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Abstract: The semantic network structure is a core aspect of the mental lexicon and is, therefore,
a key to understanding language development processes. This study investigated the structure
of the semantic network of adolescents with intellectual disability (ID) and children with typical
development (TD) using network analysis. The semantic networks of the participants (np = 66;
np = 49) were estimated from the semantic verbal fluency task with the pathfinder method. The
groups were matched on the number of produced words. The average shortest path length (ASPL),
the clustering coefficient (CC), and the network’s modularity (Q) of the two groups were compared.
A significantly smaller ASPL and Q and a significantly higher CC were found for the adolescents with
ID in comparison with the children with TD. Reasons for this might be differences in the language
environment and differences in cognitive skills. The quality and quantity of the language input
might differ for adolescents with ID due to differences in school curricula and because persons with
ID tend to engage in different out-of-school activities compared to TD peers. Future studies should
investigate the influence of different language environments on the language development of persons
with ID.

Keywords: semantic network analysis; intellectual disability; adolescents

1. Introduction

The semantic network structure is a core aspect of the mental lexicon [1] and is,
therefore, a key to understanding language development processes. Different methods
have been applied to study the semantic network structure in various populations in recent
years [2-5]. However, little is known about the semantic network structure in persons with
intellectual disability (ID), although language limitations [6], including semantic verbal
fluency deficits [7,8], are part of the ID symptomatology. A better understanding of the
specific characteristics of the semantic networks in persons with ID can be an essential tool
for the development of language interventions for the group. It may also give important
clues about semantic network development in general by shedding light on the role of
general intellectual functioning. The current study aimed to investigate if the semantic
network structure in a sample of adolescents with ID and a control group of younger
typically developing (TD) children, differs. Studying the structure of the semantic network
may lead to important insight into the verbal profile of persons with ID. Differences in
the structure could help to explain specific challenges seen in language ability [9] and
memory [10] in the population with ID. Such knowledge could, in the long-term, lay the
foundation for the development of more effective interventions aimed at strengthening
different verbal abilities based on specific network features of the ID population.
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Semantic network analysis builds on graph theory and offers new ways for analyzing
how information such as words generated in verbal fluency tasks are stored in memory
and later retrieved [11]. The basic elements of the semantic network are nodes (words) and
edges (the relationships between the words). The edges represent the associative strength
between words [12]. Words that are named in temporal proximity to each other are likely to
be stored nearby in the mental space [13]. Data for the network analysis are often attained
through a semantic fluency task, typically involving participants naming as many words
as possible within a given category and time [14].

Different characteristics of semantic networks have been studied, including distances
between nodes and the tendency and nature of the cluster formation. The shortest path
length is defined as the minimum number of edges (steps) between two nodes. The average
shortest path length (ASPL) is the average number of edges in the shortest path between
all possible pairs of nodes [12]. A high ASPL indicates that the nodes are, on average,
remotely connected in the semantic network. The clustering coefficient (CC) measures the
extent to which the nodes and their neighboring nodes are interconnected [12,13]. A high
CC indicates that the semantic network is densely clustered. Another common quantifier
of a semantic network is the network’s modularity (Q). Modularity is a measure of the
tendency to form subgroups (communities) within the network [12,15]. A high Q indicates
well-defined subgroups with many edges connecting nodes within the subgroups and
few edges between nodes belonging to different subgroups [15]. Taken together, these
three measures—ASPL, CC, and Q—describe the mental representation of the semantic
network in an individual’s long-term memory. See Figure 1 for visual representation of the
three measures.
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Figure 1. Visualization of the network measures used in the current study. The cluster coefficient measures the extent to

which the nodes are interconnected. The shortest path length is the minimum number of edges between two nodes. The

average shortest path length (ASPL) was calculated and used as a measure. Modularity measures the tendency to form

subgroups within the network.

It has been argued that the structure of the semantic network might be the result
of statistical learning, a process where taxonomic categories are formed based on co-
occurrence regularities [16]. Evidence suggests that statistical learning is apparent in
children as young as 4-5 years of age [16]. A prerequisite for statistical learning is that
the similarities between contexts are detected and understood by the child, i.e., an ability
to implicitly match patterns. Research studying statistical learning in persons with ID is
sparse (see Saffran [17]), but it has been suggested that the capacity of implicit learning is
functionally equivalent in young adults with and without ID [18] as well as in children and
adolescents with and without ID matched on mental or chronological age [19]. However,
Kover [20] argues that persons with ID may exhibit difficulties in implementing learning
from distributional cues (i.e., patterns in input) and that weaker cognitive and linguistic
skills may hinder efficient learning from cues. In addition, Thiessen et al. [21] suggest that
the outcome of statistical learning changes during development as a function of experience
and the maturity of the learner. Thus, it would be reasonable to assume that the ID
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population differs from the TD population in terms of the outcome of statistical learning. If
this is the case, and if statistical learning influences the structure of semantic networks, it
follows that the semantic networks of persons with ID differ from those of TD peers. For
example, semantic categories may be structured according to different principles in the ID
and the TD groups. A specific word, such as “dog”, could activate the category “house
animals” in the TD group while activating random animals, words from other categories,
or no other words at all in the ID group.

