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Abstract 20 

Purpose 21 

While most of the children who are identified as late talkers at the age of two catch up 22 

their peers before school-age, some continue to have language difficulties and will later be 23 

identified as having developmental language disorder. Our understanding of which children 24 

catch up and which do not is limited. The aim of the current study was to find out if inhibition is 25 

associated with late talker outcomes at school-age. 26 

Method 27 

We recruited 73 school-aged children (ages 7–10 years) with a history of late talking (n = 28 

38) or typical development (n = 35). Children completed measures of language skills and a 29 

flanker task to measure inhibition. School age language outcome was measured as a continuous 30 

variable. 31 

Results 32 

Our analyses did not reveal associations between inhibition and school-aged language 33 

index or history of late talking. However, stronger school-age language skills were associated 34 

with shorter overall response times on the flanker task, both in congruent and incongruent trials. 35 

This effect was not modulated by history of late talking, suggesting that a relationship between 36 

general response times and language development is similar in both children with typical early 37 

language development and late talkers.  38 

Conclusions 39 

Inhibition is not related to late talker language outcomes. However, children with better 40 

language outcomes had shorter general response times. We interpret this to reflect differences in 41 
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general processing speed, suggesting that processing speed holds promise for predicting school-42 

age language outcomes in both late talkers and children with typical early development.  43 
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The term “late talker” (LT) is used to refer to toddlers with late onset of first words and 44 

unusually small vocabulary size without any other developmental or hearing impairments which 45 

would otherwise explain the reduced vocabulary (Fisher, 2017; Rescorla, 2011). Research has 46 

shown that late talkers are at an increased risk for persistent language difficulties (Fisher, 2017). 47 

However, late talking itself has relatively low predictive value for persistent language difficulties 48 

(Rescorla, 2011) varying from 14.4 - 17.6 % (Westerlund et al., 2006) to 47 - 73 % (Feldman et 49 

al., 2005), depending on age points and criteria used in defining late talking and language 50 

disorder. Many late talkers catch up with their peers in language skills by school age. These 51 

children are often referred to as late bloomers. However, we still lack sufficient knowledge about 52 

which late talkers will have long-term restrictions in language abilities (see Moyle, Stokes, & 53 

Klee, 2011).   54 

In this study, we examined if presence of limitations in inhibition co-occur with poor 55 

language abilities in school-aged children with and without a history of late talking. Inhibition is 56 

a part of executive functions, which are a set of mental processes that are involved in controlling 57 

and regulating behaviors (Diamond, 2013). Executive functions are often divided into three main 58 

areas: shifting, updating, and inhibition (Lehto et al., 2003; Miyake et al., 2000). Shifting refers 59 

to the ability to change between tasks and cognitive flexibility. Updating is closely related to 60 

working memory, storing and manipulating information. Inhibition refers to controlling behavior 61 

and choosing reactions; in the context of attention especially being able to ignore irrelevant and 62 

distracting information while selecting crucial information (Diamond, 2013). 63 

Executive functions develop early in childhood (Marcovitch & Zelazo, 2009). Several 64 

theories of language development consider development of executive function to be closely 65 

related to language development. For instance, according to Merriman (1999) when acquiring 66 
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language children learn to attend to features of stimuli in the language learning environment that 67 

were valued and relevant in similar contexts earlier. Indeed, children’s vocabulary (Chow et al., 68 

2019) and sentence level abilities (Kaushanskaya et al., 2017) have been associated with 69 

measures of inhibition skills. 70 

According to Rueda et al. (2004), inhibition skills typically clearly improve from 6 to 7 71 

years of age, but remain stable after that with performance on inhibition tasks reaching adult like 72 

levels around 10 years of age. As limitations in inhibition co-occur with poor language abilities 73 

(Finneran et al., 2009; Henry et al., 2012; Larson et al., 2020; Marton et al., 2007, 2018; Park et 74 

al., 2019), we might be able to use measures of inhibition to identify children at highest risk for 75 

persistent language difficulties. This would give us the possibility to cost-effectively focus on 76 

prevention and early intervention of language disorders. 77 

Developmental language disorder or specific language impairment 78 

If children over the age of four continue to exhibit language difficulties, the term 79 

Developmental Language Disorder (DLD) can be used (Bishop et al., 2017). In DLD, deficits in 80 

different areas of language are seen, including deficits in morphosyntactic, semantic or lexical 81 

abilities. By the most recent definition, the term DLD can be used when children’s language 82 

difficulties interfere with daily life, and when factors associated with poor prognosis are present 83 

(Bishop et al., 2016). Some of the risk factors associated with poor prognosis include family 84 

history of language disorders and being male. These risk factors are statistically associated with 85 

DLD, but the causal relationship between risk factors and DLD is unclear (Bishop et al., 2017). 86 

As the risk factors cumulate, the likelihood of persistent language difficulties increases. 87 

While differential diagnoses for DLD include autism spectrum disorders, genetic 88 

conditions like Down syndrome, cerebral palsy, intellectual disability and hearing loss, DLD can 89 
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co-occur with some neurodevelopmental difficulties, such as problems in motor skills, social 90 

interaction and attention (Bishop et al., 2017). Indeed, attention deficits are commonly observed 91 

in children with DLD (see Mueller & Tomblin, 2012). Children with DLD have also been 92 

suggested to exhibit difficulties in areas of executive functions, including nonverbal inhibition 93 

(Henry et al., 2012). To our knowledge, it is still unknown how deficits in inhibition are related 94 

to late talking and late blooming. Inhibition deficits could possibly be one of the cumulative risk 95 

factors for DLD. In other words, we postulated that poor inhibition abilities would be associated 96 

with lower school age language abilities in children with a history of late talking. 97 

Before the term DLD was launched, the term Specific language impairment (SLI) was 98 

commonly used to refer to children with language difficulties without any additional biomedical 99 

conditions. The use of the term DLD instead of SLI has rapidly increased after the publication of 100 

