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Abstract

Background: Verbal fluency tests (VFT) are highly sensitive to cognitive deficits.
Usually, the score on VFT is based on the number of correct words produced,
yet it alone gives little information regarding underlying test performance. The
implementation of different strategies (cluster and switching) to perform effi-
ciently during the tasks provide more valuable information. However, normative
data for clustering and switching strategies are scarce. Moreover, scoring criteria
adapted to Colombian Spanish are missing.

Aims: (1) To describe the Colombian adaptation of the scoring system guidelines
for clustering and switching strategies in VFT; (2) to determine its reliability; and
(3) to provide normative data for Colombian children and adolescents aged 6-17
years.

Methods & Procedures: A total of 691 children and adolescents from Colombia
completed phonological (/f/, /a/, /s/, /m/, /tr/ and /p/) and semantic (animals and
fruits) VFT, and five scores were calculated: total score (TS), number of clusters
(NC), cluster size (CS), mean cluster size (MCS) and number of switches (NS).
The intraclass correlation coefficient was used for interrater reliability. Hierar-
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INTRODUCTION

In paediatric neuropsychological assessment, verbal flu-
ency tests (VFT) are commonly used due to their high
sensitivity to detect cognitive deficits in individuals with

chical multiple regressions were conducted to investigate which strategies were
associated with VFT TS. Multiple regressions were conducted for each strategy,
including as predictors age, age?, sex, mean parents’ education (MPE), MPE? and
type of school, to generate normative data.

Outcomes & Results: Reliability indexes were excellent. Age was associated
with VFT TS, but weakly compared with strategies. For both VFT TS, NS
was the strongest variable, followed by CS and NC. Regarding norms, age was
the strongest predictor for all measures, while age? was relevant for NC (/f/
phoneme) and NS (/m/ phoneme). Participants with higher MPE obtained more
NC, and NS, and larger CS in several phonemes and categories. Children and
adolescents from private school generated more NC, NS and larger CS in /s/

Conclusions & Implications: This study provides new scoring guidelines and
normative data for clustering and switching strategies for Colombian children
and adolescents between 6 and 17 years old. Clinical neuropsychologists should
include these measures as part of their everyday practice.

children, clustering, phonological fluency, semantic fluency, switching

WHAT THIS PAPER ADDS

What is already known on the subject

* VFT are widely used within the paediatric population due to its sensitivity
to brain injury. Its score is based on the number of correct words produced;
however, TS alone gives little information regarding underlying test perfor-
mance. Several normative data for VFT TS in the paediatric population exist,
but normative data for clustering and switching strategies are scarce.

What this paper adds to existing knowledge

* The present study is the first to describe the Colombian adaptation of the scor-
ing guidelines for clustering and switching strategies, and provided normative
data for these strategies for children and adolescents between 6 and 17 years

What are the potential or actual clinical implications of this work?

* Knowing VFT’s performance, including strategy development and use in
healthy children and adolescents, may be useful for clinical settings. We
encourage clinicians to include not only TS, but also a careful analysis of strate-
gies that may be more informative of the underlying cognitive processes failure

acquired neurological disorders and neurodevelopmental
conditions (Henry & Crawford, 2004), such as attention
deficit hyperactive disorder (Takacs et al., 2014), autism
spectrum disorders (Begeer et al., 2014) or dyslexia (Miel-
nik et al., 2015). These neuropsychological tests require the
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ability to organize the words according to specific rules
in a given time (generally 60 s). Several VFT exist, but
semantic and phonological VFT are widely used within
the paediatric population. Animals and fruits represent
the most common categories used during semantic verbal
fluency with children and adolescents (Martins-Oliveira
et al., 2016; Olabarrieta-Landa et al., 2017a; Van der Elst
et al., 2011). For phonological verbal fluency, cultural
and linguistic aspects are taken into consideration to
determine the letter to use. For instance, in Spanish the
letters/phonemes M, R and P have been proposed as the
most appropriate (Artiola et al., 1999; Olabarrieta-Landa
et al., 2019), but the set F, A and S are usually selected to
use because its broad use in the literature (Tallberg et al.,
2011).

VFT can be used to assess long-term verbal semantic
memory, phonological awareness, lexical-semantic access
and executive function (Delis et al., 2001; Fitzpatrick et al.,
2013). However, despite the similarity between tasks, the
cognitive processes and brain substrates that underlie each
one seem to be different. During semantic VFT, strategic
organization, response inhibition and cognitive flexibility
are needed (Azuma, 2004; Sauzeon et al., 2004), as well
as memory and semantic knowledge (Aran-Filippetti &
Allegri, 2011; Henry & Crawdford, 2004). During seman-
tic VFT, words evocation is based mainly in generating
semantic associations as well as words’ meaning. How-
ever, phonological verbal fluency demands more executive
control since it implies a selection effort to retrieve words
according to the initial letter/phoneme, instead of lexicon-
semantic networks (Delgado-Alvarez et al., 2021). Previous
studies have suggested that brain networks implicated also
differ depending on VFT task, at least partially; while
phonological VFT have been related to higher frontal lobe
implication, semantic VFT related to higher temporal lobe,
although this is often debated (Kircher et al., 2011). It is
more likely that VFT rely on several brain areas, mainly
from frontal and temporal lobes, that require coordinated
activation (Wagner et al., 2014).

Usually, the score on VFT is based on the number of cor-
rect words produced; however, total score (TS) alone gives
little information regarding underlying test performance
(Becker et al., 2019). Thus, Troyer et al. (1997, 2000) sug-
gested the use of qualitative assessment, as VFT require
the implementation of different strategies to retrieve words
to perform efficiently during the tasks. Clustering con-
sists of grouping words within a subcategory. It is an
automatic action, less demanding for working memory,
because it requires the recovery of words belonging to
a certain category, that is, represented within long-term
memory (Azuma, 2004; Martins et al., 2007; Riva et al.,
2000). It is proposed to rely primarily on temporal lobe
activation (Troyer et al., 1997). Switching is the ability
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to jump between clusters and it has been related to the
frontal lobe activation (Abwender et al., 2001; Wagner
et al., 2014). Words beginning with a given letter/phoneme
are unlikely to be represented in the same way as seman-
tics, and therefore the strategy to be used is different.
Producing words beginning with a specific letter demands
the exploration of more subdivision categories, cognitive
flexibility and set switching (Martins et al., 2007; Riva
et al., 2000), which involve the increasing use of cognitive
skills, especially executive functions (Rende et al., 2002;
Troyer, 2000). Searching strategies require more attention
resources, higher demand for working memory compared
with clustering, which implies an activation automatic
process. Bearing in mind the different cognitive processes
and the brain substrates involved in both strategies, it is
easy to understand why semantic verbal fluency seems to
be easier than phonological fluency, not only for children
but also for adults.

