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Abstract

Background. The present paper focuses on meta-representational changes occurring in ageing
by studying the decline in Definitional Competence, an ability so far little studied in this period
of life.

Purpose. The paper hypothesises a relation between Theory of Mind (ToM) and Definitional
Competence, in a view that posits the former as a preparatory and facilitating competence for
a more complex linguistic production, that is lexicographic definition. The effects of levels of
education on the decline in ageing for Definitional Competence and ToM are also investigated.

Methods. We recruited 24 adults (age range 21-55), 25 young-old adults (age range 60-70) and
25 old-old adults (age range 71-85) and administered them the Eyes task to measure ToM and
the Co.De. Scale to assess Definitional Competence.

Results. Results suggest that Definitional Competence declines earlier on than ToM, mirroring
the well-known process according to which in semantic knowledge, during ageing, taxonomic
relations are lost before thematic ones. Our results also show that better levels of education are
associated with better performance in both our key constructs and that ToM predicts Definitional
Competence, in line with our expectations.

Conclusion. The paper offers one of the first systematic studies on the changes in Definitional
Competence during the last phase of life and it provides theoretical insights into the relation
between ToM and Definitional Competence in ageing.

Implications. The paper is informative for future interventions aimed at enhancing linguistic
and metalinguistic skills in ageing through the preservation of better levels of awareness and
the assumption of a decentralised perspective in interpersonal communication.
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nent and systematic mental structures
and enables the sharing of this knowl-
edge among all members of a given cul-

INTRODUCTION

Meta-representation ability, the skill
that permits one to implicitly and ex-
plicitly grasp and share one’s own and
other internal states, is a distinctive fea-
ture of the human species and finds its
highest manifestation in language (To-
masello, Carpenter, Call, Behne, & Moll,
2005). Cognitively speaking, language is
a powerful means of representation that
organises world knowledge into perma-

ture (Tomasello, 1999). Language also
facilitates continual analytical reflection
on experience and allows different hy-
pothetical scenarios to be represented.
From a communication point of view, lan-
guage permits the negotiation of mean-
ings, plans and solutions, as well as the
explanation of individual mental states.
In other ways, language and, crucially,
the ability to define words allows us to
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make explicit the implicit representations (both personal
and cultural) according to the Representational Rewriting
Model by Karmiloff-Smith (1992).

The prerequisite par excellence of language development
consists in the ability to recognise that other individuals
have minds that function in a similar way to ours (Tomasello,
2001) and in understanding other’s intentions to pursue the
“same” means for the “same” end (Tomasello, 2003, p.33).
Other skills that seem particularly important for language
acquisition involve various kinds of broadly defined pat-
tern-finding categorisation (Rosh et al., 1976).

THEORETICAL BACKGROUND

The ability to understand others’ internal representation
behind manifest behaviour is called Theory of Mind (ToM)
(Premack & Woodruff, 1978; Wimmer & Perner, 1983). Lan-
guage and ToM share high-level cognitive and meta-rep-
resentational components, and this common substrate
is thought to explain how the acquisition of each of these
competencies is closely linked to the acquisition of the oth-
er (Astington & Baird, 2005; Tomasello, 2001). In particu-
lar, among linguistic skills, the Definitional Competence,
the ability to make verbally explicit the meaning of a given
word (definiendum) by means of other words (definiens), im-
plies metalinguistic and meta-representational capacities
(Benelli et al., 2006), also crucial for ToM competence. In-
deed, producing good lexicographic definitions demands
not only the metalinguistic capacity to follow conventional
rules for making word meanings explicit, the selection of
relevant semantic content components, and the use of ap-
propriate linguistic forms, but also the ability to take simul-
taneously into account one’s own and others’ information
needs and goals. Despite the fact that the two skills stud-
ied here (namely ToM’ and ‘Definitional Competence’) seem
to share the same underlying meta-representative process,
they are also deeply different in their nature and thus can
be studied as different constructs. ToM competence usually
acts at an implicit (unless the subject is asked to verbally
explicit the contents of their inferences upon mental states,
such as in the second- and third-order false belief tasks or
in some conversations) and contextualised level, while the
Definitional Competence requires the mastering of explic-
it, de-contextualised and intersubjective forms of sharing
mental representations. At a theoretical level, in order to
provide the interlocutor with adequate definitions through
a conventional and effective verbal exchange, the speaker
needs to put themselves in the shoes of the interlocutor, as-
suming their cognitive and affective representation of the
world (the core of ToM). However, few studies have inves-
tigated the meta-representational components of Defini-
tional Competence (e.g. Belacchi & Benelli, 2021), requiring
awareness of both the conventional value of definitions and
shared meanings and no less of the interlocutors’ informa-

tional needs and, more generally, of the ability to assume
other perspectives.

