Says.” Preschool and early school-
age children make many inhibitory errors in this
game, making responses to verbal commands even
though Simon didn’t say so; simplifying the game
helps, but young children still make many more




inhibitory errors than older children (LaVoie et al.,
1981; Reed, Pien, & Rothbart, 1984).

Children also have a difficult time inhibiting
their speech. For example, in research in which
children were to name out loud only certain pictures
on a page (for example, animals) but not say the
names of distractor items (for example, people),
kindergarten children showed no evidence of in-
hibiting their responses. They mentioned the dis-
tractor items as frequently on trials when they were
told not to mention the distractor pictures as on tri-
als when they were told to mention them (Kipp &
Pope, 1997). (This reminds me of a verbally preco-
cious 4-year-old who was telling a story to his par-
ents about his day at school and then, in the middle
of the story, suddenly started talking about a TV
show he had recently seen. The child paused briefly
and then said, “Oops, I just interrupted myself.” He
couldn’t keep the distracting thought about the TV
show from intruding on his story about his day at
school.)

Changes in inhibitory processes over childhood
have been related to a number of cognitive tasks. For
example, children’s ability to selectively forget infor-
mation is affected by their ability to keep the to-be-
forgotten information out of mind. Older children
are better able to execute these inhibitory processes
than younger children are (Harnishfeger & Pope,
1996; Lehman et al., 1997; see Wilson and Kipp,
1998). Age differences in selective attention (dis-
cussed earlier in this chapter) can be explained by
young children’s inability to ignore task-irrelevant
stimuli. Although task instructions make it clear
that they are to attend only to the central stimuli
and ignore peripheral stimuli, they have a difficult
time doing so (see Ridderinkhof et al., 1997). And
young children’s difficulty in inhibiting some behav-
iors (such as pointing to where an object is hidden)
might impede their ability to deceive others in some
situations (Carlson, Moses, & Hix, 1998).

Katherine Kipp Harnishfeger and I (Bjorklund &
Harnishfeger, 1990; Hamishfeger, 1995; Harnish-
feger & Bjorklund, 1994) proposed a model of ineffi-
cient inhibition in working memory to account for
the influence of inhibition mechanisms on cognitive
development. The central idea in this model is that

differences in the ability to keep task-inappropriate
information out of working memory influences task
petformance. Harnishfeger and Bjorklund suggested
that young children not only have difficulty ig-
noring task-irrelevant stimuli in their environment,
but they also have a difficult time keeping task-
irrelevant “thoughts” out of working memory. They |
proposed that the greater amount of task-irrelevant
information in working memory for young children
results in greater “cognitive clutter,” which effec-
tively reduces functional working-memory space
(see Lorsbach & Reimer, 1997).

Evidence for this comes from a study by Lorsbach,
Katz, and Cupak (1998). They modified a procedure 3
initially used to assess inhibition mechanisms during §
text processing in younger and older adults (Hamm
& Hasher, 1992). Basically, third-grade, sixth-grade, §
and college students heard passages that initially led |
to a particular interpretation (for example, Mike and
his mom were watching butterflies). During the sec- §
ond half of the passage, the story either continued as 1§
expected or the interpretation switched (they were ;y’
actually watching birds). Participants were given
memory tests to determine whether or not they still §
had the idea of butterflies (now disconfirmed) in -“,
their minds at the end of the story. Adults were able
to “forget” about the initial, now disconfirmed, in-
terpretation (that is, butterflies), keeping this irrele-
vant information out of working memory. Third-
and sixth-grade-children were much less likely to do
this. In other words, whereas adults were able to in-
hibit the irrelevant interpretation (butterflies) and
focus only on the relevant interpretation (birds), the 4
children had a more difficult time inhibiting the ir-
relevant information, resulting in cognitive clutter
in their working memory.

Frank Dempster (1992, 1993) has focused on age
differences in resistance to interference, such as re- |
flected by children’s performance on selective-
attention tasks and the Wisconsin Card Sorting
Test, both described earlier. Dempster sees resis-
tance to interference as a basic-level process that is
central to understanding cognitive development.
However, this resistance to interference is not a uni-
tary construct. Although Dempster believes that the
frontal lobes are involved in most cases of resistance
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Figure 5-15  The hypothesized relationship between
age and sensitivity to motor, perceptual, and linguistic
interference. SOURCE: “Resistance to Interference: Devel-
opmental Changes in Basic Processing Mechanisms,”

by E N. Dempster. In M. L. Howe & R. Pasnak (Eds.),
Emerging Themes in Cognitive Development, Vol. I:
Foundations, p. 19. Copyright ©1993 Springer-Verlag,
New York, Inc. Reprinted with permission.

to interference, he contends that there are at least
three separate types of interference phenomena,
each with its own developmental course. The hy-
pothesized relation between age and sensitivity to
interference is shown in Figure 5-15 for the motor,
perceptual, and verbal domains.

As can be seen from the figure, sensitivity to mo-
tor interference is greatest early in life. Such high
sensitivity to motor interference would account for
infants’ behaviors on A-not-B object-permanence
tasks (Diamond, 1985; see Chapter 2). Infants
might know that an object was hidden at location
B, but they cannot prevent themselves from reach-
ing toward location A. Children’s ability to inhibit
responses increases over infancy and childhood, as
reflected by the greater motor control children ac-
quire during the elementary school years (which
can be seen in playing a game of “Simon says,” for
example).

Sensitivity to perceptual interference shows a
more gradual decline over late childhood and early
adolescence. This, Dempster proposes, is reflected
by young children’s perception being stimulus
bound, or, following Piaget, being perceptually cen-
tered. For example, in the conservation-of-liquid

task, preschool children cannot ignore the differ-
ences in height of the two containers. Their percep-
tion is centered on the most salient aspect of the
perceptual array and they make their decisions on
this aspect. According to Dempster, children during
Piaget’s preoperational period cannot easily resist
perceptual sources of interference.

Dempster suggests that sensitivity to verbal in-
terference remains relatively constant over devel-
opment, peaking during early childhood, when
language begins to play an increasingly important
role in guiding problem solving (Vygotsky, 1962).
This increase in sensitivity to verbal interference
corresponds with the decrease seen in sensitivity to
perceptual interference, suggesting a change in the
underlying representational system.

Acknowledging that inhibitory processes play an
important role in cognitive development seems to
be an important step forward in helping us arrive at
a better understanding of children’s thinking. But
such a perspective should be seen as supplementing
information-processing views of development and
not replacing them. Age changes in inhibition may
permit certain other abilities to be expressed, but
they do not seemingly cause them to develop. Im-
provements in inhibitory control may thus play a
permissive tole in cognitive development, with a cer-
tain level of inhibitory control being necessary be-
fore other specific abilities can develop.

Stop here!
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the metaphor of intyi
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