According to the literature, the most important variable
associated with children and adolescents’ verbal fluency
performance is age (i.e., Olabarrieta-Landa et al., 2017b;
Van der Elst et al., 2011), showing older children and
adolescents perform better on VFT. This is not surpris-
ing since verbal fluency requires executive function and
frontal lobe maturation, and children do not yet have
fully achieved these milestones (Anderson, 2002; Ander-
son et al., 2001). Besides age, other variables have been
reported such as parents’ education and sex. It seems that
children and adolescents whose parents had higher edu-
cational level perform better in VFT compared with those
with lower educational level (i.e., Olabarrieta-Landa et al.,
2017b; Rivera et al., 2021; Van der Els et al., 2011). Sex has
been inconsistently associated with VFT; however, most
studies have reported no sex differences (i.e., Malloy-Diniz
et al., 2007; Ruffieux et al., 2009; Tallberg et al., 2011; Van
der Elst et al., 2011) or when differences arise, its impact
was very small compared with age or parents’ education
(Olabarrieta-Landa et al., 2017b; Rivera et al., 2021). Thus,
both age and parents’ education level are extremely impor-
tant variables to consider when assessing verbal fluency in
this population.

Due to its broad use in clinical and research settings, the
number of studies focused on providing normative data
for VFT in the paediatric population has increased dur-
ing recent years (i.e., Garcia et al., 2012; Martins-Oliveira
et al., 2016; Olabarrieta-Landa et al., 2017b; Rivera et al.,
2021; Van der Elst et al., 2011). However, most of these
studies have focused on TS, and more normative data
for clustering and switching strategies during VFT are
needed, especially for Latin American Spanish-speaking
countries. Norms for clustering and switching strategies
for children and adolescents population can be found for
Australia (Chami et al., 2018), Brazil (Becker et al., 2019;
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Gongalves et al., 2017), France (Sauzéon et al., 2004),
India (John & Rajashekhar, 2014; John et al., 2016, 2018),
Israel (Kavé et al., 2008; Koren et al., 2005), the Nether-
lands (Hurks et al., 2010; Resch et al., 2014) and Sweden
(Tallberg et al., 2011). Finally, for Spanish-speaking chil-
dren, Aran-Filippetti and Allegri (2011) provided norms
for Argentinian children between 8 and 11 years of age
using 120 participants, while Nieto et al. (2008) it was
for Spaniard children between 6 and 11 years old using
79 participants. More recently, Sinchez-Lopez et al. (2021)
explored clustering and switching strategies in a group of
51 children between 8 and 11 years old from Spain.

Troyer et al. (1997, 2000) established the first crite-
ria for scoring clustering and switching strategies, and
most research followed these rules (i.e., Aran-Filippetti &
Allegri, 2011). However, these criteria are adapted to the
Canadian English context. Villodre et al. (2006) established
guidelines for Spaniard Spanish context for three cate-
gories (animals, fruits and clothes) and three letters (F, A
and S), but they provided normative data for the adult pop-
ulation. Even though Spanish is also the main language
for most Latin American countries, its context is totally
different from Spain, so it is difficult to apply Villodre’s cri-
teria without adaptation, especially for animals and fruits
categories. Therefore, the objectives of this study were: (1)
to describe the Colombian adaptation of the new scoring
system guidelines for clustering and switching strategies
in phonological and semantic VFT; (2) to determine its
reliability; and (3) to provide normative data for cluster-
ing and switching strategies in Colombian children and
adolescents aged 6-17 years.

METHODS
Participants

A total of 691 children and adolescents aged 6-17 years from
four Colombian cities participated in the study. All partic-
ipants were involved in a larger study aimed to generate
normative data for neuropsychological tests for Spanish-
speaking children and adolescents (Rivera et al., 2017). The
inclusion criteria for this study were: (1) to be between
6 and 17 years of age; (2) to have Spanish as the pri-
mary language; (3) to have an IQ > 80 on the Non-verbal
Intelligence Test (TONI-2; Brown et al., 2009); and (4) to
have a score of < 19 on the Children’s Depression Inven-
tory (CDI; Kovacs, 1992). Participants with a history of
neurologic/psychiatric disorders reported by participant’s
parents or guardians were excluded. A total of 24 partici-
pants were excluded due to incomplete sociodemographic
information. The final total sample consisted of 667 chil-
dren and adolescents (Bogota [n = 156], Cali [n = 141],

TABLE 1 Sociodemographic characteristics of the sample
Age n; Age Sex MPE
Mean (SD) Girlsn; (%) Boysn; (%) Mean (SD)

6.0 53 6.3(0.2) 29 (54.7%)  24(453%)  12.5(3.6)
7.0 58 7.3(0.3) 28(483%)  30(51.7%) 12.4(3.3)
8.0 49 83(0.2) 27 (55.1%) 22(449%) 122(3.2)
9.0 58 9.2(0.2) 31(53.4%)  27(46.6%) 12.4(3.7)
10.0 58 10.3(0.3)  29(50.0%)  29(50.0%) 11.7(3.0)
1.0 70 11.2(03)  41(58.6%)  29(41.4%) 11.8(3.4)
12.0 70 12.3(0.2) 38 (54.3%) 32 (45.7%) 11.4 (3.7)
13.0 53 13.2(0.3) 31 (58.5%) 22 (41.5%)  11.5(3.8)
14.0 58 142(02) 33(56.9%)  25(43.1%) 13.2(3.2)
150 54 152(0.2)  30(55.6%) 24 (44.4%) 12.8(4.3)
16.0 46 162(0.3)  26(56.5%)  20(43.5%) 13.3(3.4)
17.0 40 17.2(0.2)  19(47.5%)  21(52.5%) 11.4(4.0)

Note: MPE, mean parents’ education.

