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ABSTRACT

Free Word Associations reflect how words are organized in the lexicon. They
have been generally performed with young and elderly adults. However, very
little is known about semantic organization in school-age children. The
current research presents associations for 60 words acquired early in life
with 484 children between the ages of 6 and 12, who attended either public
or private schools. We provide eight association measures traditionally
reported. A trajectory analysis identified that changes in associations are
non-linear and more gradual in children attending public schools compared
to those attending private schools. Public school students exhibit higher
associative strength indices, indicating a more interconnected lexicon.
Although the number of blank responses is small in both populations,
idiosyncratic responses decrease among public school children but not
among those from private schools, suggesting an increase in vocabulary.
Analyses on the type of lexical relations and the type of grammatical
responses (paradigmatic versus syntagmatic) showed that children preferred
to provide taxonomic and paradigmatic responses. However, neither
response type increased significantly in correlation with their level of educa-
tion. This corpus serves to track the organization of noun knowledge during
childhood and as an instrument for conducting research with Spanish-
speaking children.

Knowledge of words and the relationship between them is organized in semantic memory and
structured like a network (Tulving, 1983). Semantic memory has been studied using different techniques,
such as free word associations, where participants respond to a cue word by saying or writing one or
multiple single words (De Deyne & Storms, 2008; D. L. Nelson et al., 2004). Word association norms
(WANS) are the common responses gathered through free associations. Until recently, little was known
about children’s organization of word knowledge through free word associations. Moreover, there is
a lack of data on how word associations change within different stages of childhood throughout
elementary school. The current research aims to present free word associations provided by Mexican
Spanish-speaking children, considering both quantitative (eight associative measures) and qualitative
analyses (type of semantic and grammatical response analyses) determined by three variables: age (6 to
12 years of age), socioeconomic status (SES, public versus private school) and educational level (first to
sixth grade of elementary school). As a second aim, we created free word-associations used for young
children in experimental studies with controlled material (priming, prediction, naming). Given that
younger children are unable to read, we focused on concrete nouns that are identified through images.
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In free word associations, the type of analysis selected depends on the research objective. For
example, the frequency of responses and the associative strength between the cue and the
response word can be measured through percentages. One such measure is the associative
strength of the first associate, which is understood as the strongest connection between two
words in memory (De Deyne & Storms, 2008; D. L. Nelson et al.,, 2000). According to the
spreading activation model, the response time or the number of answers depends on the number
of associates connected to the cue word (Collins & Loftus, 1975). Qualitative approaches measure
the type of lexical relationship (e.g., taxonomic as in “dog-horse” or thematic as in “dog-bone”)
between the cue word and the response word (Hutchison, 2003), and whether they belong to the
same (paradigmatic) or different grammatical categories (syntagmatic relationships) (e.g., Ervin,
1961; Minto-Garcia et al., 2020). Another approach is a semantic network analysis, where words
are nodes and their relationships with other words are links. The network structure is analyzed
using graph measures such as centrality (number of connections a node has with other nodes),
clusters (groups of related words), and edges (number of links between nodes) (Dubossarsky
et al., 2017; Zortea et al.,, 2014). We analyze the organization of semantic memory using both
quantitative and qualitative measures of free word associations.

Through free word associations, we can better understand the organization of the lexicon and how
words are interconnected. They have also been used to evaluate language processing in priming or
naming tasks (Alario et al., 2000); to select rigorously and systematically linguistic stimuli (Pérez
Sanchez et al., 2001); to model memory retrieval (Steyvers & Tenenbaum, 2005), to study the trajectory
of associative knowledge (Coronges et al., 2007; Macizo et al., 2000), to predict word learning (Hills
etal., 2009), or to generate measures of semantic similarity (Cabana et al., 2024). Experimental studies
typically use specific manipulations to capture word relationships. Nevertheless, free associations lack
a semantic restriction that biases the results, generating a structure where salient links emerge
independently of a specific context (Wojcik & Kandhadai, 2020; Zortea et al., 2014).

Word association norms with adults exist in languages such as English (De Deyne et al., 2019;
D. L. Nelson et al., 2004), German (Schulte Im Walde & Borgwaldt, 2015), Dutch (De Deyne et al.,
2013), French (Thérouanne & Denhiére, 2004), European Spanish (Fernandez et al., 2004, 2012),
Argentina (Cabana et al., 2024; Luna et al., 2016; Manoiloff et al., 2010; Vivas et al., 2017), and Mexico
(Arias-Trejo et al., 2022; Barrén-Martinez & Arias-Trejo, 2014). Changes in the lexicon across the
lifespan have also been documented (Cosgrove et al., 2021; Dubossarsky et al., 2017; Zortea et al.,
2014). However, little is known about how concept knowledge changes throughout childhood using
free word associations.

Free word associations in children

Efforts have been made to create WANs with children to understand the structure of the lexicon
during this stage: Coronges et al. (2007); K. Nelson (1977); Palermo (1971); Wojcik and Kandhadai
(2020) in English; Carneiro et al. (2004) and Comesaia et al. (2014) in European Portuguese; De La
Haye (2003) in French; Macizo et al. (2000) in European Spanish; and Salles et al. (2009); Zortea and
de Salles (2012) in Brazilian Portuguese. Currently, there is no corpus with children whose native
language is Latin American Spanish; therefore, the available databases may not reflect the words used
in a particular linguistic context or age. The Mexican variant is the largest in the world, representing
21% of the world’s 595 million Spanish speakers (Eberhard et al., 2022).

