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ABSTRACT 

 This research was guided by a theoretical framework positing that children with 

typical language apply general cognitive resources, such as attention, to facilitate 

language acquisition, and limitations in these processes may contribute to poor language 

skills.  From this perspective, studying the attentional functioning of children who exhibit 

difficulty with language would have value for both informing this theory and  

understanding the nature of the disorder.  However, research on the attention of children 

with specific language impairment (SLI) is limited, as only a few subdomains have been 

addressed to date.  In addition, although school-age children with SLI have been studied, 

the assessment of attentional functioning in preschool children with this disorder has been 

minimal.  This is likely the result the limitations inherent to the methods used for 

evaluating attentional skills at younger ages.  The purpose of this research was to extend 

a method previously used successfully with preschool children to study selected aspects 

of attentional control including susceptibility to distraction, inhibitory control, and 

updating skills. The research questions were: (a) Do children with SLI exhibit increased 

susceptibility to distraction relative to their typically-developing peers, and if so, does it 

vary according to the type of distracter (visual, nonverbal-auditory, linguistic) presented? 

(b)  Do children with SLI exhibit poor inhibitory control relative to their typically-

developing peers? (c)  Do children with SLI and their typically-developing peers display 

evidence of updating?  Thirty-one preschool children with SLI and 31 controls 

participated in two computer tasks designed to assess these mechanisms of attentional 

control.  The susceptibility to distraction task involved resisting distracters presented in 
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different stimulus modalities (visual and auditory-linguistic/nonlinguistic).  Inhibition 

and updating skills were assessed using a stop signal paradigm.  In comparison to 

typically-developing children, the children with SLI exhibited increased susceptibility to 

distraction and poor inhibitory control. Unlike the controls, they exhibited no evidence of 

updating.  The results of this investigation will contribute to a long-term goal of 

addressing how attention may affect language acquisition in children with SLI.  In 

addition, the successful methodology employed in this study may offer an improved 

procedure for diagnosing attentional difficulties at an early age, regardless of language 

status.        
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INTRODUCTION 

 Attention is considered, by most, to be a multi-faceted construct composed of a 

number of subdomains. (e.g., Cooley & Morris, 1990; Mirsky, Anthony, Duncan, 

Alhearn, & Kellam,1991; Mirsky, 1996; Strauss, Thompson, Adams et al., 2000).  There 

is general consensus that attention involves, at a minimum, a state or engagement 

(attentional orienting and sustained attention), selectivity (selective attention), and 

higher-level attentional control (divided attention, inhibition, resistance to distractibility, 

and self-monitoring).  In addition to its multi-dimensional nature, attention is considered 

to be a limited capacity system involving an interplay between the amount of attention 

required at a given moment in time with one’s available attentional resources (Broadbent, 

1958; Wickens, 1980).   Therefore, one’s performance on a given task depends upon its 

demands on attention and the individual’s attentional capacity.  

 Attention is considered an essential precursor for a child’s learning (Hagen & 

Hale, 1973; Lewis & Baldini, 1979), including the acquisition of language   (Campbell & 

McNeil, 1985, Robin & Rizzo, 1992, Torro, Sinnet, & Soto-Foraco, 2005).   Poor 

attentional functioning has been noted in children with learning disabilities (e.g., 

Copeland & Reiner, 1984, Douglas, 1983, Richards, Samuels, Turnure, Ysseldyke , 

1990), and these children often present with co-morbid language deficits.  In contrast to 

children with learning disabilities, specific language impairment (SLI) includes the 

presence of impaired language by definition.  Therefore, examining the attention skills of 
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children with SLI, in which the hallmark deficit is of a linguistic basis, would help to 

determine the impact of attention on impaired language development.   

 Children with specific language impairment present with significant limitations in 

language abilities with a lack of accompanying physical, neurological, emotional or 

intellectual impairments.  However, it is difficult to view SLI as purely a linguistic deficit 

as a number of investigations have documented nonlinguistic difficulties in children with 

this disorder.  Among these areas of difficulty are working memory and temporal 

processing (e.g., Dollaghan & Campbell, 1998; Edwards & Lahey, 1998; Ellis Weisme, 

Evans, & Hesketh, 1999; Gathercole & Baddeley, 1990; Montgomery, 1995; Tallal, 

1980; Tallal, Miller, Bedi, Byma, Wang, Nagarajan, Schreiner, Jenkins, & Merzenick, 

1996; Tallal, Miller, Jenkins, & Merzenich, 1997).  Although deficits in both areas have 

been pervasive in the research literature, it has been suggested that these tasks place an 

additional demand on attentional functioning, and therefore the difficulties children with 

SLI have may be attributable to the construct of interest, poor attention skills, or some 

combination of the two (e.g., Barrouillet, Bernardin, & Camos, 2004; Ellis Weismer et 

al., 1999; Helzer, Champlin, & Gillam, 1996). It is possible, therefore, that poor 

performance on these nonlinguistic tasks may be the consequence of, or be exacerbated 

by, potential attention difficulties in this population.  Furthermore, if attention difficulties 

co-exist with the linguistic impairment observed in children with SLI, then it is feasible 

that their weak attention skills may be a contributing factor to their poor language 

outcomes.  
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Attention and Language Learning under the General Learning Mechanisms 

Framework    

 The significance of attention in language acquisition is supported by the “general 

learning mechanisms” theory of learning, which argues that children apply domain-

general cognitive processes to the task of learning, including learning language (see Holt, 

Lotto, & Kluender, 1998, for review).  Despite the complex structure found in language, 

the “general learning mechanisms” theory suggests that language is acquired through the 

application of relatively simple learning mechanisms beginning in infancy, continuing 

into childhood, and extending into the adult years (e.g., Gerken, Jusczyk, & Mandel, 

1994; Grunow, Spaulding, Plante, et al., 2006; Gómez & Gerken, 1999; Richardson, 

Harris, Plante, et al., 2006; Saffran, Aslin, & Newport, 1996; Saffran, Johnson, Aslin, et 

al., 1999).   

 Although a number of different mechanisms of learning have been suggested, 

researchers employing language learning paradigms have observed that the ability to 

learn a new language is highly dependent on the ease with which one implicitly detects 

the underlying statistical structure inherent within the linguistic input.  Participants in  

artificial language studies successfully used the statistical regularities to extract 

individual words from streams of speech (Saffran, Aslin, & Newport, 1996; Saffran, 

Newport, & Aslin, 1996), to detect word order (Gómez, 2002; Gómez & Gerken, 1999; 

Grunow et al., 2006; Plante et al., 2002), and to abstract categories to determine phrase 

structure (Gómez & Lakusta, 2004).  All of these skills are necessary prerequisites to 

sufficiently learn a language.   
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 The ability to detect the structural properties of a language depends on attention 

to the statistical regularities in the linguistic input. For example, attention is a 

contributing factor to the language learning in adults with normal language skills.  Torro 

et al. (2005) found that adults could successfully segment words appropriately when 

passively listening to the statistical regularities of an artificial language, but failed to do 

so when their attention was diverted to a different, unrelated task.  These results were 

consistent regardless of whether the unrelated task was in the auditory or visual modality.  

In addition, Guion and Pederson (2005) studied the interaction of attention and learning 

the Hindi language in native English-speaking adults who had no prior Hindi exposure.  

There results indicated that when attention was directed towards the semantics of the 

Hindi language, the adults learned the semantics and not the phonetic contrasts.  In 

addition, when attention was directed towards the phonetic contrasts, the adults learned 

the phonetic contrasts and failed to acquire the semantics of the exposed language.  If 

attention is a fundamental skill for normal language processing to occur, we might then 

question whether the converse is true:  Are cases of impaired language (i.e., SLI) 

accompanied by difficulties with attentional functioning? 

Attention and Children with SLI    

 The study of the attentional functioning of children with SLI would have value 

both for informing the general learning mechanisms theory and potentially, for gaining a 

better understanding on the nature of the disorder.  Given its relevance to language 

development, one might expect that we already have a thorough understanding of the 
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attentional functioning of children with SLI.  Interestingly, however, this does not appear 

to be the case.  Research on the attentional functioning of children with SLI is limited as 

only a few attention domains have been addressed.  Although some researchers have 

suggested that children with SLI may have difficulties in the area of attention (Ellis 

Weismer et al., 1999; Helzer et al., 1996), limited research has been conducted to explore 

the attention factors of these children directly to ascertain whether or not this is the case.  

Furthermore, the research conducted has resulted in findings which are open to 

alternative interpretations. 

 Despite the importance of attention for success on most processing tasks 

(Shaywitz, Shaywitz, Pugh et al., 2001), the impact of attention is frequently neglected in 

research designed to assess the processing skills of children with SLI.  However, a 

number of researchers have begun to question whether or not attention skills played a role 

in the results of their research.  Ellis Weismer et al. (1999) studied the verbal working 

memory skills of school-age children with SLI, and found that they performed 

significantly worse than their typically-developing peers.  The researchers suggest that 

the children with SLI may have had difficulty allocating their attentional resources to 

support both components of the verbal working memory task.  This interpretation was 

also supported by the findings of an fMRI study conducted on adolescents with SLI  

(Ellis Weismer, Plante, Jones, & Tomblin, 2005). While performing a verbal memory 

task, the participants with SLI exhibited significant activation differences not only in 

areas associated with encoding and recall of the verbal material, but also in regions 

associated with attention.  This was the case despite the fact that none of the participants 
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had diagnoses of Attention Deficit Disorder or Attention Deficit/Hyperactivity Disorder.  

In addition to studies of memory, Helzer et al. (1996) suggested the influence of 

attentional functioning on the auditory temporal resolution skills of children with SLI.  

The children with SLI reached similar auditory temporal resolution thresholds to their 

age-matched peers, but required more trials to do so.  The authors interpreted these 

findings as being related to disparate attentional functioning between the SLI and control 

group.    

 Willinger, Brunner, Diendorfer-Radner, et al., (2003) explored a range of 

behavior problems in children aged four to six with mixed receptive/expressive and 

expressive-only language impairments.  Using the German version of the Child Behavior 

Checklist, they found that sixteen percent of the children with mixed and 11% of the 

children with expressive language deficits only were reported to exhibit attention 

problems.  Although these rates were not significantly different from each other, they 

were significantly higher than that observed in the controls.  Although this study supports 

the possibility of attention difficulties in preschool children with language impairment, 

the exploration of attention was of a non-specific nature, consisting of parental report of 

general behaviors.   

 Other researchers have designed their investigations to assess specific attentional 

subdomains in children with specific language impairment, and studies of sustained 

selective attention have been the most pervasive.  Hanson and Montgomery (2002) 

evaluated the sustained selective attention skills of six to 10-year-old children with SLI. 

In their task, the participants were to press a button when they heard the word “dog” 
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embedded among nontarget monosyllabic words. Their results indicated that the children 

with SLI did not perform significantly different from their TD peers.  In contrast to this 

finding, Dodwell and Bavin (2008) studied the sustained selective attention skills of 

children with SLI and employed the same task format as the previous study conducted by 

Hanson and Montgomery (2002). Their results indicated that the SLI group performed 

significantly worse than the TD peers.  The contradictory findings between these two 

studies may be a function of the criteria established for the SLI participants.  The 

participants in the Hanson and Montgomery (2002) study presented with both receptive 

and expressive language deficits, while the children in the Dodwell and Bavin (2008) 

study exhibited expressive language deficits only. In addition, differences in the number 

of participants, their corresponding ages, and the specific materials used may also have 

contributed to the contrasting findings.   

