CHAPTER 8§

Processing Speed and Cognitive Control

8.1 Behavioral and Neural Correlates
of Processing Speed

Why are various people faster than others when performing the same task?*
Moreover, why is a single person faster with only certain tasks? To answer
these questions, we need to explore both inter- and intra-individual varia-
tions in processing speed and cognitive control, across different conditions
and tasks. Processing speed can be measured at the neurophysiological and
behavioral levels using distinct tasks that may differ in modality, length,
and complexity. Therefore, individual variations in processing speed reflect
differences in both skills and tasks. For example, perceptual speed is typ-
ically measured with simple tasks, whereas decision speed is assessed with
more complex ones (Salthouse, 2000).

Simple processing speed tasks involve motor or sensory-motor exercises
and measure simple reaction time (RT) to reflect the participants’ per-
ception of the stimulus and their motor reaction to it. However, the per-
ception of the task, the early phase of information processing, may be
measured separately from the motor reaction. The indicator of this early
phase of information processing is the inspection time, which has been
closely linked to individual IQ scores and shown to vary with age (Jensen,
2005; O’Connor & Burns, 2003). In contrast to simple RT measures, more
complex tasks, such as choice reaction time tasks, require that participants
discriminate among items and make a decision, in addition to perceiving
the task and producing a motor response. Processing load differs signif-
icantly between simple RT measures that require a quick response and

! The content of this chapter is based, in part, on Marton, K., & Gazman, Z. (2019). Interactions
among speed of processing, cognitive control, age, and bilingualism. In I. A. Sekerina, L. Spradlin,
& V. Valian (Eds.), Bilingualism, executive function, and beyond. Questions and insights (pp. 281—293).
John Benjamins Publishing Company.
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118 Processing Speed and Cognitive Control

more complex tasks that require mental manipulations and the involve-
ment of control processes (Chiaravalloti et al., 2003). Thus, performance
on more complex processing speed tasks is more demanding on cognitive
control skills, such as goal maintenance, attention shifting, and inhibition
(Cepeda et al., 2013). When researchers use complex speed of processing
tasks to assess individual differences in RT, they measure their participants’
cognitive control skills, in addition to their processing speed.

Individual differences at the behavioral level are also associated with neu-
ral processing speed. Neuroimaging studies suggest that the relationship
between processing speed and neural speed reflects individual differences
in white-matter tract integrity (Schubert et al., 2019). High-level cogni-
tive functioning requires widespread brain networks with well-connected
white matter that may allow for faster and more efficient information pro-
cessing (Penke et al., 2012). White-matter integrity is not a tract specific
but a brain-wide property. White matter pathways support information
processing across brain networks and facilitate the integration of activities
carried out by different brain areas. Variations in the microstructure of
white matter tracts that interconnect the brain areas supporting high-level
cognitive functioning account for the individual differences in behavioral
processing speed (Turken etal., 2008). Thus, people with widely connected
white matter show improved speed of processing compared to those with
less integrated brain networks. Given the interconnectivity of brain areas,
weaknesses in one brain tract affect other brain tracts, and this is reflected
in an overall slower processing speed, even though neurons might com-
pensate for the connectivity loss with an increase in synaptic response (i.e.,
less wiring, more firing; Daselaar et al., 2015). Thus, greater brain activity
compensates for declines in white-matter connectivity.

8.2 Processing Speed and Cognitive Control

Processing speed and cognitive control show strong interactions; there is
a negative correlation between them. The more automatic a behavior, the
less cognitive control is needed and the information is processed faster.
With faster processing, more content may be integrated efficiently within
the same timeframe because fast processing allows one to analyze and inter-
pret more information before the relevant memory traces fade (Demetriou
etal., 2013). If; in addition to fast speed, working memory capacity is also
increased, then information processing can be further enhanced, and more
complex concepts can be more easily analyzed and integrated. Two well-
established phenomena in the cognitive control literature are flexibility and
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8.2 Processing Speed and Cognitive Control 119