As vocabulary increases, the connections between words change not only in number but also in
their accessibility and representation (Carneiro et al., 2004; Macizo et al., 2000; Zortea & de Salles,
2012). Vocabulary growth influences variations in the strength of association (probability of generat-
ing the same response to a cue word). Changes in the strength of association are the product of
a learning process in which children acquire new meanings and, therefore, new associations arise.
Macizo et al. (2000) collected word associations for Spanish children aged 8-9, 10-11, and 12-13 with
58 nouns. Their findings showed that with age, there was an initial decrease in the strength of
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association (in the first two groups) followed by an increase as children developed (from 11.08 for
8-year-olds to 13.36 for 13-year-olds). An increase in the number of idiosyncratic (unique) responses
with age was also observed until reaching its lowest level in adulthood. Comesaiia et al. (2014)
collected a corpus with 139 Portuguese nouns with 7 to 8-, 9- to 10-, and 11 to 12-year-olds and
reported a decrease in the percentage of associates, an increase in strength of association, and
a decrease in idiosyncratic responses, based on these results, the authors of the study interpreted
them as indicative of an increase in vocabulary size. The results did not show a linear function of age.
They first indicated the addition of new information and secondly, the restructuring of the network
later in development (as in Carneiro et al., 2004, with 16 Portuguese nouns). De La Haye (2003) found
that in French, there was an increase in the strength of association with age when children wrote the
first word that came to mind (as in Comesaia et al., 2014). Additionally, Coronges et al. (2007), using
16 English nouns, reported a change with age where 12- and 13-year-olds had a greater number of
associates, and a larger number of idiosyncratic responses compared to university adults in
D. L. Nelson et al. (2000). Using 65 words (nouns, adjectives, and verbs), with 60 younger English-
speaking children from 3- to 8-year-olds (divided into younger and older children) and 60 adults,
Wojcik and Kandhadai (2020) found that: 1) variability in responses was higher for children than
adults (percentage of associates), 2) the strength of the first associate was stronger for children than
adults and stronger for older children than younger ones (like a U shape), and 3) younger children had
a higher number of idiosyncratic responses compared to older children and adults. As can be seen,
drawing comparisons across studies is challenging due to differences in participant ages, methods, and
grammatical categories of cue words. Together, the studies mentioned suggest a change in the
organization of semantic knowledge.

Changes in any direction are thought to be a consequence of development since this process
involves the reconfiguration of meaning. During the early stages of formal schooling, the information
children associate with a word may expand. As children restructure existing knowledge to incorporate
new information, these changes are likely to influence semantic memory processes by increasing the
repertoire and lexical storage (Schneider & Bjorklund, 2003). Furthermore, children’s conceptual
knowledge is highly influenced by their environment during elementary school (Coley, 2012).

Types of lexical responses

As suggested by McRae et al. (2012), free associations are a product of semantic relations and serve as
a useful metric for understanding the relationship between lexical concepts. The comparison between
the generation of taxonomic (e.g., dog-horse) and thematic associations (e.g., dog-bone), particularly
how they contrast, taps into lexical organization (Yee et al., 2009). Free associations reflect meaningful
relationships that are established in space and time co-occurrence, relationships that occur daily and
frequently, rather than only feature overlap (McRae et al., 2012). It has been suggested that thematic
associations reflect automatic links as one word is likely to co-occur with another (Sadeghi et al., 2015).
In contrast, taxonomic links encompass mental constructs that unify two members perceived as
similar enough - shared features - to be part of a category (Mirman & Graziano, 2012). This coincides
with Sass et al. (2009), who affirm that taxonomic relationships, due to overlap in features, require
more effort to process than thematic ones. However, Wojcik and Kandhadai (2020) report an increase
in taxonomic responses with children’s age, which may be explained by the fact that free associations
mirror the speech children are exposed to in their environment (Fourtassi, 2020). Also, Garcia Coni
and Vivas (2018) report that 6- to 11-year-old children prefer to describe objects and furniture
thematically but describe fruits and animals taxonomically based on shared features. Thus, it seems
that the category drives the selection of taxonomic or thematic traits. This study includes an analysis of
nine types of lexical responses provided by children across six elementary school grades (see Table 5);
however, we focus on the contrast between taxonomic and thematic associations in groups formed by
education level (entry, middle, or advanced).
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Grammatical responses

The types of responses that children provide in free associations have been previously studied by
analyzing paradigmatic — same grammatical category as in ‘cat-lion’- versus syntagmatic rela-
tions - different grammatical categories as in ‘cat-eat’— (Clark, 1970; Ervin, 1961;
Mattheoudakis, 2011). Children tend to produce more syntagmatic relations than paradigmatic
ones, but the production of paradigmatic relations increases with age, and with educational
experience or an increase in their vocabulary (Ervin, 1961; Masters, 1969; Palermo, 1971). This
shift from producing syntagmatic to paradigmatic responses occurs between the ages of 6 and 8
(McNeill, 1970. However, evidence demonstrates that paradigmatic responses are already present
by the age of 3, and their production increases from ages 3 to 8 (Wojcik & Kandhadai, 2020).
However, Mattheoudakis (2011), who studied word associations in native speakers of Greek,
found different results than those previously reported: children (between 7 and 8years old)
produced more paradigmatic responses than adults (between 18 and 23 years old). Studies are,
therefore, necessary to identify the possible shift from syntagmatic to paradigmatic responses in
Spanish. While some studies have shown that the type of grammatical response is influenced by
the grammatical category of the stimulus (e.g., Nissen & Henriksen, 2006), our focus is on
nouns as children - including Mexican children - tend to acquire them more frequently
compared to other grammatical categories (e.g., Bornstein et al.,, 2004; Dhillon, 2010). In this
context, our initial interest is to observe whether nouns reflect this shift from syntagmatic to
paradigmatic relations.

Type of school in terms of socioeconomic status effects on free associations

In Mexico, elementary school curricula are regulated by the Ministry of Education. Although educa-
tion in public and private schools should be similar, public schools are associated with low- to middle-
income households, lower mathematics scores, and fewer academic or artistic activities compared to
private schools, which have longer schedules and children from families with a higher socioeconomic
status (SES) (Santibanez et al., 2021).

