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ABsTRACT: We present findings from a study that focused on specific executive functions (EF) in
children with and without specific language impairment (SLI). We analyzged performance patterns
and EF profiles (spatial working memory, inhibition control, and sustained attention) in school-age
SLI children and two control groups: age-matched and language matched. Our main research goal
was to identify those EFs that show a weakness in children with SLI. Our specific aims were to: (1)
examine whether the EF problems in children with SLI are domain-general; (2) examine whether
deficits in EF in children with SLI can be explained by the general slowness hypothesis or by an overall
delay in development; (3) compare EF profiles to examine whether children with SLI show a distinct
pattern of performance from their peers. Our findings showed different EF profiles for the groups. We
observed differences in performance patterns related to age (e.g., reaction time in response inhibition)
and differences related to language status (e.g., sensitivity to interference). The findings show inter-
esting associations in EFs that play a crucial role in language processing.

KeYwORDS: Language impairment - Spatial working memory - Sustained attention - Inhibition
control - School age children.

1. INTRODUCTION

EXECUTIVE functions play a critical role in language processing and work-
ing memory performance across age groups and populations (Engle, Kane,
Tuholski 1999). Executive function is an umbrella term referring to task switch-
ing abilities (Towse, Hitch, & Hutton 1998), controlled attention (Barrouillet &
Camos 2001; Engle et al. 1999), inhibition of irrelevant information (Hasher &
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Zacks 1988), simultaneous processing (Engle 2002), avoiding distraction and focus-
ing on task-relevant thoughts, (Miyake et al. 2000), developing goals, holding these
goals in active memory, and monitoring performance to achieve goals (Stuss 1992).
Research on the relationship between executive functions and language processing
in children is limited, but there is evidence that tasks involving language process-
ing, such as sentence comprehension, are highly influenced by executive functions
(Mazuka, Jincho, & Oishi 2009). The present study examined executive functions
in school-age children with and without specific language impairment (SLI).

Specific language impairment is a neurodevelopmental disorder affecting about
6-7% of kindergarten children in the United States (Tomblin et al. 1997). Children
with SLI perform more poorly than their peers on working memory tasks involv-
ing various executive functions (Ellis Weismer, Evans, & Hesketh 1999; Marton
& Schwartz 2003; Montgomery 2000). Many children with SLI perform complex
linguistic and cognitive tasks at a slower rate and with different performance pat-
terns than typically developing children (Im-Bolter, Johnson, & Pascual-Leone
2006; Marton 2008; Miller, Kail, Leonard, & Tomblin 2001; Montgomery & Leon-
ard 1998). A deficit in executive functions may account, at least in part, for these
difficulties but there are few studies on specific executive functions in school-age
children with SLI. Thus, the nature of this deficit is not clear.

11. EXECUTIVE FUNCTIONS:
VARIATIONS IN INHIBITION, ATTENTION CONTROL AND WORKING MEMORY

There is no widely accepted model of executive functions in the literature, in part,
because executive functions are manifested by their impact on other cognitive pro-
cesses such as domain-free attentional capacity (Miyake et al. 2000). Some execu-
tive functions that are likely to be involved in complex cognitive processes and
language processing have been extensively studied and are relatively well defined.
These more precisely circumscribed executive functions include, but are not lim-
ited to, monitoring and updating information, inhibiting irrelevant and distracting
information, sustaining attention, switching/set-shifting, and actively maintaining
information to pursue goals.

One executive function commonly studied in children and adults is inhibition.
Inhibition control involves temporal delays in response and resistance to interfer-
ence (Barkley 1997; Friedman & Miyake 2004). Inhibition control may reduce the
level of activation of a strong response when a weaker or equivalent, but contex-
tually more appropriate, reaction is needed (Anderson 2003). It can prevent perse-
veration in task performance through the suppression of irrelevant information.