 Other research has evaluated the sustained selective attentional functioning of 

children with SLI by employing alternative methodologies.  For example, Stevens, 

Sanders, and Neville (2006), used an ERP paradigm to assess the selective auditory 

attention skills of children with and without SLI.  Although their behavioral data 

evidenced no differences between the SLI and control groups, their ERP results indicated 

that the SLI group, in contrast to their controls, processed attended and unattended 

information similarly.  In addition to this study, two additional investigations evaluated 

sustained selective attention in both the auditory and visual modalities.  Noterdaeme, 

Amorosa, Mildenberger, et al., (2000) found that the children with SLI performed 

significantly worse than the control children on their auditory sustained and selective 
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attention task, and performed comparably to their typically-developing peers on their task 

tapping visual sustained and selective attention skills.  However, as the authors noted, the 

attention difficulties found may have been due to the working memory demands of the 

tasks.  Because children with SLI are known to have working memory capacity 

limitations (e.g., Ellis Weismer, Tomblin, Zhang et al., 1999; Montgomery 1995; 

Edwards & Lahey, 1998; Gathercole & Baddeley, 1990), the results of this study are 

difficult to interpret solely in terms of the role of attention.  However, additional support 

for different skill levels in auditory and visual sustained selective attention skills comes 

from a study by Spaulding, Plante, and Vance (2008).  The results of this investigation 

revealed comparable performance between SLI and age-matched controls on both visual 

and auditory sustained selective attention tasks when attentional load was low.  However, 

under high attentional load, the SLI children exhibited comparable visual and poor 

auditory sustained selective attentional functioning.  Their difficulties with auditory 

attention manifested whether or not the auditory input was of a linguistic or non-

linguistic nature.   

  The findings of Noterdaeme et al (2000) and Spaulding et al (2008) support the 

likelihood that children with SLI may experience the effects of attention demand 

differently as a function of stimulus modality.  This possibility is also suggested in an 

unpublished study by Gomes, Duff, and Wolfson (2004), who evaluated school-age 

children with poor receptive language skills.  These children performed significantly 

worse than their age-matched controls on an auditory divided attention task, but 

outperformed the controls on a visual divided attention task.  Further support for the 
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strong visual attention skills of children with language impairment comes from a study 

assessing visuo-spatial attentional orienting speed (Schul, Stiles, Wulfeck et al., 2004).   

In their task, the participants were instructed to move a joystick in the direction (up, 

down, left, right) that an arrow was pointing.  To cue them to the location of the arrow, a 

box on either the left or right side of a central fixation point lit up prior to its presentation.  

The investigators systematically varied the time from the box illumination to the 

presentation of the target arrow.  The findings of this study indicated that school-age 

children with SLI exhibited no significant difference from the controls in their speed of 

visuospatial orienting or their use of the attentional cues.    

 Although the results of these attention studies suggest that children with SLI may 

exhibit preserved visual attentional functioning, other investigations have documented 

poor visual attention in children with SLI when different subdomains of attention were 

assessed.  For example, Noterdaeme et al (2000) observed difficulties with visual 

attentional switching in children with SLI.  In this task, the children had to alternate 

between responding to round and angular geometric formations.  In addition, Lum, Conti-

Ramsden, and Lindell (2007) observed poor visual attentional shifting in children with 

SLI.  In their task, the participants had to detect two visual targets whose inter-target 

interval, which included nontarget presentations, systematically varied in duration.  They 

found that overall, the SLI children with low nonverbal cognitive skills were less 

successful at detecting the targets in comparison to the participants with SLI who 

exhibited high nonverbal cognition and their TD peers.  In contrast, the SLI children with 

high nonverbal cognitive skills were as successful as the controls at identifying the first 
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target in a series, but were less successful at identifying the second target.  They 

interpreted this as a “limitation in re-allocating attentional resources” from the first to the 

second target.  The findings of this study suggest that nonverbal cognitive functioning 

may play a role in the types of attention difficulties manifested in children with SLI.  In 

addition, the compiled results of these investigations suggest that whether or not children 

with SLI exhibit deficits in attentional functioning may not be a matter of the modality 

only, but may also be a function of the subdomain of attention studied.  

Summary of Findings 

 A substantial amount of language development occurs during early childhood, 

and the preschool years represent a prime period for language growth.  Consequently, 

preschool-age children may be at a critical time in the language learning process when 

attention and language learning may interact in a supportive or inhibitive manner, in the 

case of preserved and weak attention skills respectively.  Understanding the attention 

skills of the preschool population with SLI is a prerequisite to examining the effect of 

attention on the language learning process.  However, to date, the research examining the 

attention skills of preschool children with SLI is limited in terms of its quantity, quality, 

and the number of attention subdomains that have been studied.    

 When taken together, the available attention studies of children with SLI can be 

considered within the following three parameters: 
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1)Attention as a Limited Capacity   

 Broadbent (1958) first proposed that the attentional system has a limited capacity, 

based on the assumption that there is a finite amount of information to which we can 

attend at each moment in time. The notion that attention is a capacity-limited system, 

specifically in relation to language learning, is supported by the results of Guion and 

Pederson’s (2005) research study showing that participants, exposed to the Hindi 

language, were able to acquire either semantic or phonetic knowledge of the language, 

but not both.  These results provide support for Broadbent’s (1958) argument that 

attention is a capacity-limited system, but also indicate that, for this study, language 

learning was limited to that which was in their attentional focus. 

  Leonard (1998) proposed that children with SLI present with a “general reduced 

capacity” compared to their typical language peers.  A number of other investigators have 

also provided evidence of a general processing capacity limitation in children with this 

disorder (e.g., Ellis Weismer, 1996; Ellis Weismer et al., 1999; Montgomery, 1999; 

Lahey & Edwards, 1996).  However, despite the assertion that attention is also a 

capacity-delimited system, the exploration of reduced attentional capacity in children 

with SLI has been limited.   

 Differences in performance across studies may be because children with SLI 

possess a reduced capacity for attention, and performance disparities may only manifest 

when their attention system is taxed sufficiently to exceed their capacity limitations.    In 

both the Hanson and Montgomery (2002) and Schul et al. (2004) studies, the attentional 

requirements were minimal, and therefore few demands were placed on the children’s 
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attentional resources.  Divided attention tasks are, by their nature, more demanding than 

orienting and sustained selective attention tasks, and may be more likely to reveal a 

potential reduced attentional capacity of children with SLI.   Further support for 

limitations in attentional capacity in children with SLI comes from the study by 

Spaulding et al. (2008).  In this study, the preschool children with SLI presented with 

reduced attentional capacity on sustained selective attention tasks in the auditory 

modality and comparable sustained selective attentional capacity in the visual modality.     

 Spaulding et al.’s (2008) findings suggest that preschool children with SLI do not 

present with sustained selective attention deficits under low attentional load conditions, 

regardless of modality assessed.  Therefore, higher-level attention tasks, which 

necessitate sustained selective attention skills, would not be confounded by SLI 

children’s sustained selective attention capacity limitations if sustained selective attention 

demands were kept minimal.  Consequently, in order to interpret findings as a function of 

the specific attention subdomain studied, research exploring higher-level auditory 

attention skills of children with SLI needs to be cautious by designing tasks which 

contain low sustained selective attention requirements. 

 

2)Attention Skills by Subdomain  

 The attention skills of children with SLI may vary with regard to the different 

subdomains of attentional functioning studied (e.g., attentional orienting, sustained 

selective attention, divided attention).  This is consistent with disparate skill levels in 

different attention subdomains observed in other studies of a range of developmental 
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disorders, including dyslexia, attention deficit disorder, and autism  (e.g., Bednarek, 

Saldana, Quintero-Gallego, et al., 2004; Courchesne, Townsend, Akshoomoff et al., 

1992; Dechazo, Klinger, & Grofer, 2001; Heaton, Rader, & Preston, 2001; Moores, 

Nicolson, & Fawcett, 2003; Noterdaeme et al., 2000).   Therefore, Schul et al.’s (2004) 

findings of preserved spatial orienting skills in children with SLI may be because 

children with SLI do have normal orienting skills, at least in the visual modality.  

However, based on the performance of children with SLI on Gomes et al.’s (2004) 

divided attention tasks, auditory divided attention may not be as normal.  

 However, although it is likely that children with SLI will exhibit deficits in some 

types of attention and strengths in others, this does not account for the contradictory 

findings of both preserved and weak sustained selective attention skills across studies of 

this population (Dodwell & Bavin, 2008; Hanson & Montgomery, 2002; Noterdaeme et 

al., 2000; Spaulding et al., 2008; Stevens et al., 2006).  In addition, it fails to explain both 

the disparity in performance across divided attention tasks observed within a single study 

(Gomes et al., 2004).  Therefore, although differences in attentional functioning across 

attention subdomains may partially account for the disparate attentional functioning 

observed in children with SLI, it fails to sufficiently explain the available data concerning 

the range of attention skills within this population.    

3)Attention Skills by Modality  

 The majority of research findings to date support the possibility that children with 

SLI are similar to their peers in their visual attention skills, but have comparatively 
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reduced attentional capacity in the auditory domain (Gomes et al., 2004; Noterdaeme et 

al., 2000; Schul et al., 2004; Spaulding et al., 2008).  The findings of disparate 

performance as a function of stimulus modality are consistent with Wicken’s (1980) 

proposal that there is not a single pool of undifferentiated resources, but that there are 

multiple reservoirs of attentional resources differentiated by stimulus modality.  

Logically, it seems an attractive possibility that the attentional resources for visuospatial 

and auditory processing are anatomically separated, as these processes occur 

predominantly in the right and left hemispheres respectively.  However, additional 

research into the attentional functioning of children with SLI is needed in order to 

ascertain if their attention skills vary, regardless of type of attention assessed, across 

stimulus modalities. 

 

Implications for Current Study 

  Determining what attention difficulties exist in children with SLI will help to 

delineate the role of attention in cases of impaired language development.  Prior research 

already suggests that not all subdomains of attention are weak in the SLI population.  In 

addition, research to date provides some evidence that the attention skills of children with 

SLI may vary depending on the modality of the input to be attended.  A more thorough 

understanding of which subdomains of attention are impaired, and in which modalities, is 

needed prior to examining if causal links exist between poor attention and impaired 

language skills observed in children with SLI.   
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Purpose of Current Study 

 The research proposed is designed to assess attentional control in preschool 

children with and without specific language impairment (SLI).  Attentional control 

involves maintaining representations in an attentive state in the face of interfering stimuli.  

An important aspect of attentional control is discriminating between irrelevant and 

relevant information, and focusing attention on the information which is relevant for the 

purposes of a goal.  This research is inspired by the “general learning mechanisms” 

framework, which posits specific processing abilities that assist in language acquisition 

and that limitations in non-language specific capacities might contribute to poor language 

skills.  By targeting specific components of attentional control, it may be possible to 

isolate aspects of this cognitive capacity which may be deficient in preschool children 

with specific language impairment.  If such deficits exist, they may undermine the 

language acquisition process and contribute to the language impairments observed in the 

SLI population.  The results of this research, in combination with a previous research 

effort in this line of inquiry (Spaulding et al., 2008), are necessary preliminary steps 

towards determining if such limitations are associated with language impairment. 

 

The following three aspects of attentional control are targeted: 

 

Susceptibility to Distraction   

 Directing attention to a particular stimulus in the environment typically entails 

ignoring extraneous stimuli.  The ability to ignore potential distracters is purported to 
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play an important role in a child’s ability to attend to the most important information in 

the environment for maximal learning (Passler, Isaac, & Hynd, 1985; St. James-Roberts 

& Alston, 2006).  This ability is a necessity for learning in the classroom environment 

where school children are barraged with a multitude of extraneous stimuli including the 

sound of traffic passing by, the movement of fellow classmates, among many other 

distractions.  Successful school performance is dependent on the ability to suppress 

irrelevant visual, environmental, and linguistic stimuli while simultaneously attending to 

the important, pertinent information to be learned.  