Since the seminal studies of Coleman (1967), Graves (1986), and Hart and Risley (1995), there has
been an increasing amount of evidence that low-SES background children underperform on vocabu-
lary growth measures compared to their middle and high-SES peers (Fernald et al., 2013; Pace et al.,
2017). These differences emerge early and have been linked to a word exposure gap, which between
high and low-SES groups reaches up to 4 million words by the age of 4 (Gilkerson et al., 2017). Even
though contemporary research has related SES to measures of parental occupation, education, and
family income (Oakes & Rossi, 2003), the aggregated SES of the student body, known as school SES,
has been highly correlated not only to individual SES but also to academic achievement in students’
test scores (Rumberger & Palardy, 2005; Sirin, 2005). Rumberger and Palardy’s (2005) analysis of
achievement growth from grades 8-12, based on a sample of 14,217 students from the National
Education Longitudinal Survey, showed that both students’ individual SES and the average school SES
had a significant effect on student learning. Their results revealed that effect sizes for school SES were
almost as large overall, and larger in certain subject areas, than the effect sizes for student SES
measured by achievement through test scores in math, science, reading, history, and the composite
test scores for all areas. This finding seems to indicate that an increase in school SES is associated with
an increase in students’ academic achievement, as measured by the test scores from the Program for
International Student Assessment (PISA), regardless of individual SES. Similar findings have also been
reported in the Australian (Perry & McConney, 2010) and Danish contexts (Andersen, 2008). Even
after controlling SES covariates, several studies have found that children in private schools only
marginally outperform those in public schools in standardized assessments of subject areas such as
mathematics, science, reading, or writing (Ashley et al., 2014; Donkers & Robert, 2008; Tooley et al.,
2010).
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In summary, research suggests that children’s word-word relationships change with age as
they acquire more vocabulary and knowledge. Our study includes three analyses within the
context of age, type of school (SES), and education level: 1) eight measures to track potential
changes in associations; 2) type of semantic relationship; and 3) grammatical response. Based
on the academic differences outlined in the Introduction, we hypothesized that peculiarities
between school types exist. Additionally, we expected to observe a more interconnected
lexicon with increasing age.

Method
Participants

A total of 484 children with typical development participated in this study. Participants included boys
(n=239) and girls (n=245) from public and private elementary schools across grades 1 to 6. The
inclusion criteria were: (a) Mexican; (b) monolingual and native speakers of Spanish; (c) between 6 to
12 years of age; (d) no reported visual or hearing impairments, as indicated by parents or teachers; (e)
no language delays or other developmental disorders, as indicated by parents or teachers. The present
research was conducted under strict adherence to the Official Mexican Standard NOM-012-SSA3
-2012 (Secretaria de Salud, 2012), which establishes the ethical regulations as outlined by the American
Psychological Association.

Stimuli

Sixty stimulus words were taken from the MacArthur Inventario del Desarrollo de Habilidades
Comunicativas Palabras y Enunciados Inventario CDI-II (MacArthur Communicative
Development Inventory Words and Sentences Inventory II) for 16- to 30-month-old toddlers
(Jackson-Maldonado et al., 2003). This Spanish version, adapted and validated for Mexican
Spanish, includes 680 words potentially known by toddlers. All selected words had at least 32%
production familiarity for Mexican 30-month-olds (M = 64.95; SD = 12.86) and 27% understanding
familiarity for 18-month-olds (M = 71.83; SD = 15.14) (Wordbank database, Frank et al., 2016; data
obtained in April 2024). The words selected belong to categories such as animals, people, body parts,
among others (see Table Al for the full list).

Free word association task

The task consisted of asking the participants to produce orally or in writing the first word that
came to mind. The oral modality was incorporated after conducting a pilot study, which
showed that first-grade children (approximately 6 to 7 years old) were either unable to read or
write or had limited writing abilities. This modality ensured that their performance on the
task would not be influenced by their limited ability to read and write. The rest of the
participants, that is, children in second grade and above, wrote their answers on paper
(written modality).

The instructions (originally in Spanish) that were provided in the oral modality were the following:
“Tell me the first word that comes to mind when you hear the word that I am going to say to you.
Remember that you only have to say one word. There are no correct or incorrect answers.” In the written
modality: “Write on the line to the right, the first word that comes to mind when reading the one on the
left. There are no correct or incorrect answers. If you’re not quite sure how to write it, don’t worry, write it
as you can.” Three extra practice words were included at the beginning of the task to familiarize the
participant with the task.
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Procedure

For data collection, authorization was requested by the directors of the elementary schools and
their parents. The schools were in Mexico City and the State of Mexico. Participants’ data
remained anonymous. In the oral modality, the participants were only asked their age, and then
the task was carried out. Each cue word was read by an experimenter clearly and loudly, and the
responses were written on a laptop. The average time per participant, after the practice round in
which the experimenter could provide feedback, was around 15-20 minutes. This modality was
carried out in a separate and empty room to prevent noise and distractions. In the written
modality, the task was carried out in the classroom. The experimenter provided the instructions
orally and answered students’ questions, then participants were provided with a sheet in which
they had to first select their sex, write their age, and then complete the word association task. The
average time for group sessions, after the practice round in which the experimenter could provide
feedback, was around 20-30 minutes. The classroom sessions were exempt from as much external
noise as possible.

Coding and data analysis

Eight measures of association were calculated (Table A2 contains the conceptual and operational
definitions). Most of these measures, though not all of them, have been previously reported in free
association studies (Carneiro et al., 2004; Comesana et al., 2014; Luna et al., 2016; Macizo et al., 2000;
D. L. Nelson et al., 2000).