Statistical learning is likely not the only factor influencing the semantic network.
In a conceptual framework for understanding the aging mental lexicon presented by
Waulff et al. [1], learning processes are placed alongside aspects of the environment as
factors that may affect the network structure. When it comes to environmental factors,
Waulff et al. [1] suggest both qualitative (content) and quantitative (total amount of exposure)
aspects that may be of importance. It might be the case that the environment differs between
students with and without ID since the former group follows a different curriculum in
Sweden [22] and tends to attend different out-of-school activities [23]. One aspect of
learning highlighted by Wulff et al. [1] is that the encoding of new information is moderated
by prior knowledge.

No previous study has applied network analysis to compare the semantic network
structure of adolescents with ID to a TD sample based on data from a semantic fluency
task. The current study will begin to fill this research gap. The number of words included
in the network might influence the structure [24]. Therefore, controlling for size is essential.
In the current study, this bias was reduced through the matching of groups based on the
number of produced words on the semantic fluency task. The study aimed to answer the
following research question: Does the structure of the semantic networks differ between
adolescents with ID and children with TD, and if so, how?

Since prior research within the field of network structure in ID is scarce, there is no
clear basis for formulating specific hypotheses, which motivates the explorative design of
the present study. However, prior research and theories on statistical learning and semantic
network development indicate the following interpretations of possible outcomes:

1. The chronological age of the ID group is higher compared with the TD group. There-
fore, they should have been exposed to more language input, and their semantic
network should be more developed than the semantic network of the comparison
group, even if their total number of produced words are the same.

2. However, the limitations in cognitive functions might lead to the ID group not being
able to make the same use of the language input as a TD group. Therefore, their
semantic network might have a similar or less developed structure than the one of
the comparison group.

2. Materials and Methods

The current study was an empirical study investigating differences in the semantic net-
work between adolescents with ID and children with TD. Data from two different projects
were used, and a network analysis using the pathfinder method was implemented. In the
following sections, the sample, procedure, materials, and network analysis are described.

2.1. Participants and Recruitment

The verbal fluency data used in this paper are based on existing data from two different
projects [25,26]. The data includes 49 participants with TD and 66 participants with ID. The
participants with TD attended preschool class (i.e., Swedish school preparation class for
children ~age 6). According to the teacher report, none of the children in the TD group had
a developmental disability. The participants with ID were all adolescents, had an ID with
unknown etiology, and attended compulsory school for students with ID. Participants in
the ID group with additional disabilities, as indicated by a parental report, were excluded
from the study.
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Caregivers of all participants, and adolescents with ID over the age of 15, signed an
informed consent form. Caregivers and participants were told they could drop out of the
study without giving a reason. The data collection for the children with TD (Ref: 2015/308-
31) and adolescents with ID (Ref: 2017/139-31) was approved by the local Research Ethics
Review Committee in Linkoping. The results from the semantic verbal fluency test of the
TD group have been reported in another study about pragmatic language ability [27]. The
result from the semantic verbal fluency data of the ID group is used in two pre-registered
studies investigating reading ability in adolescents with ID [26].

2.2. Matching Procedure

The number of words included in the network might influence the structure [24].
Therefore, controlling for size is essential. This bias was reduced through the matching of
groups based on the number of produced words on the semantic fluency task. Since the ID
group was larger than the TD group, a subset of the ID group was selected for matching.
One child from the TD group was excluded as the testing was disturbed several times. In
addition, one outlier with a much higher score than the others from the TD group was
excluded. Several, but not all, participants in the ID group could be individually matched
to a child in the TD group. To minimize the effect of selection bias, ten different (but
overlapping) samples were selected from 1,000,000 randomly generated possible selections
from the ID group. These ten samples were chosen since they deviated the least from the
mean (12.00) and standard deviation (4.08) of the number of produced animals in the TD
group. All ten ID samples were matched on mean and SD to the TD group on the number
of produced animals (p > 0.65; all means = 12.00, SD = 4.08 (range 4.07—4.09)). Both the TD
group and the 10 different ID groups contained 47 participants each (64 different ID partici-
pants belonged to at least one selected ID group). The samples were comparable in terms
of gender (21 females in the TD group; 22.5 females across the ID groups (range 20-25)).
The TD group (M = 6:6 years, SD = 3.9 months) had a lower chronological age than the ID
group (M = 15:11 years, SD = 27.6 months). All analyses were performed on all ten datasets.
The results were pooled across datasets, and the pooled results are presented.