adaptation (Botvinick et al., 2001). If there is multiple presentation of the
same item or problem in a task, then performance becomes faster and less
controlled as a result of repetition-based practice (Shiffrin & Schneider,
1977). The cognitive system adapts to task-related contextual changes and
performance becomes more automatic. Processing speed increases with
consistent practice, regardless of the cognitive load, but variations in cog-
nitive load may affect the rate of acquisition. Other examples of the cog-
nitive system’s adaptability are related to post-error adjustments, such as
post-error slowing, post-error reduction of interference, and post-error
improvement in accuracy (see the explanation further on).

Error detection studies also revealed negative correlations between pro-
cessing speed and cognitive control. Following an error production, the
cognitive system recruits more control (e.g., attention) and slows down to
focus on the task and improve performance accuracy by carrying out more
careful response selection. This results in an increase in cognitive control,
with a decrease in processing speed (Notebaert et al., 2009). According to
the cognitive control account, these post-error adjustments are triggered
by the performance monitoring system. However, the cognitive control
account may also be linked to the inhibition account suggesting reduced
motor activity in post-error trials (Danielmeier & Ullsperger, 2011). Once
participants make an error, they receive top-down signals from the moni-
toring system, consequently they start focusing more attention on the task
and slow down their motor responses to avoid making further errors.

Alternative explanations of post-error slowing are provided by the ori-
enting hypothesis (Notebaert et al., 2009) and the disengagement account
(Carp & Compton, 2009). The orienting hypothesis suggests that post-
error slowing is a response to an unexpected event (i.e., an error). The
authors used an oddball paradigm to demonstrate that people slow down
in response to infrequent stimuli, even if the response is correct (post-
correct slowing). This account is further supported by neurophysiological
findings; EEG studies revealed a correlation between post-error reaction
time and the P3 component, which is specifically linked to orienting
responses when novel stimuli are processed (Nunez Castellar et al., 2010).
This finding, however, does not contradict the interpretation of the cogni-
tive control model because the P3 component reflects attentional resource
allocation. Thus, both the cognitive control and the orienting model asso-
ciate post-error slowing with refocusing attention, but the two accounts
emphasize different aspects of this process. The disengagement hypothesis,
however, is based on the observation that following an error, individuals
do not disengage from the task as quickly as they do following a correct
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120 Processing Speed and Cognitive Control

response (Carp & Compton, 2009). Interestingly, the observed reduction
in alpha power following an error may signal an orienting response. Taken
together, the cognitive control model, the orienting account, and the dis-
engaging hypothesis all point to the role of attention in post-error slowing,
even if they do so to varying degrees.

The findings on post-error slowing are also influenced by variations in task
and stimulus type, as well as complexity level. According to the cognitive
control account, task complexity is determined by both information load and
information diversity. Thus, different task features determine the amount of
cognitive control needed to perform a given task (Campbell, 1988). For exam-
ple, if the time interval between the stimuli or between a cue and a stimulus is
short, then there is little cognitive control involvement. However, more con-
trol would be recruited if the instructions emphasized accuracy over speed,
but only if the task is not too difficult for the participants. If the task is too
difficult, then regardless of the instructions, individuals may not benefit from
recruiting further cognitive control (Danielmeier & Ullsperger, 2011).

Nevertheless, task, item, and instruction types are not the only factors
that influence the amount of cognitive control one recruits to improve
task performance. Individual differences in skills play a major role as well,
and they may lead to a trade-off between processing speed and cognitive
control. For example, in a study examining task switching and working
memory, children who demonstrated more flexible switching between
rules showed better performance on a working memory task than children
who tended to perseverate. However, children’s increased flexibility came
at a cost in speed. Flexible switchers performed more slowly than perse-
verators on these tasks when there was distraction. Flexible switchers used
more proactive control, while perseverators relied on reactive control. In
the presence of a distractor, children seemed to revert back to reactive
control, in which perseverators were more efficient than flexible switchers
(Blackwell & Munakata, 2014). Why did flexible switchers perform more
slowly in the presence of a distractor? These children had relied more on
proactive control which was disrupted by shifting their attention to the
distracting task. Thus, children’s strategy use — even if it is implicit — plays
an important role in their performance on more complex speeded tasks.
Certain strategies (e.g., memory retrieval) are faster and more efficient
than others (e.g., counting aloud). Hence, the relationship between pro-
cessing speed and cognitive control is influenced by individual skills, task
types, and complexity, as well as strategy use. Cognitive skills in children,
however, are also modulated by age because cognitive control develops
throughout puberty.
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8.3 Age-Related Changes in Processing Speed 121