To analyze the type of lexical relations, we created a classification system focusing on the
contrast between taxonomic and thematic associations. Thus, the lexical responses were classified
into nine types: taxonomic, when cue and response words belonged to the same semantic category
(e.g., pato-ledn [duck-lion]); thematic, when both appeared in the same context of occurrence (e.g.,
plato-mesa [plate-table]); descriptive, the response described or qualified the stimulus (e.g., zapato-
morado [shoe-purple]); functional, indicating actions linked with the cue word (e.g., cama-dormir
[bed-to sleep]); part-contents, the response referred to a part of a whole or an element or
container (e.g., carro-asiento [car-seat]); phonological, identified as sharing the first phoneme or
having a rhyme (e.g., dedo-dado [finger-dice]); shape, similar visual form (e.g., pelota-manzana
[ball-apple]); idiosyncratic responses were unique (e.g., zapato-de Emilio [shoe- of Emilio]); and
anomalous responses were coded as repetitions and non-answers. The authors trained four
linguists, who, after various training sessions, randomly coded ten percent of the data; this data
was first analyzed before they were allowed to code the rest of the data. The inter-rater agreement
was high, with an average Cohen’s kappa of 0.96 (range 0.81 to 1.00). The confidence interval for
Cohen’s kappa extended from 0.92 (range 0.62 to 1.00) to 1.00 (range 0.95 to 1.00). These values
indicate a remarkably high level of consistency among the four linguists, suggesting that the
evaluation process was both reliable and valid across different raters. Although our primary focus
in this qualitative classification was on the taxonomic versus thematic distinction (as in other
studies), we also classified other types of responses to conduct a detailed analysis of the lexical
relations generated by children.

A third classification of the lexical relations was performed based on the type of grammatical
response. Following Clark (1970), two trained linguists coded relations as paradigmatic when the
response and stimulus belonged to the same grammatical category (e.g., cama-mesa [bed-table]) and
as syntagmatic when the stimulus and response were from different grammatical categories (e.g.,
cama-dormir [bed-to sleep]). They also identified non-answers and idiosyncratic responses as anom-
alous. In this coding, the linguists had a 98% agreement rate, and any discrepancies were resolved
through common agreement.

The classification of responses is proposed based on an extensive review of the most common
measurements used in free association studies (De Deyne et al., 2019; Fernandez et al., 2004; Schulte
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Im Walde & Borgwaldt, 2015; Vivas et al., 2017; Zortea et al., 2014). It includes both quantitative
measurements (for frequency comparisons) and qualitative classifications (based on the relationship
between the stimulus word and the response word). Both categorizations homogenize and facilitate
comparisons between previous and future studies.

Results
Cleaning and inclusion criteria

Participants” responses to the stimuli were orthographically corrected and standardized as described
in Barr6n-Martinez and Arias-Trejo (2014): grammatical gender was unified to masculine (e.g., perra
to perro, female dog to male dog); grammatical number to singular (e.g., apples to apple as in
Dubossarsky et al., 2017); and verb tense to the infinitive form (e.g., playing to play). Out of a total
of 484 participants, 19 were excluded from the analysis because they had fewer than 60% of the
responses (fewer than 36 answers), and three participants were excluded because their age exceeded
the range of the inclusion criteria. The first criterion applied because participants with a few responses
repeatedly answered with the same word to different cue words, used undefined terms such as “cosa”
(thing), provided the same word but in another gender as “nifio-nifia” (child), or decided not to
complete the task due to fatigue. Similar criteria were reported in Cabana et al. (2024). Thus, a total of
462 children were included in the analysis: boys (n = 224) and girls (n = 238) with a mean age of 8.16
years (SD = 1.84); they attended public (120 boys and 120 girls) or private (104 boys and 118 girls)
schools. Table A3 presents the number of participants by age in each school grade.

Association measures

The eight associative measures described above in the Coding and Data Analysis section were
calculated (see Table A2). After finding that six association measurements from the general sample
were not normally distributed (see Table Bl), comparative analyses were performed using non-
parametric tests in IBM SPSS Statistics Software (IBM Corp., 2019, Version 26). Table 1 shows the
statistical comparisons between the two types of schools regardless of their level of education or age.
Differences showed that children from public schools in general had a higher Associative Strength of
the Most Frequent Associate (FA) than their peers from private schools, but children from private
schools provided a greater Number of Different Associates (NA) (FA for public was 22.73 and NA was

Table 1. Means, standard deviations (SD), and p-values of the association measures.

General Public Schools’ Private Schools’ z-value
No. Measure Mean (SD) Mean (SD) Mean (SD) (p-value)
1 Associative Strength of the 21.17 22.73 19.61 -3.732
Most Frequent Associate (FA%) 9.16) 9.12) (8.97) (.0001)*
2 Associative Strength of the 10.97 12.56 9.57 —4.548
Second Most Frequent Associate (SA%) (3.81) (4.00) (3.55) (.001)*
3 Sum of Associative Strength 32.85 35.52 30.17 -5.111
of FA and SA (SM%) (10.84) (10.48) (10.55) (.0001)*
4 Difference of Associative 9.503 9.94 9.05 —.460
Strength between FA and SA (DF%) (9.19) (9.49) (8.90) (.646)
5 Number of Different Associates (NA) 32.98 30.91 35.066 -2.170
(10.99) (8.75) (12.54) (.030)*
6 Blank Responses (BLR%) 4,68 4,96 4,67 —1.798
(7.39) (7.85) (7.05) (.072)
7 Idiosyncratic Responses (IR%) 31.46 27.61 35.32 -8.121
(9.62) (8.79) (8.87) (.0001)*
8 Cue Validity of the 0.766 0.7833 0.766 —-A473
Most Frequent Associate (CV) (0.292) (0.304) (0.283) (.636)

Note. p-values were calculated with the non-parametric Mann-Whitney U-test. * p <.05.
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30.91, while for private FA was 19.61 and NA 35.066). The percentage of idiosyncratic responses also
differed: 27.61 for public and 35.32 for private school children. In fact, idiosyncratic responses
increased in private school children and decreased in public school children. The item that produced
the largest number of different responses for both types of schools was casa ([house], NA for public
schools = 108, NA for private = 104). Among public school children, the first associate was vivir ([to
live], n =25), whereas for private school children, it was grande ([big], n=17).

