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Objectives: We aimed to compare the executive function (EF) skills between children with
typical development (TD) and children with poor vocabulary (PV), and to explore how and
what kinds of connections exist between the three components of the EF system and lan-
guage abilities, including vocabulary knowledge and reading ability, in two groups. Meth-
ods: Twenty children with TD and 15 children with PV were assessed via tests of working
memory, inhibition, and shifting in both verbal and nonverbal modalities, and standard-
ized vocabulary and reading tests were also administered. Results: Comparisons between
the two groups revealed that both groups performed comparably on all EF tasks except for
the digit n-back task, with the TD group having a higher accuracy than the PV group. Cor-
relational analyses revealed the significant relationships between language abilities (read-
ing and vocabulary knowledge) and verbal working memory as well as between vocabu-
lary knowledge and shifting for the TD group, whereas no relationship between language
abilities and EF was found in the PV group. Conclusion: These findings highlight the differ-
ent relationships between EF and language abilities in two groups, while showing close
links between language abilities and EF only for the TD group. This suggests that EF sys-
tems may not be efficiently involved in language related abilities in children with PV.
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Executive function (EF) is a collection of higher-order cognitive
processes that are responsible for purposeful, goal-driven behavior
(e.g., Miyake et al., 2000; Stuss & Alexander, 2000). In confirmato-
ry factor analysis study (Miyake et al., 2000), three EF skills includ-
ing inhibition, updating and task shifting were proposed as funda-
mental components of EF. Authors suggested that these three EF
skills were independent and also related each other, emphasizing
both unity and diversity of EF. According to Diamond (2013), in-
hibition refers to the ability to restrain attention to ignore irrele-
vant information, usually measured by a flanker task, Stroop task,
go/no-go task, etc. Likewise, updating refers to the ability to moni-

tor and renew upcoming information to incorporate in working
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memory (WM), measured using the backward digit span task, back-
ward matrix task, reading span task, etc., and shifting refers to the
ability to flexibly switch the attention to apply a given rule, mea-
sured by the Dimensional Change Card Sorting (DCCS) task, Trail
Making Test (TMT), local/global task, etc. Whereas Miyake et al.
(2000) suggested a relatively simple integrative model of an EF sys-
tem with three core-components included, the conceptualization
of EF has still not been settled in the field of cognitive research (Fisk
& Sharp, 2004). Thus, many types of EF tasks have been developed
and adopted in various studies depending on the research purposes
or on participants’ characteristics, such as age and language profi-

ciency, which has caused inconsistent and complex data to be in-
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terpreted. Also, MacDonald and Christiansen (2002) raised the
question of verbal EF tasks, such as the reading span task measur-
ing WM capacity, maybe not tapping the verbal WM ability. In-
stead, the verbal EF task may be a one-of-a-kind tapping language
skill since the task itself is heavily language dependent. Thus, re-
search accounting for verbal EF as one influential factor in the
language abilities can be confounded with common language-de-
pendent variance between the verbal EF tasks, for example, the
reading span task, and other language tasks.

Aside from the on-going debate regarding task impurity and in-
consistent results found in EF studies, extensive research has been
conducted to examine the contribution of EF to the language abili-
ties, such as vocabulary development (Yim, Kim, & Yang, 2016)
and reading ability (Borella & De Ribaupierre, 2014; Cain, Oakh-
ill, & Bryant, 2004). In addition, the close link between EF and
language abilities, observed not only in the population with typi-
cal language development but also in the population with lan-
guage impairments, such as specific language impairment (SLI)
and autism spectrum disorders (Ellis Weismer, Plante, Jones, &
Tomblin, 2005; Joseph, McGrath, & Tager-Flusberg, 2005), drove
many researchers to investigate the underlying mechanism of how
EF and language would interact. Although there is a general con-
sensus about the reciprocal interaction between EF and language
skills, it is unclear whether and how each component of EF system
would interact with specific language ability in children.

In the present study, we report data examining the connection
between language abilities—including vocabulary knowledge and
reading skill-—and EF in the verbal and nonverbal domain. We
examined the association between EF and language abilities in the
theoretical framework of EF model suggested by Miyake et al. (2000)
so that three components of EF skills were included in this study.
Specifically, we adopted the less language dependent verbal WM
task, digit n-back task, instead of using the reading span task to
avoid the common reliance on language-dependent variance as a
potential confounding factor between verbal EF tasks and language

tasks as best as possible.

EF and Reading
The close connection between the EF and reading abilities, spe-

cifically reading comprehension, has been well established (Borel-
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la & De Ribaupierre, 2014; Cain et al., 2004). For instance, Borella
and De Ribaupierre (2014) used the reading span task and the ma-
trix task to examine the influence of WM on text comprehension
skills in children aged 10-12. They showed that working memory
in particular contributed to explaining the variance in text com-
prehension, confirming the crucial role of WM in reading com-
prehension. Similarly, Cain et al. (2004) further suggested that
working memory accounted for a significant variance in 7- and
8-year-old children’s reading comprehension after controlling for
individual vocabulary skills and word recognition. These results
suggest that WM plays a central part in reading comprehension,
enabling readers to process information and hold relevant infor-
mation to construct a coherent representation of the text’s meaning.