2.3. Semantic Verbal Fluency Test

The semantic network was assessed using the animal category subtest from the
Delis-Kaplan Executive Function System (D-KEFS; [14]). The participants were asked
to verbalize as many animals as possible in one minute. The total number of correctly
generated words was used to match the groups. Fictional animals or duplicates were
marked as invalid responses.

2.4. Procedure

The testing was conducted one-to-one in a quiet room at school (both groups) or at
home (for some of the children in the TD group). The test administrator was a speech
and language pathologist (both groups), an experienced test leader with a background in
education (ID group), or a researcher with a background in cognitive science (TD group).
All test sessions were recorded, and the recordings were used to transcribe the answers for
the semantic verbal fluency task. The testing was part of two larger research projects. The
children with TD as well as the adolescents with ID were tested on more tasks than are
reported here.

2.5. Network Analysis

Only responses produced by at least two participants were included in the network
analysis. We estimated the networks using the pathfinder method (see [13] for the recom-
mendation, see [28,29] for method). The pathfinder method has been recommended for the
estimation of group networks that are connected using every response, and networks are
based on edge similarity [13]. The topological properties of the networks were validated
using a bootstrapped random network analysis [24]. To compare the network of the ID
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group and the TD group, a case-drop bootstrap analysis with 2000 runs was performed.
This analysis was performed with all 10 datasets. ASPL, CC, and Q were thereafter pooled.
Because the visualization of the networks cannot be pooled, the comparison was done for
all 10 datasets with ID that gave the same results. To improve the readability of the results
section, only one ID network is presented (for the dataset closest to the median values on a
combination of ASPL, CC, and Q).

All analyses were performed in R [30] using the R packages tidyverse [31], readxl [32],
tictoc [33], beepr [34], stringr [35], flextable [36], SemNetCleaner, SemNetDictionaries, and
SemNeT [37]. An alpha level of 0.05 was used.

3. Results
3.1. Number of Unique Words

The adolescents with ID produced 129 (pooled result: 128.9) unique animals. Of these
animals, 43.6 (39.8%) were only produced by one child. The children with TD produced
106 unique animals. Of these animals, 43 (40.6%) were produced by only one child.

3.2. Network Validation

ASPL, CC, and Q of all networks differed significantly from random (p < 0.001). The
results of the random comparison are reported in Appendix A.

3.3. Network Comparison

The results from the pooled bootstrap analyses are reported in Table 1. A significantly
smaller ASPL and Q were found for the adolescents with ID in comparison with the
children with TD. In addition, a significantly higher CC was found for the adolescents with
ID in comparison with the children with TD.

Table 1. The result from the pooled bootstrap analyses for ASPL, CC, and Q.

ID Mean TD Mean F(1,1997) p Partial 72 Direction
ASPL 2.73 2.84 178 <0.001 0.08 ID <TD
CC 0.48 0.43 800 <0.001 0.27 ID>TD
Q 0.35 0.37 308 <0.001 0.12 ID<TD

As can be seen in Figures 2 and 3, the network of the adolescents with ID includes
more close nodes and exhibits a shorter ASPL. In addition, the network is less spread
out. Neither the network of the children with TD nor the network of the adolescents with
ID appear to have clear subgroups. Rather, many words are not clearly separated. For
the network of the children with TD, there is a tendency towards the development of
subgroups, which is not the case as much for the network of the adolescents with ID. This
is also mirrored in the Q, which is significantly larger for the TD group compared with
the ID group. Further, the adolescents with ID exhibit a higher CC compared with the
children with TD. This is visible in the figures, as the largest subgroup of the ID group is
more densely clustered (see bottom left in Figure 2) compared with the largest subgroup
of the TD group (see top right in Figure 3). For the TD group, the developing subgroups
are mostly related to the expected taxonomic structure of the animal category, while this is
true to a lesser extent for the ID group. Note that the network layout was created using
the Fruchterman-Reingold algorithm [37], which is very sensitive to small differences
in network properties such as path length. The position of the large subgroups on the
opposite ends for the ID group compared with the TD group is therefore merely an artifact
of how the network plot was created.
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D

Figure 3. Graphical representation of the semantic network of the children with TD.