8.3 Age-Related Changes in Processing Speed
during Childhood and Adolescence

Processing speed changes in RT can be depicted by a “u” shape over the
lifetime. Processing speed is slower during childhood and adolescence than
in adults, even though it gradually increases. Young adults show the fastest
processing, while older adults exhibit a slow decline in processing speed
(Kail & Salthouse, 1994). Increases in processing speed during childhood
and adolescence are linked to improved information processing and the
development of higher-level cognitive functions that are associated with
the maturation of the prefrontal cortex (Kail, 2008). Adolescence is typ-
ically defined as the age range between ten and nineteen years (WHO,
2021), and it is a period of behavioral transitions that are reflected by sen-
sitivity to social cues, increased risk taking, and improved cognitive con-
trol (Brenhouse & Andersen, 2011). At the neuronal level, this period is
characterized by synaptic refinement, specifically by pruning the dendritic
branching, which helps to streamline processing (Purves & Lichtman,
1980). As the neuronal networks become more mature, existing redundan-
cies create inefficient processing, so certain synapses are pruned to increase
speed and processing efficiency.

Children’s behavioral outcomes on cognitive control tasks are closely
linked to these biological maturational factors. A central question of the
mental speed theory of cognition (Jensen, 2006) is whether children’s
greater distractibility and more limited attention and working memory
span are causes for their slower processing speed or rather manifestations
of a limited system that is also responsible for their slower processing.
According to the resource theories, older children perform faster on the
same tasks as younger children because they need fewer resources to per-
form a particular activity; therefore, they have more resources available for
memory operations (Case et al., 1982), so this account supports the idea
of a limited system that is responsible for both capacity constraints and
slower processing speed.

An alternative explanation of age-related changes in working memory
and processing speed is provided by the task-switching model (Towse &
Hitch, 1995). In linguistic span tasks, where participants have to process
sentences and remember their final words, children may use the sentence
context to help reconstruct the list of words that have to be remembered. If
the task is too complex (processing syntactically complex sentences; recall-
ing exact word order; increasing set length, etc.), then this reconstitution
process may be too demanding for the cognitive system, and processing
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122 Processing Speed and Cognitive Control

may take so long that pieces of information get lost. The reconstitution
process is associated with attention control, so the outcomes of complex
working memory span tasks may reflect the ability to control attention,
while response times may signal retrieval speed (Hitch et al., 2001; Kail &
Salthouse, 1994). Younger children’s attentional capacity is more limited
than that of older children, and this is reflected in their working memory
performance.

The relationship between processing speed and cognitive control is fur-
ther influenced by the fact that children of different ages may perform the
same tasks using different control functions and different strategies (Kail,
1991). This is often reflected in their errors. For example, while perform-
ing the same linguistic span tasks, younger children (7—8 years) produced
more interference errors than omissions, even in simple sentence condi-
tions, whereas older children (9—11 years) produced interference errors only
in complex sentence conditions but more omissions in simple sentences.
Younger children also relied more on storage resources than their older
peers and showed more difficulty in attention switching, as well as in flex-
ible adaptation to changing task requirements (Marton et al., 2005). These
error productions reflected the developmental trajectory of interference
control, which improves throughout puberty. Changes in inhibitory con-
trol support children’s regulation of their motor behavior, attention, and
thought processes and, therefore, play a central role in cognitive develop-
ment (Bjorklund & Harnishfeger, 1990; Harnishfeger & Bjorklund, 1993).