Many studies examining the contribution of EFs to reading
skills have mostly focused on working memory, and inhibition
and shifting have received little attention when accounting for
reading skills. However, inhibition is also considered to be relevant
to reading because inhibition may prevent individuals from mis-
interpreting ambiguous representations caused by either single
words or a text passage (Gernsbacher & Faust, 1991). Some studies
have shown that children with reading difficulties have difficulties
suppressing irrelevant information, suggesting that poor compre-
hension is related to poor cognitive inhibition. For instance, Swan-
son, Howard, and Saez (2006) reported that children with reading
disabilities responded less accurately than their peers with typical
language development in a task with random letters and numbers
that required participants to suppress responses that would lead to
correctly ordered numbers or letters, such as 1, 2, 3,4 or a, b, ¢, d.
Similarly, shifting, also known as cognitive flexibility is relevant to
the reading ability since it allows individuals to simultaneously
process phonological and semantic information and to recall mul-
tiple mental representations or to adjust reading strategies depend-
ing on the reading goal and task difficulty (Nouwens, Groen, &
Verhoeven, 2016). For example, Van der Sluis, De jong, and Van
der Leji (2007) investigated the relations between executive func-
tions and reading, arithmetic, and (non)verbal reasoning in chil-
dren aged 9-12 using eleven EF tasks, such as Stroop, Making Trails,
and digit memory. The results showed that shifting was mainly
associated with reading and verbal reasoning.

However, all studies examining EF and language abilities did
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not yield consistent results, as we mentioned earlier. Some studies
found a significant relationship between EF and reading, as ob-
served in the previous works given above (Borella & De Ribaupi-
erre, 2014; Cain et al., 2004; Swanson et al., 2006; Van der Sluis et
al,, 2007), whereas others did not (Chiappe, Hasher, & Siegel, 2000,
St Claire-Thompson & Gathercole, 2006). For instance, Chiappe et
al. (2000) suggested that good and poor decoders have no differ-
ence in measures of cognitive inhibition. Similarly, St Claire-Thomp-
son and Gathercole (2006) failed to find the relationship between
shifting and children’s literacy skills, including reading, writing,
and spelling, whereas they found a close relation between two ex-
ecutive factors (updating and inhibition) with achievement in Eng-
lish. These data contrast with results demonstrating significant
associations between EF and reading abilities, resulting in unclear

results for how the EF system relates to reading.

EF and Vocabulary

On the other hand, vocabulary knowledge has not been as ex-
tensively studied in relation to EF as reading ability (Yang & Yim,
2018; Yim et al., 2015, 2016). Yang and Yim (2018) recruited 70 Ko-
rean children aged from 5 to 6, and divided them into children
with typical development (TD group) and children with vocabu-
lary delay (VD group). Authors examined whether and how EF
(WM, inhibition, shifting) and word learning abilities including
quick incidental learning (QUIL) and vocabulary knowledge would
be related. Children were administered not only Receptive & Ex-
pressive Vocabulary Test (REVT; Kim, Hong, Kim, Jang, & Lee,
2009) and QUIL tasks for measuring word learning abilities but
also a nonword repetition task (NWR), a stop signal task (SST) and
a DCCS task for measuring WM, inhibition, and shifting abilities.
The general findings were that the TD group outperformed all EF
tasks and word learning tasks, and there were the significant cor-
relations between vocabulary knowledge and all of the EF compo-
nents for the TD group whereas there were significant correlations
between vocabulary knowledge and inhibition ability for the VD
group. These findings implied the link between EF and vocabu-
lary knowledge not only in the TD group but also partially in the
VD group.

There is also evidence showing the possible linkage between EF

and vocabulary knowledge (Emerson & Miyake, 2003; Gathercole,
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Frankish, Pickering, & Peaker, 1999). For example, a considerable
body of evidence reported that short-term memory (STM) and
vocabulary acquisition are highly correlated (Gathercole et al.,
1999). According to the multi-component WM model suggested
by Baddeley (2000), WM relies on the function of the phonological
loop (PL) and the central executive (CE) in the model. PL refers to
the ability to retain the verbal information for a brief period of
time, and the task to tap the PL is regarded as measuring the STM
capacity. Therefore, it is reasonable to infer that the WM may be
related to vocabulary knowledge. While little is known about how
the other EF components like inhibition and shifting would be re-
lated to vocabulary development, indirect associations have been
found between shifting and verbal abilities. Shifting tasks such as
DCCS or TMT (Trail Making Test) require children to change
their attention to the given target dimension or the targeted se-
quences. Some studies have demonstrated that inner speech or
verbal self-instruction reduces switching costs, indicating that
general verbal ability is linked to the EF system, such as shifting
(Emerson & Miyake, 2003), although these findings did not sup-
porta direct relation between vocabulary and shifting.