Ibague [n = 190] and Medellin [n = 180]). The majority of
participants were girls (54.4%); the mean age was 11.6 (SD
=3.3); and mean parents’ education (MPE) was 12.2 (SD =
3.6). See Table 1 for more details.

Instruments

Participants were asked to provide as many words as possi-
ble within 60 s in each of six phonemes (/f/, /a/, /s/, /m/, /t/
and /p/) and two categories (animals and fruits). For each
phoneme/category, the following scores were obtained.

Total score (TS) corresponds to the total number of
correct words produced in each phoneme and category
following Olabarrieta-Landa et al.’s (2017a) scoring guide-
lines. Briefly, for phonological VFT, spelling rules were
not considering because phoneme was asked, and proper
names, intrusions, repetitions, augmentative or diminu-
tive, or grammatical variations of gender, number, person
and tense were not accepted. Derived words were accepted
if they were used to form new words with different mean-
ing. For semantic VFT, superordinate words (e.g., fish)
were accepted as long as the participant did not include
words or examples that belong to the same superordinate
category (e.g., shark, sardine). Proper names, intrusions,
repetitions, augmentative or diminutive or grammatical
variation of number were not accepted. For animals’ cat-
egory, gender variation was accepted (e.g., cow, bull), as
well as words that represent the same animal in differ-
ent developmental stages (e.g., calf-cow). Also, extinct and
magical/mythological animals were accepted.

Number of clusters (NC) was defined as the total NC
produced in 60 s, considering a cluster as the successive
generation of at least two related words. Thus, single words
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were not considered a cluster since, as Koren et al. (2005)
suggested, single words may rather indicate participants’
difficulties to retrieve words from a particular category,
hence, they are unable to use an associative strategy.

Cluster configuration criteria were adapted to the
Colombian context. Researchers discussed and established
the following criteria based on Troyer et al.’s (1997, 2000)
and Villodre et al.’s (2006) scoring guidelines, as well as a
subsample participants retrieval pattern. For a phonologi-
cal cluster, there was no need to implement many changes
to the original criteria; thus, Troyer et al.’s (1997) rules
were followed: words starting with the same two letters or
phoneme, words that rhyme, words that differ only by a
vowel sound and homonymous words. Note that the only
change was to consider not only words starting with the
same two letters, but also two phonemes as a cluster. See
Appendix Al in the additional supporting information for
examples.

However, for semantic cluster, greater modifications
were needed. The original cluster criteria (Troyer et al.,
1997) were living environment (e.g., Africa, Australia, Arc-
tic/Far North), human use (e.g., beasts of burden, fur,
pets) and zoological categories (e.g., bird, bovine, canine,
deer). As many of these categories were too broad and did
not match with Spanish-speaking context, Villodre et al.
(2006) adapted this proposal to a Spaniard adult sample.
These authors used the following categories: pets or farm
animals, Spanish mountain range animals, tropical or jun-
gle animals, reptiles, animals that fly, water-living animals,
insect and pairs of words that have a strong relationship
because they are part of popular culture or are included
in fables or stories. As this classification was focused in
Spanish context, we further adapted it to the Colombian
context (see Appendix A2 in the additional supporting
information). Regarding the fruits category, Villodre et al.
(2006) established the following criteria: winter fruits,
summer/spring fruits, tropical fruits and nuts. However,
this classification is not appropriated for Colombia because
there is no division of seasons, and multiple and very
diverse types of fruit exist. Thus, we proposed the following
classification: sweet, acid, semi-acid fruits and nuts. Fol-
lowing Troyer’s (2000) instructions, when an item belongs
to two categories, the overlapping item was assigned to
both categories. For example, if the sequence is ‘cat, chee-
tah, lion, elephant, crocodile’, lion would be part of two
clusters, the first cluster ‘feline’ (cat-cheetah-lion) and
the second cluster ‘animals from Africa’ (lion-elephant-
crocodile). Also, if a cluster involves smaller clusters
within, the larger category was used. For example, in the
sequence ‘cat, dog, cow, bull, chicken, horse’, cat and dog
are part of ‘pets’ cluster, but this cluster is within a larger
cluster ‘farm animals’ (see Appendix A3 in the additional
supporting information).

Disorders

Finally, following Troyer et al.’s (1997) instructions,
number of switches (NS) corresponds to the total number
of transitions, including errors and perseverations, from
a single word to a cluster, from a cluster to another clus-
ter, from a cluster to a single word, or from a single word
to a single one. Cluster size (CS) is calculated summing
the words in each cluster (counting begins with the sec-
ond word); however, mean cluster size (MCS) is derived by
dividing CS for the total of number clusters (Troyer et al.,
1997).

Procedure

The data for this study come from an international project
whose main aim was to generate normative data for a
neuropsychological battery for children and adolescents
between 6 and 17 years from 10 Latin American countries
and Spain (Rivera & Arango-Lasprilla, 2017). For this study,
only the Colombian (Rivera et al., 2017) subsample was
used. The study protocol was approved by the Research
Ethics Committee of different participant institutions from
Colombia (Universidad Los Libertadores, Universidad San
Buenaventura and Universidad Simon Bolivar).

The neuropsychological battery was composed of 10
tests, including VFT, and was administered in a single
session and lasted approximately 120 min. During VFT,
participants’ productions were transcribed in the same
order in which participants produced, including repeti-
tions and errors, and the watch was not stopped until 60
s. All participants completed the task in the same order:
first, the phonological task, in the following order: /f/,
/a/, /s/, /m/, [t/ and /p/ phonemes, and then the seman-
tic task, beginning with animals’ category and then fruits.
Before test administration, parents or guardians and chil-
dren of 12 years and older signed the informed consent,
while children under 12 years of age signed the assent. All
participants were volunteers who did not receive finan-
cial compensation for participation. Data collection started
in January 2016 and finished in January 2017. For further
information about the procedure, see Rivera et al. (2017).