 Similarly, language acquisition involves suppressing competing information while 

attending to the important linguistic cues.  According to Kuhl, Conboy, Padden, et al. 

(2005), attending to the important information under conditions of distraction may be 

facilitated by the increased saliency, such as is produced by the acoustic stretching found 

in infant-directed speech.   Although Conboy, Rivera-Gaxiola, Klarman et al. (2005) 

suggest that attending to relevant input while suppressing irrelevant distracters may be 

important for language learning to take place, at this point, no research has been 

conducted to date to determine whether children who do not learn language that well, as 

in the case of SLI, show typical levels of distracter suppression. 

 The findings of two studies suggest that children with SLI appear to be distracted 

by irrelevant information.  Lum and Bavin (2007) found that school-age children with 

this disorder had difficulty judging the grammatically of sentences when the sentences 

were semantically-odd.  Their finding suggests that the children with SLI were distracted 

by the irrelevant semantic information, which appeared to impact their ability to focus on 
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the grammatical judgment task at hand.  In addition, Gillam, Cowan and Day (1995) 

studied the serial list recall abilities of language impaired and their age-matched and 

reading/memory-matched peers.  They found that their participants performed worse 

when irrelevant suffixes were added to the digits to be recalled in comparison to digits 

that did not have suffixes.  However, the magnitude of the interference from the suffix 

condition was greatest for the language impaired children.  The findings of these studies 

indicate that school-age children with SLI exhibited increased susceptibility to distraction 

from irrelevant stimuli during tasks which are typically difficult for them.  However, it is 

unknown whether preschool children with SLI will also evidence increased susceptibility 

to distraction and whether this will occur during tasks with minimal processing demands.   

 

Inhibitory Control 

 Inhibitory control has been suggested as a major prerequisite to language learning, 

and measures of inhibitory control have a positive relationship with language skills 

(Bishop & Norbury, 2005; Wolfe & Bell, 2003).  For example, infants who are good 

performers on native vs. non-native speech discrimination tasks at 10-12 months also 

perform better on the A not B task (Lalonde & Werker, 1995).  Infants have particular 

difficulty with the A not B task.  In this paradigm, a toy is hidden in container A and the 

infant retrieves the toy from this container.  Subsequently, the toy is hidden in container 

B.  Even when the infant clearly sees the toy in container B, he or she will look for it in 

container A.  The A not B error has been attributed, in part, to the infant’s lack of 

inhibitory control (Diamond, 1985; Diamond & Gilbert, 1989).   
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 In addition to speech discrimination, successful inhibitory control is purported to 

assist with learning lexical labels with exposure to discrepant terms for the lexical items 

(Baldwin & Moses, 2001; Brand, 2003). Inhibitory control also appears to be important 

for the development of nonliteral language skills (Champagne, Desautels, & Joanette, 

2004), which requires suppression of the literal meaning in order to understand the 

nonliteral interpretation.  Therefore, evaluating the inhibitory control skills of children 

with SLI, who do not acquire language skills as well as their peers, may provide 

additional support for the idea that poor inhibitory control is related to language learning. 

 Inhibitory control is a necessity for the broader domain of cognitive development, 

as individuals needs to adapt their behaviors to changing demands.  To accomplish this, 

we often need to inhibit or resist what has become a repeating, dominant response.  The 

suppression of prepotent responses is necessary for the working memory system.  

According to Hasher and Zacks (Hasher & Zachs, 1988; Zacks & Hasher, 1994), 

inhibitory processes are activated to suppress the access of irrelevant information that is 

incidentally encoded in working memory.   To date, we have substantial evidence 

suggesting that children with SLI exhibit working memory capacity limitations (e.g., 

Archibald & Gathercole, 2007; Cohen, Netley & Clark, 1984; Conti-Ramsden, 2003; 

Edwards & Lahey, 1998; Ellis Weismer et al., 1999; Gathercole & Baddeley, 1990; Hick, 

Botting, & Conti-Ramsden, 2005; Hoffman & Gillam, 2004; Marton & Schwartz, 2003).  

Therefore, if inhibitory control plays an important role in working memory performance, 

then evaluating the inhibition skills of children with SLI is important both for 

understanding basic inhibition skills and for interpreting the results of working memory 
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studies.  It has also been suggested that susceptibility to distraction may be due, in part, to 

failure to effectively apply an inhibitory mechanism (Tipper, Bourque, Anderson, & 

Brehaut, 1989).  Therefore, to be able to interpret the findings of the distractibility task, it 

is prudent to obtain a direct measure of inhibitory control in children with SLI. 

  When analyzing the errors of children with SLI, the results of a number of studies 

suggest that these children exhibit difficulties with inhibitory control.  For example, Ellis 

Weismer et al. (1999) compared the performance of school-age children with SLI to their 

typically-developing peers on a task requiring the children to recall the sentence-final 

words in a series of sentences.  Although the SLI children presented with significantly 

worse performance than their peers, an interesting finding was observed in the error 

analyses.  While the controls’ errors tended to be a lack of a response, the SLI children 

were more likely to recall sentence-final words from a previous series of sentences or to 

recall non-final words from the sentences presented.  These findings indicate that the 

children with SLI had difficulty inhibiting irrelevant and no longer relevant information 

on this list recall task.  Marton and Schwartz (2003), also evaluating the memory skills of 

school-age children with SLI, observed similar findings.  When taken together, the results 

of these studies suggest that these children may present with difficulties in inhibitory 

control. 

 At this point, a number of studies have evaluated inhibitory control in school-age 

children with specific language impairment.  A study by Weyandt and Willis (1994) 

observed that these children performed significantly worse than their peers matched for 

age and non-verbal IQ on the Matching Familiar Figures Test & Tower of Hanoi. The 
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results of this study suggest that children with language impairment may have difficulty 

with inhibition. However, both these tasks required a number of cognitive processes 

beyond inhibitory control for successful performance.  Therefore, the role that an isolated 

inhibitory deficit would play in performance on these tasks is difficult to determine from 

this study alone.  Lorsbach, Wilson, and Reimer (1996) also studied inhibitory control by 

evluating language/learning disabled children’s ability to inhibit distracting thoughts.  

Their results indicated that these children exhibited significantly greater interference of 

prior disconfirmed thoughts than their typically-developing peers.  However, evidence of 

successful inhibition required the participants to monitor their initial guessing errors and 

to update and store new, unanticipated information in memory.  Since there is 

preliminary evidence from an unpublished study suggesting that children with language 

impairment evidence difficulties with both error monitoring and updating their systems 

with novel information (Plante, Vance, & Gòmez, 2007), the results of this study are 

open to interpretation.  Im Bolter et al. (2006) also studied the inhibition skills of school-

age children with and without SLI.  They assessed the participants’ ability to effectively 

inhibit an automatic, reflexive eye movement (saccade).  Similar to the previous studies, 

their results documented inhibition deficits in the children with SLI on this task.  To 

further evaluate inhibition skills, they also employed a task that involved inhibiting an 

intentional, rather than a reflexive, prepotent response. Their findings indicate that the 

children with SLI had more difficulty on the trials in which the question was 

incompatible with a prepotent response (How many?  111) in comparison to compatible 

trials (How many?  333), providing additional support for inhibition difficulties in this 
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population.  In addition to these studies, Bishop and Norbury (2005), evaluated both the 

verbal and non-verbal inhibitory control skills of children with a range of disorders, 

including school-age children with SLI.  The SLI group exhibited significantly worse 

inhibitory control than controls on both the verbal and non-verbal inhibitory control 

tasks. Furthermore, they observed an association between inhibitory control and language 

functioning.  

 In contrast to the above studies, two investigations failed to observe inhibitory 

control deficits in children with SLI.   Dodwell and Bavin (2008) employed a task in 

which the children were to press the button for animals presented on a computer screen, 

and to refrain from a button press when a picture of a dinosaur appeared.  On this visual 

inhibitory control task, the SLI children’s performance was not significantly different 

from their peers.  In addition, Noterdaeme et al (2000) observed comparable performance 

between SLI children and their TD peers on a Go/No Go task, in which the children were 

to respond to a target “X” and to refrain from responding to a nontarget “+”. The design 

of this task elicited an equal number of Go and No GO responses.  As a result, unlike the 

majority of previous studies which have documented inhibitory control difficulties in 

children with SLI, their task involved inhibiting reactions to irrelevant stimuli as opposed 

to inhibiting a prepotent response.    

 When taken together, the results of these studies provide some support for 

inhibitory control difficulties in children with SLI.  However, the research conducted to 

date has focused upon the school-age population.  Therefore, the inhibitory control skills 
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of preschool children with specific language impairment and the relationship between 

inhibitory control and language skills in children of this age are unknown.   

 

Updating 

  Morris and Jones (1990) described updating as a process involving the monitoring 

and replacing of older, irrelevant information with newer, more relevant information.  

However, Palladino, Cornoldi, De Beni, et al. (2001) recently raised an important point, 

suggesting that replacement does not necessarily have to occur in order for updating to 

take place.  They argued that a large number of items can be held active in the working 

memory system, and that rather than being replaced, the relative activation of no longer 

relevant information can be adjusted accordingly.  Although the degree of activation of 

items in working memory may be difficult to quantify, Palladino and colleagues begin to 

describe the complex nature of the updating process.  Rather than a simple process 

involving inclusion or exclusion, updating likely incorporates, at a minimum, expansion, 

correction, and the replacement of more dated material with newer information.  

 The vast majority of studies investigating updating study this process within 

working memory tasks (e.g., Carretti, Cornoldi, De Beni et al., 2005; Im Bolter et al., 

2006; Kusak, Grune, Hagendorf, et al., 2000; Morris & Jones, 1990; St. Claire-Thompson 

& Gathercole, 2006).  One prime example is the n-back task. This task requires 

participants to continually monitor incoming stimuli and to decide whether each stimulus 

in a sequence matches the one that appeared n times ago.  Regardless of what updating 

working memory task is used within a particular research study, each typically requires 
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the participants to keep track and update their working memory systems with the 

incoming, changing stimuli. 

 Updating, like inhibitory control, has been suggested as one of the processes 

required for successful performance on working memory tasks in general (Conway & 

Engle, 1996; Miyake et al., 2000; Towse et al., 1998).  A study by St. Clair-Thompson 

and Gathercole (2006) provides support for the relationship between updating and 

working memory in pre-adolescent children aged eleven and twelve.  In their letter 

memory task the children were to recall the last four letters of serially-presented letter 

lists.  In their keep track task the participants were to write down the last word in five 

target categories of serially-presented subordinate items (animals, colors, clothes, 

countries, and sports).  Performance on both updating tasks correlated with both verbal 

and visuo-spatial working memory functioning.    