In addition, some studies have demonstrated that EF in general
is one of the factors accounting for vocabulary growth (Weiland,
Barata, & Yoshikawa, 2014). For instance, Weiland et al. (2014) ex-
amined the associations using a structural equation model between
EF and receptive vocabulary in preschoolers. EF skills, including
WM (forward digit span, backward digit span), attention shifting
(DCCS) and inhibitory cognitive control (pencil tapping) as well
as receptive vocabulary skills were measured at the beginning of
preschool and at the end of preschool for about 400 preschoolers.
The results showed that EF skills at the beginning of preschool
significantly predicted receptive vocabulary skills at the end of
preschool while receptive vocabulary skills at the beginning of
preschool did not predict EF skills at the end of preschool. These
results indicate that EF may play an important role in the growth
of language skills, supporting the accounts of the neurobiological
mechanism or cognitive mechanism that direct the developmen-
tal pathway of EF skills supporting language.

Together, it seems there may be a dynamic interplay between EF
and reading skills and between EF and vocabulary knowledge dur-

ing children’s language development. Although many studies have
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been conducted to delineate the relationship between EF and vo-
cabulary knowledge as well as between EF and reading skill, most
studies have utilized a single EF component task or EF tasks that
were mixed in domains. This may result in inconsistent results,
and the interpreting of these results is complex. In fact, it is rare to
find all three components in the EF system included to explore the
role of EF in language development within the same participants.
In the current study, a group comparison between children with
TD and children with poor vocabulary (PV) is used with three
core components tasks of EF to explore whether the connections
between EF and reading skill as well as vocabulary knowledge

would differ between children with TD and children with PV.

Aims of the Current Study

Few works have investigated the role of EF—including all three
core components and both verbal and nonverbal modalities—in
language abilities in Korean school-aged children, and little re-
search has directly examined the critical factors such as the EF
system, reading skills and vocabulary knowledge. First, we aimed
to compare the EF skills between children with TD and children
with PV. Our second aim was to explore how and what kinds of
connections would exist between the three components of the EF
system and language skills, including vocabulary knowledge and
reading ability measured by standardized tests of REVT (Kim et
al,, 2009) and KISE-BAAT Reading (Korea Institute for Special
Education-Basic Academic Achievement Test; Park, Kim, Song,
Jung, & Jung, 2008), in children with PV as well as in children
with TD. We chose school-aged children because some research
has suggested that EF skills in children before entering elementary
school may be unidimensional, and so it may be hard to observe
distinct EF factors in language skills (e.g., Barata, 2011). We specif-
ically chose children at early elementary school because during
this period of time most of children were obtaining basic literacy
skills, which was closely connected to later academic success (Bar-
one, 2003; Snow & Matthews, 2016) as well as because the distinc-
tive ability in reading (e.g., word recognition) is associated with
children with poor reading ability who were at early elementary
school rather than from children at higher elementary school

(Kim & Pae, 2012; Van Kleeck, 2007).
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METHODS

Participants

Twenty children with TD and 15 children with PV participated
in this study. Children aged from 7;0 to 9;6 were recruited from ar-
eas of Seoul and Chungnam in Korea. All of the children were in
Ist to 3rd grade; in the TD group, 6 children were in 1st grade, 12
children were in 2nd grade, and 2 children were in 3rd grade, where-
asin the PV group, 5 children were in 1st grade, 4 children were in
2nd grade, and 6 children were in 3rd grade.

The criteria for the PV group were (1) in the normal range of the
nonverbal IQ indexed by the nonverbal subtest of Korean version
of Kaufman Assessment Battery for Children (K-ABC; Moon &
Byun, 1997), (2) to have -1.25 SD below the mean score of either
receptive or expressive vocabulary (REVT), and (3) not to have
previous history of speech or language-related disorders. The cri-
teria for the TD group were (1) in the normal range of the nonver-
bal IQ indexed by the nonverbal subtest of K-ABC, (2) to have 1 SD
above from the mean score of REVT, and (3) not to have any previ-
ous history of speech or language related disorder.

All participants completed standardized tests of vocabulary
(REVT), non-verbal IQ (K-ABC), and reading (KISE-BAAT). The
two groups did not differ in their age and nonverbal IQ; however,
the TD group had higher vocabulary scores than the PV group,
including both expressive and receptive vocabulary. Also, the TD
group had a higher reading score than the PV group. The partici-

pants’ characteristics were presented in Table 1.