4. Discussion

The current study compared the semantic network structure in a group of adolescents
with ID and a group of younger children with TD, matched on the produced number of
words on a semantic fluency task. This is, to our knowledge, the first attempt to quantify
the semantic network in the ID population. The results showed that the structure of the
semantic networks differs between the groups. The semantic network of the adolescents
with ID has a significantly smaller ASPL and Q and a significantly larger CC compared
to with the semantic network of the children with TD. Adolescents with ID in this study
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have a more condensed semantic network structure compared with children with TD,
which indicates that the semantic network for the adolescents with ID is less developed.
Similar results have been found for children with cochlear implants (CI; [24]) and second-
language speakers [3]. Kenett et al. [24] compared a group of children with CI with a group
of age-matched, typical-hearing peers. The CI group had a significantly smaller ASPL
compared with the typical-hearing group. Kenett et al. [24] interpreted this result as the
CI group having a less developed semantic network structure. Borodkin et al. [3] showed
that second language speakers had a lexical network with a larger CC and a smaller Q in
comparison with its first language equivalent. This result was interpreted as the second
language speakers’ network being less well-organized, as the words in the network were
less likely to be grouped into identifiable subcategories [3]. Similar to the findings by
Borodkin et al. [3], the current study found a lower Q value in the ID group compared with
the TD group, indicating a less developed taxonomic structure of the semantic network in
adolescents with ID.

Waulff et al. [1] proposed a framework for understanding the mechanisms behind
age differences in the mental lexicon. We suggest that the components of this framework
can be used in explaining the less developed semantic network of adolescents with ID.
Waulff et al. [1] argue that the environment plays an important role in the structure of the
semantic lexicon. It could be that the quality and/or quantity of the language input differs
between adolescents with ID and children with TD.

The adolescents in the current study were all enrolled in special schools, meaning
that they were exposed to a different learning environment compared to the children with
TD. The special schools in Sweden follow a different curriculum [22]. This curriculum
also provides more opportunities for individual adaptations of teaching [22], meaning
that the learning environment might vary between students enrolled at the same special
school. The language input for the adolescents with ID can therefore be assumed to be
heterogeneous, which in turn means that a greater variation in verbal fluency performance
can be expected. This could be a contributing factor as to why the estimated semantic
network is less structured. Similar reasoning was used by Borodkin et al. [3], who argued
that a possible explanation for the less well-organized semantic network in second language
speakers could be the heterogeneous language proficiency in that group.

There has been some evidence that adolescents with ID engage in different out-of-
school activities compared to their typically developing peers [23]. The difference in
educational and out-of-school environments may affect the quality and/or the quantity
of the linguistic input. In addition, it has been shown that parents of children with a
delayed language development tend to adjust their language level on several quality
measures [38], and in line with the reasoning of Beckage et al. [39], this could create a
linguistic environment with different structural properties compared to the TD group.

Waulff et al. [1] proposed learning as another component that is vital for the men-
tal lexicon. As laid out in the Introduction, statistical learning is of importance for the
development of the semantic network (see: [16]). A less developed semantic lexicon for
adolescents with ID could be explained by reduced statistical learning ability. In addition,
an important aspect of learning is prior knowledge, meaning that the encoding of new
information is moderated by pre-existing knowledge [1]. Studies have shown that the level
of acquired language predicts further learning from distributional cues in infants [40,41],
and suggestions have been made that the delayed language development may constrain
the usage of cues [21]. Kover [20] argues that even if persons with ID may have more
experience as measured by chronological time, the knowledge might be less accumulated
due to poorer learning efficiency.

Currently, little is known about the effects that the structure of the semantic network
has on the higher-order language ability of adolescents with ID. A less structured semantic
network likely makes language understanding and production more demanding, as words
might not be activated automatically (or the wrong ones might be activated). This is in
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accordance with studies showing that a shorter ASPL and a higher CC might make it
harder to identify words and might lead to confusing words in memory [42,43].

To conclude, adolescents with ID have a less structured semantic network than chil-
dren with TD even when the network size is controlled for. These differences might be due
to differences in the language environment as well as to differences in cognitive skills. If
the language environment is an important factor for the structure of the semantic network
of persons with ID, interventions should aim to increase the quality and quantity of the
language input that children and adolescents with ID receive. The less structured seman-
tic network might be an important underlying factor for language problems in persons
with ID.