Statistical analyses
Scoring reliability

A subsample (n = 137) was used to estimate interrater
reliability. Researchers M.N.A., E.V.M. and L.O.L. indepen-
dently scored the words generated by each VFT. Raters
estimated NC, NS, CS and MCS measures using the same
scoring guidelines. If a consensus was not reached, the
scoring guidelines were reviewed by the entire team, and
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specified or modified the instructions to reduce incon-
sistency in scoring interpretation. Intraclass correlation
coefficient (ICC) was used to estimate interrater reliability
to each score. To estimate the ICC two-way mixed effects
model, the mean of k raters’ type and absolute agreement
definition was used (Koo & Li, 2016).

Effects of sociodemographic variables, and
clustering and switching strategies on TS

Two hierarchical multiple regressions were run to investi-
gate the extent to which clustering and switching strategies
(NC, CS, MCS and NS) were associated with each of
phonemes (/f/, /a/, /s/, /m/, /r/ and /p/), and category
(animals and fruits) TS after controlling for demograph-
ics characteristics (age, MPE and sex). This had the aim
to demonstrate the impact of strategies on VFT TS, since
we hypothesize that those children and adolescents who
use more strategies will obtain a higher TS. In each regres-
sion model, age, MPE and sex were entered as variables
in the first step, and each TS was entered as the dependent
variable. An alpha-level of < 0.05 was used for the analyses.

Normative data

Multiple regression analyses were conducted for each clus-
tering and switching strategy following Rivera et al. (2021)
methodology. The full regression models were included as
predictors: age, quadratic age, sex, MPE, quadratic MPE,
type of school and two-way interactions between the fixed
effects. MPE was calculated using the mean years of edu-
cation for both parents/guardians, if possible. If a child had
a single parent/guardian, the MPE was calculated using
his or her years of education. Age was centred [= calen-
dar age — mean age in the sample (X =11.6)] and MPE
[= MPE - mean MPE in the sample (X = 12.2)] before
computing the quadratic age and MPE term to avoid mul-
ticollinearity. Sex was coded as boy = 1 and girl = 0, while
type of school as public school =1 and private school = 0. A
forward stepwise procedure was used for model-building,
where predictors were not removed as long as they were
included in a higher order term in the model. An alpha-
level of < 0.005 was used in regression analyses to avoid
Type I errors due to multiple testing (Van der Elst et al.,
2011).

For each final regression model, the following assump-
tions were evaluated (Kutner et al., 2005): (1) multi-
collinearity, looking at variance inflation factor (VIF),
(2) the existence of influential values, using Cook’s
distances, (3) homoscedasticity, evaluated applying the
Breusch-Pagan test and (4) normality of the standard-

ized residuals (z;), evaluated by the Kolmogorov-Smirnov
test.

Using beta values of each final regression model, four
steps were followed (Rivera et al., 2021) to estimate z-scores
(z;) and percentile (Pc;) adjusted to demographical vari-
ables: (1) the predict score (Y;) was computed based on
the fixed effect parameter estimated of the established final
regression model; (2) to estimate residual value (e;) the
following formula: ¢; = Y; — Y; was used; (3) residuals
should be standardized using the residual standard devi-
ation (SD,) of the regression model: z; = ¢; /SD,; and (4)
to convert z; to Pc;, the standard normal cumulative dis-
tribution function was used if the model assumption of
normality of the standardized residuals was met in the
normative sample. If the standardized residuals were not
normally distributed in the normative sample, the empir-
ical cumulative distribution function of the standardized
residuals was used. This four-step process was applied to
each score (NC, CS, MCS and NS) separately by each /f/,
/a/, /s/, /m/, [t/ and /p/ phonemes, animals and fruits cat-
egories. All analyses were performed using R version 4.2.0
(R Development Core Team, 2022), except for ICC which
was performed using SPSS.

RESULTS
Scoring reliability

ICC values showed excellent reliability because the major-
ity scores were above 0.90 (ICgsq, = 0.872-0.928, p < 0.001).
Animals’ NC (0.852; ICy55, = 0.785-0.897, p < 0.001), ani-
mals’ CS (0.852; ICqs¢, = 0.802-0.890; p < 0.001) and MCS
of R phoneme (0.851; ICysq, = 0.802-0.890; p < 0.001)
showed good reliability. Finally, animals’ MCS (0.608;
I1Cysq, = 0.480-0.709, p < 0.001) showed a moderate reli-
ability (Koo & Li, 2016). For more details about ICC values
for each score, see Table 2.

Effects of sociodemographic variables, and
clustering and switching strategies on TS

Means and SD for the qualitative strategies are presented
in Table 3.