Studies in children with neurodevelopmental disorders often examine inhibition
as a unitary construct, but more experimentally oriented studies suggest that it is
an umbrella term. Although there are different views among researchers regarding
the subtypes of inhibition, most agree that resistance to interference should be dis-
tinguished from prepotent response inhibition (Friedman & Miyake 2004; Wilson
& Kipp 1998). Inhibition of a prepotent response refers to the active suppression
of materials in working memory. To guide performance, for example on a lan-
guage task, working memory is utilized to formulate plans and retain the goals
and intentions of different actions (Barkley 1997). Therefore, when there is a delay
in response, the contents of working memory need to be protected from both
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external interfering stimuli and from internal intruding memory representations.
Resistance to distractor interference protects the contents of working memory
from being distorted or disrupted by external interfering stimuli (Friedman & Mi-
yake 2004). Resistance to proactive interference protects the contents of working
memory from internal stimuli, such as traces of information from previous actions
and memory intrusions from previously relevant material. These components of
inhibition show differences in their developmental trajectories. The ability to in-
hibit a prepotent response develops earlier than resistance to interference. While
response inhibition develops rapidly during the preschool years, interference con-
trol continues to develop through around sixth grade (Bjorklund & Harnishfeger
1990). Other developmental data on complex executive functions show that the
best fitting model of problem solving involves both working memory and inhibi-
tion control in children between 2-6 years of age. In younger children, inhibition
had a larger impact on problem solving than working memory, whereas in older
children working memory was a stronger contributor than inhibition (Senn, Espy,
& Kaufmann 2004).

It is important to note, however, that variations in working memory and in
language processing are further influenced by individual abilities in attention
control (Engle, Tuholski, Laughlin, & Conway 1999). Attention control, particu-
larly sustained attention, is strongly associated with language learning and infor-
mation processing because one needs to attend to speech input and to relevant
information over time in order to process any linguistic material (Cowan et al.
2005; Engle 2002). Findings from experimental studies provide strong evidence
for close links among working memory capacity, language comprehension, and
attention control. Working memory plays an important role in language com-
prehension during acquisition because it allows children to analyze and to verify
the structural properties of the language to which they are exposed. In older chil-
dren and in adults, working memory is critical for processing language because
linguistic units need to be related across words and syllables over time (Caplan
& Waters 1999; Gathercole 2006). Individuals with higher and lower working
memory capacity show similar engagement in selective visual focus, but the lat-
ter group shows difficulty in maintaining that selective focus over time. Thus,
individuals with low working memory capacity show a weakness in sustained
attention (Poole & Kane 2009).

111. EXECUTIVE FUNCTIONS IN CHILDREN WITH SLI

It has been hypothesized that the working memory difficulties (e.g., in listening
span tasks) demonstrated by children with SLI are highly influenced by weakness-
es in inhibition and attention control. Children with SLI failed to exhibit primacy
and recency effects in linguistic span tasks (Ellis Weismer et al. 1999; Marton &
Schwartz 2003; Marton, Schwartz, Farkas, & Katsnelson 2006). There was no dif-
ference in recall accuracy across word positions (list-initial, middle, and final items)
in children with SLI, which result might reflect poor resistance to both distractor
and proactive interference. Inhibiting lexical items that were the focus of previous
searches was a difficult task for these children, particularly in contexts with more
interfering stimuli. This may have contributed to the high number of perseverative
errors seen in children with SLI across various verbal working memory tasks (Ellis
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Weismer et al. 1999; Marton, Kelmenson, & Pinkhasova 2007; Marton & Schwartz
2003).

In a more recent study, Spaulding (2010) examined preschool-age children’s re-
sistance to distractor interference and their ability to inhibit a prepotent response.
Participants included children with and without language impairment. Children
with SLI performed more poorly than their peers in interference control across
modalities (nonverbal auditory, linguistic, and visual). These children also had
more difficulty suppressing prepotent responses. The author concluded that chil-
dren with SLI show a deficit in suppressing both irrelevant and contradictory in-
formation. Given that the different inhibition sub-components mature at differ-
ent times during development it was an important goal of the current study to
examine response inhibition and resistance to interference in school-age children
with SLI. In studying the role of executive functions in information processing in
children with SLI, Im-Bolter and her colleagues (2006) also found that these chil-
dren perform more poorly than their age-matched peers in inhibition, working
memory, and attention control. The deficits in executive functions were related to
children’s language competence. Yet, it is less clear whether their attention deficit
is modality-specific or general.

The findings on sustained attention in preschool-age children with SLI indicate
a domain general deficit, although the outcomes on visual sustained attention are
somewhat contradictory. Children with SLI performed more poorly than typically
developing children in auditory sustained selective attention tasks when the atten-
tion load was high (Spaulding, Plante, & Vance 2008). Although these children’s
accuracy rate was lower than that of their peers, their speed of processing was
comparable to that of controls. Their performance on the visual sustained atten-
tion task was also similar to that of the age-matched children. These findings are
in line with the results of Noterdaeme, Amorosa, Mildenberger, Sitter, & Minow
(2001). In a comparative study of executive functions in children with SLI, autism,
and controls, the authors found a significant group effect in auditory sustained at-
tention but not in visual sustained attention.