Table 1. Participants’ characteristics

TD group (N=20) PV group (N=15) V4

Age (yr) 8.23(.70) 8.4(77) -9
Non-verbal IQ® 113.65(9.0) 108.07 (10.44) -1.37
REVT (raw score)
Receptive vocabulary 101.25(12.21) 78.87(11.71) -4.09%*
Expressive vocabulary 98.65(11.78) 85.27(10.93) -3.07%*
KISE-BAAT reading (RAQ) 110.85(7.88) 102.53(9.47) 2.19%

Values are presented as mean+ SD.

PV =children with poor vocabulary; TD=children with typical development; REVT =
Receptive & Expressive Vocabulary Test (Kim, Hong, Kim, Jang, & Lee, 2010); KISE-
BAAT =Korea Institute for Special Education-Basic Academic Achievement Test
(Park, Kim, Song, Jung, & Jung, 2008); RAQ = reading achievement quotient.
Korean-Kaufman Assessment Battery for Children (Moon & Byun, 1997).

*p<.05, **p< .01.
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Task and Procedure

After completing the standardized tests including REVT, K-
ABC, and KISE-BAAT-reading, all participants were adminis-
tered a series of EF tasks including WM tasks (digit n-back task,
shape n-back task), inhibition tasks (Stroop task, flanker task), and
shifting tasks (TMT, DCCS task). We used SuperLab 5 software
(Cedrus Corporation, San Pedro, CA, USA) to present all of the EF
tasks except for TMT, which was a paper and pencil based test.
The order of presentation of EF tasks was fixed in three different
ways to avoid the order effect, so that some children were admin-
istered the WM task first, some children were administered the
inhibition task first, etc. Two or three sessions, with each session
lasting 30-40 minutes, were taken to complete the standardized
tests and EF tasks. One of the authors and two trained graduate

students administered all tasks.

Reading ability

KISE-BA AT-reading was used to measure each child’s reading
ability. It is a well-established norm-referenced reading test that
assesses the reading ability level of children aged 5;0 through 14;11
in Korea. KISE-BAAT-reading comprises three subtests: visual
discrimination, phonemic decoding, and reading comprehension.
The ‘visual discrimination’ was administered to measure a child’s
letter and word awareness, which is a primary factor underlying
early reading achievement. The ‘phonemic decoding’ subtest was
used as a measure of phonemic awareness. The ‘reading compre-
hension’ subtest assesses the child’s ability to understand words,
sentences and short passages. Items were scored as either correct (1
point) or incorrect (0 point) for each task. The correct raw score
for each subtest was collected, and converted to scaled scores and
RAQ (reading achievement quotient). RAQ score was used for fi-
nal analyses in the current study following the previous study (Kim

& Pae, 2013).

Working memory

The n-back task, which is a classical updating task, was used to
measure the WM ability (Jaeggi, Buschkuehl, Perrig, & Meier,
2010). We utilized the same n-back paradigm used in previous
studies with children aged from 8-10 (Gangopadhyay, Davidson,
Ellis Weismer, & Kaushanskyaya, 2016). We used the digit n-back
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task to measure verbal WM and the shape n-back task to measure
visual WM. For the digit n-back task, 9 digits from 1 to 9 were
used; while 9 shapes, which were unable to be labeled, were used
for the visual n-back task (Vanderplas & Garvin, 1959). In both
WM tasks, children were asked to recall the target stimulus that
was located in positions before in the sequence. Children respond-
ed to each stimulus by pressing a red button if the presented stim-
ulus was a target and a blue button if the presented stimulus was a
non-target. Each trial was coded as ‘1 if children responded cor-
rectly and was coded as ‘0’ if children responded incorrectly or did
not respond. The overall mean of the proportion of accuracy across
three conditions in each WM task was obtained and was used for

the analyses.

Inhibition

Inhibition was measured using the Stroop task and the flanker
task. These two tasks have been frequently used to measure inhibi-
tory control (Davelaar & Stevens, 2009; MacLeod, 1992). We used
the same inhibition tasks utilized in previous studies with chil-
dren aged 7-8 (Kong & Yoo, 2017). In the flanker task, three condi-
tions were constructed using fish stimuli. For the congruent con-
dition, all five fish, including both the flanker fish and a middle
fish, face the same direction. For the incongruent condition, the
flanker fish faced the opposite direction compared to the middle
fish. For the neutral condition, the flanker stimuli were squares. In
this task, children were asked to focus on the middle fish while ig-
noring the flanker fish (surrounding fish), press a red button if the
middle fish faced the right, and press a blue button if the middle
fish faced the left as quickly and accurately as possible.

Similar task parameters were used to construct the Stroop task.
In this task, for the congruent condition, the color and the word
were matched (i.e., the Korean word for ‘red’ was presented in a
red color). For the incongruent condition, the color and the word
did not match (i.e., the Korean word for ‘red’ was presented in blue
color). For the neutral condition, instead of a word, a meaningless
symbol XXX’ with a random color was used. In this task, children
were asked to press a red button if the color and the word were mat-
ched and to press a blue button as fast and accurately as possible
otherwise.