CATALISE consensus papers concerning preferred  terminology (Bishop et al., 2016; Bishop et 101 

al., 2017). However, some researchers still advocate using the term SLI. One of the key 102 

differences between the definitions of DLD and SLI lies in how the relationship between verbal 103 

and nonverbal performance is defined. The definition of DLD does not require a difference 104 

between verbal and nonverbal skills and children with low within normal non-verbal IQ are 105 

included. In contrast, the SLI definition requires that nonverbal IQ should be within age 106 

expectations and stringent non-verbal IQ criteria are often employed (e.g. > 85). Consequently, 107 

we cannot directly assume findings from the SLI populations to generalize to DLD or vice versa. 108 

Leonard (2020) suggested that when researchers conduct research relevant to DLD, they should 109 

also provide results meeting stricter non-verbal IQ criteria, which advice we followed in this 110 

study. 111 



INHIBITION AND LATE TALKER OUTCOMES  

Inhibition and DLD 112 

Even though the etiology for DLD is still unknown, several theories concerning the 113 

underlying impairment have been proposed. For example, it has been suggested that deficits in 114 

language acquisition could be a result of processing capacity limitations (Gathercole & 115 

Baddeley, 1990; Miller et al., 2001; Montgomery et al., 2009). According to the limited 116 

processing capacity theories, children with DLD have limited capacity for processing linguistic 117 

stimuli resulting in incomplete learning. The capacity theories differ from each other in the 118 

assumptions they make about the nature of capacity limitations. One way in which children’s 119 

processing capacity can be limited is limitations in attentional inhibition. To acquire language, 120 

one must be able to orient to and keep focus on incoming stimuli while simultaneously 121 

suppressing irrelevant information (Ebert & Kohnert, 2011). When a child has difficulties in 122 

inhibition, irrelevant information may overload processing and degrade acquiring the crucial part 123 

of the input. 124 

Consistent with the hypothesis that limitations in inhibition constrain language 125 

development, children with DLD have been shown to differ from their peers in two aspects of 126 

attention, inhibition and sustained attention. Inhibition refers to selection of crucial information 127 

and ignoring distracting or irrelevant information. Sustained attention refers to the ability to 128 

maintain alertness and focus over time (Mirsky et al., 1991). A meta-analysis by Pauls and 129 

Archibald (2016) indicated that children with DLD have attentional difficulties, especially in 130 

inhibition. After the publication of the meta-analysis, other studies have also investigated the 131 

relationship between DLD and inhibition, and suggested that deficits in inhibition are associated 132 

with language difficulties (Larson et al., 2020; Marton et al., 2018). Larson et al. (2020) suggest 133 
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that inhibition predicts morphological comprehension during one-year follow up in school-aged 134 

children with DLD. 135 

Inhibition is often measured with flanker (Eriksen & Eriksen, 1974) or Simon (Simon & 136 

Wolf, 1963) tasks in which the stimuli occur with distracting or irrelevant information and 137 

effects of the distraction are measured. On the flanker tasks, participants are asked to focus on an 138 

array of arrows and indicate the direction the center (target) arrow is pointing to as quickly as 139 

possible. On the congruent trials, all five arrows point to the same direction. On the incongruent 140 

trials, the target (center) arrow point to different direction than the other arrows (distractors). The 141 

effect of congruency, or the flanker effect, is the difference in performance between the 142 

congruent and incongruent trials. Participants are typically responding slower (and often also less 143 

accurately) in incongruent as opposed to congruent trials. In children’s version of the task, 144 

arrows are often replaced with fish (Figure 1). Ebert et al. (2019) and Park et al. (2019) reported 145 

that children with DLD exhibited weaker inhibition than typically developing peers, as reflected 146 

by larger flanker effect. 147 

The meta-analysis by Ebert and Kohnert (2011) also provides evidence suggesting 148 

difficulties in sustained attention in children with DLD. While these difficulties are present in 149 

both auditory and visual domains, effect sizes are larger in studies using auditory and linguistic 150 

as opposed to visual stimuli. The authors further point out that many cognitive tasks not intended 151 

to measure attention contain a component of sustained attention and poor task performance in 152 

children with DLD can at least in part be explained by difficulties in attention (Im-Bolter et al., 153 

2006). Even though there is a body of converging evidence for attention difficulties in DLD (see 154 

Ebert & Kohnert, 2011; Pauls & Archibald, 2016), to our knowledge, there are no published 155 

studies investigating attention in children with confirmed late talking histories. 156 



INHIBITION AND LATE TALKER OUTCOMES  

Other theories have postulated that the crucial capacity limitation constraining language 157 

learning is not limitations in inhibition but processing speed instead. According to generalized 158 

slowing hypothesis, slow processing speed across domains restricts language learning in children 159 

with DLD (Kail, 1994). It is therefore important to consider the generalized slowing hypothesis 160 

when using tasks involving RTs to examine inhibition.  The flanker task is designed so that it 161 

differentiates between more general slowness and inhibition difficulties by comparing RTs in 162 

congruent and incongruent trials. While generalized slowing would be observed as long RTs 163 

across both trial types, difficulties in inhibition would be observed in slower performance in 164 

incongruent trials as compared to congruent, because the inhibition load is larger in these trials. 165 

The relationship between late talking and DLD 166 

Although the relationship between late talking and DLD is still unclear, investigators 167 

have made assumptions about possible shared and distinct underlying mechanisms. According to 168 

the categorical approach, late talking and persistent language disorder, DLD, have different 169 

etiologies and outcomes (Rescorla, 2009). Research based on categorical approach often focuses 170 

on possible genetic causes or clinical markers (such as grammatical skills) of DLD. If the 171 

mechanisms underlying late talking and DLD are different, it would be possible to find a feature, 172 

a gene, behavioral or other marker that could be used to categorically predict whether a late 173 

talking child will have persistent language impairment. 174 

In contrast to the categorical approach, the dimensional account (Rescorla, 2009, 2011) 175 

states that late talkers and typically developing peers “differ quantitatively on a hypothetical 176 

language ability spectrum” (Rescorla, 2011, p.141). These differences would be due to variation 177 

in skills subserving language. These subserving skills are hypothesized to be similar to those that 178 

have been suggested to underlay DLD. Supporting the dimensional account of late talking, 179 
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Rescorla reported that most late talkers who score within the normal range on language tests 180 

during school age still continue to perform significantly lower than their typically developing 181 

peers. Thus, in this study we chose to treat language abilities in children with the history of late 182 

talking as a continuum with school age language abilities ranging from severe to mild to no 183 

difficulties instead of categorical division of children into to DLD, late blooming and typical 184 

language trajectory groups. 185 

Following the dimensional account on late talking assuming that DLD and late talking 186 

share similar critical skills subserving language learning, we postulated that limitations in 187 

inhibition underlie both late blooming and persistent language difficulties. The difference 188 

between persistent language difficulties and late blooming would be that of a degree of limitation 189 

in inhibition difficulties. Children with a history of late talking would have lower inhibition skills 190 

than children with typical early language development and the inhibition ability would also be 191 

associated with language abilities at school age, especially in late talkers. 192 