To analyze differences by level of education, we divided participants into three groups: entry level
(1** grade; participants who performed the task orally), medium level (2™ and 3" grade), and
advanced level (4™ to 6™ grade). The Mexican educational system divides elementary school into
lower elementary (1 to 3" grade) and upper elementary (4™ to 6™ grade); however, we decided to
treat children in 1** grade as a separate group because they performed the task with a variation in the
data collection method. Looking for an interaction between the two factors (Type of school and Level
of education), a non-parametric Scheirer-Ray-Hare test (Scheirer et al., 1976), which is a reliable
alternative for a two-way ANOVA (2x3), was performed in the R Statistical Software (v4.2.3; R Core
Team, 2023). We found interaction effects between factors in SA (H(2, 354) =15.16, p <.001),
SM (H(2, 354) =8.66, p=.013), IR (H(2, 354)=36.23, p<.001), and NA (H(2, 354) =86.24,
p<.001). Main effects for education level were found in FA (H(2, 354) =9.33, p=.009), SA
(H(2, 354) =5.98, p=.050), SM (H(2, 354) =11.66, p=.002), BLR (H(2, 354) =28.29, p <.001), IR
(H(2, 354) =44.63, p<.001), and NA (H(2, 354) =156.89, p <.001) with significant differences
between entry and advanced levels (see Tables B5 and B6). Main effects for type of school were
found in FA (H(1, 354) =13.92, p<.001), SA (H(1, 354) =29.11, p<.001), SM (H(1, 354) =26.11,
p<.001), IR (H(1, 354) = 65.94, p <.001), and NA (H(1, 354) =4.711, p =.029).

The associative measures were also calculated by age group. Table 2 presents these calculations for
the seven age groups. The changes seen with age are non-linear. As expected, we observed a decrease in
BLR as children provided a word for almost all cue words, an increase in IR, and an increase in cue
validity.

To explore if these differences were more related to the children’s age than to the level of education
(e.g. if differences were present when students aged, for example, from ages 6 to 7 or from 8 to 9, more
so than from 1% to 4™ grade), we performed another Scheirer-Ray-Hare test. So, the factors considered
were the Type of school (private and public) and the Age within the sample (ages 6 to 12). We found
interaction effects between age and type of school in FA (H(6, 826)=25.62, p<.001), SA
(H(6, 826) =20.355, p=.002), SM (H(6, 826) =29.56, p <.001), NA (H(6, 826) =464.93, p <.001),
BLR (H(6, 826) = 24.09, p <.001), and IR (H(6, 826) = 257.27, p <.001). Interestingly, main effects in
age were only found in NA (H(6, 826) = 145.87, p <.001), BLR (H(6, 826) = 104.09, p <.001), and IR
(H(6, 826) =23.47, p <.001). Post-hoc comparisons with the Dunn (1964) test showed that age
differences were scarce between consecutive years in BLR and IR and, more often, reached significance
when comparing nonconsecutive years. This was not the case for NA, where differences were
commonly observed between consecutive age comparisons (7-8 (p <.0009), 8-9 (p <.0004), and
10-11 (p <.0001), but not for 9-10 (p=.07) and 11-12 (p=.99)). Likewise, no differences were
found between nonconsecutive years of age (for example, 6-9 (p=.41), 6-10 (p=.35), 8-11
(p=.14), 8-12 (p=.15)). This might be due to the non-linear increase in NA, particularly evident
for children from private schools (see Figure 1C).

As will be discussed later, these differences between the groups become more pronounced at
medium and advanced levels than for entry-level grades (see Tables B2 to B4). Figure 1 illustrates
the percentages and the number of associates from public and private schools for each level of
education.

Type of lexical responses

When classifying the type of lexical responses, taxonomic responses (e.g., pato-leén [duck-lion]) were the
most frequently produced, followed by thematic (e.g., vaso-agua [glass-water]), descriptive (e.g., zapato-
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Figure 1. Graphs illustrating the percentages and the number of associates from private and public children for each of the education
levels. A) shows the percentages of FA: Associative Strength of the Most Frequent Associate, B) depicts the percentages of SA:
Associative Strength of the Second Most Frequent Associate, C) displays NA: Number of Different Associates, and D) shows the
percentages of IR: Idiosyncratic responses.

morado [shoes-purple]), and functional responses (e.g., escoba-barrer [broom-sweep]). There were
significant differences in the frequency of all types of responses (X* [8, N=462] = 19945.87, p <.001).

A Kruskal-Wallis test to examine differences by age in the production of each of the four most
common types of responses found non-significant differences between the seven age groups (from 6 to
12 years old) in the production of taxonomic responses (X*(6) = 5.6, p=.469), thematic responses
(X?(6) = 7.54, p =.274), descriptive responses (X3(6)=3.2, p=.783), and functional responses
(X%(6) = 5.25, p=.511). These results show that children’s production of the four most common types
of responses does not change significantly with age.

To analyze differences by level of education, we once again divided participants into the three
established groups: entry level, medium level, and advanced level. Table B7 presents the frequency of
production for each type of lexical response and the percentage of total responses.

Kruskal - Wallis tests found non-significant differences between these three groups in the produc-
tion of taxonomic responses (X*(2) =3.714, p =.156), thematic responses (X3(2) = 3.429, p=.18),
descriptive responses (X*(2)=3.714, p=.156, and functional responses (X*(2) = 0.074, p = .964).
These results indicate that children’s production of the four most common types of responses does
not change significantly with each level of education.