Each trial was coded as ‘1’ if the children responded correctly
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and was coded as ‘0" if the children responded incorrectly or did
not respond. The accuracy and reaction time (RT) of each condi-
tion were collected for each task. Then, the inhibition effect was
obtained by subtracting the RTs in the congruent condition from
the RTs in the incongruent condition. For the analyses, the inhibi-

tion indexes of each inhibition task were used.

Shifting

To measure the shifting ability, the TMT task and the DCCS
task were used. The two tasks have been frequently used to mea-
sure the mental flexibility and attentional shifting (Gray, 2006;
Zelazo, Frye, & Rapus, 1996). The TMT task was modified based
on a subtest of the Delis-Kaplan Executive Function System (D-
KEFS; Delis, Kaplan, & Kramer, 2001) with the English alphabet
being replaced by the Korean alphabet (e.g., /ga/ for A, /na/ for B,
etc.). The usage of a modified TMT was common in previous stud-
ies (e.g., Jung, 2009; Kim et al., 2011). In this task, three conditions
were presented in the order of a number condition (1-14), a letter
condition (14 Korean letters), and a mixed condition (14 numbers
and 14 Korean letters mixed). The children were asked to draw a
line to connect each encircled number or encircled letter that had
been randomly presented on a sheet of paper, according to their
order on a number or a letter condition. For the mixed condition,
the children were asked to draw a line by alternating between the
numbers and letters (i.e., 1-/ga/-2-/na/-3-/da/). In this task, the
children were asked to complete each condition as quickly and ac-
curately as possible, and when they made an error, the children
were asked to return the encircled letter or number where the er-
ror had been made and to continue the task. The RTs for each con-
dition were measured from when children started the task to when
children completed the task. We included the period of children
making errors and going back to a previous position. The RTs of
each condition when children completed the task were obtained,
and the RT of a mixed condition was used for the analysis.

The DCCS task was constructed based on the task used in the
National Institutes of Health Toolbox Cognition Battery (http:/
www.nihtoolbox.org) for people aged 7-17 years. For the DCCS
task, three conditions including pre-condition (shape), post-con-
dition (color), and mixed condition (mixed shape and color), were

constructed. The participants were asked to identify the target
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pictures by both dimensions and press the right or left button as
quickly and accurately as possible to choose the correct target pic-
ture between them. For each condition, the examiners reminded
the participants of the name of the games, and no feedback was
provided during the tasks. Each trial was coded as ‘1" if children
responded correctly and as ‘0 if children responded incorrectly or
did not respond. The accuracies and RTs of each condition were
collected for each task. The RT of a mixed condition of the task
was used for the analyses.

We considered the shape n-back task, the flanker task, and the
DCCS task as the less language-dependent tasks. Nonverbal EF
tasks—excluding the digit n-back task, the Stroop task, and the
TMT task that we considered as verbal EF tasks—require partici-
pants to respond to the picture-based visual stimuli (i.e., shapes,
fish, rabbit, ship, ball, truck) even though the instructions are giv-
en to participants verbally. In contrast, the verbal EF tasks require
participants to remember, decode or monitor phonological/seman-

tic information in order to complete the task.

Analyses

First, we ran a Mann-Whitney U-test to compare the differences
on the performances of the EF tasks between the TD group and
the PV group. Second, the Spearman correlational analyses were
conducted between the reading score and the performances of the
EF tasks, and between the vocabulary score and the performance
of the EF tasks within each group to examine whether the relation-
ships between language abilities including reading skills and vo-

cabulary knowledge and EF would differ between the two groups.

RESULTS

EF Performance between Two Groups

The comparisons of two groups on EF tasks revealed that there
was no difference in the EF performance between the TD group
and the PV group, except on the digit n-back task, with the TD
group having a higher accuracy than the PV group (U=89.5, p <.05).
Although two groups performed comparably on the inhibition tasks
and shifting tasks for which the abilities were captured based on
children’s RTs, the overall accuracies of the flanker task (Mrpgroup=

98, SE=.004 vs. Mpvgroup = .96, SE=.01), the Stroop task (Mrpgroup =
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.94, SE=.009 vs. Mpvgrow =.87, SE=.04), and the DCCS task (Mrpgroup
=.93, SE=.02 vs. Mpvgroup =.86, SE=.03) were compared between
the two groups to examine whether there was any difference in the
accuracy to perform the tasks. The results showed that both groups
performed comparably in the accuracies of the flanker task (U=108.5,
p=.14), the Stroop task (U=112.5, p=.18), and the DCCS task
(U=96, p=.6). There was a trend of the TD group performing
better than the PV group in the DCCS task although it failed to

reach the level of statistical significance. The visual representa-

Verbal WM

10 ® TD group u PV group

Digit n-back accuracy

Verbal inhibition effect

250 - = TD group PV group

200
150
100

50

Stroop inhibition index (ms)

Verbal shifting
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100

TMTRT (s)
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tions of the EF performances between the two groups can be found

in Figure 1.