Another critical factor behind children’s slower processing in cogni-
tive tasks is their lack of experience and practice. This was demonstrated
by Kail and Park (1990), using mental rotation tasks with children and
young adults (11—20 years of age). Without any practice, the young adults
outperformed the children, but those children who had enough practice
performed faster than the adults with no experience. As discussed above,
practice leads to more automatic performance, which is signaled by higher
accuracy and faster processing speed. To better understand the mechan-
isms that allow practiced individuals to become faster, master chess play-
ers’ moves were also analyzed (Sheridan & Rheingold, 2014). Eye-tracking
data revealed that chess masters found the relevant regions on the chess
board much faster than the novices because masters showed more efficient
detection as a result of a practice-related perceptual coding advantage and
enhanced memory skills. The eye-mind link hypothesis (Reingold et al.,
2012) suggests that higher-level cognitive skills, such as memory, have a
strong effect on eye-movement control, facilitating perceptual coding.
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An additional widely accepted component behind age-related changes
in cognitive development is the so-called common factor in processing
speed, that was suggested by the mental speed theory of cognition (Jensen,
2006). Findings across studies revealed that this common factor is similar
to the psychometric g of intelligence, and reflects a general mental aspect
of cognitive development. The outcomes from a comprehensive review of
72 published studies showed that this is a domain-general, nonlinear, and
nontask-specific factor that rapidly changes during childhood (Kail, 1991).
However, further research is needed to better understand the nature and
role of this common factor.

This was the goal of Demetriou and his colleagues (2013), who decided
to integrate the findings on age, processing speed, working memory
(i.e., higher-level cognitive function), and fluid intelligence (gfj by using
structural equation modeling. Their findings indicate two levels of mental
organization: efficiency and representation. While efficiency is closely linked
to processing speed, representation is associated with cognitive control.
Processes within levels (i.e., efficiency and representation) are more strongly
related than processes across levels. Different processes emerge as the result
of cycles of differentiation and integration. Processing speed and cognitive
control show a dynamic relationship within these cycles from early to late
childhood, as the cognitive processes begin to differentiate. These functional
changes are also related to cyclical changes in the neuronal network. For exam-
ple, there are cyclical changes in cortical thickness during childhood and ado-
lescence, as phases of thickening are followed by pruning (Shaw et al., 2006).
The findings suggest that cognitive development is more about these dynamic
changes in cortical maturation than about the amount of grey matter.

Although there are many questions remaining about the age-related
changes in processing speed, particularly about the common factor, there
is agreement in the literature about the interaction between process-
ing speed and cognitive control. It has become clear that more complex
speeded tasks require the involvement of more control processes. Thus,
their results reflect both children’s processing speed and cognitive control
skills. The interaction between task complexity and their demands on cog-
nitive control might lead, on the one hand, to an overestimation of age-
related changes in processing speed in complex tasks and, on the other, to
an underestimation of age-related changes in cognitive control (Cepeda
et al., 2013). Thus, if we want to focus on age-related changes in processing
speed, we need to use simple speeded tasks that do not tap into cognitive
control as much as complex tasks do because these control functions show
significant development during childhood and adolescence.
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8.4 Language Status and Processing Speed

Although it is generally accepted in the literature that there is a relation-
ship between processing speed and language development, there is no clear
answer about the direction of this relationship. Does processing speed have
a significant effect on language development or does the child’s language
learning experience affect the overall processing speed? Both questions
have been explored, but no consensus has been reached. However, there
are findings in typically developing preschool-age children suggesting that
processing speed can predict language development, particularly vocab-
ulary acquisition (Fernald & Marchman, 2012). This link was explained
within the resource theory suggesting that children who process informa-
tion more quickly have more resources available to attend to relevant lan-
guage features than children who process material more slowly. Processing
speed along with working memory have predicted different aspects of chil-
dren’s language development. While processing speed at two years of age
predicted children’s receptive language skills at four years of age, working
memory was a predictor of both receptive and expressive language abilities
at four (Newbury et al., 2016). This finding on working memory is in line
with other studies pointing to the role of working memory in language
development (e.g., Gathercole, 2006).