4.1. Future Studies

This is a novel field of research, and more studies are needed to disentangle the effects
of different factors on the semantic network structure in persons with ID. One way of
differentiating the effect of cognitive ability and the effect of the language input could be
cognitive modeling. A simulation study using a semantic network model could help to
investigate which type of behavior a network would display with less qualitative language
input and which behavior it would display with reduced statistical learning ability. This
kind of study could also help to investigate how the structure of the semantic network is
influencing language ability in persons with ID. The magnitude of the differences in the
current study was small (cf. [24]), and it is currently not known if these small differences in
the structure influence real-life language abilities. In addition, more studies are needed to
investigate the effects of different learning environments and their relation to the quality
and quantity of language input.

4.2. Limitations

This study was conducted using data from two different research projects. A coordi-
nated data collection would have allowed the research team to collect more data on related
linguistic and cognitive abilities. The sample size in this study should be considered large
concerning the tradition within disability research. However, when estimating networks, a
larger sample size would be desirable to make sure the estimated networks are stable.

Author Contributions: Conceptualization, K.N., M.S,, L.P, M.I,, AL, HD., M.A. and D.S.; method-
ology, M.S., L.P. and H.D.; software, M.S., L.P. and H.D.; validation, M.S.; formal analysis, M.S., L.P.
and H.D,; investigation, K.N., M.A. and M.S.; data curation, M.A. and L.P.,; writing—original draft
preparation, KN., M.S,, L.P, M., AL, HD., M.A. and D.S; writing—review and editing, K.N., M.S.,
LP,MI, AL, HD., MA. and D.S,; visualization, M.S.; administration, K.N., M.S. and L.P; funding
acquisition, H.D. All authors have read and agreed to the published version of the manuscript.

Funding: This research was funded by European Union Seventh Framework Program (FP7/2007-
2013) under Grant Agreement FP7-607139 (iCARE) and by the Swedish Research Council (2013-01363
and 2016-04217).

Institutional Review Board Statement: The study was conducted according to the guidelines of the
Declaration of Helsinki, and approved by the regional Research Ethics Committee in Link&ping,
Sweden (2017/139-31 and 2015/308-31).

Informed Consent Statement: Informed consent was obtained from all subjects involved in the study.

Data Availability Statement: The data on the children with TD presented in this study are available
on request from the corresponding author. The data are not publicly available due to restrictions in
the ethics application. The data for the adolescents with ID are available on https://osf.io/aet7b/
(accessed on 23 April 2021).

Acknowledgments: We would like to thank Alexander P. Christensen for the help and support with
the SemNet packages in R.

Conflicts of Interest: The authors declare no conflict of interest.


https://osf.io/aet7b/

Big Data Cogn. Comput. 2021, 5, 25

9of 12

Appendix A

Table A1. Random Network comparison for the network of the children with TD, p < 0.001 for
all comparisons.

TD M SD

ASPL 347 2.25 0.03
CC 0.38 0.28 0.02
Q 0.35 0.23 0.01

Table A2. Random Network comparison for the network of the adolescents with ID (dataset 1),
p < 0.001 for all comparisons.

ID M SD

ASPL 2.73 2.03 0.02
CC 0.45 0.37 0.02
Q 0.31 0.17 0.01

Table A3. Random Network comparison for the network of the adolescents with ID (dataset 2),
p < 0.001 for all comparisons.

ID M SD

ASPL 2.82 2.08 0.02
CcC 0.45 0.34 0.02
Q 0.33 0.19 0.01

Table A4. Random Network comparison for the network of the adolescents with ID (dataset 3),
p < 0.001 for all comparisons.

ID M SD

ASPL 3.23 2.09 0.02
CC 0.47 0.38 0.02
Q 0.33 0.19 0.01

Table A5. Random Network comparison for the network of the adolescents with ID (dataset 4),
p < 0.001 for all comparisons.

ID M SD

ASPL 2.62 2.01 0.01
CcC 0.47 0.31 0.01
Q 0.36 0.18 0.01

Table A6. Random Network comparison for the network of the adolescents with ID (dataset 5),
p < 0.001 for all comparisons.

ID M SD

ASPL 2.70 1.97 0.01
CC 0.50 0.45 0.02
Q 0.28 0.15 0.01
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Table A7. Random Network comparison for the network of the adolescents with ID (dataset 6),
p < 0.001 for all comparisons.

ID M SD

ASPL 2.79 1.98 0.01
CcC 0.50 0.45 0.02
Q 0.23 0.14 0.01

Table A8. Random Network comparison for the network of the adolescents with ID (dataset 7),
p < 0.001 for all comparisons.

ID M SD

ASPL 3.12 2.1305 0.0177
CC 0.44 0.31 0.02
Q 0.33 0.20 0.01

Table A9. Random Network comparison for the network of the adolescents with ID (dataset 8),
p < 0.001 for all comparisons.