Current study 193 

Late talkers are known to exhibit an increased risk of  DLD. However, predicting late 194 

talker outcomes has been proven to be difficult. Given that limitations in inhibition have been 195 

reported in children with DLD and those limitation have been hypothesized to underlie the 196 

persistent language difficulties these children face, we investigated the associations between 197 

inhibition, early late talking status and language skills in school aged children. If such a 198 

relationship exists, subsequent research on inhibition skills in children who are late talkers may 199 

confirm that inhibition skills can be used in predicting which children will catch up with their 200 

peers and which will continue to have persistent language difficulties. We hypothesized that 201 

weak performance on an inhibition task would be associated with poor language skills. 202 
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Furthermore, based on the dimensional account, we hypothesized that (1) late talkers would 203 

exhibit a larger flanker effect as compared to children without LT history and that (2) flanker 204 

effect would be larger in late talkers with low school age language abilities as compared to LT 205 

and TED peers with higher school-age language index. 206 

Methods 207 

Participants 208 

Participants were recruited from the Southwestern Birth Cohort study (Lagström et al., 209 

2012). This cohort study included a total of 9936 children, 1827 of which participated in 210 

subsequent studies. Both the birth cohort study and the current study were approved by the 211 

Ethics Committee of the Hospital District of Southwest Finland. 212 

We sent invitation letters to the cohort families with children who met criteria for late 213 

talking at 24 or 36 months of age. Late talking (LT) was defined as either (1) expressive 214 

vocabulary below the 11th percentile on the MacArthur-Bates Communicative Development 215 

Inventory (Fenson et al., 2007; Finnish version Lyytinen, 2000) at 24 months of age (n = 21), (2) 216 

performance at least 1.25 SD below age expectations on a screening instrument, the Fox 217 

Language Inventory (Korpilahti & Eilomaa, 2002) carried out by a clinical nurse at 36 months (n 218 

= 22), (3) performance of -1.25 SD or more below age expectations on the Renfrew Word 219 

Finding Vocabulary Test at 36 months of age; see Korpilahti, Kaljonen, & Jansson-Verkasalo 220 

(2016a, 2016b) for details (n = 7), or (4) speech-language service delivery due to delayed 221 

language development according to parent report (n = 17). Due to missing datapoints associated 222 

with the cohort study, not all criteria could be used for every child. However, 40 children’s late 223 

talking status could be confirmed using standardized measures (criteria 1 to 3). Only three 224 

children were included solely based on criterion 4, early language service delivery1. In total, four 225 
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children were reported to have a clinical diagnosis of language impairment, according to parent 226 

report. A control group with no early risk (typical early development, TED) was recruited from 227 

the same cohort. Children invited to the control group exhibited (1) performance between -1 SD 228 

and +1 SD on the MacArthur Bates Communicative Development Inventory at 24 months2 (2) no 229 

known history of late talking or speech-language intervention according to parent report (3) age 230 

appropriate performance on standardized tests of language, when scores were available 231 

(Korpilahti et al., 2016b). 232 

The recruitment resulted in a total of 79 participants (43 LT, 36 TED) between the ages 233 

of 7 and 10 years. All children in both TED and LT groups were required to meet the following 234 

criteria: (1) normal hearing based upon a pure tone audiometry screening at 20 dB HL (1 kHz, 2 235 

kHz, and 4 kHz)3, (2) performance reasoning index (PRI) ≥ 70 as measured by the Finnish 236 

version of Wechsler Intelligence Scale for Children (WISC-IV; Wechsler, 2003), (3) Finnish 237 

spoken as home language, and (4) no frank emotional, behavioral, motor, intellectual, or 238 

neurological disability based on parent report. Two children out of 79 were excluded because of 239 

PRI below the criterion. In addition, four participants were excluded due to low accuracy on the 240 

experimental task, resulting in a total of 73 participants. Of these 73 participants 38 were 241 

identified as late talkers and 35 had typical early language development using the criteria 242 

described in the first paragraph.  243 

Because of the varying criteria used to define DLD or SLI in earlier studies, we 244 

performed analyses separately using loose (PRI ≥ 70, consistent with DLD definition) and 245 

stringent (PRI ≥ 85, consistent with SLI definition) inclusion criteria. The LT and TED groups 246 

did not significantly differ in age, W = 487.5, p = .050 (loose IQ criterion); W = 372, p = .060 247 

(stringent IQ criterion), socioeconomic status measured by maternal education level, W = 785.5, 248 
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p = .159 (loose IQ criterion); W = 604, p = .192 (stringent IQ criterion), or IQ measured by PRI, 249 

t(68.84) = 1.528, p = .131 (loose IQ criterion); t(61.16) = 1.3294, p = .189 (stringent IQ 250 

criterion). All groups are described in Tables 1 and 2. 251 

Late talking status and school aged language abilities 252 

In addition to grouping children into two groups, those with a history of late talking (LT) 253 

or typical early development (TED) based on criteria described in the chapter “Participants”,  254 

language performance was measured at 7–10 years of age. In order to do this, we used Narrative 255 

Memory and Comprehension of Instructions subtests of the NEPSY-II (Developmental 256 

Neuropsychological Assessment; Korkman, Kirk, & Kemp, 2007), and Vocabulary subtest of the 257 