 Indeed, updating is necessary for many everyday tasks involving working 

memory (i.e. managing a checkbook, taking a test, and driving a car); However, updating 

also plays an important role in information transferring from working into long-term 

memory.  No where is this more apparent than in the case of language acquisition.  For 

instance, when children first learn the word “dog”, they may either under- or over-

generalize the meaning of the word.  With more exposure to dogs and the lexical label, 

they will expand upon their existing knowledge base by updating with the newer, learned 

information.  For example, they will update their semantic systems with the added 

knowledge that dogs bark, typically have four legs, a tail, and come in an abundance of 

colors.  In contrast to updating through expansion, updating through correction occurs 
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when newly-acquired information contradicts and takes the place of previously-believed 

incorrect information (e.g., all four-legged animals are “dogs”).  In contrast to updating 

through expansion and updating through correction, updating through replacement occurs 

when new information takes the place of older information which is no longer relevant 

for purposes in the moment.  This is one of the hallmark processes involved in 

conversational interactions.  Following and engaging in a conversation requires the 

individuals to continually monitor topic changes inherent in a dynamic conversation, and 

to update what words they are choosing to respond with according to the new topic at 

hand.  Although previous topics discussed in the conversation may or may not still exist 

in the conversational partners’ working memories, in the moment, the older information 

is temporarily replaced by the more current topic at hand.  These examples highlight the 

importance of updating in language learning and suggest that it is a mechanism important 

for both working memory and long-term memory representations.      

 Since updating appears to be an important process for language growth to occur, it 

is interesting that children with SLI have difficulties in many of the areas of language that 

require updating in order for language development to progress.  Children with SLI are 

known to exhibit reduced working memory capacity (e.g., Ellis Weismer et al., 1999; 

Marton & Schwartz, 2003; Montgomery, 2000).  They also present with limitations in the 

complexity of their semantic knowledge (e.g., Alt, Plante, & Creusere, 2004; Alt & 

Plante, 2006; McGregor, Newman, Reilly et al., 2002), continue to produce incorrect 

morphologic and syntactic forms (e.g., Gillam & Johnston, 1992; Leonard, 1995; Oetting 

& Horohov, 1997; Rice, Wexler & Cleave, 1995), and have some difficulties with the 
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complexity inherent within conversational interaction (e.g., Fujiki, Brinton, & 

Sonnenberg, 1990; Craig & Washington, 1993).  All of these skills involve updating by 

expansion, correction, or replacement. Although updating appears to be a fundamental 

process for successful language learning to occur, research investigating the updating 

skills of children with SLI has been limited.   

  Two studies have provided indirect support for and another has directly observed 

updating difficulties in school-age children with language impairments.  Noterdaeme et al 

(2000) found that children with SLI had greater difficulty than controls on an auditory 

sustained selective attention task that required them to update and store each stimulus and 

compare it to the previous stimulus presentation. Lorsbach et al.’s (1996) research 

indicated that school-age, language learning disabled participants had difficulties on an 

inhibitory control task, in which the task required them to update and replace previous 

incorrect productions with newly presented, unanticipated information for later recall.  

Direct evidence of poor updating was provided by Im Bolter et al., (2006) who studied 

the updating process by comparing the performance of seven to twelve-year-old children 

with and without SLI on a variety of executive functions.  Their investigation assessed 

updating skills under three conditions using the n-back test.  Under the first condition (0-

back test), the children were to identify whether a visual dot pattern was present.  In the 

second condition (1-back test), the participants were to determine whether the currently 

presented dot pattern was similar to the previous presentation. In the third condition (2-

back test), the children were to determine whether the currently presented dot pattern was 

similar to the dot pattern of two presentations prior.   Both the TD and SLI groups 
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performed well and comparably on 0-back condition.  The children with SLI performed 

significantly worse than the controls on the 1-back condition. The 2-back condition 

appeared to be too difficult for both groups of children, as the groups each performed at 

chance levels.  Although the first condition (0-back test) appears to resemble more of a 

visual sustained selective attention task, the results of the 1-back condition clearly 

support the possibility of updating difficulties within this population.  In addition, the 

updating difficulties observed in the Im Bolter et al. (2006) study call into question 

whether the findings in the Lorsbach et al. (1996) and Noterdaeme et al. (2000) studies 

were a function of the construct of interest or were the byproduct of poor updating skills.  

 Similar to both susceptibility to distraction and inhibitory control, updating has 

not been directly explored in preschool children with SLI.  However, updating difficulties 

in SLI children of this age were suggested by an unpublished study assessing their ability 

to learn an artificial grammar (Plante, Vance, & Gómez , 2007).  Using an artificial 

language paradigm, the ability of preschool children with SLI and TD controls to acquire 

new grammatical structures was compared.  Although both groups performed similarly 

on this task, an error analysis revealed an interesting finding. During the testing phase, all 

the participants were asked whether items conformed or did not conform to the artificial 

grammar heard during exposure.  Although both groups performed with similar levels of 

accuracy on this task, the typically-developing controls appeared to update and adjust 

their responses according to the incorrect grammar exposures heard during the testing 

trials.  A look at the errors characteristic of the SLI children indicated that the exposure to 

incorrect grammar during testing did not negatively impact their performance.  Although 
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the results of this study raise the possibility of a disparity in updating skills between 

preschool children with and without SLI, it is far from clear that this is the case.   In the 

scenario presented in this study, the children were not supposed to update their systems 

with the incorrect grammar sequence presentations heard during the testing phase.    

 Additional research investigating the updating skills of preschool children could 

help to ascertain whether the updating process is weak for this population when updating 

would be to their benefit.  In addition, the majority of previous studies involving 

language impaired children have investigated updating through the explicit recall of 

information, within both working memory and inhibitory control tasks which included a 

demanding working memory component.  Given the reduced working memory capacity 

and the difficulties with explicit recall characteristic of this population, a more clean 

evaluation of their updating functioning could be accomplished by minimizing working 

memory demands and assessing the updating process through more implicit means.    

 To summarize, the early detection of attentional capacity limitations in preschool 

children with SLI has important implications for academic and language success. This 

research would extend my previous work on the sustained selective attention skills of 

preschool children with SLI (Spaulding et al., 2008) to assess mechanisms of attentional 

control.  The tasks are designed to contain a low level of sustained selective attention and 

working memory requirements to prevent documented capacity limitations in children 

with SLI from affecting performance on the attentional control tasks.  The types of 

attentional control assessed will include processes involving susceptibility to distraction, 

inhibitory control, and updating.  By assessing these aspects of attentional control, the 
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results will be able to begin to develop a framework for how attention functions in the 

context of SLI.   

 

The Specific Hypotheses 

The specific hypotheses for this study are: 

 

Susceptibility to Distraction 

 

1)  Preschool children with SLI will exhibit increased susceptibility to distraction relative 

to their typically-developing peers 

a)  If preschool children with SLI have a generalized reduced capacity for resistance to 

distractibility, they will make significantly more errors of omission (false negatives) than 

their peers, regardless of the modality of the distracter.   

b)  Alternately, if capacity limits occur because the demands of auditory processing 

differentially affect resistance to distractibility, then the preschool children with SLI will 

make significantly more errors of omission on the auditory and linguistic distracters 

compared with the visual distracters.  

c)  Alternately, if capacity limits are a specific function of linguistic difficulty, preschool 

children with SLI will be differentially affected only when linguistic distracters are 

present.   

 

Inhibitory Control 

2)  Preschool children with SLI will exhibit deficits in inhibitory control relative to their 

typically-developing peers. 
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Updating 

3)  TD preschool children will update their systems with new, incoming information; 

Their SLI peers, however, will not display evidence of this behavior.    
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METHODS 

Participants   

           Two groups of 31 preschool children between the ages of 4-0 and 5-7 participated 

in this study.  One group consisted of children with specific language impairment (SLI), 

while the other group included typically developing (TD) children.  The participants were 

matched for age (+/- 2 months), sex, and socioeconomic status (+/- 2 years maternal 

education level).   All the participants were native speakers of English and were from a 

range of racial, ethnic, and socioeconomic backgrounds.  See Table 1 for subject 

characteristics.   

 

Participant Selection Criteria 

All of the participants exhibited the following characteristics: 

1. Native English speaker  The child’s parent or guardian indicated that English was 

            the child’s native language and that the child spoke English as his/her primary 

            language.      

2. Normal-range hearing sensitivity   This was determined by audiometric pure tone 

            screening at 25db HL at 500 Hz, and 20db HL at 1, 2, and 4 kHz.  (Note:  These 

            levels were adjusted, at times, to accommodate ambient noise in the testing 

            environment) 

3. Absence of mental retardation This is an exclusionary criterion for SLI, and was 

            measured by a standard score of 75 (70+SEM) or above on the Kaufman 

            Assessment Battery for Children, Second Edition {(KABC-II; Kaufman & 
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            Kaufman, 2004)}. 

4. No other handicapping conditions  In addition to normal range hearing skills with 

            no motor, behavior, or other neurological conditions.  Parent, teacher, and  

            clinician questionnaires were used to determine the presence or verify the absence 

            of other handicapping conditions. 

 

Group Placement 

The following lines of converging evidence were used to determine whether children 

were placed in the typically-developing or language impaired group: 

1. Participants in the language impaired group exhibited impaired conversational 

           language skills while participants in the typically-developing group presented with 

           normal conversational language skills as determined by a certified speech 

           language pathologist.    

2. Participants in the language impaired group exhibited test scores consistent with 

           language impairment on the Test for Examining Expressive Morphology {(TEEM; 

           Shipley, Stone, & Sue, 1983)}.   This test has been validated for use with 

           preschool children and has been shown to differentiate language impaired from 

           typically developing children with 90% sensitivity and 95% specificity (Merrell & 

           Plante, 1997).  Participants in the typically-developing group scored at or above 

           the -1.69 SD cut-off score, while participants in the language impaired group 

           scored below -1.69 SD below the mean. 
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Table 1. 

Demographic characteristics of study participants 

 TD SLI 

 

Sex  

 

8 females, 23 males 

 

8 females, 23 males 

Age 

   Mean 

    Range 

 

4.66 

(4.0-5.5) 

 

4.66 

(4.0-5.7) 

Race 

   African American 

   American Indian 

   Asian 

   Caucasian 

   Hawaiian/Pacific Islander 

   Not Reported  

 

2 

0 

1 

22 

0 

6 

 

4 

2 

0 

15 

0 

10 

Ethnicity 

   Hispanic 

   Not Hispanic 

  Not Reported 

 

5 

4 

22 

 

14 

5 

12 

Caregiver’s Educ. Level 

   Mean 

   Range 

 

14.24 

(11-17) 

 

 

14.13 

(11-17) 
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           Additional testing was conducted to further describe language skills.  However, 

none of these were used to discriminate the language impaired from the typically 

developing groups.  These included the following: 

 

1. The Grammatical Understanding subtest from the Test of Language 

            Development- Primary, Third Edition {TOLD-PIII; (Newcomer & Hammill, 

            1997)}, which measures sentence comprehension.  

2.  The Structured Photographic Expressive Language Test-Preschool, Second 

            Edition {SPELT–P2; (Dawson, Stout, Eyer et al., 2005), which measures 

            morphology and syntax skills. 

 

See Table 2. for test score results.   

 

Reliability Measures 

           Inter-rater reliability data was collected for 49 of the 264 standardized tests 

administered to the participants.  During test administration, responses were double-

scored by a second observer.  Point-to-point reliability was calculated to be .98.  