Developmental scientists also found a similar time course for processing
speed, working memory, and fluid intelligence, suggesting that these skills
develop together (Fry & Hale, 2000). However, the direction of these
associations is not clear. Some findings suggest that processing speed and
working memory together affect intelligence (Schatz et al., 2000). Others
propose that age-related changes in IQ are mediated by the effect of pro-
cessing speed on working memory (Fry & Hale, 1996, 2000), while a third
group of scholars imply that variations in performance IQ may contrib-
ute to processing speed development (Miller et al., 2001). In addition to
its theoretical relevance, this question is also important because process-
ing speed and working memory predict academic achievements, such as
reading efficiency and mathematic performance in school-age children
(Mulder et al., 2010).

Even though the directional links among processing speed, working
memory, and other cognitive control functions, as well as different lan-
guage skills, are not clear, there is a rich literature on school-age children’s
processing. There are studies examining these relationships in children with
different cognitive, motor, and language impairments (Piek et al., 2007);
in children with emotional and behavioral disorders (Mayes & Calhoun,
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2007); and in children with various health problems, such as leukemia
(Schatz et al., 2000). Considering our interest in processing speed and
cognitive control along the language continuum, we focus on monolingual
children with language impairment and on bilingual children, including
bilingual children with language impairment.

8.4.1  Processing Speed in Monolingual Children with
Developmental Language Disorder (DLD)

Children with DLD often respond more slowly than their typically devel-
oping peers on different cognitive tasks, and this slowness has been associ-
ated with a weakness in rapid temporal processing (Benasich et al., 2002;
Kail, 1994). According to the generalized slowing account, children with
DLD exhibit slowing across all aspects of mental processing in both lin-
guistic and nonlinguistic tasks (Miller et al., 2001; Windsor & Hwang,
1999). However, there are significant individual differences within the
groups of children with DLD (Windsor & Hwang, 1999). Even though
the majority of children with DLD perform slower on cognitive tasks than
the controls, there are a few children with DLD in almost every study who
perform similarly to their typically developing peers.

Furthermore, weaknesses in processing speed could not be linked to
the severity of children’s language impairment, as measured by standard-
ized language tests (Lahey et al., 2001). Thus, children with more severe
language impairment are not necessarily slower than children with milder
language problems. There may be several reasons for this finding. The
standardized tests may not be sensitive enough to capture the relation-
ship between processing speed and language ability (i.e., the severity of
the impairment). Alternatively, the information-processing tasks are often
quite complex, with relatively high cognitive demands, particularly in
attention, working memory, and interference control. Hence, these tasks
may reflect children’s weaknesses in cognitive control independent from
the severity of their language impairment. Furthermore, nonlinguistic
processing speed appears to be a better predictor for ruling in DLD than
for ruling out DLD. Slow processing has hardly ever been seen in typically
developing children, but it is common among children with DLD (Park
etal., 2015). It is also possible that slow processing is linked to the presence
of language impairment, but regardless of severity.

Further research on the relationship between processing speed and
cognitive control is needed to explain these inconsistencies in outcomes.
Current findings in the literature regularly show weaknesses in various
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cognitive control functions in children with DLD. These children per-
form more poorly than the controls in tasks, including attention control
(Finneran et al., 2009; Marton, 2008); working memory (Archibald &
Gathercole, 2006a; Marton & Schwartz, 2003; Montgomery, 2003); plan-
ning and goal maintenance (Henry et al., 2012; Roello et al., 2015); task
switching (Dibbets et al., 2006; Marton, 2008; Vissers et al., 2015); and
interference control (Marton et al., 2014; Seiger-Gardner & Schwartz,
2008). Poor performance is often reflected in both accuracy and process-
ing speed but in some cases, there is a trade-off between the two. Overall,
there is a link between processing speed and cognitive control in children
with DLD, similar to that in typically developing children and adults.
A remaining question is whether children with more severe language
impairment exhibit more severe difficulties in cognitive control.