WISC-IV. Based on Finnish norming samples, we calculated Language Index scores that were  258 

the means of standard scores on these three subtests. Thus, the Language Index scores were on 259 

the scale of mean of 10 and standard deviation of 3. Language skills were treated as a continuous 260 

variable (as opposed to grouping children using criteria for DLD and typical language status) to 261 

fully represent the variability in abilities. We were interested in a fully representative variability 262 

of language outcomes since it has been suggested that even though late talking children achieve 263 

age expectations in language abilities by school age, many still remain at a low average level (for 264 

review see Rescorla, 2011). 265 

Information about the number of participants in each risk group (LT or TED) performing 266 

at and below age expectations as well as demographic information on all participants are 267 

presented in Tables 1 and 2. For the sake of clarity and brevity, the tables are formatted using 268 

two-level categorical division between age appropriate (TD) versus below age expectations 269 

(DLD) performance instead of the full variability in the continuous language abilities measure, 270 

which we used in the statistical models used to answer the actual study questions. Language 271 
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index was lower in LT than TED group, t(70.97) = 3.023, p = .003 (loose IQ criterion); t(61.47) 272 

= 2.6072, p = .011 (stringent IQ criterion). In LT group, 11 of 38 children (with stringent IQ 273 

criterion 7 of 32 children) received Language Index scores lower than 1.25 SD below age 274 

expectations. Also, in TED group, 3 of 35 children (with stringent IQ criterion 2 of 32 children) 275 

had Language Index Scores 1.25 SD or more below mean. The majority (71.1 %) of children 276 

with LT had normal-range language index scores at school-age. The percentage of TED children 277 

with normal-range school-age language skills (91.4 %) was higher than in LT group, but there 278 

were 3 also TED children (8.6 %) performing below age expectations at school age. Late 279 

bloomers (M = 9.5, SD = 2.3) performed as a group somewhat worse than their TD peers with no 280 

history of late talking (M = 10.7, SD = 2.3), t(50) = 1.92, p = .061. 281 

Inhibition task 282 

Stimuli.	 We used a children’s version of the Attention Networks Test (ANT) flanker 283 

task (Rueda et al., 2004). The ANT task was originally designed to examine three different 284 

aspects of attention: alerting, orienting, and inhibition (also referred to as executive attention) 285 

which are thought to be separate dimensions. As our aim was to examine inhibition, we only 286 

used the inhibition part of the ANT which is a flanker task. Another advantage of the inhibition 287 

part of the ANT is that the number of trials for inhibition component on the task is twice as large 288 

as for alerting and orienting yielding to more power in statistical analyses.  289 

The stimuli on children’s version of ANT consists of an array of five fish. Inhibition was 290 

addressed by presenting the children with congruent and incongruent trials. Half of the trials in 291 

the task were congruent, in which all the fish were pointing to the same direction. Half were 292 

incongruent, in which the target fish in the middle was pointing to different direction than the 293 

other fish (Figure 1). Each participant completed 16 practice trials and 96 trials. 294 
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Procedure and experimental design.	E-prime software (version 2.0.10.356; Psychology 295 

Software Tools, Pittsburgh, PA), laptop screen, and response box were used to present the 296 

stimuli and record response time and accuracy. Participants were seated approximately 60 cm 297 

from the computer screen and target stimuli were presented in 1.24° (middle fish) and 6.96°	(all 298 

five fish) visual angle. Participants were instructed to observe the middle fish and press the 299 

corresponding button according to which direction the fish was pointing to as soon as possible. 300 

During the practice trials, children were given feedback on accuracy and response time to make 301 

sure that they understood the instructions. Children were instructed to use index fingers in both 302 

hands to press the response box buttons. To measure the effect of congruency in flanker we 303 

compared incongruent and congruent trials. Inhibition was reflected by the effect of flanker type, 304 

i.e. longer response times for incongruent trials as opposed to congruent trials.  305 

Data analyses 306 

We analyzed response time (RT) performance on the ANT task using R software (R Core 307 

Team, 2019) with packages dplyr (Wickham et al., 2019), lme4 (Bates et al., 2015) and lmerTest 308 

(Kuznetsova et al., 2017). Packages sjPlot (Lüdecke, 2019), interactions (Long, 2019), and 309 

ggplot2 (Wickham, 2016) were used to create tables and figures. The analysis scripts used are 310 

included as supplemental material. 311 

Participants with accuracy below 50 % on either congruent or incongruent trials were 312 

excluded to ensure all participants complied with the task instructions, resulting in exclusion of 4 313 

participants. To increase statistical power and avoid pitfalls associated with approaches using 314 

measures of central tendency (participant mean or median RT), such as means of two 315 

populations being the same for different distributions yielding to missing a true effect (Whelan, 316 

2008), we examined the whole RT distributions of each participant. However, trials with RTs 317 
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more than 2 SD longer or shorter than participant’s mean RT from analyses and all RTs shorter 318 

than 100 ms were excluded, as well as trials with no response. This criterion filtered out 402 of 319 

7008 trials resulting in 6606 trials. Only RTs for correct responses were included in models, 320 

reducing final number of trials to 6310. 321 

To address the research question on whether or not inhibition differed as a function of 322 

school age language abilities in children with and without late talking status, we modelled RT as 323 

a function of language index (continuous measure), history of late talking and flanker type. 324 

Language index scores were scaled and centered around sample mean prior to model fitting to 325 

avoid issues in model identification due to very large eigenvalues. Given that accuracy rates 326 

were at ceiling (M = 95,5 %, SD = 4,5 %), we focused our analyses on RTs. Participant id 327 

(random intercept for participant) within each level of trial type (by-participant random slopes) 328 

were used as random factors to take individual variations in RTs (for each flanker type) into 329 

account. Since RT distributions were positively skewed, we used log-transformation for RTs 330 

which made the distributions normal. We prioritized having both individual RT intercepts and 331 

slopes in the model over the distribution fitting because task effect (as reflected by individual 332 

slopes) was our main focus. Model assumptions were checked using “check_model”-function 333 

from R-package performance (Lüdecke et al., 2020). We hypothesized that 1) the flanker effect 334 

would be smaller in the TED group than in the LT group and 2) the flanker effect would be 335 

associated with school-age Language Index. Both hypotheses 1) and 2) would be supported, if 336 

children with no history of late talking and strong school-age language abilities had the smallest 337 

flanker effect. 338 
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Results 339 