In the first hierarchical multiple regression model for
phonological fluency TS, the sociodemographic character-
istics were entered into the first step. This first model was
significant (F; g3 = 163.7, p = 0.001) and explained 42.6%
of the variance. The second model including the cluster-
ing and switching strategies was also significant (F; 459 =
2327, p < 0.001) and explained 96.1% of the variance. When
the phonological fluency was regressed onto strategies, the
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TABLE 2 Intraclass correlation coefficients (ICC) and 95% confidence interval
Intraclass F-test with true
correlation 95% confidence interval value 0
Lower bound Upper bound Value dfi  df2  Sig.
Number of cluster F 0.966 0.954 0.975 30.772 139 278 < 0.001
Number of cluster A 0.954 0.939 0.966 22.405 139 278 < 0.001
Number of cluster S 0.961 0.949 0.971 26.013 139 278 < 0.001
Number of cluster M 0.941 0.922 0.956 17.533 139 278 < 0.001
Number of cluster R 0.946 0.928 0.960 19.028 139 278 < 0.001
Number of cluster P 0.967 0.955 0.976 32.072 139 278 < 0.001
Number of cluster animals 0.852 0.785 0.897 7.721 139 278 < 0.001
Number of cluster fruits 0.930 0.907 0.948 14.212 139 278 < 0.001
Cluster size F 0.979 0.972 0.985 49.971 139 278 < 0.001
Cluster size A 0.970 0.960 0.978 34.313 139 278 < 0.001
Cluster size S 0.985 0.980 0.989 68.314 139 278 < 0.001
Cluster size M 0.970 0.960 0.977 33.329 139 278 < 0.001
Cluster size R 0.744 0.661 0.810 3.924 139 278 < 0.001
Cluster size P 0.979 0.972 0.984 47.850 139 278 < 0.001
Cluster size animals 0.852 0.802 0.890 6.944 139 278 < 0.001
Cluster size fruits 0.945 0.924 0.960 19.640 139 278 < 0.001
Number of switches F 0.984 0.978 0.988 60.373 138 276 < 0.001
Number of switches A 0.979 0.972 0.984 47.616 137 274 < 0.001
Number of switches S 0.972 0.963 0.980 36.609 137 274 < 0.001
Number of switches M 0.963 0.951 0.973 27.552 137 274 < 0.001
Number of switches R 0.992 0.990 0.994 128.897 137 274 < 0.001
Number of switches P 0.988 0.985 0.991 87.228 137 274 < 0.001
Number of switches animals ~ 0.903 0.872 0.928 10.380 137 274 < 0.001
Number of switches fruits 0.960 0.945 0.971 26.412 137 274 < 0.001
Mean cluster size F 0.978 0.971 0.984 46.163 136 272 < 0.001
Mean cluster size A 0.958 0.945 0.969 230.980 136 272 < 0.001
Mean cluster size S 0.988 0.985 0.991 87.804 136 272 < 0.001
Mean cluster size M 0.943 0.925 0.958 17.571 136 272 < 0.001
Mean cluster size R 0.851 0.802 0.890 6.694 136 272 < 0.001
Mean cluster size P 0.971 0.961 0.978 34.262 136 272 < 0.001
Mean cluster size animals 0.608 0.480 0.709 2.576 136 272 < 0.001
Mean cluster size fruits 0.895 0.859 0.923 10.022 136 272 < 0.001

amount of variance explained increased by a significant
AR? = 0.535, AF, 450 = 2269.4, p < 0.001. Age (beta = 0.008,

and MCS were not related to phonological verbal fluency
TS (p’s > 0.05) (Table 4).

p < 0.001) was significantly related to phonological flu-
ency, such that older participants produced more words
in phonological VFT. MPE was, at the first step, signifi-
cantly related to phonological fluency TS (beta = 0.12, p
< 0.001), but when strategies were introduced at the sec-
ond step, it was no longer associated with it. Additionally,
NC (beta = 0.10, p < 0.001), CS (beta = 0.28, p < 0.001) and
NS (beta = 0.69, p < 0.001) were significantly associated
with phonological fluency TS, so that those children and
adolescents who generated more and larger clusters, and
produced more switches obtained higher TS. However, sex

In the second hierarchical multiple regression model for
semantic fluency TS, the sociodemographic characteris-
tics were entered into the first step, and this model was
significant (F; ¢63 = 167.7, p = 0.001) and explained 43.1%
of the variance. The second model including the cluster-
ing and switching strategies was also significant (F;g59 =
1381, p < 0.001) and explained 93.6% of the variance. When
the semantic fluency was regressed onto strategies, the
amount of variance explained increased by a significant
AR? = 0.505, AF, g5 = 1303.3, p < 0.001. Age (beta = 0.004,
p < 0.001) was significantly related to semantic TS, such
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TABLE 3 Means and standard deviation (SD) for the
qualitative strategies
Score NC CS NS MCS

Mean SD Mean SD Mean SD Mean SD
1.14 1.04 1.60 1.70 4.38 2.74 1.02 1.02
131 1.07 1.80 159 5.16 297 1.07 0.86
145 105 230 1.88 4.30 2.81 141 1.20
155 1.05 2.65 1.95 4.59 3.26 1.63 1.27
144 1.04 216 1.76 4.19 2.81 1.30 1.01
1.61 117 2.45 1.99 5.54 341 135 1.07
Animals 3.43 1.61 5.93 310 7.91 3.49 1.80 1.08
Fruits 236 131 3.60 1.99 6.55 2.79 1.59 0.92

"UWZUJ}'TJ

Note: CS, cluster size; MCS, mean cluster size; NC, number of clusters; NS,
number of switches.

that older participants produced more words in seman-
tic VFT. MPE was, at the first step, significantly related
to semantic fluency TS (beta = 0.18, p < 0.001), but when
strategies were introduced at the second step, there was no
longer an association. Additionally, CS (beta = 0.51, p <
0.001) and NS (beta = 0.61, p < 0.001) were significantly
associated with semantic fluency TS, so that those children
and adolescents who generated larger CS and produced
more switches obtained higher TS. However, sex, NC and
MCS were not related to semantic verbal fluency TS (p’s >
0.05).

Normative data

All regression models met multicollinearity and the
absence of influential values (according to Cook’s dis-
tances) assumptions. The lack of homoscedasticity was
corrected by estimating the residual SD by quartiles of the
predicted scores to each regression model. As 18 regression
models did not follow normal distribution, the empiri-
cal cumulative distribution function of the standardized
residuals was used.

In all phonemes used during phonological verbal flu-
ency, CS, NC and NS scores increased linearly with age,
except for /p/ phoneme, so that older children and ado-
lescents got longer CS, and produced more NC and NS in
each phoneme. Moreover, NC in /f/ phoneme and NS in
/m/ phoneme were also affected by quadratic age. Those
children and adolescents whose parents had more years
of education achieved longer CS in /a/ and /r/ phonemes,
formed more NC in /a/ phoneme and more NS in /a/ and
/m/ phonemes. Type of school was also significantly asso-
ciated with CS, NC and NS in /s/ phoneme, so that those
participants attending to a public school got longer CS, and
made more NC and NS in this phoneme. In /p/ phoneme,

a significant Age by MPE interaction was found, such that
MPE influence became greater as children grown.

Regarding semantic verbal fluency, animals and fruits’
CS, NC and NS scores increased linearly as a function of
age, so that older children and adolescents achieved longer
CS, and produced more NC and NS. MPE was also asso-
ciated with animals and fruits’ CS, and NC, and fruits’
NS, so that those children and adolescents whose par-
ents had more years of education reported longer CS and
made more NC in these categories, and more NS in fruits’
category (Table 5 and Figure 1).