There is one cognitive control function, inhibition, for which the
findings are less consistent. Some authors found no difference between
children with DLD and their typically developing peers on inhibition
tasks (Laloi et al., 2017; Marton et al., 2012), while others reported group
differences (Spaulding, 2010). There are a number of explanations for
these mixed outcomes. First, most inhibition tasks measure multiple com-
ponents of inhibitory control; therefore, they do not necessarily reflect
the same underlying mechanisms, and researchers have used a number
of different tasks across studies. Further, inhibition is a multicomponent
construct, and its subcomponents show different developmental patterns.
For example, response inhibition develops earlier than resisting interfer-
ence (Ridderinkhof et al., 1999). Finally, children with DLD appear to be
younger in those studies where a group difference in response inhibition
was found compared to studies with no group effects. Thus, the findings
suggest that during the preschool years, children with DLD perform more
poorly than their typically developing peers in response inhibition, but
this difference disappears by school age. Given that most inhibition tasks
are nonlinguistic in nature (e.g., Stop-Signal tasks, Go-NoGo tasks), this
age-related difference is in line with findings from developmental studies
with typically developing children, indicating that the age-related changes
in processing speed are greater for nonverbal tasks than for language tasks
(Kail & Miller, 2006).

Whether these developmental changes in response inhibition reflect
the changes in processing speed and whether the processing speed differ-
ences in nonverbal tasks between children with DLD and their typically
developing peers are larger during the preschool years than in school
age is unknown. Overall, children with DLD are slower in processing
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information across domains (i.e., verbal and nonverbal) than their typ-
ically developing peers, and they also exhibit weaknesses in most cogni-
tive control functions. These difficulties are often beyond the processing
speed differences. Individual differences in processing speed within the
group of children with DLD also contribute to the complexity of the
relationship among processing speed, cognitive control, and language.
Therefore, more research is needed to clarify these questions. One partic-
ular area of interest is bilingual children with language impairment. This
is an exciting new direction of research that might help us to understand
more about the relationship among processing speed, cognitive control,
and language.

8.4.2  Processing Speed in Bilingual Typically Developing Children

One of the most widely debated questions in the bilingualism literature
is whether individuals who speak more than one language show a cogni-
tive advantage compared to monolingual speakers. A further question is
whether this advantage is limited to processing speed or is related to dif-
ferent cognitive control skills as well. Some authors reported an advantage
in specific cognitive control functions, such as conflict resolution (Costa
et al., 2008); selective attention (Salvatierra & Rosselli, 2011); and inter-
ference control (Engel de Abreu et al., 2012), while others suggested that
bilingual individuals only show a more general processing speed advantage
compared to their monolingual peers (Hilchey & Klein, 2011). A third
group of investigators argued that there is no difference in cognitive con-
trol between bilingual and monolingual participants (Valian, 2015; Yudes
et al., 2o01).

Even though a large number of studies have been published on this
particular issue across the lifespan, the results are not conclusive. A num-
ber of factors contribute to these mixed outcomes, such as the age of the
participants (i.e., children, young adults, elderly people); their bilingual
experience (i.e., age of acquisition, frequency of language use, level of pro-
ficiency, etc.); the particular cognitive function studied (interference con-
trol, task switching, working memory, attention, inhibition, etc.); and the
nature of the tasks (level of complexity; targeted domain and modality;
validity and reliability of the measures, etc.).