We analyzed the differences between the four most frequent types of lexical responses across each
of the three levels of education to identify preferences for any of these lexical responses. For the entry
level group, a Friedman test showed significant differences in the four most frequent types of lexical
responses (X* [3] = 66.95, p <.001), and post-hoc analyses with a Wilcoxon signed-rank test indicated
a significant difference between the taxonomic and descriptive responses (z = —5.90, p < .001), between
thematic and descriptive responses (z = —7.25, p <.001), as well as between descriptive and functional
responses (z = —7.25, p <.001). These results indicate an equal production of taxonomic, thematic, and
functional responses. For the medium level group, a Friedman test showed significant differences in
the four most frequent types of lexical responses (X? [3] = 82.49, p <.001). Post-hoc analyses with
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a Wilcoxon signed-rank test indicated a significant difference between the taxonomic and thematic
responses (z=-5.09, p <.001), between taxonomic and descriptive responses (z =—-2.43, p =.015), as
well as between taxonomic and functional responses (z=—-6.97, p <.001), with taxonomic responses
being more frequent in this group. Finally, for the advanced level group, a Friedman test also showed
significant differences in the four most frequent types of lexical responses (X* [3] = 34.42, p <.001).
Post-hoc analyses with a Wilcoxon signed-rank test indicated a significant difference between the
taxonomic and functional responses (z = —2.73, p =.006), between thematic and descriptive responses
(z=-2.28, p=.022), as well as between thematic and functional responses (z =—-3.41, p =.001), with
taxonomic and thematic responses being more frequent in this group.

A comparative analysis of the production of taxonomic (most frequent type of responses) and
thematic responses (second most frequent type of responses) was performed using a Mann-Whitney
U-test; there were non-significant differences between children of private and public schools (z =
-1.96, p=.05, z=-.09, p = .92, respectively).

Grammatical responses: paradigmatic versus syntagmatic

Paradigmatic responses (e.g., gato-perro [cat-dog]) were the most frequently produced, followed by
syntagmatic responses (e.g., gato-maullar [cat-to mew]). There were significant differences in the
frequency of these types of responses (X* [1, N = 462] = 1884.63, p <.001). A Kruskal-Wallis test to
examine differences by age in the production of each type of grammatical response found non-
significant differences among the seven groups (from 6 to 12 years old). This result indicates that
children’s production of paradigmatic and syntagmatic responses does not increase significantly with
age. Likewise, a Kruskal-Wallis test showed non-significant differences between children of private
and public schools in the production of both paradigmatic and syntagmatic responses. Table B8 shows
the frequency and percentage of total grammatical responses for the three levels of education.

Discussion

In this study, we present free associations for 60 stimulus words collected from 484 Spanish-speaking
children aged 6-12 years, attending public and private schools. Except for first-grade children, who
completed the task orally, all free word associations were collected in a written modality (children
wrote the first word that came to mind), consistent with previous studies with children (De Deyne
et al., 2013; De La Haye, 2003). We offer three main analyses. First, we calculated eight measures:
Associative Strength of the Most Frequent Associate (FA), Associative Strength of the Second Most
Frequent Associate (SA), Sum of Associative Strength of FA and SA (SM), Difference of Associative
Strength between FA and SA (DF), Number of Different Associates (NA), Blank Responses (BLR),
Idiosyncratic Responses (IR) and Cue Validity of the Most Frequent Associate (CV) - all commonly
reported in free association studies (Barrén-Martinez & Arias-Trejo, 2014; Callejas et al., 2003; Macizo
et al., 2000; McRae et al,, 2005). Secondly, we analyzed the types of lexical relations that children
produced between a cue word and the FA. Third, we differentiated responses grammatically, distin-
guishing between paradigmatic and syntagmatic responses.

Association measures

Our findings reveal a pattern of free associations during childhood that varies with the type of
school, level of education, or age. The results do not indicate a progressive pattern; instead, except
for BLR, a U-shaped curve is observed across all measures. We will revisit this issue shortly. First,
we present the results by type of school. As outlined in the Introduction, our hypothesis suggested
that due to the academic differences, peculiarities between the types of schools could be expected.
Children from private schools were expected to exhibit higher FA (a more connected lexicon), less
IR, and more NA (more words). We only partially obtained these results (see Table 1). Significant
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differences were found in five measures: FA, SA, and SM were larger for public schools, whereas
NA (mean public school 30.91 vs 35.066 for private) and IR were larger for private schools (mean
public school 27.61 vs 35.32 for private). FA, SA, and SM for private schools suggest a less
connected lexicon than their peers in public schools. Personal word-word relations in private
schools could explain a less connected lexicon. However, this interpretation is misleading, con-
sidering that more NA and IR reflect a larger vocabulary and therefore various responses for the
same cue word. Thus, children’s lexicons in private schools may be as connected as those of their
public-school peers but have a broader range of lexical options (words) to select from. Lower FA
indexes reflect more words associated with a cue word, and so the association strength is
distributed among more relations. We did not measure reaction times, but it would be interesting
to see if the lower values of FA in private schools are associated with longer response times,
potentially due to increased interference from having many possible associates.

Focusing on responses from public school children, three measures follow a linear pattern (see
Table B5): NA increases, and BLR, along with decreases in IR; FA does not change significantly. In
private school children, only BLR decreased linearly. This fluctuation does not delineate a progressive
pattern of changes but rather reflects a lexicon that is constantly adjusting.

Our results also detail the significant interactions between level of education and type of school.
The differences in the lexicon between children from private and public schools seem to become more
pronounced as they advance in their education. At the entry level of education, the two types differ
only in NA (private school children have a greater number). These differences extend to include FA,
SA, SM, and IR as children reach the medium level, and these differences persist through the advanced
level, except for FA (see Tables B2 to B4). Although some of these differences were not significant in
younger children (entry level at 6-7 years old) (Table B2), almost all the associative measures reached
significance at the medium (i.e., second and third grade, Table B3) and the advanced level of schooling
(i. e, fourth through sixth grade, Table B4). As previously noted, these differences suggest that the
private school children’s lexicon was probably broader and more diverse than the public schoolers’ (e.
g., NA for public schools was 30.91 and 35.06 for private schools in general, see Table 1). In contrast,
public school children’s lexicon, though smaller, seems to be more interconnected and characterized
by stronger associations (see the differences between the two groups in FA, SA, and SM in Table 1). In
terms of education level and age, we expected to see gradual progression as more abstract knowledge
was incorporated, leading to an expansion of vocabulary. This developmental progression was
expected to mirror age. Overall, we observed changes that confirm our hypothesis.