Sex and MPE? were not related to any score. For MCS,
the models were not significant (R?<0.022), 50, to generate
normative data, mean and SD were used.

In order to facilitate the calculation of normative
data, the authors created a calculator in which the
professional must include the following information:
phoneme or category used, age, MPE, type of school
and raw scores, to calculate the gz score and per-
centile. This tool is freely available for all users and can
be downloaded at https://neuropsychologylearning.com/
datos-normativos-archivos-descargables/

DISCUSSION

The present study described the adaptation of scor-
ing guidelines for clustering and switching strategies in
phonological and semantic VFT, assessed its interrater
reliability, and provided normative data for children and
adolescents between 6 and 17 years old. As Troyer et al.’s
(1997) study was conducted in Canada, their original pro-
posal required modifications to the Colombian context,
especially the semantic task. Although Villodre et al.
(2006) adapted the proposal to the Spaniard adult popula-
tion, some of their animals’ categories did not match with
the Colombian context (i.e., Spanish mountain range ani-
mals, pairs of words with strong relationship due to fables
or stories). The same happened with their fruits categories
because in Colombia there is no season division and mul-
tiple and very diverse types of fruits exist. The results of
the proposed new scoring guidelines reliability were excel-
lent for the vast majority of scores, demonstrating that the
adaptation of scoring cluster and switching strategies for
Colombian children and adolescents is consistent, and this
may be used in other Latin American countries with simi-
lar characteristics. Becker and Salles (2016) also proposed a
new method for scoring clustering and switching adapted
to the Brazilian context, and found good reliability.

The third aim of this study was to generate normative
data for clustering and switching strategies for Colombian
children and adolescents. Before computing normative
data, hierarchical linear models were run to show the
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TABLE 4 Hierarchical regression for total score (TS) in each verbal fluency test (VFT)

Variables

Phonological fluency

Step 1

Step 2

Semantic fluency

Step 1

Step 2

Age

Sex

Mean parents’ education
Age

Sex

MPE

Number of clusters
Cluster size

Mean cluster size

Number of switches

Age

Sex

Mean parents’ education
Age

Sex

MPE

Number of clusters
Cluster size

Mean cluster size

Number of switches

Standardized beta
95% CI
[LL, UL]

0.64** [0.58, 0.70]
—0.01[—0.07, 0.05]
0.12** [0.06, 0.18]
0.08** [0.06, 0.10]
-0.01 [—0.03, 0.00]
0.01 [—0.01, 0.02]
0.10** [0.05, 0.14]
0.28"* [0.23, 0.34]
—0.01 [—0.04, 0.02]
0.69** [0.66, 0.71]

0.63** [0.57, 0.69]
—0.02 [—0.08, 0.03]
0.18** [0.12, 0.24]
0.04** [0.02, 0.07]
0.01 [—0.01, 0.03]
0.00 [—0.02, 0.02]
0.03 [—0.01, 0.08]
0.51** [0.46, 0.55]
0.00 [—0.03, 0.04]
0.61** [0.59, 0.64]

RZ
95% CI
[LL, UL]

0.426** [0.37, 0.47]

0.961** [0.96, 0.96]

0.431** [0.38, 0.48]

0.936** [0.93, 0.94]

AR?

0.426

0.535

0.431

0.505

Note: LL, lower limits of a confidence interval; MPE, mean parents’ education; UL, upper limits of a confidence interval. **p < 0.001.

reader the impact of clustering and switching strategies
upon verbal fluency TS, beyond the classic sociodemo-
graphic variables. Consistently with the literature, age
and MPE were significantly associated with semantic and
phonological fluency TS (i.e., Olabarrieta-Landa et al.,
2017b; Tallberg et al., 2011; Van der Elst et al., 2011), but
weakly compared with verbal fluency strategies. Actually,
when strategies were introduced in the model, MPE disap-
peared, although age remained, but with reduced weight
(beta 0.008 and 0.004, respectively).

For both VFT TS, NS was the strategy with the high-
est weight (beta of 0.69 and 0.61, respectively), followed
by CS for semantic TS (beta of 0.51). NC also presented
a significant association with phonological TS (beta 0.10),
but weaken compared with NS and CS. Other authors had
also found NS as the strongest variable related to phono-
logical in Portuguese and Spanish-speaking participants
(Becker et al., 2019; Nieto et al., 2008; Sinchez-Lopez et al.,
2021) and semantic TS in Spanish, Hebrew and Malayan-
speaking participants (John & Rajashekhar, 2014; Kavé
et al., 2008; Nieto et al., 2008). In contrast, Becker et al.
(2019) found NC as the best predictor for semantic TS in

Portuguese-speaking participants, as Koren et al. (2005)
did for phonological and semantic TS in Hebrew-speaking
participants. These results support Kavé et al.’s (2008)
idea that NS may be a better measure of frontal compo-
nent of efficient strategic retrieval and inhibition than NC,
according to them, because it takes single words switch-
ing into account. Moreover, Becker et al. (2019) speculated
that switching may have a larger contribution compared
with clustering, and that this may be associated with the
development of executive functions (related to frontal lobe
maturation). CS has been also related to phonological and
semantic TS in Koren et al. (2005). This strategy has been
linked to temporal component (vocabulary) (Koren et al.,
2005), and due to its greater weight for semantic TS com-
pared with phonologic, it seems that vocabulary size may
be especially relevant for good performance in semantic
VFT. Finally, MCS was no related to any VFT TS, as oth-
ers have reported before for semantic (Koren et al., 2005;
Nieto et al., 2008; Sanchez-Lopez et al., 2021) or phono-
logic (Kavé et al., 2008; Koren et al., 2005; Nieto et al., 2008)
TSs, although Becker et al. (2019) have found positive sig-
nificant association for both VFT TSs. Our data support
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TABLE 5 Final multiple linear regression models

Score

F (Intercept)
Age
Age?