Correlational Analyses between EF and Language
Abilities

For the TD group, the correlational analyses revealed a positive
relationship between the reading skill and verbal WM indexed by
digit n-back task (r=.62, p <.01) as well as between the expressive
vocabulary knowledge and the verbal WM (r= 48, p <.05). Simi-
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Figure 1. Performances on executive function tasks between the TD group and the PV group.
Error bar represents standard error. PV =children with poor vocabulary; TD=children with typical development; TMT=trail making test; DCCS = dimensional change

card sorting; RT=reaction time.
*p<.05.
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Table 2. Correlational matrix between executive function and language abili-
ties (vocabulary and reading) within each group

REVT-receptive  REVT-expressive  KISE-BAAT reading
vocabulary vocabulary (RAQ)
TD group
Digit n-back 26 A48¢ B62**
Shape n-back 20 18 33
Flanker 14 12 .05
Stroop -25 02 -20
DCCSRT -53* -62%* -12
™T =71 -58** -22
PV group
Digit n-back -05 -4 32
Shape n-back -49 -02 .08
Flanker 44 -27 Ak
Stroop -06 -02 14
DCCS RT -33 -24 19
™T -47 04 13

Values are presented as r.

PV =children with poor vocabulary; TD=children with typical development; TMT=
trail making test; DCCS =dimensional change card sorting; RT=reaction time; REVT=
Receptive & Expressive Vocabulary Test (Kim, Hong, Kim, Jang, & Lee, 2010); KISE-
BAAT =Korea Institute for Special Education-Basic Academic Achievement Test
(Park, Kim, Song, Jung, & Jung, 2008); RAQ=reading achievement quotient.
*p<.05, **p<.01.

larly, negative relationships between the vocabulary knowledge in-
cluding both receptive and expressive vocabulary and shifting in-
dexed by both TMT (Fieceptive = -.71, p < .01 VS. Texpressive = -.58, p <.01)
and DCCS tasks (Freceptive =-.53, p<.05 V8. Fexpressive = .62, p <.01)
were observed only for the TD group. However, no such relation-
ship was observed between the vocabulary knowledge and EF abili-
ties or between the reading skill and the EF abilities for the PV group

(see Table 2 for the correlational matrixes within each group).

DISCUSSION AND CONCLUSION

In the present study, we investigated whether the EF abilities in-
dexed by both verbal and nonverbal EF tasks would separate the
TD group form the PV group, and we further examined whether
the relationships between the EF and language abilities, including
vocabulary knowledge and reading skills within each group, would
differ between the TD group and the PV group. We found that the
verbal WM component of EF differed between two groups, with
the TD group having better WM ability than the PV group. In ad-

dition, there was a positive correlation between verbal WM ability
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and reading skill, showing that children with higher verbal WM
ability had better reading skill in the TD group. Also, there were
negative correlations between the shifting ability and vocabulary
knowledge and the positive correlation between the receptive vo-
cabulary and the reading skills, showing that children with better
shifting abilities or WM ability had higher vocabulary knowledge
in the TD group. In contrast, in the PV group, there was no corre-
lation between the EF and any language abilities.

The finding of a higher verbal WM skill for the TD group com-
pared to the PV group was in line with prior evidence showing a
link between STM and vocabulary acquisition (Gathercole et al.,
1999; Weiland et al., 2014). According to multi-components WM
model (Baddeley, 2000), verbal WM relies on the function of the
PL and the CE. The PL has been known as an influential factor in
word learning and vocabulary development (Gathercole et al., 1999).
While the PL is responsible for retaining verbal information dur-
ing a brief period and thus appears to be a clear link between PL
and word knowledge, the role of WM involving both PL and CE in
vocabulary learning/development is plausible, as has been docu-
mented in previous studies (Ellis, 1996). Therefore, it seems that
the inefficient WM system in the verbal domain in PV group com-
pared to the TD group may lead to a lagged vocabulary develop-
ment or the opposite direction would be also possible in the pres-
ent study.

The finding of a higher verbal WM ability in the TD group than
in the PV group can also be linked to the positive connections be-
tween verbal WM and reading skill observed only in the TD group,
but not in the PV group who underperformed on the standardized
tests of reading and vocabulary compared to the TD group. In
reading comprehension research, it is a robust finding for the WM
and reading skill to be closely connected (Borella & De Ribaupi-
erre, 2014; Cain et al., 2004). In particular, a large number of stud-
ies demonstrated that reading comprehension was mediated by
the WM system (Cain et al., 2004; Nouwens et al., 2016). The fre-
quently-used account for this connection was that reading activity
mirrors the WM functions. That is, a reader must hold/remember
previously read information to integrate what he/she has to read
next to fully comprehend the content during reading, and this
reading activity is very similar to the WM function of holding the