We first modeled RT as a function of language index, late talking and trial flanker type 340 

including children who met the loose non-verbal IQ criterion consistent with the DLD definition, 341 

PRI > 70. We found a main effect of flanker type (congruent vs. incongruent), .10, 95 % CI 342 

[.08, .12], t = 8.30, p <.001. Back transformed flanker effect size estimate was 71 ms. The model 343 

did not reveal interactions between flanker type and language index or late talking, suggesting 344 

that inhibition measured by flanker task was not associated with late talking or school-age 345 

language skills. However, there was a significant main effect of language index, -.07, 95 % CI 346 

[-.13, -.01], t = -2.33, p = .020, indicating that RTs were shorter across the entire task in children 347 

with stronger as opposed to weaker school-age language abilities. Main effect of late talking for 348 

general RTs was not significant, -.05, 95 % CI [-.13, .03], t = -1.12, p = .264, indicating that 349 

general RTs were similar in LT and TED groups. Model summary is presented in Table 3. 350 

We then considered the same model, but included only children who met the stringent 351 

non-verbal IQ criterion consistent with the SLI definition, PRI > 85. Results with stricter PRI 352 

exclusion criterion were very similar to those with more lenient criteria (Figure 2). Main effect of 353 

flanker type was significant, .10, 95 % CI [.07, .12], t = 7.72, p < .001, back-transformed flanker 354 

effect size estimate being 72 ms. There were no significant two- or three-way interactions in this 355 

model either, providing no evidence for associations between inhibition and school-age language 356 

index or late talking. A main effect of language index was present and very similar to the effect 357 

observed in the model using looser inclusion criterion, -.07, 95 % CI [-.14, -.01], t = -2.21, p 358 

= .027. The overall RTs were shorter in children with stronger as opposed to weaker school-age 359 

language index. Overall RTs were similar in LT and TED groups, -.04, 95 % CI [-.13, .05], t = 360 

-.94, p = .345. Model summary is presented in Table 4. 361 
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Post hoc models 362 

Since investigators have recently chosen to model incongruent trials only when relating 363 

language skills to inhibition (Larson et al., 2020), we further modeled RTs from incongruent 364 

trials only. We modelled RTs as a function of language index and individual participant intercept 365 

as a random factor. Consistent with Larson et al (2020), we found a main effect of language 366 

index, -.03, 95 % CI [-.07, .01], t = -1.67, p = .095 (loose criteria); -.04, 95 % CI [-.08, -.00], t = -367 

1.86, p = .063 (stringent criteria). Main effect of language was only near significant. This is 368 

likely due to less statistical power in these analyses as compared to original models because of a 369 

smaller number of trials (3101 vs. 6310 in loose criteria models, 2724 vs. 5551 in stringent 370 

criteria models). Importantly, similar to our original model, the effect of language index was 371 

similar in a model with congruent trials only, -.03, 95 % CI [-.07, .01], t = -1.64, p = .100 (loose 372 

criteria); -.04, 95 % CI [-.08, -.00], t = -1.75, p = .081 (stringent criteria). Again, the statistical 373 

significance in these models were lower as compared to our original models due to less trials and 374 

thus less statistical power. 375 

Discussion 376 

In this study, we sought to investigate the relationship between school-aged language 377 

index, late talking risk status and efficiency of inhibition. Our hypothesis was that weak language 378 

skills would be associated with restrictions in inhibition in both children with and without history 379 

of late talking. We assumed that such weakness would be observable as a pronounced effect of 380 

congruency in flanker task when children were school aged. According to the dimensional 381 

account of late talking we expected to find an interaction between late talking and flanker effect 382 

indicating bigger flanker effect on late talkers as compared to TD children. 383 
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Flanker effect, reflecting inhibition, was present in our participants suggesting that the 384 

flanker task did function as intended, children were in deed distracted by the incongruent 385 

flankers. However, we found no interactions between school-aged language abilities and 386 

inhibition. Thus, our models did not reveal evidence for difference in the size of flanker effect in 387 

LT and TED groups. Nor did the models reveal three-way interactions between late talking, 388 

school-age language index, and inhibition. In conclusion, counter to our hypotheses, we did not 389 

find differences in inhibition skills between children with and without history of late talking nor 390 

children with high and low current language status. 391 

How do we interpret the null results? One possibility is that the null results reflect the 392 

time point at which we measured inhibition. We did not have the opportunity to measure 393 

inhibition early on when children’s late talking was present. Difficulties in inhibition could have 394 

been observable during earlier years of development and resolved with time together with 395 

language difficulties. However, this is unlikely given that the school-age language abilities in the 396 

LT group were not yet comparable with the TED group. 397 

Second possibility is that the null results reflect our sample of late talkers, few of which 398 

exhibited persisting language difficulties. Earlier studies with study groups of children with DLD 399 

have reported difficulties in inhibition associated with language difficulties (e. g. Henry et al., 400 

2012; Park et al., 2019). Based on these findings, we expected to observe an interaction between 401 

late talking, language index and flanker effect so that flanker effect would have been larger in 402 

late talkers with persistent language difficulties as compared to LT and TED peers with typical 403 

school-age language status. In line with the dimensional account on late talking we also expected 404 

that the flanker effect would be smaller in TED group than in LB group. However, relatively few 405 

children could be conceived to meet the diagnostic criteria for DLD (14 children of which 11 406 
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with the history of late talking) and even fewer had the clinical diagnosis of language disorder (n 407 

= 4, all late talkers). Unfortunately, data from only four children with the clinical diagnosis of 408 

DLD were likely too small to have sufficient statistical power to detect the possibility of 409 

different results with participants with a DLD diagnosis. Had there been more children with 410 