ID M SD

ASPL 2.98 2.05 0.02
CcC 0.46 0.34 0.02
Q 0.32 0.18 0.01

Table A10. Random Network comparison for the network of the adolescents with ID (dataset 9),
p < 0.001 for all comparisons.

ID M SD

ASPL 3.12 2.04 0.02
CC 0.46 0.38 0.02
Q 0.30 0.17 0.01

Table A11. Random Network comparison for the network of the adolescents with ID (dataset 10),
p < 0.001 for all comparisons.

ID M SD

ASPL 2.57 2.08 0.02
CcC 0.41 0.32 0.02
Q 0.30 0.19 0.01

References

1.

Waulff, D.U.; De Deyne, S.; Jones, M.N.; Mata, R. New Perspectives on the Aging Lexicon. Trends Cogn. Sci. 2019, 23, 686—698.
[CrossRef]

Bertola, L.; Mota, N.B.; Copelli, M.; Rivero, T.; Diniz, B.S.; Ribeiro, M.A.R.S.; Ribeiro, S.; Malloy-Diniz, L.F. Graph analysis of
verbal fluency test discriminate between patients with Alzheimer’s disease, Mild Cognitive Impairment and normal elderly
controls. Front. Aging Neurosci. 2014, 6, 1-10. [CrossRef]

Borodkin, K.; Kenett, Y.N.; Faust, M.; Mashal, N. When pumpkin is closer to onion than to squash: The structure of the second
language lexicon. Cognition 2016, 12. [CrossRef]

Brooks, P.J.; Maouene, J.; Sailor, K.; Seiger-Gardner, L. Modeling the Semantic Networks of School-Age Children with Specific Language
Impairment and Their Typical Peers; Cascadilla Press: Somerville, MA, USA, 2017.


http://doi.org/10.1016/j.tics.2019.05.003
http://doi.org/10.3389/fnagi.2014.00185
http://doi.org/10.1016/j.cognition.2016.07.014

Big Data Cogn. Comput. 2021, 5, 25 11 of 12

10.

11.

12.

13.

14.

15.
16.

17.
18.

19.

20.

21.

22.
23.

24.

25.

26.

27.

28.

29.

30.

31.

32.

33.

34.

Gonii, J.; Arrondo, G.; Sepulcre, J.; Martincorena, I.; Vélez De Mendizédbal, N.; Corominas-Murtra, B.; Bejarano, B.; Ardanza-
Trevijano, S.; Peraita, H.; Wall, D.P.; et al. The semantic organization of the animal category: Evidence from semantic verbal
fluency and network theory. Cogn. Process. 2011, 12, 183-196. [CrossRef]

American Psychiatric Association. Diagnostic and Statistical Manual of Mental Disorders (DSM-5®); American Psychiatric Associa-
tion: Arlington, TX, USA, 2013.

Danielsson, H.; Henry, L.A.; Messer, D.; Ronnberg, J. Strengths and weaknesses in executive functioning in children with
intellectual disability. Res. Dev. Disabil. 2012, 33, 600-607. [CrossRef]

Henry, L.A. The episodic buffer in children with intellectual disabilities: An exploratory study. Res. Dev. Disabil. 2010, 31,
1609-1614. [CrossRef] [PubMed]

van Wingerden, E.; Segers, E.; van Balkom, H.; Verhoeven, L. Cognitive and linguistic predictors of reading comprehension in
children with intellectual disabilities. Res. Dev. Disabil. 2014, 35, 3139-3147. [CrossRef]

Henry, L.A.; Winfield, J. Working memory and educational achievement in children with intellectual disabilities. . Intellect.
Disabil. Res. 2010, 54, 354-365. [CrossRef]

Vitevitch, M.S. What Can Graph Theory Tell Us About Word Learning and Lexical Retrieval? J. Speech Lang. Hear. Res. 2008, 51,
408-422. [CrossRef]

Siew, C.S.Q.; Wulff, D.U.; Beckage, N.M.; Kenett, Y.N. Cognitive network science: A review of research on cognition through the
lens of network representations, processes, and dynamics. Complexity 2019, 2019. [CrossRef]

Zemla, J.C.; Austerweil, J.L. Estimating Semantic Networks of Groups and Individuals from Fluency Data. Comput. Brain Behav.
2018, 1, 36-58. [CrossRef]

Delis, D.C.; Kaplan, E.; Kramer, ].H. Delis-Kaplan Executive Function System (D-KEFS); Psychological Corporation: London,
UK, 2001.