Bilinguallanguage processingischaracterized by bidirectional interactions
between the two languages that are associated with both domain-general
cognitive mechanisms and domain-specific language functions (Kroll &
Bialystok, 2013; Kroll et al., 2015). In the Adaptive Control Hypothesis,
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Green and Abutalebi (2013) linked different control processes to distinct
communicative contexts and suggested that bilingual speakers exercise var-
ious control mechanisms as they adapt their cognitive systems to different
communicative contexts (e.g., dense language-switching vs. monolingual
situations). Thus, during daily interactions, bilingual individuals activate
different control processes, depending on their communicative partners.
With monolingual speakers, they need to select one language as target and
suppress the other. With a pair of bilingual speakers who share both of
their languages, they may switch from one language to the other, accord-
ing to pragmatic needs. The idea behind the bilingual cognitive advantage
is related to the continuous use of different control mechanisms dur-
ing language selection and language-switching. Thus, bilingual individ-
uals” superior performance on cognitive control tasks has been attributed
to these cross-language interactions and to the associated operations of
domain-general cognitive processes (e.g., Costa et al., 2008; Salvatierra &
Rosselli, 2011).

A frequently recurring question in the bilingualism literature is whether
the bilingual cognitive advantage is limited to faster processing speed or
also entails qualitative differences in specific control functions. Differences
in processing speed between bilingual and monolingual groups are partic-
ularly noticeable in children and older adults. (We only focus on children
in this chapter.) Six-year-old bilingual children exhibited superior process-
ing speed in the Global-Local and Trail Making tasks compared to their
monolingual peers (Bialystok, 2010). These tasks were highly demanding
on several cognitive control mechanisms. The bilingual children outper-
formed their monolingual peers in both the most difficult incongruent
conditions, which required inhibitory control, as well as in the congruent
conditions that did not involve any conflict. However, these conditions
were demanding on different cognitive control processes because children
had to maintain two sets of responses and switch between conditions
in the mixed blocks. In contrast to their performance on these complex
tasks, the groups did not differ in simpler processing speed tasks, such as
the box completion task. Thus, the groups did not differ in basic process-
ing speed, but the bilingual children performed faster than their mono-
lingual peers in the more complex conditions that were more demanding
on cognitive control.

Bilingual children (5—7 years of age) performed faster than their
monolingual peers in working memory tasks with varying memory load
and with manipulations of conflict, too (Morales et al., 2013). Bilingual
children were more efficient in holding two or four rules in memory
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while ignoring distracting stimuli. Bonifacci and colleagues also showed
that bilingual children outperformed their monolingual peers in an
anticipatory task with a higher cognitive control load but performed
similarly to their monolingual peers in working memory tasks with min-
imal language load and low cognitive control demands (Bonifacci et al.,
2011). The findings from these studies indicate that processing speed
differences between bilingual and monolingual children are more pro-
nounced in tasks with high than with low cognitive control demands.
Thus, the bilingual advantage is more noticeable in complex conditions
than in simple tasks.

In addition to task complexity, participants’ language proficiency
may also influence the outcomes (see details in Chapter 5, “Associations
among Language Ability, Language Proficiency, and Cognitive
Control”). In four subgroups of four—seven-year-old, English-Hebrew
speaking bilingual children (balanced high proficient bilingual speak-
ers, L2-dominant, Li-dominant, and children with low proficiency),
children with high language proficiency outperformed their peers with
low language proficiency in resisting interference and switching but not
in concept generation across different nonverbal tasks (Iluz-Cohen &
Armon-Lotem, 2013). Similar results were produced by eight—eleven-
year-old, bilingual children in resisting interference and in performance
monitoring using a simple verbal task (i.e., a categorization task using
single high frequency words). Highly proficient bilingual children
showed smaller interference effects and faster processing speed than
children with lower language proficiency (Marton, 2015). Language
proficiency was measured along a continuum in this study. Based on the
findings, we examined the relationship between processing speed and
language proficiency using path analysis and found different patterns.
Whereas language proficiency had a direct effect on children’s interfer-
ence errors and on their processing speed in the interference task, the
effect of language proficiency was mediated by processing speed in the
performance monitoring task (see Figure 8.1). Thus, processing speed
contributes to the interaction between language proficiency and cogni-
tive control, and this interaction varies depending on the given cognitive
control component. In some cases, language proficiency’s effect is medi-
ated by processing speed, in other cases, it has a direct effect on the
cognitive control function. Processing speed, however, does not affect
cognitive control functions independently from language proficiency.
These are preliminary results and more research is needed on the rela-
tionship between children’s language proficiency and processing speed.
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8.4 Language Status and Processing Speed 131
8.4.3 Processing Speed in Bilingual Children with DLD