DLD, perhaps we had observed that these children in particular would have had deficits in 411 

inhibition. It is conceivable that deficits in inhibition might be associated with either better 412 

clinical identification or more severe language disorder. Nevertheless, our results are 413 

representative of children with and without late talking history (see Rescorla, 2011). Children 414 

with the history of late talking as a group had lower school-age language skills than their TED 415 

peers especially in tasks involving grammatical skills, yet most children with the history of LT 416 

had age appropriate language skills by school age (74 % of children by kindergarten or first 417 

grade and 84 % by second grade in Rescorla’s study compared to 78 % in our study group). The 418 

third explanation of the results pertains to our task choice in measuring inhibition, namely the 419 

flanker task. The meta-analysis by Ebert and Kohnert (2011) suggests that inhibition difficulties 420 

are associated with DLD. However, even though some studies have reported pronounced flanker 421 

effect in DLD (Ebert et al., 2019; Park et al., 2019), others have not found significant group 422 

differences between DLD and TD groups in flanker effect (Arbel & Donchin, 2014; Yang & 423 

Gray, 2017). The restrictions in statistical power needed to detect small differences are one 424 

possible challenge in using flanker task to measure inhibition. Flanker effect size has been 425 

estimated to be approximately 75 ms (Fan et al., 2002), in our study the estimate was 71 - 72 ms. 426 

We could assume that possible differences in the size of the effect between groups or individuals 427 

are smaller than the effect itself. The power needed for statistical models (in practice the number 428 

of participants and especially per-subject trials) to detect “statistically significant” differences 429 
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increases when the size of the effect decreases. Because we could not base our hypothesis about 430 

the effect size between group comparisons on flanker effect on previous LT research (to our 431 

knowledge there are no studies published), we based our hypothesis on published DLD inhibition 432 

studies using similar task that had found group differences. 433 

Because model simulations for mixed effects models require random structure parameters 434 

that were not available from previous studies, we used power calculations for a fixed effects 435 

linear model to estimate sufficient number of participants for our study. For 75 participants and a 436 

medium effect size, these calculations suggested a power of 85.1 % for detecting 437 

differences between DLD and typical groups in flanker effect. As we used continuous data for 438 

language abilities instead of dichotomous, the power for detecting an effect of this size would be 439 

even higher in these comparisons (Altman & Royston, 2006). On the other hand, possible 440 

differences between LT and TED groups in the flanker effect, if such differences were to exist in 441 

the first place, are possibly smaller than differences between DLD and control groups. Therefore, 442 

it is possible that we missed a small difference between the LT and TED groups due to statistical 443 

power. Individual variation in RTs is wide (Rouder & Haaf, 2019) and has not been taken into 444 

account in previous studies of flanker effect in DLD because these studies have used aggregated 445 

measures of RTs (individual means or medians). This may have resulted in over-confidence in 446 

false positive results in prior studies that did not consider item level RTs in random effects of the 447 

model. Our choice of using a random structure accounting for individual variance in RTs 448 

minimizes the risk for type 2 error but might yield to some loss on statistical power (Matuschek 449 

et al., 2017). However, we are confident that a between-groups effect large enough to have 450 

practical significance would have been detected with our analyses. 451 
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General response times and language 452 

Even though our main focus was in examining inhibition and its associations with 453 

language measures, the analyses revealed an effect of school age language index on overall RTs.  454 

Are longer general response times associated with weaker school-age language abilities still 455 

evidence supporting a connection between inhibition and language skills or something else? One 456 

possible explanation for longer RTs associated with weaker language skills could be sustained 457 

attention. The overall response times may reflect some aspects of attention even though we 458 

found no evidence supporting the relationship of the flanker effect and language measures. For 459 

instance, it is possible that children with weaker language skills have difficulties in maintaining 460 

vigilance across the task. Maintaining accurate responses across trials requires effort from the 461 

participant which could result in slowing of processing when the participant sacrifices speed to 462 

maintain accuracy. As Ebert & Kohnert (2011) point out, many tasks designed to measure 463 

different aspects of cognition anyhow contain a component of sustained attention. However, if 464 

the association between processing speed and school-age language index was due to inhibition 465 

weakness, we should have observed stronger association in incongruent trials which place more 466 

demands on inhibition than congruent trials. This was not the case. The association between the 467 

response times and language skills was similar in both trial types. We therefore suggest that it is 468 

unlikely that overall longer RTs in the flanker task reflect inhibition. 469 

Similarly, we cannot fully rule out the possibility that long RTs on flanker task in 470 

children with language difficulties are affected by slowness of motor planning, which has been 471 

suggested to be impaired in DLD (Sanjeevan et al., 2015). However, evidence from comparing 472 

different tasks suggests that slowing related to language difficulties is more pronounced on tasks 473 
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requiring more operations, of which all do not involve motor processing (Kail, 1994; Miller et 474 

al., 2001). 475 

Since the measure of general response times is not a difference score like the flanker 476 

effect, it is as a measure statistically more powerful which makes it more likely to detect even 477 

small differences between participants and groups. Task effect (such as flanker) estimates are 478 

often calculated as the difference of mean RTs for different trial types. The measures being 479 

compared, in this case RTs for different trial types, often correlate strongly, indicating shared 480 

variance of the measures. Shared variance yields to reliability of difference scores being 481 

tremendously lower than the reliability of the component measures of trial type themselves 482 

(Draheim et al., 2019). Presumably to overcome the problems associated with measuring 483 

inhibition using differences between congruent and incongruent conditions, Larson et al. (2020) 484 

in their recent study chose to model response times on incongruent flanker trials only and 485 

interpreted a significant difference between children with DLD and controls to reflect differences 486 

in inhibition. While acknowledging the pitfalls associated with difference scores, this was not 487 

our primary modeling strategy. It fails to consider potential individual differences in general 488 

processing speed and may mistake individual differences in inhibition with differences in general 489 

processing speed. Our modeling that included both congruent and an incongruent trials and main 490 

effects of late talking history and school age language index allowed us to consider the 491 

possibility that language abilities are not associated with inhibition, but general processing speed 492 

instead. While our post hoc analyses revealed that our results were consistent with the Larson et 493 

al. (2020) findings – longer RTs in incongruent trials were associated with weaker language 494 

skills – our analysis allowed us to consider reaction times across the entire task including 495 

congruent trials. Association of RTs and language skills was similar in both congruent and 496 
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incongruent trials indicating that the association was not specific to trials thought to measure 497 

inhibition. 498 

Ultimately, we considered it most likely that the association between individual 499 

differences in RTs over all trial types and school-age language outcomes reflect general 500 

processing speed. The generalized slowing hypothesis of DLD (Kail, 1994) suggests language 501 

learning can be degraded because of slow processing speed across different modalities. Children 502 

with DLD exhibit longer RTs than TD peers on a wide range of different tasks (both linguistic 503 

and non-linguistic). This finding has been replicated in many DLD studies using different tasks 504 