In contrast to these outcomes, Finneran, Francis, and Leonard (2009) showed
that children with SLI were significantly less accurate on visual sustained attention
than the control group. The children with SLI showed a greater decrement over
time than the controls, but similarly to the results of Spaulding and colleagues,
their reaction time data did not differ from the age-matched children. Although
the participants’ ages in the Spaulding and Finneran studies were similar, the tasks
of visual sustained attention were different. The authors used different stimuli and
procedures. These methodological differences may explain the inconsistent find-
ings in accuracy on visual sustained attention.

The literature on executive functions in children with SLI indicates deficits in
specific functions, but some of the results are inconsistent. The amount of litera-
ture is limited and there are some methodological issues in a number of studies.
Numerous studies employed neuropsychological tasks that measured more than
one executive function. These test results reflected global scores that were difficult
to interpret. The number of participants in the SLI groups was typically small. The
inclusion criteria for the SLI groups were not always clear, and were inconsistent
across studies. The age ranges were often broad and there are very few studies on
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specific executive functions in school-age children. Although the developmental lit-
erature on executive functions is also somewhat inconsistent, there is evidence that
sustained attention and inhibition remain immature below 8 years of age (De Luca
et al. 2003; Luciana & Nelson 1998). Although memory span continues to improve
beyond this age, resistance to nonspecific interference is already mature around
8-10 years (Hale, Bronik, & Fry 1997). To overcome some of the limitations in the
literature, we selected norm-referenced tasks that have been shown to target spe-
cific executive functions; we excluded participants with overlapping disorders; and
we included two control groups in the present study. The overarching goal of this
study was to determine in which EFs children with SLI demonstrate weaknesses.
Based on previous findings in the literature, we tested the following hypotheses:

1. The working memory deficit in children with SLI is not limited to the verbal
domain. These children show a general deficit in working memory that is reflected
by their smaller visuo-spatial span than that of the children with typical language
development.

2. Children with SLI exhibit poor performance in inhibition control, however,
not in all sub-components of inhibition because inhibition control is not a uni-
tary construct. The different sub-components, such as inhibition of a prepotent
response and resistance to interference, do not develop at the same rate or at the
same age therefore are not equally vulnerable. Children with SLI will perform
similarly to the age-matched children in response inhibition but not in resistance
to interference, as the latter skill develops later.

3. Children with SLI show difficulty in sustained attention tasks. Although the
literature is inconsistent regarding the sustained attention skills of children with
SLI, our previous findings suggest a weakness in this area.

4. The group differences between children with SLI and typical language de-
velopment cannot be explained by a general slowness hypothesis or by an overall
delay in development. Children with SLI are not slower than their peers in every
executive function task and their baseline reaction time measures are comparable
to those of the age-matched control group. A general developmental delay is not
an adequate explanation as children with SLI perform similarly to the younger,
language-matched group (showing a delay) on certain tasks, but differ from both
language- and age-matched groups on others.

5. The two control groups show significant differences on most measures, indi-
cating an age effect because there is a dynamic development in executive functions
during the school years.

1v. METHODS

Participants

Sixty-six children participated in the study, with 22 children in each of three groups:
(1) children with SLI, (2) age-matched children with typical language development
(TLD-A), and (3) language-matched children with typical language development
(TLD-L). All participants used English as their primary language, passed a hear-
ing screening, and showed no symptoms of intellectual disability or other devel-
opmental disorders (e.g., Attention Deficit Disorder, Autism Spectrum Disorder).
Descriptive statistics for all participants can be found in TABLE 1.
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The first group consisted of children with SLI (age-range: 10;0-14;2 years) who
had been diagnosed by a speech-language pathologist as having language impair-
ment. Inclusion in the SLI group was dependent on the participant scoring at least
1.25 SD below the mean on at least one of the following standardized measures:
the Core Language composite score of the Clinical Evaluation of Language Fun-
damentals, Fourth Edition (CELF-4; Semel, Wiig, & Secord 2003), the Expressive
One-Word Picture Vocabulary Test (EOWPVT; Brownell 2000), or the Test for
Reception of Grammar, Second Edition (TROG-2; Bishop 2003). Each child scored
in the normal range (standard score > 85) on the Test of Nonverbal Intelligence,
Third Edition (TONI-3; Brown, Sherbenon, & Johnsen 1997).