Discrepancies in responses recorded were resolved by referring to the test manual for 

proper scoring procedures.  The experimental data was collected by the computer, and an 

observer recorded the responses to obtain a hard copy of the data.   
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Table 2.  Group performance on norm-referenced tests 

        TD                SLI 

________________________________________________________________________ 

     Mean        Range       Mean              Range 

KABC-II
1
   107.23  89-130     * 100.65  79-130  

    (11.07)        (11.67) 

 

TEEM
1
   101.65  78-128        * 43.51 10-69 

    (14.31)           (14.34) 

 

SPELT-2P
1
   107.03  95-127                            * 71.61 39-95 

      (8.47)           (12.32) 

 

TOLD-P(GU)
 2

    10.42               6-16           *  7.87          4-15    

(2.45)                                 (2.36) 

 

    

*  significant difference (t-test) from the TD group at p< .05 

1.  Standard scores with a mean of 100, SD of 15 

2.  Standard scores with a mean of 10, SD of 3 

KABC-II= Kaufman Assessment Battery for Children-Second Edition; TEEM= Test of 

Early Expressive Morphology; SPELT-2P= Structured Photographic Expressive 

Language Test Preschool-Second Edition; TOLD-P (GU)= Test of Language 

Development Primary, Grammatical Understanding Subtest   

     
   

Procedures 

Materials and Instrumentation:   

 Two Dell Latitude c840 laptop computers with 15 inch monitors were equipped 

with Direct RT Precision Timing Software (Version 2004.1.0.42, Empirisoft) to present 

the stimuli and record the responses and response time data. The children were seated 

directly in front of the computer monitor and were instructed to place their hands on two 

purple squares placed a standard distance from the button box.  Their responses were 
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recorded via presses to buttons on button boxes attached to the computers.  Response 

time was recorded from the onset of the target stimulus until a button response was made. 

Visual stimuli were presented on the computer screen.  The auditory and linguistic 

stimuli were emitted through headphones at a standardized loudness level.  Participants’ 

requests to either increase or decrease the volume of the auditory stimuli were honored.   

 

General Procedures 

 The children completed each computer task on separate days.  The amount of 

language and cognitive testing following completion of an attention task was determined 

based on the child’s energy and interest in continued participation.  All participants were 

tested individually and completed the computer tasks with one-on-one supervision by an 

individual trained in task administration.  The participants completed the tasks on-site at 

their respective preschool settings.  At the end of each task, the children received stickers.  

When each participant completed the hearing, language, cognitive, and attention testing, 

they chose two small prizes.   

 

Task 1:  Simple RT  

 Studies have found that children with SLI are slower to make a motor response 

than their typically developing, age-matched peers (see Miller, Kail, Leonard et al., 2001 

for review).  To deal with this, additional methodological controls were in place to help 

interpret potential reaction time differences between the two groups of participants.  For 

example, the children were trained to begin each trial with their hands placed on purple 
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squares set at a standard distance from the response button.  In addition, a simple 

response time (RT) task was used to obtain a baseline RT measurement.  If there were 

significant group differences in RT on this task, RT for this baseline measurement would 

be used as a covariate in RT analyses of the attention tasks.   

 In this task, the child was instructed to press the button as quickly as he/she could 

when he/she heard a gargling sound.   The target stimulus for the simple RT task was the 

only one presented and continued until the child responded.  Following a response, the 

inter-stimulus interval for the subsequent stimulus presentation varied randomly at 1500, 

2000, and 2500 milliseconds in an attempt to avoid predictability. A series of practice 

trials was presented followed by 20 trials in which data were collected. RT was 

determined and recorded from the onset of the stimulus to the button press response.  The 

response time control task was administered prior to the distractibility and inhibitory 

control/task monitoring tasks, as it also served an additional purpose, to familiarize the 

participants with the general button press response characteristic of the attention tasks.  

 

Task 2:  Susceptibility to Distraction  

 The stimuli for this task consisted of speech, environmental sounds, and visual 

animations.   The linguistic stimuli were recorded and edited using Sony Sound Forge 7.0 

(Sony Corporation, 2003) to 16-bit resolution at a sampling rate of 44 kHz. The linguistic 

stimuli were recorded from two female speakers who both had a General American 

dialect. One was recorded speaking the target and nontarget stimuli.  The other was 

recorded speaking the linguistic distracters.  The carrier phrase was recorded and used for 
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both the target and nontarget stimuli.  The target and nontarget stimuli were two syllable 

words spoken with the same stress location and general affective tone.   For the linguistic 

distracters, the stimuli were also spoken with the same stress location and general 

affective tone.  They consisted of three word phrases of single syllable words.  The 

linguistic distracters were judged to be approximately 1000ms in duration through 

inspection of the acoustic waveforms.  To ensure that the maximum output levels were 

consistent across stimuli, the waveforms for each individual word were normalized.  The 

normalization involved adjustment of the peak amplitude to approximately 70dB SPL.  

All other amplitude values in each waveform were adjusted by the same amount as the 

peak in an attempt to preserve the dynamic range of the speech signal for each stimulus 

item.  The nonverbal-auditory distracter stimuli were obtained from a directory of 

recorded environmental sounds (http://www.comparisonics.com, Comparisonics 

Corporation) and were also edited using the Sony Sound Forge 7.0 (Sony Corporation, 

2003) program. The duration for the nonverbal-auditory distracters was edited to be 

1000ms and the intensity was normalized to be commensurate with the intensity level of 

the linguistic stimuli using the same normalization procedure. The visual distracter 

stimuli consisted were obtained from a directory of animated gifs   

(http://www.animationlibrary.com) and adjustments were made using Fireworks MX 

(Macromedia, Version 2004).  The animations were calibrated so that each consisted of a 

total duration of 1000ms per animation.    

 Each participant observed and was informed that there was a hungry cow hidden 

behind a barn located in the center of the computer screen.  They were told that the 
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farmer had fed all the farm animals but forgot to feed the cow.  The child was instructed 

and trained to press the button to feed the cow only when he requested ice cream and to 

ignore the cow’s request by refraining from pressing the button when the cow requested 

pizza.  Throughout the task, visual, auditory, and linguistic distracters occurred randomly, 

but always occurred prior to the presentation of the target stimulus, “give me ice cream”.  

The child’s task was to resist the distracters and to press the button in time to feed the 

cow the ice cream.   

 During correct button presses (pressing the button in response to “give me ice 

cream”), the cow appeared from behind the barn and ate an ice cream cone.  During 

incorrect button presses (pressing the button in response to “give me pizza”), a red X 

appeared in the center of the computer screen and was accompanied by a loud buzzer. 

This was in an attempt to discourage button press responses to the non-target stimuli.     

 

Phases of Task 

 Each condition consisted of a familiarization phase, a training phase, and a test 

phase.   The familiarization and training phases were in place to ensure comprehension of 

the task and the ability to comply with the task requirements.  The test phase was used for 

both the accuracy and RT data analyses. 

 

Phase 1.  Familiarization Phase 

 In the familiarization phase, a computer-presented teacher provided instructions to 

the participants. The purpose of this phase was to familiarize the child with the target 
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“give me ice cream”.  The target “give me ice cream” was presented for six trials.  The 

child was trained to press the button each time he/she heard the cow say “give me ice 

cream”.  After the third and sixth response, the computerized teacher provided verbal 

reinforcement.  The criteria for passing the familiarization phase and progressing to the 

training phase was pressing the button for all six of the target presentations.  If the 

participant correctly responded to all six trials, he/she progressed to the training phase. If 

the participant failed to press the button for all six trials, the familiarization phase was 

repeated a second time to see if the passing criteria could be reached.  If it was not, the 

task was stopped for that day.    

 

Phase 2.  Training Phase  

 Once each participant passed the familiarization phase, he/she participated in a 

training phase designed to train the child to press the button for the target “give me ice 

cream” while refraining from pressing the button to the nontarget stimulus “give me 

pizza”.  The child was informed that the pizza made the cow sick and that he is only 

allowed to eat ice cream. The purpose of the non-target stimulus request was to minimize 

group differences arising from preparatory sets towards the target stimulus if the target 

was the only item presented in this task.   

 During this training phase, the child needed to respond to the presentations of the 

target stimuli and to refrain from responding to the nontarget stimuli presented in random 

order for six trials, with three targets and three nontargets presented. The computerized 

teacher provided verbal reinforcement or verbal correction following each presentation.  
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If the child failed to meet the criterion for mastery (6 out of the 6 trials correct), the 

computer program returned to the prior familiarization phase.  The familiarization and 

training phases were then repeated to the child.  If he/she correctly reached the 100% 

performance criterion for each phase, the child progressed to the testing phase.  Each 

participant was allotted a total of three training days to progress to the test phase.   

 

Phase 3.  Test Phase 

 Subsequent to successfully reaching the criterion for the familiarization and 

training phases, the teacher from the computer informed the child that he/she was now 

going to play the game all by himself/herself.  This was the test phase of the task. The test 

phase consisted of 90 trials with 60 targets and 30 non-targets.  Half of the targets 

contained distracter stimuli.  Similar to the training phase, the child’s task was to feed the 

cow when he said “give me ice cream” and to refrain from feeding the cow when the cow 

said “give me pizza”.  However, without prior warning to the child, visual, auditory and 

linguistic distracters randomly appeared immediately prior to 30 out of a total of 60 target 

requests.  Five distracters per distracter type (auditory, linguistic, visual) were presented 

two times each.  See Appendix A. for details of distracters by distracter type.  The 

distracter stimuli ended 500msec prior to the presentation of a target.  The presentation 

time of the distracter stimuli was chosen to eliminate the possibility of a forward masking 

effect.     

  When the participants correctly responded to the cow’s request for ice cream, 

regardless of whether it was a target-no distracter or target-distracter trial, the cow 
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appeared from behind the barn and ate the ice cream cone.  Although reinforcement was 

not provided contingent on accurate responses, the computer program presented periodic 

reinforcement through an animated countdown mechanism (e.g., a rabbit eating five 

carrots, one at a time), to provide noncontingent reinforcement and to visually indicate 

progress through the program.   

 

Task 3:  Inhibitory Control/Updating   

 The stimuli for this task consisted of linguistic recordings.  The linguistic stimuli 

were recorded and edited using Sony Sound Forge 7.0 (Sony Corporation, 2003) to 16-bit 

resolution at a sampling rate of 44 kHz. The linguistic stimuli were recorded from two 

speakers, one male and one female, both of whom had a General American dialect. The 

female speaker was recorded speaking the two target stimuli.  The two target stimuli were 

three syllable words recorded with the same stress location and general affective tone.  

The target stimuli were judged to be approximately 1000ms in duration through 

inspection of the acoustic waveform.  The male speaker was recorded speaking the 

inhibitory STOP command.  The same procedure used in the distractibility task was used 

to normalize the output levels.  

 This task was based on a model of inhibition by Logan & Cowan (1984).  Half of 

the participants in each group were instructed to press the right button (with picture) 

when they heard the word ‘butterfly’ and the left button (with picture) when they heard 

the word “dinosaur”.  The other half of the children in each group were instructed to 

press the right button (with picture) when they heard the word “dinosaur” and the left 
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button (with picture) when they heard the word “butterfly”.  A right and left version were 

in place to control for the potential effect of handedness. For the GO trials, the 

participants heard the words “butterfly” or “dinosaur” for 1000msec, and the next trial 

began following a button press response or after 5000msec had expired.  The participants 

were instructed to respond as quickly and as accurately as possible.  The STOP trials 

involved a male voice saying the word “STOP”.  The randomly presented STOP 

command followed presentation of the GO stimuli and informed the participant to 

withhold his/her response on that particular trial.  

 

Phases of Task:  

 This task consisted of an identification phase, familiarization phase, two training 

phases, and a test phase.  The identification, familiarization, and training phases were in 

place to ensure comprehension of the task and the ability to comply with task 

requirements.  RT and accuracy data were collected from the test phase. 