(e. g. Leonard et al., 2007; Miller et al., 2006; Park et al., 2020). Interpreting the findings from 505 

this perspective suggests that slow processing speed rather than poor inhibition is associated with 506 

unfavorable school age language outcomes. While prior studies using linguistic stimuli have 507 

reported predictive value of response times to language outcomes on toddlers (Fernald et al., 508 

2006; Marchman et al., 2019; Newbury et al., 2016; Peter et al., 2019),  to our knowledge, ours if 509 

the first study reporting a relationship between non-linguistic processing speed and language 510 

skills in late talkers. 511 

It is important, however, to note that we found no difference between late talkers and 512 

children with typical early development on overall RT. One might have postulated that the 513 

dimensional account of late talking would be supported if late talkers as a group were slower 514 

than the TED group. This was not the case. The relationship between language index and general 515 

response speed did not differ between children with and without the history of late talking, 516 

suggesting that factors above and beyond processing speed explain late talking. 517 

 Given that school-age language index did not interact with LT status, it is clear that the 518 

association between RT and school-age language index is similar in both in children with and 519 
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without the history of late talking. The association between RT and school-age language skills 520 

was observed across the variation of language skills continuum, varying from long RTs in 521 

children with weakest language abilities to shortest RTs associated with strongest language 522 

abilities including both children with and without the history of late talking. 523 

Finally, motivated by the CATALISE debate on performance IQ criteria (Bishop et al., 524 

2017),  we performed data analyses using both lenient and strict IQ inclusion criteria. The results 525 

were essentially the same using both criteria, suggesting that the presence or absence of 526 

cognitive deficits such as limitations in attention and processing speed are not simply a function 527 

of general IQ in children with varying language abilities.   528 

Summary  529 

Contrary to our hypothesis based on previous research on DLD (see Pauls & Archibald, 530 

2016), we found no relationship between inhibition measured by a flanker effect on the ANT 531 

tasks and school-aged language index. The flanker effect does not seem to be promising for 532 

predicting late talker outcomes. 533 

Despite of not finding associations between inhibition and language index, we found that 534 

overall response times on the ANT task were shorter in children with stronger language skills at 535 

school age. This effect was similar in children with the history of late talking and children with 536 

typical early language development. We therefore suggest that overall response times reflecting 537 

general processing speed is a potential predictor for school-age language outcomes in both 538 

children with and without late talker history. We are confident that future studies will confirm 539 

that early measures of processing speed in late talkers can used to identify children who are 540 

likely to exhibit language difficulties that persist into school age. 541 
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Footnotes 758 

1 Three children in the LT group whose parents reported early language service receipt 759 

did not have a corresponding testing information from the cohort study available from age points 760 

2 or 3 years. Even though this information was missing, we deemed it appropriate to include 761 

these children, because they continued to receive language related services at school age and 762 

exhibited low language abilities on the school age. The history of delayed language development 763 

for these three participants was also confirmed by a speech-language pathologist. 764 

2 One child in the control group had no MacArthur Bates Communicative Development 765 

Inventory data available but performed within normal limits in the Fox Language Inventory, The 766 

Renfrew Word Finding Vocabulary Test, and Reynell Developmental Language Scales III 767 

language comprehension at the age of 36 months. 768 

3 Two participants had the hearing level of 30 dB on one ear at 1000 Hz or 4000 Hz in the 769 

screening but otherwise passed the screening and had normal hearing according to parent reports. 770 

  771 
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Table 1 772 

Demographic information and performance on standardized tests for the LT and TED groups 773 

when less stringent non-verbal IQ criteria (PRI >= 70) was applied. 774 

 Late talkers Typical early development All 

Variable 
Typical 
n = 27 
M (SD) 

DLD1 
n = 11 
M (SD) 

All 
n = 38 
M (SD) 

Typical 
n = 32 
M (SD) 

DLD1 

n = 3 
M (SD) 

All 
n = 35 
M (SD) 

 
n = 73 
M (SD) 

Age (months) 112 (10) 107 (11) 110 (10) 107 (7) 109 (10) 107 (7) 109 (9) 

SES2 1.96 (.71) 1.91 (.83) 1.95 (.73) 2.22 (.83) 2.00 (1.00) 2.20 (.83) 2.07 (.79) 

PRI3 105.3 (16.4) 92.9 (13.7) 101.7 (16.5) 109 (18) 93.3 (9.7) 107.9 (18.2) 104.7 (17.5) 

Language index4 9.5 (2.3) 5.2 (.8) 8.3 (2.8) 10.7 (2.3) 5.8 (.4) 10.2 (2.6) 9.2 (2.8)* 

Vocabulary5 10.8 (2.9) 4.6 (2.5) 9.0 (4.0) 10.7 (3.1) 7.0 (5.6) 10.4 (3.4) 9.7 (3.7) 

Comprehension 
of instructions6 10.2 (2.5) 7.5 (3.1) 9.4 (2.9) 11.9 (2.7) 7.0 (3.6) 11.5 (3.1) 10.4 (3.1)* 

Narrative 
memory7 7.6 (4.6) 3.5 (2.4) 6.4 (4.5) 9.2 (3.9) 3.3 (1.5) 8.7 (4.1) 7.5 (4.4)* 

*p < 0.05 in group comparison between late talkers and children with typical early development 775 

 776 

  777 

 