R? [95% CI|

A (Intercept)
Age
MPE
R? [95% CI]

S (Intercept)
Age
School
R?[95% CI|

M (Intercept)
Age
Age?
MPE

R? [95% CI|

R (Intercept)
Age
MPE
R? [95% CI]

P (Intercept)
Age
MPE
Age X MPE
R*[95% CI]
Animals (Intercept)
Age
MPE
R? [95% CI]

Fruits (Intercept)
Age
MPE
R? [95% CI]

Note: b represents unstandardized regression weights; LL and UL indicate the lower and upper limits of a confidence interval, respectively. CS, cluster size; NC,

number of clusters; NS, number of switches. **p < 0.001.

NC

b Clysy, [LL, UL]
1.02** [0.91, 1.13]
0.09** [0.06, 0.11]
0.01** [0.00, 0.02]
R? = 0.084**

95% CI [0.05, 0.12]
1.31%* [1.24, 1.39]
0.13** [0.11, 0.15]
0.04** [0.02, 0.06]
R? = 0.183**

95% CI [0.13, 0.23]
1.59** [1.49, 1.70]
0.09** [0.07, 0.11]
-0.30** [—0.45, —0.15]
R? = 0.100**

95% CI [0.06, 0.14]
1.55%* [1.48,1.63]
0.09** [0.07, 0.12]

R? = 0.087**

95% CI[0.05, 0.13]
1.44** [1.37, 1.52]
0.09** [0.07, 0.11]
R? = 0.081**

95% CI [0.05, 0.12]
1.61** [1.53,1.70]
0.08** [0.06, 0.11]

R? = 0.052**

95% CI [0.02, 0.09]
3.43%* [3.32, 3.54]
0.20%* [0.17, 0.24]
0.06** [0.03, 0.09]
R? = 0.190**

95% CI [0.14, 0.24]
2.36** [2.27, 2.45]
0.15** [0.12, 0.18]
0.05** [0.02, 0.07]
R? = 0.162**

95% CI [0.11, 0.21]

cs

b Clys, [LL, UL]
1.60** [1.47,1.73]
0.12** [0.08, 0.16]
R? = 0.050**

95% CI [0.02, 0.09]
1.80** [1.69, 1.92]
0.16** [0.13, 0.20]
0.06** [0.02, 0.09]
R? = 0.130**

95% CI [0.08, 0.18]
2.50** [2.30, 2.69]
0.15** [0.11, 0.19]
—0.39** [-0.67, —0.12]
R? = 0.075"*

95% CI[0.04, 0.11]
2.65%* [2.51, 2.80]
0.09** [0.05, 0.14]

R? = 0.023**

95% CI [0.01, 0.05]
2.16** [2.03, 2.28]

0.14** [0.10, 0.18]

0.05** [0.01, 0.08]
R? = 0.079**

95% CI [0.04, 0.12]
2.45%* [2.30, 2.60]

0.13** [0.08, 0.17]

R? = 0.044**

95% CI [0.02, 0.08]
5.93%* [5,71, 6.14]
0.36™* [0.29, 0.42]
0.16** [0.10, 0.22]
R? = 0.180**

95% CI[0.13, 0.23]
3.60** [3.46, 3.74]
0.21** [0.16, 0.25]
0.06** [0.02, 0.10]
R? = 0.128**

95% CI [0.08, 0.17]

NS

b Clys, [LL, UL]
4.38%* [4.20, 4.55]
0.47** [0.41, 0.52]
R? = 0.308**

95% CI[0.25, 0.36]
5.16** [4.97, 5.36]
0.48%* [0.42, 0.54]
0.07** [0.02, 0.13]
R? = 0.285"*

95% CI [0.23, 0.34]
4.62** [4.34, 4.89]
0.34** [0.28, 0.40]
—0.64** [-1.03, —0.25]
R? = 0.172**

95% CI[0.12, 0.22]
4.27** [3.96, 4.58]
0.46** [0.39, 0.52]
0.03** [0.01, 0.05]
0.11** [0.05, 0.17]
R? = 0.240**

95% CI [0.18, 0.29]
4.19** [4.00, 4.38]
0.39** [0.33, 0.45]
R? = 0.207**

95% CI [0.16, 0.26]
5.54** [5,31, 5.76]
0.50** [0.43, 0.56]
0.06 [—0.01, 0.12]
0.03** [0.01, 0.05]
R? = 0.245**

95% CI [0.19, 0.30]
7.91%* [7.68, 8.14]
0.51** [0.44, 0.58]
R? = 0.228**

95% CI [0.18, 0.28]
6.55** [6.36, 6.73]
0.42** [0.36, 0.47]
0.12** [0.07, 0.17]
R? = 0.262**

95% CI [0.21, 0.31]
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FIGURE 1

John and Rajashekhar’s (2014) idea that MCS may not be
a critical measure or at least its contribution towards TS is
minimal.

Regarding relevant predictor to generate normative data
for clustering and switching strategies, in this study, age
was found as the strongest predictor for strategies in all
phonemes and semantic categories, so that while children
grow, they tend to use more of these strategies. Moreover,
age? was relevant too for NC in /f/ phoneme and NS in
/m/ phoneme. These results support previous evidence of
more NC, and NS in both VFT test with age (Becker et al.,
2019; Hurks et al., 2010; John & Rajashekhar, 2014; John,
Rajasherkhar & Guddattu, 2016; Kavé et al., 2008; Koren
et al., 2005; Nieto et al., 2008; Tallberg et al., 2011). This
increase can be related to more flexibility and set shifting
retrieval strategies, considered as higher cognitive func-
tions and related to frontal lobe maturation, resulting in
an increase employment of switching strategies (Becker
et al., 2019). Moreover, schooling exposure increase with
age, and John, Rajashekhar and Guddatt (2016) suggested
that it may also help children to enhance efficiency sound-
based word retrieval mechanism during phonological VFT.
Regarding CS, in this study its use increased with age, and
this is consistent with previous studies in both VFT (Kavé
et al., 2008; Nieto et al., 2008; Tallberg et al., 2011). The
growth use of CS strategy has been linked to the tempo-
ral components of lexicon—-semantic increase knowledge
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Relative predicted clustering and switching strategies in two phonemes and categories

(Sanchez-Lépez et al., 2021) and also to further exposure
and use of vocabulary (Kavé et al., 2008).