 

Phase 1.  Identification Phase:  

  In the identification phase, the experimenter placed the picture of the butterfly in 

front of the participant and asks him/her to name it.  If a correct response was provided, 

the experimenter placed the picture of the dinosaur in front of the child and asked him/her 

to name the picture.  If the correct name was provided for both, the child progressed to 

the familiarization phase.  Requiring the child to speak the name of the pictures instead of 

receptively pointing to the names spoken by the examiner was employed due to a high 
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potential of guessing correctly with only two items to choose from.  The exception was if 

the child identified a subordinate category for the picture.  On eight occasions, the 

participants labeled the subordinate “T-Rex” or “Tyrannosaurus”, instead of the 

superordinate category of “dinosaur”.  When this occurred, the examiner had the 

participant complete the following sentence, “A (T-Rex) is a kind of …..”.  Each child 

correctly indicated “dinosaur”, and then was allowed to progress to the familiarization 

phase.  No child was excluded based on the identification phase criteria for this task. 

 

Phase 2.  Familiarization Phase:   

 In the familiarization phase, a teacher presented by the computer provided the 

instructions to each participant.  The purpose of this phase was to familiarize the child 

with pressing one button when he/she heard “butterfly” and the other when “dinosaur” 

was heard.  The familiarization phase consisted of 4 trials, in which the participant was 

exposed only to the words “butterfly” and “dinosaur”, and the task was to press the 

correct button.  There were no “STOP” commands.   The computerized teacher provided 

verbal reinforcement at the end of the familiarization phase.   

 If the participant obtained 100% accuracy on the familiarization phase, he/she 

progressed to the training phase.  If the participant did not correctly press the button for 

all four trials, the familiarization phase was repeated one more time to see if the criterion 

could be reached.  If it was not, the task was stopped for that day.      

 

Phase 3.  Training Phases:  
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  The computerized teacher provided verbal reinforcement or correction following 

each response during both Training Phase A. and Training Phase B.   The training phases 

consisted of 6 trials each, and the child’s task was to respond to the GO stimuli 

“butterfly” and “dinosaur”, and refrain from responding when he/she heard the randomly-

presented “STOP” command.  Each training phase consisted of three GO stimuli without 

the STOP command and three followed by the STOP command.    

  Each participant needed to obtain 100% accuracy on instructional and training 

phases to progress to the test phase.  If the participant did not demonstrate this mastery 

following two attempts, the task was discontinued for that day.  The participant then had 

two more training days, beginning with the familiarization phase, to progress to the test 

phase.  If the participant did not, he/she was not included in the study.  One child with 

specific language impairment was excluded from the study based on an inability to pass 

training phase B of this task.  

 

Training Phase A.  

  The first of the two training phases was designed with the computerized teacher 

providing maximal feedback in order for the child to understand if he/she should or 

should not press the “butterfly” or “dinosaur” button.  Following the presentation of each 

trial, the computerized teacher verified verbally the presence or absence of the “STOP” 

command, and instructed the child on whether or not to press the button.  This occurred 

for four trials, two “GO” and two “STOP” trials.   Feedback on the child’s button press 
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response or lack thereof was provided following each trial. To progress to the next 

training phase, the participants had to correctly respond to all four of the trials. 

 

Training Phase B.   

 The second of the two training phases involved the child responding to or 

refraining from responding without direct ”teacher” assistance.  Following the 

presentation of each trial, the child decided whether or not to press the corresponding 

button or withhold from pressing the button dependent upon the presence or absence of 

the stop command.  The teacher did, however, reinforce or provide correction to accurate 

and inaccurate responses respectively.  Criteria for passing this phase was four out of four 

correct. 

 

Phase 4.  Test Phase:   

 There were a total of 80 trials, with STOP commands occurring randomly on 25% 

(20) of the trials.  The stop command occurred at 500msec (10 tones) and 750msec (10 

tones) following the presentation of the linguistic stimulus.  There was no reinforcement 

contingent on accuracy of responses during the test phase.  However, the computer 

program did present periodic reinforcement (e.g., five stars with one disappearing at a 

time), to visually mark progress and to serve as a countdown mechanism for the children. 
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RESULTS 

 

 

 The primary purpose of this study was to examine the performance of preschool 

children with specific language impairment and their typically-developing peers on three 

measures of attentional control:  susceptibility to distraction, inhibitory control, and 

updating.   Two computer-based tasks were employed to evaluate these three skills.  The 

susceptibility to distraction task served a secondary purpose of assessing potential 

changes in distractibility as a function of the type of distracter presented. The inhibitory 

control task was designed to ascertain both inhibition and updating skills.    

   

Data Trimming Procedures 

  In order to obtain a more valid representation of RT for the baseline condition and 

attentional control tasks, button presses with a RT > 2SD from each participant’s median 

response time were excluded from the analyses (cf. Kail, 1992).  This was because these 

were likely the result of extraneous errors (e.g., failing to push the button sufficiently 

hard the first time) rather than an accurate reflection of RT.  Less than 1.5% of the data 

were eliminated based on this procedure.   

 

Simple RT  

 An independent samples t-test was conducted to determine whether the TD and 

SLI groups differed in their performance on the simple RT task.  The dependent variable 

was median response time in milliseconds.  The mean RT was 1572ms (352.60) for the 

TD group and 1688ms (489.26) for the SLI group.  The results of the analysis indicated 
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no significant difference in RT between the two groups t(60) =1.07, p=.29.  Because 

there was no group effect on this baseline condition, it was not entered into the model as 

a covariate for the RT analyses of the attentional control tasks.   

 

Performance on Attentional Control Tasks 

 

Preliminary Analyses 

 Preliminary analyses revealed no significant differences in performance as a 

function of sex for performance on the resistance to distractibility task and for evidence 

of updating.  However, a sex effect was observed on the inhibitory control task 

F(1,61)=4.54, p=.04, η
2

p =.07. Females made significantly fewer inhibitory failures 

relative to males on this task.   The proportion of correct inhibitory responses was 

.84(.13) for females and .74(.17) for males.   However, because the TD and SLI groups 

were matched for sex, the observed sex effect did not present a problem for between 

group analyses. 

 

Susceptibility to Distraction:  TD vs SLI 

 The first hypothesis was that preschool children with SLI would exhibit decreased 

resistance to distractibility relative to their TD peers.  To test this hypothesis, the data in 

this study were analyzed using a nested 2X4 mixed analysis of variance (ANOVA) 

design with Group (TD, SLI) as the between-subjects factor and Item Type 

(Nondistracter, Nonverbal-Auditory Distracter, Linguistic Distracter, Visual Distracter) 
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as the within-subjects factor.  Between group differences were subjected to Tukey HSD 

post-hoc comparisons.  Within-subject differences for Item Type were analyzed using 

paired-t tests. In addition, a linear contrast analysis was conducted to compare 

performance between nondistracter and distracter trials.  The distracter trials reflected the 

distracter types (nonverbal-auditory, linguistic, visual) within Item Type combined. The 

dependent variables were Accuracy and median Response Time (RT) in milliseconds.  

The prediction was that the SLI group would perform poorly on this task, as evidenced by 

decreased accuracy and increased RT, relative to their TD peers.    

 

Accuracy 

 The performance of the TD and SLI groups is displayed in Figure 1. The results 

of the ANOVA support the hypothesis, revealing a significant effect for Group 

(F(1,60)=24.08, p<.01, η
2

p  =.29).  Overall accuracy of the SLI group was significantly 

lower than the control group.  To ascertain where specific group differences occurred, 

Tukey HSD tests were conducted.  The groups were not significantly different on the 

nondistracter trials.  Instead, the group effect was driven by the SLI subjects obtaining 

significantly lower accuracy, relative to the control group, on the distracter trials.  The 

SLI group performed significantly worse relative to controls on trials involving each 

distracter type (nonverbal-auditory, linguistic, visual).  

 There was also a significant effect of Item Type (F(3,180)=33.06, p<.01, η
2

p 

=.36).  The results of the linear contrast analysis indicated that the participants exhibited 

reduced accuracy on the distracter relative to the nondistracter trials (F(1,60)=98.30, 
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p<.01, η
2

p =.62).  To ascertain where differences in performance occurred, paired-t tests 

were conducted.  The results indicated that the participants obtained a higher accuracy on 

the nondistracter relative to the nonverbal-auditory (t(61)= 7.87, p<.001, d=.87), 

linguistic (t(61)= 5.71, p<.001, d=.66) and visual (t(61)= 7.18, p<.001, d=.85) distracter 

trials.  The results also revealed that the participants performed better, with respect to 

accuracy, on the linguistic distracter relative to visual (t(61)=2.92, p<.001, d=.28) 

distracter trials. 

 The results of this analysis also revealed a significant Group x Trial Type 

interaction (F(3,180)=11.20, p<.01, η
2

p =.16), indicating that the two groups did differ 

with respect to their relative performance among item types.  Paired-t tests were 

conducted within each group, and the alpha level was adjusted to .004 to control for 

multiple comparisons.  The SLI group was less accurate on each distracter type, 

nonverbal-auditory (t(30)=6.63, p<.001, d=1.09), linguistic (t(30)=6.27, p<.001, 

d=1.03), visual (t(30)=7.58, p<.001, d=1.30) relative to nondistracter trials.  The SLI 

group, however, presented with no difference between performance on the three different 

distracter types.  In comparison, the TD group was less accurate on the auditory distracter 

trials (t(30)=5.12, p<.001, d= .72)  and visual distracter trials (t(30)=4.17, p<.001, d = 

.64) in comparison to the nondistracter trials.  Similar to the SLI group, the TD group 

exhibited no significant differences in performance among the three distracter types. 
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Figure 1.  Group Accuracy Performance on Distractibility Task 
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Response Time   

 Resistance to distractibility can also be measured by examining the response time 

(RT) differences between target trials with and without distracters presented.  Increased 

distractibility would be suggested by longer RTs for the distracter relative to the 

nondistracter trials.  The prediction was that the SLI group would have increased 

susceptibility to distraction, thereby exhibiting longer RTs on the distracter trials in 

comparison to their TD peers.    

 The results are displayed in Figure 2.  The findings supported the hypothesis, 

revealing a main effect of Group (F(1,60)=18.91, p<.01, η
2

p =.99).  The SLI group 

exhibited significantly slower RTs relative to the control group on this task.  There was 
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no Item Type x Group Interaction (F(3,180)=1.08, p=.36, η
2

p =.02), indicating that the 

slower RT of the SLI relative to the TD group was consistent across Item Type.  Tukey 

HSD tests were conducted to ascertain which group differences were significant.  The 

SLI group exhibited significantly longer RTs, relative to controls, on all the trial types 

(nondistracter trials, nonverbal-auditory distracter trials, linguistic distracter trials, and 

visual distracter trials).     

 There was also a main effect for Item Type (F(3,180)=387.59, p<.01, η
2

p .87).   

The results of the linear contrast indicated a significant difference between the RT for the 

nondistracter and distracter trials (F(1,60)=1083.78, p<.01, η
2

p =.95), with the 

participants exhibited longer RT for the distracter relative to the nondistracter trials.  To 

further understand differences in Item Type, paired-t tests were conducted.  The alpha 

level was adjusted to .008 to control for multiple comparisons. The results indicated 

increased RT for the nonverbal-auditory (t(61)=26.69, p<.001, d=2.69), linguistic 

(t(61)=32.52, p<.001, d=2.77), and visual (t(61)=7.17, p<.001, d=.69) distracters relative 

to the nondistracter trials.  This post-hoc analysis also revealed significantly longer RT 

for linguistic distracter trials relative to both nonverbal-auditory (t(61)= 2.94, p=.005, d= 

.28) and visual (t(61)=18.68, p<.001, d= 2.19) distracter trials. There were also 

significantly longer RTs for nonverbal-auditory relative to visual distracter trials 

(t(61)=16.60, p<.001, d= 2.07).  
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Figure 2.  Group RT Performance on Distractibility Task 
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Inhibitory Control:  TD vs SLI 

 The second hypothesis was that preschool children with SLI would exhibit poor 

inhibition skills relative to their TD peers.  This would be represented by significantly 

more inhibitory failures for the SLI group relative to the controls.  To explore this 

possibility, the data were subjected to a 2x2 Mixed ANOVA with Group (SLI, TD) as the 

between subjects factor and Trial Type (GO, STOP) as the within subjects factor.  The 

dependent variable was Accuracy. 