information for a short period of time while processing a second-
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ary cognitive activity. Even though the standardized reading test
used in the present study was composed of three subtests, includ-
ing visual discrimination, phonemic decoding, and reading com-
prehension, only the reading comprehension subtest score was ob-
tained by five different comprehension tasks. That is, a large por-
tion of KISE-BAAT was formed by the reading comprehension
skill. When we ran follow-up correlational analyses between three
sub-tests in KISE-BA AT and verbal WM, only the relationship be-
tween the reading comprehension subtest and verbal WM reached
statistical significance (r=.64, p <.01). In that sense, our findings
of the positive association between verbal WM and performance
on the standardized reading test is likely to support previous find-
ings of the WM influencing reading comprehension performance
(Borella & De Ribaupierre, 2014; Cain et al., 2004). In a similar
vein, the association between vocabulary knowledge and verbal
WM observed in the TD group aligned with the prior study (Yim
etal., 2016). As Baddeley’s WM model proposed, the PL, which is a
part of function of WM, is tightly linked to the vocabulary acqui-
sition (Gathercole et al., 1999). The STM task, tapping the PL, is
known to measure the ability of storing phonological information
for brief period, and it is reported to be a crucial ability for acquir-
ing new words. Therefore, it is not strange that WM, which carries
the variance of STM, is linked to vocabulary knowledge.

However, we found a meaningful relationship between lan-
guage abilities (reading & vocabulary) and WM only in the verbal
domain, not in the nonverbal domain. While we do not deny the
possibility that the common reliance on the language-related fac-
tor between the verbal WM task and language-related task (read-
ing & vocabulary tasks) may drive this finding, the point should
be made that the digit n-back task used to measure the verbal WM
skill in the current study is less language-dependent compared to
other verbal WM tasks, like the reading span task that has been
widely used to measure verbal WM skills in other studies (Yoo &
Kaushanskaya, 2012). That is, processing digits is highly automatic
and retaining or retrieving digit information may not depend much
on language processing, as the reading span task does, so we sug-
gest that our findings of the links between verbal WM and perfor-
mances on the language tasks may reflect the verbal WM compo-
nent in EF related to language abilities, which is not confounded by

the common language factor between two tasks.
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We did not find any difference on performance of other EF tasks
such as inhibition and shifting between two groups. These find-
ings were inconsistent with the prior study reporting the general
EF deficits in children with vocabulary delay (Yang & Yim, 2018)
while they were consistent with some studies reporting similar
findings on EF performance between the TD group and language
delayed group as observed in current study (Arbel & Donchin,
2014; Marton et al., 2014). One of possible factors leading to these
contrasting findings may be due to children’s developmental change
in the EF system. The degree of EF development is a crucial factor
that might influence on the relationship between EF and language
abilities since EF is known to develop from the age of 3 until adult-
hood and variability in development of EF sub-components exists
(Zelazo et al., 1996; Zelazo & Miiller, 2002). For instance, children
at the age of 3 are well known to fail to flexibly change the cogni-
tive rule depending on the specific goal in the DCCS task while
relatively older children can perform this task with ease (Zelazo et
al., 1996).

Given that children aged 5-6 were recruited in Yang and Yim’s
study whereas relatively older children (aged 7-9) were recruited in
the current study, it would be possible that the EF tasks used in
this study might not be difficult enough to tap the EF system in-
cluding inhibition and shifting for children in the present study,
failing to reach the significant difference even though the tasks
used here were suggested as the age appropriate ones. Alternative-
ly, including the ages of 7-9 may cause the comparable results be-
tween two groups due to the larger variability within group (as
shown in performance of inhibition task in this study).

In addition, we did not find any association between other EF
abilities, inhibition and shifting, and reading skill in the TD group.
While ours failure to find the link between inhibition or shifting
and reading skill were consistent with some previous findings (St Claire-
Thompson & Gathercole, 2006), this finding contrasted with other
studies that reported a close link between inhibition or shifting
and reading skills (Van der Sluis et al., 2007). A possible explana-
tion for this would be due to methodological issues. That is, we ad-
opted EF tasks measuring all three components, including both
verbal and nonverbal domains, especially for WM and inhibition.
To do so, we only used one task for each domain, and this single

EF task used in this study may not yield a sufficiently robust con-
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nection with reading skill. Alternatively, it is possible for the task-
specific effect yielding only WM, not inhibition or shifting, to be
related with reading skill. The inhibition and shifting tasks im-
pose speed on performance, with both tasks requiring children to
respond as quickly and accurately as possible. Although we col-
lected the accuracies along with RTs in each task, the inhibition ef-
fect and shifting abilities were calculated based on the RTs of the
tasks. Since the standardized reading test used in this study does
not require the performance to be rapid, the reading skill indexed
by the standardized test may be far from the time demand where
inhibition and shifting tasks impose. Including reading tasks such
as the reading fluency task and including more EF tasks in each
domain may provide a clearer picture of these issues in a future
study.