Newman, M.E. Modularity and community structure in networks. Proc. Natl. Acad. Sci. USA 2006, 103, 8577-8582. [CrossRef]
Unger, L.; Savic, O.; Sloutsky, V.M. Statistical regularities shape semantic organization throughout development. Cognition 2020,
198, 104190. [CrossRef] [PubMed]

Saffran, J.R. Statistical learning as a window into developmental disabilities. . Neurodev. Disord. 2018, 10, 35. [CrossRef]
Atwell, J.A.; Conners, FA.; Merrill, E.C. Implicit and Explicit Learning in Young Adults With Mental Retardation. Am. J. Ment.
Retard. 2003, 108, 13. [CrossRef]

Vinter, A.; Detable, C. Implicit learning in children and adolescents with mental retardation. Am. ]J. Ment. Retard. 2003, 108,
94-107. [CrossRef]

Kover, S.T. Distributional Cues to Language Learning in Children With Intellectual Disabilities. Lang. Speech Hear. Serv. Sch. 2018,
49, 653-667. [CrossRef]

Thiessen, E.D.; Girard, S.; Erickson, L.C. Statistical learning and the critical period: How a continuous learning mechanism can
give rise to discontinuous learning: Statistical learning and the critical period. Wires Cogn. Sci. 2016, 7, 276-288. [CrossRef]
Skolverket. Liroplan for Grundsirskolan 2011: Reviderad; Skolverket: Stockholm, Sweden, 2018.

King, M.; Shields, N.; Imms, C.; Black, M.; Ardern, C. Participation of children with intellectual disability compared with typically
developing children. Res. Dev. Disabil. 2013, 34, 1854-1862. [CrossRef] [PubMed]

Kenett, Y.N.; Wechsler-Kashi, D.; Kenett, D.Y.; Schwartz, R.G.; Ben-Jacob, E.; Faust, M. Semantic organization in children with
cochlear implants: Computational analysis of verbal fluency. Front. Psychol. 2013, 4, 543. [CrossRef] [PubMed]

Socher, M. Reasons for Language: Language and Analogical Reasoning Ability in Children with Cochlear Implants and Children with
Typical Hearing; Linkoping University Electronic Press: Linkoping, Sweden, 2020; ISBN 978-91-7929-791-6.

Nilsson, K.; Danielsson, H.; Elwér, A.; Messer, D.; Henry, L.A.; Samuelsson, S. Decoding Abilities in Adolescents with Intellectual
Disabilities: The Contribution of Cognition, Language, and Home Literacy. J. Cogn. under review.

Socher, M,; Lyxell, B.; Ellis, R.; Gédrskog, M.; Hedstrém, I.; Wass, M. Pragmatic Language Skills: A Comparison of Children With
Cochlear Implants and Children Without Hearing Loss. Front. Psychol. 2019, 10. [CrossRef]

Chan, A.S.; Butters, N.; Salmon, D.P,; Johnson, S.A.; Paulsen, ].S.; Swenson, M.R. Comparison of the semantic networks in patients
with dementia and amnesia. Neuropsychology 1995, 9, 177-186. [CrossRef]

Paulsen, ].S.; Romero, R.; Chan, A.; Davis, A.V.; Heaton, R.K,; Jeste, D.V. Impairment of the semantic network in schizophrenia.
Psychiatry Res. 1996, 63, 109-121. [CrossRef]

R Core Team. R: A language and Environment for Statistical Computing; R Foundation for Statistical Computing: Vienna,
Austria, 2020.

Wickham, H.; Averick, M.; Bryan, J.; Chang, W.; McGowan, L.D.; Frangois, R.; Grolemund, G.; Hayes, A.; Henry, L.; Hester, J.;
et al. Welcome to the tidyverse. J. Open Source Softw. 2019, 4, 1686. [CrossRef]

Wickham, H.; Bryan, J. Readxl: Read eXcel Files. Available online: https:/ /CRAN.R-project.org/package=readxl (accessed on
27 May 2021).

Izrailev, S. Tictoc: Functions for Timing R Scripts, as Well as Implementations of Stack and List Structures. Available online:
https:/ /CRAN.R-project.org/package=tictoc (accessed on 27 May 2021).