The 22 children in the second group exhibited typical language development
and served as an age-matched comparison group (age-range: 8;3-14;9 years). Their
scores on the CELF-4 Core Language composite, the EOWPVT, and the TROG-2
were 85 and above. Additionally, TLD-A children scored in the normal range on
the TONI-3.

A group of 22 younger children (age-range: 8;0-13.5), also with typically develop-
ing language, served as a language-matched control group. These children were
matched to the SLI group based on their performance on the Recalling Sentences
subtest of the CELF-4 (+/- 3 raw scores). All children in this group scored above
85 on the CELF-4 Core Language composite, the EOWPVT, and the TROG-2. Ad-
ditionally, TLD-L children scored in the normal range on the TONI-3.

TaB. 1. Participants Profile.

SLI (n=22) TLD-A (n=22)TLD-L (n=22)
Mean (SD) Mean (SD) Mean (SD)

Male/Female 13/9 11/11 7/15
Age in months 147 (15.6) 150 (22.9) 117 (18.7)
TONI-3 Nonverbal IQ 101.3 (14.8) 111 (17.2) 103.7 (9.9)
CELF-4 Core Language Standard Score 81.6(13.8) 119.4(9.5) 99.4 (11.2)
CELF-4 Recalling Sentences Raw Score 57.1(13.2) 83.2 (4.6) 60.4 (8.9)
EOWPVT Standard Score 88.3(13.7) 107.5(14.8) 102.8(9.8)
TROG Standard Score 88.3(12.1) 106.2(7.2) 96.5 (10.7)

Note. TONI: Test of Nonverbal Intelligence, Third Edition (Brown, Sherbenon, & Johnsen 1997).
CELF: Clinical Evaluation of Language Fundamentals, Fourth Edition (Semel, Wiig, & Secord
2003).

EOWPVT: Expressive One-Word Picture Vocabulary Test (EOWPVT; Brownell 2000).

TROG: Test for Reception of Grammar, Second Edition (TROG-2; Bishop 2003).

Procedures and Stimuli

As part of a larger study of the executive function abilities of children with SLI,
four subtests of the Cambridge Neuropsychological Test Automated Battery
(CANTAB; Cambridge Cognition Ltd 2006) and a basic computerized nonverbal
vigilance task were administered. Parental permission for participation was ob-
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tained in writing from parents/guardians; participants also gave their assent and
were told they could opt out at any time. Five tasks were presented on a high-
resolution touch-screen monitor under computer control and took approximately
45 minutes to complete. Scoring was automatically computed by the programs.

To test our specific hypotheses regarding SLI children’s domain general work-
ing memory limitation and their proposed weakness in inhibition and sustained
attention, the following four CANTAB subtests were administered: Spatial Span
task (SSP), Stop Signal Task (SST), Delayed Matching to Sample task (DMS), and
Rapid Visual Information Processing task (RVP). The CANTAB tests have previ-
ously been described in detail (e.g., Luciana 2003; Robbins et al. 1994) and therefore
are described here briefly.

The SSP task, modeled after the Corsi block task, examines spatial working
memory by measuring participants’ ability to remember the order in which visual
stimuli are presented. Nine white squares on the monitor changed color in a vari-
able sequence; participants then replicated the order in which the squares changed
color. Sequence length increased progressively from two squares to nine squares.
The task included three possible sequences at each sequence length, however, once
participants passed a sequence at a given length, they progressed immediately to
the next length. The test was terminated when participants failed to recall the or-
der of color change on all three trials at a given sequence length. Performance was
measured by recording the longest sequence recalled correctly.

The SST assesses inhibition of prepotent responses by measuring the ability to
suppress a relatively automatic response in the presence of an auditory cue. Par-
ticipants were instructed to press a button to indicate the direction of a visual
stimulus (left-pointing or right-pointing arrow) on the computer screen, but to
withhold this response upon hearing an auditory beep signal. The stop signal de-
lay was adjusted using a staircase procedure, where correct answers increased the
delay (making the task more difficult) and incorrect answers decreased the delay.
Participants completed 5 blocks of 64 trials each.