 The results of this analysis are displayed in Figure 3.  There was a main effect of 

Group (F(1,60)=28.84, p<.001, η
2

p =.33).   For the SLI group, the mean proportion of 
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correct responses was .91(.07) for the GO trials and .68 (.17) for the STOP trials.  For the 

TD group, the mean proportion of correct responses to GO trials was .96(.03) and the 

mean number of correct responses to STOP trials was .85(.11).  Tukey HSD tests 

revealed that the SLI group performed significantly worse than the TD group on both the 

trials requiring a response (GO trials) and those requiring the display of inhibitory control 

(STOP trials).  There was also a Group x Trial Type interaction (F(1,60)=12.71, p=.001, 

η
2

p =.18).  The difference between the performance on the GO and STOP trials was 

greater for the SLI group than for the TD group.  In addition, there was a main effect of 

Trial Type (F(1,60)=94.532, p<.01, η
2

 p = .61). When the groups were collapsed, they 

exhibited significantly more errors on the STOP Trials (when the inhibitory signal was 

present) in comparison to the GO Trials (when the inhibitory signal was absent).    
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Figure 3.  Group Performance on Inhibition Task 
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Updating:  TD vs SLI 

 The third hypothesis was that TD children would display evidence of updating 

according to incoming information by slowing down their responses following trials with 

inhibitory signals. The SLI group, on the other hand, was predicted to not exhibit this 

tendency. Evidence of updating would be a slowing on the trials subsequent to trials with 

inhibitory stop signals (Post-STOP trials) in comparison to trials following trials with go 

signals (Post-GO trials).  To explore this possibility, an ANOVA was conducted with 
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Group (TD,SLI) as the between subjects factor and Trial Type(Post-GO,  Post-STOP) as 

the within subjects factor.  The results are displayed in Figure 4.  The mean (median) RT 

for the SLI group was 3040.43 ms (444.84 ms) for Post-GO trials and 3001.44 ms 

(348.94 ms) for Post-STOP trials.  The mean median RT for the TD group was 2402.85 

ms (467.06 ms) for Post-GO trials and 2805.44 ms (301.46 ms) for Post-STOP trials.    

 There was a main effect of Trial Type (F(1,60)=17.15, p<.001, η
2

p =.22).  The 

groups, when combined, exhibited significantly slower responses on the trials following 

Stop-trials 2903.44 ms (338.14 ms) than on the trials following Go-trials 2721.64 ms 

(554.74 ms).  There was also a main effect of Group (F(1,60)=21.17, p<.001, η
2

p =.26).  

This was further qualified by a Trial Type x Group interaction (F(1,60)=25.30, p<.001, 

η
2

p =.30).  The results of a Tukey HSD test indicated that the TD group slowed down for 

Post-Stop trials in comparison to Post-Go trials while the SLI group did not display this 

behavior.    
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Figure 4.  Evidence of Updating 
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Correlational Analyses 

 Pearson product moment correlations were performed between performance on 

the attentional control tasks and language ability (as determined by scores on the SPELT-

3, TEEM, and TOLD-P3) and performance on the tasks and nonverbal cognition (as 

determined by scores on the KABC-II) to determine the amount of shared variance 

between task performance and measures of language and IQ.   Additional correlations 

were performed between task performance and age (see Table 3. for results).        

 It has been suggested that increased distractibility could be, in part, due to failure 

to effectively apply an adequate inhibitory control mechanism.  Therefore, a Pearson 
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product moment correlation was also performed between performance on the inhibitory 

control and distractibility tasks.  Supporting the possibility for this hypothesis, a 

correlation was apparent between both of these attentional control skills (r = .62, p < .01,  

r
2 

= .38).    

 Because RT was a dependent variable for both the susceptibility to distraction and 

updating analyses, a Pearson product correlation was conducted to determine if a 

relationship existed between these two skills.  The results of this analysis revealed a 

significant negative correlation between the RT on these two tasks (r = -.50 p < .01,  r
2 

= 

.25).   Longer RT on the distracter trials was associated with the decreased likelihood to 

slow down on trials following STOP trials relative to trials following GO trials.   

 

Table 3. 

Intercorrelations between Language, Nonverbal Cognition, Age and Performance on 

Attention Tasks 

ATTENTIONAL 

CONTROL 

TASKS 

TEEM SPELT-P2 TOLD-P3 KABC AGE 

Inhibitory Control 

   Accuracy 

   

 

 

  .43** 

  

 

.56** 

  

 

.26* 

 

 

-.02 

 

 

  

.03 

Susceptibility to 

Distraction    

   Accuracy 

   RT 

 

 

  .50** 

 -.46** 

 

 

 .53** 

 -.49** 

 

 

 .31** 

-.16 

 

 

 .12 

-.06 

 

 

 .14 

 .12 

Updating 

    RT 

 

  .46** 

 

  .49** 

 

 .29* 

 

 .10 

 

-.07 

*    Correlation is significant at the .05 level 

**  Correlation is significant at the .01 level 
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DISCUSSION 

 Approximately 7% of school aged children experience deficits in language that 

cannot be explained by age, general intelligence, or a lack of opportunities to learn 

language (Tomblin, Records, Buckwalter, et al., 1997).  Some current theories attribute 

the language difficulties these children face to a specific linguistic deficit, while others 

argue that the underlying source of their disorder is a general processing limitation (for a 

review, see Leonard, 1998).  The identification of nonlinguistic deficits in children with 

this disorder raises the possibility that factors that are not purely linguistic in nature may 

contribute to these children’s difficulty with language.  The research conducted in this 

study provides additional support for the possibility that non-linguistic difficulties in 

attentional control are an important component, and potentially a contributor to, the 

language difficulties faced by preschool children with SLI.   

 Attention and attentional control are typically a requirement of successful 

performance on tasks designed to assess a wide variety of skills in children with specific 

language impairment. Since investigators frequently fail to take attentional functioning 

into account when looking at the performance of children with SLI, they must assume 

that the attention and attentional control skills of this population are equivalent to their 

control groups.  In order to determine if this is a fair assumption to make, this study 

assessed whether specific subcomponents of attentional control are problematic for 

children with SLI.  This investigation extends previous research documented sustained 

selective attention difficulties in preschool children with SLI (e.g., Dodwell & Bavin, 

2008; Noterdaeme et al., 2000; Spaulding et al., 2008) by evaluating the following three 
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mechanisms of attentional control:  susceptibility to distraction, inhibitory control, and 

updating.  The results of this investigation will be discussed in respect to the three 

hypotheses proposed. 

 

A Review of the Hypotheses 

Research Hypothesis 1:  Preschool children with SLI will exhibit increased susceptibility 

to distraction relative to their typically-developing peers. 

 The evidence from this study supports this hypothesis.  Although both groups 

were susceptible to distraction, the SLI group was more affected by the distracters 

presented. With respect to RT, the SLI and control groups exhibited a slowing in RT on 

the distracter relative to the nondistracter trials, and both groups showed a similar degree 

of slowing.  Group differences in susceptibility to distraction were apparent in the 

accuracy analyses.  While the SLI group was as accurate as the controls on the trials 

without distracters present, they were significantly less accurate on the trials that included 

distracters. Furthermore, the SLI group exhibited significantly poorer accuracy 

performance regardless of the type of distracter (nonverbal-auditory, linguistic,visual) 

presented.  These results indicate that the children with SLI had more difficulty filtering 

out the distracting stimuli which were not relevant for successful performance.  In 

addition, the similar accuracy performance between the two groups on the nondistracter 

trials suggests that the language difficulty of the task, albeit linguistically-simple in 

nature, was not responsible for the resulting performance. 
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Research Hypothesis 2:  Preschool children with SLI will exhibit deficits in inhibitory 

control relative to their typically-developing peers. 

 In support of this hypothesis, the SLI group had greater difficulty inhibiting their 

prepotent responses relative to the controls.  Interestingly, the SLI group also exhibited 

significantly poorer performance on the trials which lacked an inhibitory signal. The 

differential response on these non-inhibitory (GO) trials indicates a disparate response 

bias between the two groups.  In other words, in comparison to the TD group, the SLI 

group tended to miss a button press response when the task required one.  Despite this 

tendency, the children with SLI still pressed the button significantly more often than the 

TD group when they were to refrain from doing so, as was the case in the inhibitory 

(STOP) trials.   Therefore, although inhibitory control difficulties were apparent within 

the SLI group, it is very possible that these results underestimate the magnitude of this 

deficit.  

 

Research Hypothesis 3:  Typically-developing preschool children will update their 

systems with new, incoming information; Their SLI peers, however, will not display 

evidence of this behavior.     

 Evidence of updating was apparent by a slowing on trials following STOP-signal 

trials in comparison to trials following GO-signal trials. This relative slowing occurred if 

the participant both detected the STOP-signal and responded to it by preparing for a 

STOP-signal in the next trial.  The differential response time between the STOP and GO 
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trials would be characteristic of an updating process based upon the incoming, and 

changing trial types.  The findings of this analysis supported the hypothesis.  While the 

TD group slowed down their responses on the trials following STOP-signal trials in 

comparison to trials following GO-signal trials, the SLI group displayed no evidence of 

this behavior.  These results indicate that the controls monitored and reacted to relevant, 

changing stimuli.  In contrast, the SLI children failed to respond to changes in the 

incoming information in this manner.  Because the TD group slowed down their 

responses following inhibitory trials, they appeared to ready themselves for the 

possibility of another inhibitory-STOP signal.  This readiness to respond to potential 

inhibitory signals likely gave the TD group a performance advantage on this task in 

comparison to the SLI children.   

A Comparison of Results to Three Parameters 

1)  Attentional Functioning of SLI Children Varies Across Subdomains of Attention 

 Given that attention is a multi-faceted construct, it was suggested that previous 

reports of either preserved or weak attention skills for children with SLI may have been 

due to differences in the specific subdomains of attention studied.  This would be in line 

with studies documenting disparate attentional functioning in special populations 

dependent upon the subdomain of attention assessed (e.g., Bednarek et al., 2004; 

Courchesne et al., 1992; Dechazo et al, 2001; Heaton et al., 2001; Moores et 

al.,Noterdaeme et al., 2000).  In addition, it would explain findings of preserved 

attentional orienting and poor auditory divided attention skills previously documented in 

children with SLI (Gomes et al., 2004; Schul et al., 2004).  The results of the present 
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investigation reveal poor attentional functioning for preschool children with SLI on all 

three mechanisms of attentional control.  Therefore, these findings, when taken in 

isolation, do not provide support for or against the possibility of disparate attention skills 

across subdomains of attention.  However, when added to other investigations of 

attention in children with SLI, the results of this study identify additional attentional 

processes which are weak for this population.   

2)  Attentional Functioning of SLI Childen Due to Limited Capacity 

 Some may suggest that the likelihood of finding deficiencies in attentional control 

was high for children with SLI due to the underlying attentional requirements of these 

tasks and the attentional capacity limitations characteristic of this population.  Sohlberg 

and Mateer (1989) suggested that attentional capacity is hierarchical, such that in order to 

be able to succeed in tasks that require higher levels of attention, lower levels of attention 

(i.e., focused and sustained attention) are necessary. Given the sustained selective 

attention capacity limitations observed in preschool children with SLI (Spaulding et al., 

2008), if the tasks designed to measure attentional control exceeded their attentional 

capacity limitations in these underlying, lower-level attentional functions, then it would 

be difficult to ascertain which attentional processes contributed to the current findings.  