As noted, free association tendencies reflecting the changes in associative networks of words related
to child development (decrements in FA, IR, and BLR, accompanied by an increase in NA) were not
necessarily linear (Macizo et al., 2000, see Figure 1A for FA, 1D for IR, and 1C for NA). This is striking
when comparing public and private school trajectories, with public schoolers showing a much more
linear tendency when going from entry to advanced level of education (Entry FA = 24.11, Medium FA
=22.80, Advanced FA = 21.29, see Figure 1 and Table B6 in Appendix B), whereas, children in private
schools follow the previously reported partial U-shape decrease for FA and IR (diminishing from 6-10
years old, Entry FA = 21.6, Medium FA =16.76, and partially recovering from 10-12 years old at the
Advanced level FA =20.45, see Table B5 and Figure 1A for FA measure and 1D for IR). This is
a phenomenon that Macizo et al. (2000) found only when comparing young children to adults. This
partial U-shape decrease perhaps indicates that private schools’ curricula could be accelerating word
learning processes, similar to how high school SES reportedly enhances student learning (Rumberger
& Palardy, 2005) or how the type of educational approach, even when SES is controlled, seems to
influence concept organization (Denervaud et al., 2021). Considering the previously reported varia-
tions in the increase of the percentage of associates (i.e., a fast growth between ages 8-10, followed by
a plateau from 10-12, and a slight decrease afterward, see Macizo et al., 2000), when compared to the
educational level in private schools, we found a slight increase for NA, describing an inverted U-shape
(see Figure 1 and Table B6). This curve has been reported in cognitive development (Carlucci & Case,
2013). Initially, as children acquire new knowledge, their performance improves; however,
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performance may temporarily decline as this new knowledge is incorporated into the learning process
and children are introduced to rules or exceptions.

A similar pattern emerges in the data when observing the responses given by age, revealing
a fluctuating rather than a consecutive trajectory of changes. When Age was a factor instead of
Level of education, FA and BLR were also significant, indicating that BLR decreased with age —
more drastically in private schools — while FA significantly decreased only in private schools (see Table
B6). This non-linear evolution in the strength of FA, NA, and the percentage of IR seems to culminate
in a higher FA and NA, and a lower number of IR around young adulthood (as shown by Arias-Trejo
et al,, 2022). These results align with the established process of vocabulary accretion, the tuning and
adjusting of lexical entries and their meaning in memory, and the restructuring of weak and strong
associative and semantic relations between words (Rumelhart & Norman, 1978). In line with Beckage
etal. (2011) and Hills et al. (2009), vocabulary changes with age during infancy; these early changes are
likely to continue with schooling, as categories known by children become more populated, potentially
resulting in a temporal decrease in association strength. Stella et al. (2017) state that words have
multiple connections, such as phonological, co-occurrence, feature similarity, and associative relation-
ships. Thus, while changes occur with age, there is wide variability in the lexicon.

Previous research reports that a higher degree of strength of association in the FA is found in adults;
for instance, Arias-Trejo et al. (2022) reported an FA of 29.27% for older adults and Barrén-Martinez
and Arias-Trejo (2014) of 29.38% for young adults. We found a similar total FA in 6 to 11-year-olds,
which then increases at age 12 to 23.95%. This outcome, along with an increase in Cue validity from
.66 at 6 years of age to .90 at 12 years (being .766 in general), suggests that the relationships between
words are in a consolidation process.

The comparisons we can make with previous studies on children’s free associations are very limited
due to differences in age, number of cue words, and sample sizes. Our study shows divergences and
similarities with their findings. Like Comesaiia et al. (2014), but in contrast to Macizo et al. (2000), we
found an increase in FA with age that fluctuates around similar values until it dramatically increases in
the last age group and last grade of elementary school. In terms of NA and aligned with Comesaia
et al. (2014), we observed a pronounced decrease among 11- and 12-year-olds only in public schools.
Conversely, in private schools, we found an increase, consistent with the findings of Macizo et al.
(2000). Additionally, the increase in IR observed in our private school sample coincides with the
findings of Macizo et al. (2000) while the decrease observed in public schools is consistent with
Comesaiia et al. (2014). As Comesaiia et al. (2014) indicate, the responses given by children do not
show a linear function of age or education level, but changes in their responses reflect shifts in their
conceptual organization. As children’s vocabulary and knowledge broaden, they develop richer and
more sophisticated networks, evidenced by a larger NA with higher education levels observed in our
data. However, this may also reflect children’s vocabulary expansion, and therefore, individual
differences in how they experience certain words are indicated by the higher IR. Stella (2019) suggests
the need to consider individual differences (related to age) when testing representation hypotheses,
particularly free associations in early word learning, as word representations undergo significant
changes during this period.

Type of lexical responses

Overall, children produced preferentially taxonomic, thematic, descriptive, and functional responses
(as in Garcia Coni & Vivas, 2018; Mirman & Graziano, 2012; Yee et al., 2009). Taxonomic responses
were significantly more abundant than the other three types of responses; however, differences were
found in individual educational levels rather than among groups of educational level (entry, medium,
and advanced levels). This result aligns with Garcia Coni and Vivas (2018), who reported that children
prefer to describe objects taxonomically based on shared characteristics. We suggest that children
generate a coordinate that activates another member of the same category. On the one hand, we could
assume that a system of lexical relations is built through semantic categories (for example, animals or
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body parts); every time a new element is learned, it is grouped into its category, thus, the category is
strengthened. On the other hand, we could also assume that thematic relationships, being the second
most frequent category, represent a link that is nourished by the daily experience of each individual
(for instance, the games they play or the scenes of their daily life). With this information and as
previously suggested, we can understand the lexical mechanisms, taxonomic and thematic, that aid in
the construction of the mental lexicon of school-age children. For instance, Wojcik and Kandhadai
(2020) propose that the increase in taxonomic relationships reflects the speech of the environment
children are exposed to. Regarding thematic relationships, we may be capturing links that are formed
due to word-word co-occurrence as proposed by Sadeghi et al. (2015). Likewise, the predominance of
taxonomic and thematic relationships in children could be analyzed through the influence exerted by
different cognitive or educational elements (obtained by the teaching-learning process). The school
stage is characterized by the continuous acquisition of information related to language, reading, and
writing, which influences how the links between words are formed. Additionally, descriptive responses
reveal that children provide characteristics of an item, while functional responses demonstrate that
they link items by utility.