The DMS task assessed participants’ ability to recognize a complex visual design
after a delay of o, 4, or 12 seconds. Participants were shown a target pattern and,
after the delay interval, were required to touch the matching design, given a set
of four options. The simultaneous condition was used to test resistance to distrac-
tor interference. Interference was created through the use of distractors in the
response set: one with the same color pattern but different shape from the target,
and another with the same shape but different color pattern from the target. After
3 practice trials, participants completed 40 counterbalanced test trials: 10 simulta-
neous and 10 with each of the delay intervals.

The RVP task evaluates visual sustained attention by requiring the detection
of target sequences in a stream of continuous numbers. Digits were presented in
a pseudo-random order on a computer screen at a rate of 100/min. Participants
had to detect and respond as quickly as possible via button press upon consecutive
presentation of the three-digit target sequence (e.g., 3-5-7). There was an initial
practice phase, followed by a three-minute experimental phase.

A task of nonverbal vigilance was utilized as a baseline reaction time measure.
In this task, children were instructed to keep a start button pressed down and re-
lease it when a central fixation point appeared. Then, after a random interval (be-
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tween 1-3 seconds), a circular target was displayed on either the left or right side of
the monitor. Participants were required to press a selection button on the side cor-
responding to the displayed stimulus as fast as they could upon seeing the target.
The task included ten trials.

v. RESULTS

One-way ANOVA was employed to study the group differences and post-hoc anal-
yses were used to explain any main effects found in the ANOVA. TONI scores
were used as a covariate (ANCOVA) in order to control for the group differences
in nonverbal IQ. The existing group differences remained after using ANCOVA so
those additional results are not reported here. To better understand the develop-
mental trajectories of executive functions and the contribution of language status,
regression analyses were performed including SLI and control groups (without
group distinction within TLD because age was examined as a factor in the analy-
sis). The dependent variables for all tasks were accuracy and latency/reaction time
(RT). Effect sizes are reported for main effects. The results section is organized by
each hypothesis, but the effect of age (i.e., hypothesis 5) is described under each
hypothesis.

Hypothesis 1
The SSP task examined visuo-spatial WM skills. The ANOVA showed a main

effect for group on span length (TaBLE 2), with the age matched group showing
better performance than the other two groups: TLD-A and SLI, t(42) = 2.48, p =
.016, TLD-L and TLD-A, t(42) = -3.75, p < .0o1. The SLI and TLD-L groups per-
formed similarly, t(42) = -1.27, p = .209. There was no difference in latency among
the groups. The regression data revealed that both age and language status were
significant variables predicting spatial span, however, there was no interaction be-
tween the variables (see TABLE 3 and FIGURE 1).

Hypothesis 2
The Stop Signal Task was used to study the inhibition of prepotent responses.

The ANOVA results did not show a main effect for group in accuracy or reaction
time (TABLE 2). The Stop Signal Reaction Time (SSRT), an estimate of the latency
of the stop process determined by the difference between the go stimulus and the
stop stimulus at which the participant is able to successfully inhibit their response
on 50% of trials, was calculated for each participant. The ANOVA results showed
a main effect for group on the SSRT measure, with children in the TLD-L group
being significantly slower than participants in the TLD-A group, t(42) = 3.18, p =
.002. However, no significant difference in performance was found between SLI
and TLD-L groups, t(42) = 1.67, p =.1, or between SLI and TLD-A groups, t(42) =
-1.51, p = .135. The results from the regression analysis confirmed the effect of age
as a significant predictor of SSRT but not language status. There was no interac-
tion between the variables (see TABLE 3 and FIGURE 1).

Resistance to interference was measured with the DMS task. All accuracy data
were near ceiling for the simultaneous condition. For the delayed condition, the
ANOVA showed a main effect for group in accuracy (TABLE 2), with significant
differences between TLD-L and SLI, t(42) = -2.05, p = .045, and between TLD-L
and-TLD-A, t(42) = -3.24, p = .002. Performance of the SLI group was comparable
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to that of TLD-A children, t(42) = 1.19, p = .239. The latency results did not show
any significant differences among groups in the delayed condition, but there was a
main effect of group on latency for the simultaneous condition. The results from
post-hoc analyses showed an effect of language status based on differences be-
tween SLI and TLD-A, t(42) = -3.29, p = .002, and between SLI and TLD-L, t(42) =
-2.16, p = .034. Performance of the younger TLD-L group was similar to the older
TLD-A group, showing no effect of age, t(42) = 1.13, p = .262. This simultaneous
condition reflected a distractor interference context. Children with SLI showed
slower processing than both the age matched and younger, language-matched
children. The results from the regression analysis confirmed the ANOVA results:
language status was a significant predictor of latency performance in the simulta-
neous condition. Moreover, there was a significant age by language status interac-
tion, showing different developmental changes over time between TLD and SLI
groups. The latency difference between children with SLI and TLD was larger at
the earlier stage of development, but got smaller with increasing age (see TABLE
3 and FIGURE 1).