One important finding was that connections between shifting
and vocabulary knowledge were observed in the TD group given
that shifting is the least studied EF component in relation with
language abilities. TMT requires children to draw a line by alter-
nating between letters and numbers, and the DCCS task requires
children to choose correct target depending on the specific di-
mension that are given. To successfully complete these tasks, chil-
dren need to flexibly shift their attention between two different
targets of information or two dimensions while correctly keeping
track of the sequence of numbers and letters or of the dimension.
Previous research suggested that general verbal abilities, such as
self-verbalization, may have helped to perform the shifting tasks
(Baddeley, Chincotta, & Adlam, 2001). In this study, in fact, while
children performed the TMT, many of them used self-guided ver-
bal cues to remind themselves to keep track of what they needed to
do next whereas the experimenter reminded children of what di-
mension was targeted for the DCCS task. It seems that children
using this verbal cue may be performing well on shifting tasks,
and using a verbal strategy may reflect higher verbal skills which
may be linked to general verbal ability, including vocabulary knowl-
edge. Since this is our speculation, further studies need to examine
the specific relationship among shifting, verbal strategy, and vo-
cabulary knowledge.

The notable findings were that there was no relationship between
EF and either reading ability or vocabulary knowledge in the PV

group. Whereas prior studies have examined the relationship be-
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tween EF and various language abilities recruiting population
with various language disorders in relation with EF system, it is
rare to find studies examining a population with PV. Thus, rela-
tively little has been known of the profile of the school-aged chil-
dren with PV regarding the EF system and language abilities. In
the current study, the PV group clearly showed a different rela-
tionship between the EF and language abilities compared to the
TD group. The TD group not only outperformed the PV group in
both standardized tests of reading and vocabulary and had a high-
er verbal WM skill, but also showed close associations between
WM and reading skill and between WM and inhibition and vo-
cabulary knowledge. It appears that the reciprocal interaction be-
tween language abilities (vocabulary knowledge and reading skill)
and the EF system (WM and shifting) may be efficiently operating
in the TD group, but not in the PV group. It seems that the relative-
ly lower language abilities did not yield any connection with any of
EF components for the PV group. These findings indicate that EF
systems may not be efficiently involved in language-related abili-
ties in the PV group.

The findings in the current study support the unity and diversi-
ty of the EF model. As Miyake et al. (2000) suggested, three EF
components were related, but also separable. In this study, all of
the EF components were not linked to the language abilities in a
same way. Instead, each EF component was linked to the specific
language abilities such that WM was connected to reading ability
while both WM and shifting were connected to expressive vocab-
ulary. These findings suggest that EF skills may not be uniformly
related to language abilities, supporting Miyake’s EF model.

The current study has clinical implications in that it demon-
strated that the PV group had a lower verbal WM system than the
TD group, and vocabulary knowledge is linked to the EF (WM
and shifting) system only in the TD group. If the poor vocabulary
knowledge is responsible for the low EF or the low EF is causing
the poor vocabulary knowledge even though the direction was not
tested in the current study, the EF task may be utilized to discrimi-
nate younger children who may be at risk of language impairment
from early on as a supplementary tool along with standardized
language tests. For instance, the validity of the shifting task, such
as the DCCS task, is well established for younger children from
age of 3 (Zelazo et al., 2003), and this EF task may be used with
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standardized vocabulary test to accurately distinguish the late
talkers from children with typical development at the earliest pos-
sible age. An accurate diagnosis may make it possible for children
to receive intervention at the appropriate time. To do so, a future
study should include a wider age range to investigate the connec-
tion between EF and vocabulary knowledge as a follow-up.

In summary, the current study investigated the relationship be-
tween EF and two language abilities, vocabulary knowledge and
reading skill. A group comparison dividing school-aged children
into the TD group and the PV group revealed higher language
abilities including vocabulary knowledge and reading skill in the
TD group than in the PV group. The higher language abilities
were linked with EF abilities, especially with WM and shifting in
the TD group, but these linkages were not available in the PV group.
These findings suggest the efficient interplay between EF skills
and language abilities may be limited to the PV group compared
to the PV group.

However, caution should be taken in interpreting these findings
because the current study has some limitations, including the rela-
tively small and unbalanced sample size between the two groups.
Also, as mentioned earlier, the EF tasks used in the current study
may have been too easy for school-aged children to sensitively dis-
tinguish the EF ability between two language groups. To include
more age-appropriate EF tasks along with a larger sample size may
lead to more robust findings relating EF and language skills in fu-
ture studies. Finally, we only used one of each domain in each EF
component task, and as mentioned before, this may not be suffi-
cient or sensitive enough to tap each EF component. Therefore, fu-
ture studies need to include more than one EF component task in

each domain to observe more reliable results.
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