The critical question here is whether the bilingual experience attenuates
the weaknesses in cognitive control in bilingual children with DLD. This
is a relatively new field of research that has developed as the need for disen-
tangling the effects of bilingualism and DLD on cognitive-linguistic per-
formance have increased (Armon-Lotem & de Jong, 2015), so the literature
on cognitive control and processing speed in bilingual children with DLD
is scarce and the findings are mixed.

Engel de Abreu and colleagues (2014) compared Portuguese and
Luxembourgish bilingual children with DLD to bilingual typically devel-
oping children and to Portuguese monolingual typically developing
children on measures of verbal and visuospatial working memory and dis-
tractor interference. The bilingual typically developing children performed
significantly faster than their monolingual peers on the flanker task that
measured resistance to distractor interference, and the bilingual children
with DLD showed similar processing speed to the monolingual typically
developing children. These results are intriguing because the findings indi-
cate that in tasks with minimal language demands, bilingual children with
DLD perform with similar processing speed than monolingual typically
developing children. This is in contrast to findings from monolingual
children with DLD, who often perform more slowly than the typically
developing children on tasks measuring nonverbal working memory or
interference control (Marton, 2008; Marton et al., 2014). Unfortunately,
Engel de Abreu and colleagues’ study did not involve a group of monolin-
gual children with DLD.

Laloi and colleagues (2017) also examined cognitive control in bilingual
children with DLD by using a Stop-Signal task. The bilingual and mono-
lingual children performed similarly in this study, but the children with
DLD were slower than their typically developing peers. These findings
contradict some of the previous results. As discussed above, response inhi-
bition does not clearly distinguish children with different language skills,
even though influential models of bilingualism are based on inhibitory
control for adults (e.g., Green, 1998).

Marton and colleagues’ (2019) preliminary findings from monolin-
gual and bilingual children with and without DLD indicate a complex
interaction between bilingualism and language impairment. Performance
on the N-back task revealed that bilingualism may attenuate the nega-
tive effects of DLD, especially in simple task conditions. With smaller set
sizes and no interference conditions, bilingual children with DLD showed
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132 Processing Speed and Cognitive Control

similar processing speed to monolingual typically developing children. An
increase in task complexity (i.e., set size and interference condition), how-
ever, resulted in a growing gap between children with DLD and their
typically developing peers, regardless of bilingual status. The findings are
similar to those by Engel de Abreu and colleagues (2014) and suggest that
bilingualism may have a positive effect on processing speed in children
with DLD when the task conditions are simple, but in more difficult con-
texts, language impairment has a stronger effect than bilingualism on cog-
nitive control and processing speed.

8.5 Conclusions

Processing speed and cognitive control show a complex interaction that
is influenced by a number of factors, such as age, task complexity and
modality, targeted cognitive functions, and children’s language ability and
proficiency. The age-related (maturational) factors are closely linked to
children’s behaviors and experiences with different cognitive control tasks.
Although within-group performances are highly influenced by individ-
ual differences, monolingual children with DLD generally perform more
slowly than their typically developing peers, whereas bilingual children
often outperform their monolingual peers in processing speed. Bilingual
children with DLD provide an unparalleled opportunity to study the joint
effects of bilingualism and DLD on processing speed. The preliminary
findings suggest that bilingualism does attenuate the negative effects of
DLD but only in simple task conditions. Future research is needed to
better understand the relationship between processing speed and cognitive
control in children with different language abilities and proficiencies.
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