Hypothesis 3
Sustained attention was assessed by the RVP task. The ANOVA results showed a

main effect for group in overall accuracy (i.e., total hits) approaching significance.
Post-hoc analyses revealed a difference between the TLD-A and TLD-L groups,
t(42) = -2.41, p = .019, but there was no difference between the SLI and TLD-L
groups, t(42) = -.87, p = .388, and between the SLI and TLD-A groups, t(42) = 1.54,
p = .128. Similarly, there was a main effect for group in the number of total correct
rejections, with a significant difference between TLD-A and TLD-L children, t(42)
= -3.73, p < .oot. The SLI group also performed less accurately than the TLD-A
group in correct rejections, t(42) = 2.98, p = .004, but there was no significant dif-
ference between the SLI and the TLD-L groups, t(42) = -0.74, p = .459. Analysis
of the false alarm data did not reveal any significant difference among groups.
The results from the regression analysis corroborated the findings of the ANOVA
by showing an age effect in the number of total hits. Furthermore, there was an
interaction between language status and age. The difference in performance be-
tween the groups of children with SLI and TLD decreased with increasing age (see
TaBLE 3 and FIGURE 1).

Hypothesis 4
The ANOVA for the baseline nonverbal vigilance task showed a main effect for

group in response time (TABLE 2). Post-hoc analysis was performed to examine dif-
ferences among the three groups: TLD-L and SLI groups, t(42) = 3.09, p = .003, and
between TLD-L and TLD-A children, t(42) = 3.19, p = .002. This analysis reflected
an age effect, with the younger TLD-L children showing increased RTs in com-
parison to the TLD-A and SLI groups. There was no difference in performance be-
tween the SLI and TLD-A groups, t(42) = -0.10, p = .921. Based on this finding, the
children with SLI did not show slowness compared to their age-matched peers.

vi. DiscussioN

The goal of the present study was to examine performance on specific executive
functions that have been associated with language processing in the literature in



66 KLARA MARTON ET ALII

TaB. 2. Analysis of Variance results and effect sizes by group (main effects).
See text for post-hoc analyses.

Dependent variable F DEF(group, error) p o»?
Baseline speed

Reaction Time 6.57 2,63 .003** 144
Stop Signal Task (SST)

Accuracy 469 2,63 628 .015
Reaction Time 2.42 2,63 .098 .071
SSRT* 5.07 2,63 .009** .109

Rapid Visual Information Processing (RVP)

Accuracy (hits) 298 2,63 .058 .057
Accuracy (correct rejections) 7.78 2,63 .001** .170
False alarms 1.74 2,63 .184 .022
Spatial Span task (SSP)

Span length 7.28 2,63 .001** .16
Latency .62 2,63 541 -.012

Delayed Matching to Sample (DMS)

Simultaneous condition

Accuracy® - - - - -
Latency 5.60 2,63 .006** 122
Delayed condition

Accuracy 5.36 2,63 .007** 117
Latency 1.28 2,63 .285 .008

Note. N = 66. SSRT = Stop Signal Reaction Time (see text for a description). *p < .05, **p < .o1,
***p < .oo1. “See text for description. "Results not reported because of ceiling effect; all participants

in the SLI and TLD-A groups scored 100% correct.

Tas. 3. Summary of multiple regression analyses for variables predicting performance

on CANTARB tasks.
DMS (Latency
SSP (Span length) SST (SSRT) on simultaneous RVP (Hits)
condition)
Variables | B SEB B |B SEB B |B SEB B |B SEB f3
(Intercept) |0.096 0.12 . -0.028 0.11 . -0.29 0.09 . 0.093 0.13
TONI-3 -0.006 0.02 -0.05 | 0.008 0.02 0.06 |0.008 0.02 0.07 |0.008 0.02 0.06
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DMS (Latency
SSP (Span length) SST (SSRT) on simultaneous RVP (Hits)
condition)
Age 0.022** 0.01 0.57 [-0.019** 0.01 0.47 |-0.007 0.01 -0.18 | 0.014* 0.01 0.34
SLI -0.504*  0.22 -0.26 0.83** 0.29 0.44 |-0.355 0.23 -0.17
Age X SLI -0.027* 0.01 -0.27 | 0.022* 0.01 0.21
R? 0.29 0.20 0.20 0.21
F 8.32** 7.65** 3.40* 6.37**

Note. N = 66. *p < .05, **p < .o1.