1 DLD was defined as language index < -1.25 SD from population mean 
2 Maternal education level on scale 1–3 
3 Performance reasoning index, WISC-IV 
4 Mean of the standard scores in three subtests (vocabulary, comprehension of instructions, and 

narrative memory) 
5 WISC-IV Vocabulary subtest, standard score with M = 10 and SD = 3 
6 NEPSY-II Comprehension of instructions subtest, standard score with M = 10 and SD = 3 
7 NEPSY-II Narrative memory subtest, standard score with M = 10 and SD = 3 
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Table 2 778 

Demographic information and performance on standardized tests for the LT and TED groups, 779 

when more stringent IQ criteria (PRI >= 85) was applied. 780 

 Late talkers Typical early development All 

Variable 
Typical 
n = 25 
M (SD) 

DLD1 
n = 7 
M (SD) 

All 
n = 32 
M (SD) 

Typical 
n = 30 
M (SD) 

DLD1 

n = 2 
M (SD) 

All 
n = 32 
M (SD) 

 
n = 64 
M (SD) 

Age (months) 111 (10) 105 (12) 110 (10) 106 (7) 108 (13) 106 (7) 108 (9) 

SES2 1.88 (.67) 2.14 (.90) 1.94 (.72) 2.23 (.86) 1.50 (.71) 2.19 (.90) 2.06 (.79) 

PRI3 107.4 (15.0) 101.6 (7.7) 106.2 (13.9) 111.5 (15.9) 104.5 (9.2) 111.1 (15.6) 108.6 (14.9) 

Language index4 9.7 (2.3) 5.3 (.9) 8.7 (2.8) 10.7 (2.3) 5.7 (.5) 10.4 (2.5) 9.6 (2.8)* 

Vocabulary5 11.0 (3.0) 4.7 (3.1) 9.6 (3.9) 10.7 (3.0) 6.5 (7.8) 10.4 (3.4) 10.0 (3.7) 

Comprehension 
of instructions6 10.0 (2.5) 7.6 (3.9) 9.5 (3.0) 12.3 (2.1) 6.5 (4.9) 11.9 (2.6) 10.7 (3.0)* 

Narrative 
memory7 8.0 (4.6) 3.7 (2.7) 7.0 (4.5) 9.2 (4.0) 4.0 (1.4) 8.9 (4.1) 8.0 (4.4) 

*p < 0.05 in group comparison between late talkers and children with typical early development 781 

 782 

  783 

 

1 DLD was defined as language index < -1.25 SD from population mean 
2 Maternal education level on scale 1–3 
3 Performance reasoning index, WISC-IV  
4 Mean of the standard scores in three subtests (vocabulary, comprehension of instructions, and 

narrative memory) 
5 WISC-IV Vocabulary subtest, standard score with M = 10 and SD = 3 
6 NEPSY-II Comprehension of instructions subtest, standard score with M = 10 and SD = 3 
7 NEPSY-II Narrative memory subtest, standard score with M = 10 and SD = 3 
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Table 3 784 

Model with the inclusion criteria PRI >= 70 785 

  RT (log transformed ms)  

Predictors Estimates 95 % CI t-value p 
Estimate back-

transformed to ms 
(95 % CI) 

(Intercept) 6.52 6.47 – 6.58 215.13 <0.001 679 (645 - 721) 

FlankerType [incongruent] 0.10 0.08 – 0.12 8.30 <0.001 71 (56 - 86) 

risk [Late talker] -0.05 -0.13 – 0.03 -1.12 0.264 -34 (-83 - 20) 

Language index (centered) -0.07 -0.13 – -0.01 -2.33 0.020 -46 (-83 - 7) 

FlankerType [incongruent] 
* risk [Late talker] 

0.02 -0.01 – 0.05 1.39 0.164 13 (-7 - 34) 

FlankerType [incongruent] 
* Language index 
(centered) 

0.02 -0.00 – 0.04 1.66 0.097 13 (0 - 27) 

risk [Late talker] * 
Language index (centered) 

0.06 -0.02 – 0.14 1.43 0.152 41 (-14 - 102) 

(FlankerType [incongruent] 
* risk [Late talker]) * 
Language index (centered) 

-0.03 -0.06 – 0.00 -1.83 0.067 -20 (-40 - 0) 

Random Effects  
σ2 0.05  
τ00 id 0.03  
τ11 id.FlankerTypeincongruent 0.00  
ρ01 id -0.18  
ICC 0.35  
N id 73  

Observations 6310  
Marginal R2 / Conditional 
R2 

0.066 / 0.396  
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Table 4 787 

Model with inclusion criteria PRI >= 85 788 

  RT (log transformed ms)  

Predictors Estimates 95 % CI t-value p 
Estimate back-

transformed to ms 
(95 % CI) 

(Intercept) 6.53 6.46 – 6.59 197.16 <0.001 685 (639 - 728) 

FlankerType [incongruent] 0.10 0.07 – 0.12 7.72 <0.001 72 (50 - 88) 

risk [Late talker] -0.04 -0.13 – 0.05 -0.94 0.345 -26 (-83 - 36) 

Language index (centered) -0.07 -0.14 – -0.01 -2.21 0.027 -46 (-89 - -6) 

FlankerType [incongruent] 
* risk [Late talker] 

0.02 -0.01 – 0.05 1.14 0.255 14 (-6 - 36) 

FlankerType [incongruent] 
* Language index 
(centered) 

0.02 -0.01 – 0.04 1.29 0.199 14 (-6 - 28) 

risk [Late talker] * 
Language index (centered) 

0.06 -0.03 – 0.15 1.28 0.201 43 (-20 - 111) 

(FlankerType 
[incongruent] * risk [Late 
talker]) * Language index 
(centered) 

-0.03 -0.06 – 0.01 -1.66 0.096 -20 (-40 - 7) 

Random Effects  
σ2 0.05  
τ00 id 0.03  
τ11 id.FlankerTypeincongruent 0.00  
ρ01 id -0.18  
ICC 0.36  
N id 64  

Observations 5551  
Marginal R2 / Conditional 
R2 

0.067 / 0.404  
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 790 

Figure 1: Schematic representation of the congruent and incongruent trials on the Flanker task. 791 
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 793 

Figure 2: Modeled estimates for response times in the Flanker task with the participant inclusion 794 

criteria PRI ≥ 70 (above) and PRI ≥ 85 (below). 795 
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