Our outcome indicates that children’s production of the four most common types of responses does
not change significantly with age, that is, from 6 to 12 years old. This suggests that age does not affect
the types of connections formed between nodes in their networks. It appears that lexical relationships
within this age range remain consistent.

Grammatical responses: paradigmatic versus syntagmatic

Children at all levels of education produced more paradigmatic than syntagmatic responses. This
result contradicts those found in English-speaking children (e.g., Ervin, 1961; McNeill, 1970), but
coincides with Mattheoudakis (2011), who studied Greek children. This preference for paradigmatic
responses can be explained in different ways. First, the syntagmatic-paradigmatic shift may occur at an
earlier age in Spanish-speaking children, and such a change could be linked to the structure of
language. The second explanation relates to the characteristics of stimulus words. Specifically, it has
been identified that in children (but not in adults), words of higher frequency elicit mostly paradig-
matic responses (Mattheoudakis, 2011). Moreover, the tendency to provide a paradigmatic response to
a noun stimulus is considerably higher than for any other grammatical category (Palermo, 1971). Both
characteristics are features of the stimuli used in our study, indicating that the type of response is
influenced by both the frequency and grammatical category of the stimulus used in the task. Another
possible explanation is that the preference for paradigmatic responses observed in Spanish-speaking
children may be influenced by the rich morphological structure of the Spanish language. Spanish, as
a highly inflected language, offers a wide range of grammatical markers that facilitate the recognition
and manipulation of word forms within paradigmatic sets (e.g., conjugations, gender, and number
agreements). In contrast, the more lexicalized nature of English, with its relatively limited morpho-
logical marking, may make it more difficult for English-speaking children to group words by
grammatical type. As a result, they may find it challenging to generate paradigmatic responses and
instead rely heavily on syntagmatic or surface-level lexical relations.

Likewise, the analysis of the type of grammatical response evidenced that children’s production of
both paradigmatic and syntagmatic responses does not increase significantly with age or level of
education, which is different from what was found in other studies (e.g., Ervin, 1961; Masters, 1969;
Palermo, 1971). This finding reinforces our idea that for children, the characteristics of the stimulus
have a greater influence than other factors in determining their preference for a particular type of
grammatical response. Our results on the type of grammatical response are consistent with those of
other studies with young and older adult speakers of Mexican Spanish (Arias-Trejo et al., 2022; Minto-
Garcia et al, 2020). A preference for paradigmatic relationships in school-age children was also
identified in our data, indicating that Mexican Spanish-speakers in elementary school can produce
this type of response that is indicative of a more developed semantic system. Although paradigmatic
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relations are more common in adults (K. Nelson, 1977), our data showed that children can establish
relationships between words that involve a higher level of cognitive processing.

Research suggests that early word learning could be partially driven by words that highly co-occur in
caregiver speech or that have associations with a greater number of words (Hills et al., 2010). Fourtassi
(2020) analyzed the corpus of Wojcik and Kandhadai (2020) and found that co-occurrence in child-
directed speech (as in CHILDES corpus, MacWhinney, 2000) predicted children’s free associations.
This co-occurrence indicates a linguistic environment that highly influences conceptual development;
therefore, it is possible that the school context, where the categorization of elements is persistently
emphasized in child-directed speech, influences the preference for paradigmatic (or taxonomic) asso-
ciations. Similarly, parents often use words from taxonomies regardless of their similarity, and through
repeated co-occurrence, children come to associate them. This could partially explain why Wojcik and
Kandhadai (2020) found that in a free association task, children responded with referents that were not
necessarily perceptually similar, such as “dog-fish,” demonstrating a shift from syntagmatic to paradig-
matic or taxonomic relationships. In this sense, the linguistic environment of our participants could
play a relevant role in the production of responses in free word associations.

Limitations

One of the limitations of the present study is that each level of education group was made up of
a different number of participants, which could have reduced the comparative homogeneity between
groups. We also recognize that not measuring children’s linguistic skills is a limitation, as this
information could have helped explain the differences found. Even if the 6- to 7-year-olds produced
their answers orally and teachers confirmed that the 7- to 8-year-olds could write, we are unable to
determine the influence of the literacy process on the generation of associates. It is possible that
reading or writing difficulties partially account for the pronounced and non-linear changes observed
in the 7-year-old children. Thus, future studies could consider measuring cognitive skills such as
reading and writing, and even verbal or written fluency skills. Finally, future work could include other
grammatical categories to perform a deeper exploration of the lexicon in childhood. We were
restricted to using only nouns, as one of our main goals was to create visual representations of word
associations that can be used with toddlers.

Conclusion

We present word associations for 60 Spanish nouns, collected from 484 children between the ages of 6
to 12 years, attending public and private schools. This study draws a picture of how word associations
change with age and SES. The results showed an increase in the degree of strength of association with
the level of education and a reduction in blank responses. A predominance of taxonomic and
paradigmatic responses across education levels was also identified. We found differences, although
non-linear, in terms of the type of school children attended; the associative strength of the first
associate was significantly higher for children in public schools than for those in the private system. As
a result, the number of different associates was higher in private compared to public schools, probably
reflecting vocabulary growth. This corpus represents a contribution to psycholinguistic research with
Spanish-speaking children and is a useful methodological and systematic resource for designing verbal
stimuli in experimental tasks with children, such as priming, naming, and memory retrieval tasks,
among others.
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