F1G. 1. Effect of age and language status on participants’ performance.

children with SLI (e.g., Im-Bolter et al. 2006; Mazuka et al. 2009). Our central hy-
pothesis was that children with SLI show weaknesses in executive functions and
that their overall performance pattern differs from both age-matched and lan-
guage-matched controls. To test our specific hypotheses, we used four tasks from
the CANTAB cognitive test battery (Spatial Span, Stop Signal, Delayed Matching
to Sample, and Rapid Information Processing) and a baseline non-verbal vigilance
task that was developed in our laboratory. We selected the CANTAB tasks for our
study because they provide a reliable measure of executive functions across age
groups (Luciana 2003).
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First, we proposed that the working memory deficit in children with SLI is not
limited to the verbal domain. The literature shows some contradictory findings
regarding this question. In the current study, we hypothesized that children with
SLI would perform more poorly than the older, age-matched children with TLD
on a spatial working memory task. This hypothesis was supported by the find-
ings of the current study, which showed smaller spatial span in children with SLI
compared to age-matched controls. The spatial span of the children with SLI was
similar to that of the younger language-matched group. This latter group also dif-
fered from the age-matched controls. The age effect in working memory span is
well documented in the literature (e.g., Luciana 2003; Myerson, Emery, White, &
Hale 2003). Although the children with SLI differed in their spatial span from the
age-matched group, their speed of processing was similar. The children with SLI
did not perform more slowly than the other two groups of typically developing
children in spatial working memory. These findings of smaller spatial span are
consistent with our previous accuracy data on visuo-spatial working memory in
children with SLI (Marton 2008) and with the outcomes of Bavin and colleagues
(2005). These authors also reported that children with SLI were not slower but were
less accurate in recalling visuo-spatial patterns than typically developing children.

In addition to differences in working memory, we expected to observe weak-
nesses in certain aspects of inhibition and attention control in children with SLI.
We did not propose a general deficit in inhibition control because inhibition is a
multi-component construct and its sub-components show different developmental
patterns. We expected that children with SLI would perform similarly to their peers
on earlier developing components, such as inhibition of a prepotent response, but
that they would show more difficulty on tasks involving interference control. This
hypothesis was based on several earlier findings. Our previous results showed that
children with SLI are more easily distracted by interfering items than their peers
(Marton et al. 2007). These children produced many perseverative errors in various
tasks, under different conditions (Marton, 2008, 2009; Marton et al. 2007). Further-
more, resistance to interference develops later than response inhibition in typically
developing children (Ridderinkhof, Band, & Logan 1999). These age-related chang-
es in sensitivity to interference have a great impact on performance in various
cognitive tasks including working memory and language processing (Bjorklund &
Harnishfeger 1990; Dempster & Corkill 1999).

The results of the present study supported our hypotheses. Children with SLI
performed more poorly than the typically developing participants in some, but not
all, inhibition tasks. The results on the Stop Signal task indicated no difference be-
tween the SLI and age-matched groups in response inhibition. Thus, the children
with SLI were not slower than their peers. The results revealed only an age effect
that was expected based on the literature. In contrast to response inhibition, resis-
tance to distractor interference (simultaneous condition in the DMS task) showed
differences across groups. Children with SLI performed more slowly than both the
age-matched controls and the younger, language-matched participants. Although
the task was not too demanding on interference control because the younger typi-
cally developing children performed as well as the older ones, the children with
SLI clearly exhibited difficulties. Their speed of processing was much slower than
that of the children in both control groups. The results of the regression analysis
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revealed that this deficit in children with SLI was more prominent in younger chil-
dren, with a smaller difference in performance between the children with SLI and
the controls at an older age. Further research is needed to better understand the
nature of the deficit of resisting interference in children with SLI. More specific ex-
perimental manipulations in well-designed tasks may show us the conditions and
contexts that have the largest effect on these children’s sensitivity to interference.