To minimize such interpretation difficulties, careful consideration was given to the task’s 

design a priori.  For example, preschool children with SLI did not exhibit attentional 

capacity limitations when attention demands were kept low (Spaulding et al., 2008).  

Therefore, for the attentional control tasks, pictures of the targets were placed 

immediately below the buttons they were to press to prevent any extraneous demands on 
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the attentional or memory systems.  In addition, to minimize linguistic demands, the tasks 

employed linguistically-simple stimuli.  For example, in the distractibility task the target 

and nontarget stimuli were “Give me ice cream” and “Give me pizza” respectively.  For 

the inhibitory control and updating task, the targets were the words “butterfly” and 

“dinosaur”.  In addition, the STOP-signal for inhibitory trials was the word “stop”, and 

all the participants demonstrated an understanding of this word’s meaning.  Furthermore, 

to minimize the potential of attentional fatigue, both tasks were designed to be of a 

shorter duration than the previous low load attention tasks used by Spaulding et al., 

(2008), which did not result in attentional capacity limitations for children with SLI.   

Given the design of these tasks and the methodological supports provided to the 

participants, it is unlikely that compromised sustained selective attention or working 

memory capacity limitations affected performance on the attentional control tasks 

employed in this study. 

3)  Attentional Functioning of SLI Children Varies Across Stimulus Modalities 

 The attention effects documented in previous studies do not just vary in terms of 

the amount of attentional demand imposed by the task presented to children with SLI.   In 

addition, the attention effects in this population appear to differ as a function of the 

modality of the input.  To determine whether modality effects extend to the domain of 

attentional control, this study assessed whether different modalities of the distracting 

stimuli (nonverbal-auditory, linguistic, visual) would impact their susceptibility to 

distraction on a linguistic-based task.   
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 Although modality effects have been observed in sustained selective attention and 

divided attention tasks for children with SLI in general (Gomes et al., 2004; Noterdaeme 

et al., 2000; Spaulding et al., 2008), the modality of the distracting stimulus did not 

differentially impact the performance of SLI children on the distractibility task.  This may 

be because these studies assess different domains of attention.  However, there are 

additional potential explanations.  The findings of three prior studies (Gomes et al., 2004; 

Noterdaeme et al., 2000; Spaulding et al., 2008) indicate that, when information is 

relevant to task performance, the same group of SLI children will exhibit preserved visual 

and reduced auditory attentional capacity.  The results of the current investigation suggest 

that when information is irrelevant to the task at hand, the SLI children fail to suppress 

the irrelevant information, regardless of whether the extraneous information is visual, 

auditory, or linguistic in nature.  Another possibility that may account for these findings 

is the modality of the distracter stimuli presented within the tasks themselves.  In the 

prior three studies, the stimuli presented in each attention task were solely visual, 

auditory, or linguistic, but these stimulus modalities never co-occurred within a single 

task, as they did in the present study.  This raises the possibility that the combination of 

distracter types were more distracting than distracters in any one modality alone would 

have been.  However, the configuration used in this study has ecological validity in that 

multiple types of distractions often co-occur in real life situations.   

 The evidence of poor distracter suppression in the present study is in line with 

Posner’s (1990) hierarchicial model of attention. He proposed that lower level modality-

specific attentional mechanisms feed into a higher-level supramodal attentional system.   
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The results of this study suggest that, in contrast to sustained selective attention, the 

attentional control mechanism governing resistance to distractibility may recruit 

attentional resources from a supramodal attentional system.   

The Inefficient Inhibition Hypothesis 

 One interpretation of the SLI’s relatively poor performance on the distractibility 

task may be that these children paid too much attention to the extraneous information.  

This could be the result of failing to apply an effective inhibitory mechanism which 

would limit the attentional access to the task-relevant information.  This failure would 

permit irrelevant information to remain active in the attentional system, and likely affect 

their ability to attend to the important information relevant for learning to occur.  The 

finding of poor inhibitory control within preschool children with SLI is consistent with 

this interpretation, and extends upon previous studies documenting inhibition deficits in 

older, school-age children with this disorder (Bishop & Norbury, 2005; Im-Bolter, 

Johnson, & Pascual-Leone, 2006; Marton, Kelmenson, & Pinkhasova, 2007; Lorsbach, 

Wilson, & Reimer,1996; Weyandt & Willis, 1994).  

 There is a general consensus that children with SLI have reduced processing 

capacity in comparison to their typically-developing peers (e.g., Adams & Gathercole, 

2000; Dollaghan & Campbell, 1998; Ellis Weismer & Evans, 2002; Lahey, Edwards, & 

Munson, 2001; Miller et al., 2001).  One interpretation of their poor processing capacity 

is that it is a direct consequence of poor inhibition skills (Marton et al.,, 2007).  Applying 

the “inefficient inhibition hypothesis” (Bjorklund & Harnishfeger, 1990) to children with 

SLI, these investigators suggest that children with SLI have less processing capacity than 
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their TD peers because they are less successful at suppressing irrelevant information from 

entering into their working memory.  Despite the poor inhibition skills of the children 

with SLI observed in this study, the design of the task suggests that the irrelevant 

information was already encoded when it needed to be suppressed.  For this task, the 

inhibitory STOP signal was consistently presented after the GO signal. The order of this 

presentation and the time allotted between the GO and STOP signals increased the 

likelihood that the GO signal was encoded prior to the need for inhibition.  Therefore, it 

is probable that the children with SLI had difficulty suppressing irrelevant information 

that was already in their processing system, rather than suppressing irrelevant information 

from entering into their system to begin with as the inefficient inhibition hypothesis 

would predict.   

 Interestingly, although the inhibitory control task fails to support the inefficient 

inhibition hypothesis for SLI children, the distractibility task may provide some 

supportive evidence.  The purpose of the distractibility task was to determine if irrelevant 

information affected the participants’ performance.  Susceptibility to distraction may also 

be the result of encoding the irrelevant, distracting information.  Therefore, the increased 

distractibility of the SLI children supports the inefficient inhibition hypothesis, as they 

may have had difficulty preventing the encoding of the irrelevant information. However, 

it is also possible that both groups encoded the irrelevant information.  However, the TD 

children may have been more effective at determining the irrelevancy of the distracting 

stimuli and suppressing the irrelevant stimuli from their attentional focus.  If relevancy 

discrimination was the issue for children with SLI, this would support previous findings 
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by Stevens et al. (2006).  The results of their study indicated that the children with SLI, 

unlike the controls, appeared to process relevant and irrelevant information in a similar 

manner.  The results of the current study suggest that the children with SLI had difficulty 

preventing irrelevant information from being encoded and suppressing irrelevant 

information that was previously encoded.   

Does Relevancy Affect RT Performance?  

 A likely consequence of a limited processing capacity would be a reduction in 

processing speed.  Difficulties with these mechanisms of attentional control could 

potentially account for, or at a minimum contribute to, the increased RTs apparent in 

these children on a wide variety of tasks.  For example, attending to both relevant and 

irrelevant information would likely slow down their responses.  This may explain the 

similar RTs between SLI and controls on the simple RT task in comparison to their 

slower RTs on the distractibility task.   The simple RT task required the participants to 

press a button when the gargling sound was detected.  The only stimulus presented was 

the gargling sound.  In contrast, in the distractibility task, the participants were to press 

the button only when the target, “give me ice cream” was presented. At times, a 

nontarget, “give me pizza” was heard, which required no button press response. 

Therefore, the distractibility task added irrelevant information (nontarget stimuli) to the 

relevant information (target stimuli), while the simple RT task only included relevant 

(target stimuli) in its design.  The presence or absence of irrelevant stimuli could 

potentially account for the disparate group differences in RT observed within these two 

tasks.       
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 In our everyday environments, the relevancy of incoming information changes at 

any given point in time.  In order to be successful at discriminating the relevant from the 

irrelevant, an individual needs to update their attentional systems with the newer, more 

relevant information.  Unlike the TD children, the SLI children appeared to be deficient 

in this updating process.  Although children with SLI exhibit deficits in working memory 

tasks which require the participants to replace older, no longer relevant stimuli with 

relevant stimuli (e.g., Ellis Weismer, Evans, & Hesketh,1999; Marton & Schwartz, 

2003), this is the first task that assessed their updating skills with minimal working 

memory demands.     

Relationship Among Attentional Control Processes 

 The relationship among the three attentional control mechanisms was supported 

by significant correlations among performances on these tasks.  These results support the 

possibility that attending to irrelevant stimuli would be affected by failing to identify and 

adjust to relevant information over time and failing to prevent the irrelevant information 

from entering one’s attentional focus.  How the irrelevant information becomes attended 

information remains to be determined.  For example, it is possible that the children with 

SLI do not distinguish between the relevant and irrelevant incoming information, and 

therefore attend to both.  However, it is also feasible that the children with SLI attend to 

the relevant information, but have an abnormally low threshold for the breakthrough of 

unattended, irrelevant information.  Regardless of the reason for this difficulty, attending 

to the irrelevant information would likely reduce the overall efficiency of their attentional 
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system by consuming additional attentional capacity that could otherwise be used to 

attend to and process the relevant information. 

Relationship Between Attentional Control and Language Functioning 

 To be successful on all three attentional control tasks, the participants needed to 

continually monitor incoming information, suppress the irrelevant information, select and 

attend to the relevant, pertinent information at the time, and respond to it on a continually 

changing basis.  It is likely that failing to successfully apply any of these attentional 

control mechanisms would impact the ability to attend to the important, relevant 

information for learning to occur.  Research has shown a positive relationship between 

attentional control and academic success, including math and literacy skills (Gathercole 

& Pickering, 2000; Howse, Lange, Farran, et al., 2003; McClelland, Acock, & Morrison, 

2006; McClelland, Cameron, Connor et al, 2007).  However, it is likely that poor 

attentional control does not only impact academics, but also undermines the language 

acquisition process.  The results of this study found that susceptibility to distraction, 

inhibitory control, and updating all correlated with language functioning as measured by 

standardized testing.  The findings of poor attentional control in children with SLI and 

the relationships between these skills and their language functioning provides support for 

the possibility that attentional control plays an important role in language development.  

This would be in line with the general learning mechanisms theory, which proposes that 

individuals apply domain-general cognitive processes to the task of learning language.  

The findings of this study support the possibility that attention is one of the cognitive 

processes important to the language acquisition process.    
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APPENDIX A. 

Distracters by modality. 

 Visual Distracters 

(Animations) 

Auditory Distracters 

(Environmental Sounds) 

Linguistic Distracters 

(Cow talking) 

 1.  Bear swaying legs 

 

 2.  Chicken dancing 

 

 3.  Shark opening and 

      closing mouth 

 

 4.  Gorilla pounding chest 

 

 5.  Rabbit popping out of  

      egg 

                 

 1.  Car starting 

 

 2.  Police siren 

 

 3.  Keys jingling 

 

 

 4.  Car horn 

 

 5.  Race car racing 

   

 1.  He eats worms. 

 

 2.  They need monsters. 

 

 3.  She rides whales. 

 

 

 4.  You hug papers. 

 

 5.   I kick grapes 
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APPENDIX B. 

Excerpted frames from visual distracters. 

1. Bear swaying legs 

 

 

2. Chicken dancing 
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3. Shark opening and closing mouth 

 

 

4. Gorilla pounding chest 
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5. Rabbit popping out of egg 
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