However, contrary findings have been also reported in
the literature, such as CS decrease with age in phonological
fluency (Becker et al., 2019; Sauzeon et al., 2004), increase
with age during semantic fluency (Sauzeon et al., 2004), or
even no relationship with age in semantic fluency (Becker
et al., 2019). Moreover, Sauzeon et al. (2004), unlike our
study, reported a decrease in semantic fluency according
to age. These discrepancies may be due to methodological
issue, such as different consideration of CS (i.e., counting
from the first or second word; Hurks et al., 2010; Kavé et al.,
2008), sample size or age range of the samples.

Development of MCS remains still unclear; some
authors found that it increases with age in semantic flu-
ency (Hurks et al., 2010; Kavé et al., 2008), while others
found its drop in phonological fluency (Becker et al., 2019;
Sauzéon et al., 2004). However, other studies found not
significant associated with age in semantic (Chami et al.,
2018; John & Rajashekhar, 2014; Nieto et al., 2008) or
phonological fluency (Kavé et al., 2008; Nieto et al., 2008),
similarly to our study. Our results reinforce the idea of John
and Rajashekhar (2014) about MCS as not critical measure
or contributes minimal during clustering analysis, but cau-
tion is needed as several discrepancy arise between studies
(i.e., sample size, participants’ age range, clustering and
switching scoring criteria).
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MPE have been previously linked to VFT TSs (i.e.,
Olabarrieta-Landa et al., 2017b; Van der Elst et al., 2011), at
so, it could be also associated with strategies. Only Hurks
et al. (2010) explored MPE on clustering and switching in
children population, so that children whose caregivers had
higher education achieved higher MCS in animals’ cate-
gory. According to them, MPE may be affecting automatic
lower cognitive functions, such as MCS, rather than higher
order cognitive functions, such as NS and NC. However,
our results contradict this hypothesis since those children
and adolescents whose parents had more years of educa-
tion obtained more NC (at /a/ phoneme, animals and fruits
categories) and NS (at /a/ and /m/ phonemes, and fruits
category), and larger CS (at /a/ and /r/ phonemes, and
animals and fruits categories).

Moreover, few studies have explored environmental fac-
tors other than MPE that can be related to socio-economic
status (SES). In this study, type of school was considered
as an indicator of SES because in Colombia public schools
present high homogeneity of SES, thus, a very low prob-
ability of having students from different SES attending to
the same institution (Duarte et al., 2012). In previous stud-
ies, SES has been explored but for VFT TSs (i.e., Prigatano
et al., 2008). Only Becker et al. (2019) did with strategies
but failed to obtain any significant association, except for
discrepancy score between semantic and phonological TSs,
in which children from private school showed greater dis-
crepancy. In the present study, those participants attending
to private school generated more NC, NS and larger CS
in /s/ phoneme. This can be due to the fact that this
phoneme may be challenging for Colombian children and
adolescents since its sound is also present in C and Z
letters (‘seseo’ phenomenon). School may help children
and adolescents to develop greater knowledge of their lan-
guage phonological and orthographical rules, increasing
the probability of using not only phonological-based com-
bination searching strategies, but also orthography-based
combination (Becker et al., 2019).

Sex was not related to any cluster or switching mea-
sures, consistent with the increasing evidence on lack of
sex influence on verbal fluency (i.e., Chami et al., 2018;
Hurks et al., 2010; Jhon & Rajashekhar, 2014; John, Rajash-
erkhar & Guddattu, 2016; Nieto et al., 2008; Tallberg et al.,
2011).

Lastly, most of the studies followed the traditional
approach (use of means and SD) to generate normative
data, which presents two main problems: it establishes
a single norm for the whole population, ignoring possi-
ble demographic factors effects, or it allows to establish
different norms but per subsample (according to demo-
graphic variables), splitting up the sample and reducing

sample size and norms precision (Innocenti et al., 2021).
However, the regression-based approach taken in this
study allows to overcome these problems (Innocenti et al.,
2021).

Implications

The results of the present study have several implica-
tions. Having a clustering and switching scoring guideline
adapted to Colombian context may encourage clinicians
and researcher to include these measures when assess-
ing verbal fluency. VFT are free neuropsychological tools
that can offer in-depth knowledge of the underlying cogni-
tive processes if clinicians/researchers analyse not only TS,
but also strategies. Strategies allow to catch the underlying
cognitive procedure failure in children with neurodevelop-
mental or acquired disorders (Pastor-Cerezuela et al., 2016;
Schworer et al., 2021; Weckerly et al., 2001). Moreover, VFT
TSs are associated with age, but also with clustering and
switching strategies; therefore, variables that may can be
trained. For our knowledge, this is the first study to include
both linear and quadratic effect of age and MPE among
verbal fluency strategies. Moreover, we included two indi-
cators of SES (MPE and type of school) in the analysis,
generating norms for Colombian children and adolescents
population.

Limitations

This study includes some limitations that should be con-
sidered. First, the scoring guidelines proposed for cluster-
ing and switching, and the normative data obtained was
based on Colombian children and adolescents’ reproduc-
tions, as so, on a population that has not fully developed
their language competencies. Therefore, caution should be
paid when using the scoring proposal with adults. Sec-
ond, verbal fluency may be influenced by other factors
that have not been included in the present study, such
as, bilingualism. It is well-known that bilinguals tend to
perform differently in these tasks compared with mono-
linguals (Bialystok & Viswanathan, 2009; Friesen et al.,
2015; Luo et al., 2010). Third, the reader may want to use
other researchers’ proposals, as there is no standardized
method. For example, Abwender et al. (2001) proposed
two types of switching: cluster switching (shift between
clusters) and hard switching (shift between single words).
Finally, the cross-sectional nature of the study using pop-
ulation between 6 and 17 years old do not allow to explore
the development of verbal fluency strategies.
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CONCLUSIONS

The present study described the Colombian adaptation of
the scoring guidelines for clustering and switching strate-
gies, and provided normative data of these strategies for
children and adolescents between 6 and 17 years old.
Knowing VFT performance, including strategy develop-
ment and use in healthy children and adolescents may
be useful for clinical settings. We encourage clinicians to
include not only TS, but also a careful analysis of strategies
that may be more informative of the underlying cognitive
processes failure than TS.
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