Baath, R. Beepr: Easily Play Notification Sounds on Any Platform. Available online: https:/ /CRAN.R-project.org/package=beepr
(accessed on 27 May 2021).


http://doi.org/10.1007/s10339-010-0372-x
http://doi.org/10.1016/j.ridd.2011.11.004
http://doi.org/10.1016/j.ridd.2010.04.025
http://www.ncbi.nlm.nih.gov/pubmed/20537508
http://doi.org/10.1016/j.ridd.2014.07.054
http://doi.org/10.1111/j.1365-2788.2010.01264.x
http://doi.org/10.1044/1092-4388(2008/030)
http://doi.org/10.1155/2019/2108423
http://doi.org/10.1007/s42113-018-0003-7
http://doi.org/10.1073/pnas.0601602103
http://doi.org/10.1016/j.cognition.2020.104190
http://www.ncbi.nlm.nih.gov/pubmed/32018121
http://doi.org/10.1186/s11689-018-9252-y
http://doi.org/10.1352/0895-8017(2003)108&lt;0056:IAELIY&gt;2.0.CO;2
http://doi.org/10.1352/0895-8017(2003)108&lt;0094:ILICAA&gt;2.0.CO;2
http://doi.org/10.1044/2018_LSHSS-STLT1-17-0128
http://doi.org/10.1002/wcs.1394
http://doi.org/10.1016/j.ridd.2013.02.029
http://www.ncbi.nlm.nih.gov/pubmed/23528443
http://doi.org/10.3389/fpsyg.2013.00543
http://www.ncbi.nlm.nih.gov/pubmed/24032018
http://doi.org/10.3389/fpsyg.2019.02243
http://doi.org/10.1037/0894-4105.9.2.177
http://doi.org/10.1016/0165-1781(96)02901-0
http://doi.org/10.21105/joss.01686
https://CRAN.R-project.org/package=readxl
https://CRAN.R-project.org/package=tictoc
https://CRAN.R-project.org/package=beepr

Big Data Cogn. Comput. 2021, 5, 25 12 0of 12

35.

36.

37.

38.

39.

40.

41.

42.

43.

Wickham, H. Stringr: Simple, Consistent Wrappers for Common String Operations. Available online: https://CRAN.R-project.
org/package=stringr (accessed on 27 May 2021).

Gohel, D. Flextable: Functions for Tabular Reporting. Available online: https://CRAN.R-project.org/package=flextable
(accessed on 27 May 2021).

Christensen, A.; Kenett, Y. Semantic Network Analysis (SemNA): A Tutorial on Preprocessing, Estimating, and Analyzing
Semantic Networks. PsyArXiv 2019, 1-56. [CrossRef]

Vigil, D.C.; Hodges, J.; Klee, T. Quantity and quality of parental language input to late-talking toddlers during play. Child. Lang.
Teach. Ther. 2005, 21, 107-122. [CrossRef]

Beckage, N.; Smith, L.; Hills, T. Small Worlds and Semantic Network Growth in Typical and Late Talkers. PLoS ONE 2011,
6,19348. [CrossRef] [PubMed]

Lany, J. Judging words by their covers and the company they keep: Probabilistic cues support word learning. Child. Dev. 2014, 85,
1727-1739. [CrossRef] [PubMed]

Lany, J.; Saffran, J.R. Interactions between statistical and semantic information in infant language development. Dev. Sci. 2011, 14,
1207-1219. [CrossRef]

Chan, K.Y.; Vitevitch, M.S. The influence of the phonological neighborhood clustering coefficient on spoken word recognition.
J. Exp. Psychol. Hum. Percept. Perform. 2009, 35, 1934-1949. [CrossRef] [PubMed]

Vitevitch, M.S.; Chan, K.Y.; Roodenrys, S. Complex network structure influences processing in long-term and short-term memory.
J. Mem. Lang. 2012, 67, 30-44. [CrossRef] [PubMed]


https://CRAN.R-project.org/package=stringr
https://CRAN.R-project.org/package=stringr
https://CRAN.R-project.org/package=flextable
http://doi.org/10.31234/osf.io/eht87
http://doi.org/10.1191/0265659005ct284oa
http://doi.org/10.1371/journal.pone.0019348
http://www.ncbi.nlm.nih.gov/pubmed/21589924
http://doi.org/10.1111/cdev.12199
http://www.ncbi.nlm.nih.gov/pubmed/24354917
http://doi.org/10.1111/j.1467-7687.2011.01073.x
http://doi.org/10.1037/a0016902
http://www.ncbi.nlm.nih.gov/pubmed/19968444
http://doi.org/10.1016/j.jml.2012.02.008
http://www.ncbi.nlm.nih.gov/pubmed/22745522

	Introduction 
	Materials and Methods 
	Participants and Recruitment 
	Matching Procedure 
	Semantic Verbal Fluency Test 
	Procedure 
	Network Analysis 

	Results 
	Number of Unique Words 
	Network Validation 
	Network Comparison 

	Discussion 
	Future Studies 
	Limitations 

	
	References