The visual sustained attention data (RVP task) were somewhat mixed, depend-
ing on the outcome measure we examined. The results from the number of hits
only showed an age-effect. The children with SLI performed similarly to the age-
matched controls but the younger children performed less accurately than the
older ones. A different pattern emerged for the number of correct rejections. In
this aspect, the children with SLI differed from the age-matched controls and per-
formed similarly to the younger typically developing participants. The false alarm
measures did not differ across groups. The results of the task suggest that the
children with SLI were attending to the stimuli but had difficulty deciding whether
the stimulus was relevant or not. The use of different measures in studies of visual
sustained attention in preschool children has similarly revealed different results.
Finneran and colleagues (2009) reported problems in visual sustained attention in
children with SLI, particularly over time, whereas Spaulding and her colleagues
(2008) found between-group differences in auditory sustained attention but no
group differences in sustained attention in the visual modality. Results from a me-
ta-analysis study (Ebert & Kohnert 2011) indicate that children with SLI show a
weakness in sustained attention across modalities (auditory, visual) and domains
(verbal, non-verbal). This study reported many limitations, however. The authors
showed that the tasks varied in both their demands and outcome measures and
participants’ selection criteria were not consistent across the different research
projects. These findings indicate the need for more systematic research in the area
of sustained attention in children with SLI, particularly because sustained atten-
tion plays an important role in language processing (Cowan et al. 2005).

The overall latency results of the children with SLI across tasks do not support
the general slowness hypothesis (Miller et al. 2001). Most latency measures showed
no difference between the children with SLI and their age-matched peers. The chil-
dren with SLI did not show slower responses in the Spatial Span task, Stop Signal
task, delayed condition in the Delayed Matching to Sample task and in the baseline
vigilance task. The latency differences in these tasks indicated an age effect, with
the younger, language-matched participants often performing more slowly than
the older children. This is an expected outcome. It was only in the interference
condition of the Delayed Matching to Sample task that children with SLI showed
more difficulties than both control groups, and this was reflected in their slower
speed of processing. Based on this finding, interference control seems to be a vul-
nerable area for children with SLI and this result is consistent with previous data
(e.g., Spaulding 2010).

Overall, when we examine performance across EF tasks in children with SLI,
we may conclude that they show a profile that is distinct from that of typically
developing children. On certain executive function tasks, school-age children with
SLI perform similarly to their age-matched peers (e.g., response inhibition, visual
vigilance). In other executive functions, they show a delay and perform similarly to
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younger typically developing participants (e.g., spatial span length, correct rejec-
tion in visual sustained attention). In resistance to interference, the results showed
differences between the children with SLI and both control groups. Thus, the chil-
dren with SLI showed a distinct performance pattern from the typically develop-
ing children regardless of their age. The differences in executive function profiles
were further supported by the results of the regression analyses: children with SLI
showed a delay in spatial span, an age appropriate performance in response inhibi-
tion, and there was an interaction between age and language status in interference
control and in visual sustained attention. As mentioned earlier, this interaction
shows that the difference in performance between the SLI and the control groups
is larger in younger children than in older ones (see FIGURE 1).

A limitation of the study is that the children with SLI did not form a homoge-
neous group with regards to their language performance. Although all children
in the SLI group met the inclusion criteria, some children showed better perfor-
mance on certain language tasks than others. This is a recurring problem in the SLI
literature, especially in studies with older children.

Our findings fill a gap in the literature regarding specific executive functions in
school-age children with SLI. The findings suggest that children with SLI show
some strengths and weaknesses in executive functions and that their performance
profiles differ from that of the typically developing controls.

To describe these performance profiles more specifically, we need to perform
studies that include experimental manipulations of task demands and contexts.
The mixed data on the visual sustained attention task also suggest that it is impor-
tant to examine performance using a variety of outcome measures. We propose
that future studies move beyond accuracy and RT data and include other mea-
sures in their analyses, such as performance monitoring, strategy use, and error
adjustments. More specific data on the association between executive functions
and language processing will have significant clinical and educational implications.
If we better understand the contexts and conditions under which children with SLI
show the most difficulty, we can develop more efficient assessment and interven-
tion tools. More precise data from a clinical population, such as children with SLI,
may also help to develop better models of executive functions, particularly with
regard to the role that executive functions play in language processing.
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