From the literature in this domain, it is clear that, even if
many previous empirical works examined the reciprocal
links between language and ToM acquisition (see, for ex-
ample, Astington & Baird, 2005; Tomasello, 2001), we still
have little understanding of how the ability to define words
and ToM are related in different phases of life. We already
know that these kinds of meta-representational abilities are
influenced by age, cognitive abilities and level of education
(Benelli et al., 2006; Gini, Benelli and Belacchi, 2004; Li et al.,
2013; Pardini e Nichelli 2009; Phillips et al., 2002; Slessor et
al., 2007), but the relation between implicit (automatic and
unconscious) and explicit (deliberate and conscious) levels/
mechanisms that characterise the structure, functioning
and specific manifestations of different meta-representa-
tional skills is still an open question. In particular, following
both previous theoretical approaches (e.g., Malle, 2022) and
preliminary evidence (Belacchi 2004; Belacchi, 2019; Roselli,
Valentini, & Belacchi, 2019) on this issue, we are interested in
testing whether the ability to implicitly represent one’s own
and others’ psychic states (i.e., ToM as measured by tasks
assessing automatic attribution of inner states) favours the
mastery of language in its most advanced and explicit forms,
as in the case of Definitional Competence.

In the present paper we aim to provide one of the first con-
tributions in this domain by focusing on aging. This period
of the life-span can be particularly informative on the nature
of the relation between ToM and Definitional Competence,
as we know from a rich body of previous research that ToM
undergoes deep transformations during the last phase of
human life (Henry, Louis, Phillips, Ruffman, & Bailey, 2012;
Hughes et al., 2019) and that crystalised knowledge tends
to be maintained while fluid intelligence seems to decline
in this period of life. On the other hand, recent literature on
ageing has elucidated that some aspects of language skills
decline across ageing while others are mainly preserved. In
particular, it seems that productive aspects of language are
more vulnerable to the effect of age (Burke & Shafto, 2008;
Zhang, Eppes, & Diaz, 2019). Moreover, previous research
suggests that the thematic memory organisation is better
preserved in older adults than the taxonomic organisation
(Belacchi & Artuso, 2018; Belacchi, Artuso, & Palladino, 2022),
so it is plausible that those parts of language skills that use
taxonomic categorisation are particularly impaired in the
ageing process. Moreover, Artuso & Belacchi (2021) showed
that the elderly seem to use thematic knowledge to support
expository text comprehension and not the taxonomic one,
which would work better in the light of similar common pro-
cesses (such as abstract logical relationships and de-con-
textualisation). This confirms that hierarchically organised
semantic structures (i.e., taxonomic ones) are not specifical-
ly useful in comprehending complex texts for older adults,
conversely to what has been observed in adults.
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In the following paragraph, we will better analyse each of
our target skills and provide a framework to understand the
main developmental changes from a life span perspective.

Definitional Competence: Its Nature and
Developmental Trend

As stated above, language is a powerful means of representa-
tion that codes the most relevant knowledge about the world,
allowing to share this knowledge among all members of a
given culture. From a communicative point of view, language
allows negotiation of meanings, plans and solutions, as well
as an explanation of individual mental states such as notions,
beliefs, emotions and needs (Nelson, 1996; Tomasello, 2001).

One of the most powerful ways to understand the most ab-
stract, meta-linguistic and meta-representational aspects of
language is to analyse the ability to define words: definitions
require a well-established, conventionally shared semantic
knowledge and linguistic expression rules, being part of the
intersubjective “common ground” (Tomasello, 2008). The
prototypical format of a lexicographic definition is the Aris-
totelian formula: “An X is a Y that Z”, which involves lexical,
semantic and syntactic abilities to express the meanings of
words (Belacchi & Benelli, 2007; Belacchi & Benelli, 2017;
Benelli, Belacchi, Gini & Lucangeli, 2006). Traditional litera-
ture on conceptual and definitional development has shown
that different definitional levels exist according to the kinds of
answers children provide (Litowitz, 1977; Snow, 1990; Benelli
& Belacchi, 2017). According to a developmental trend, pro-
totypical definitional answers range from the so-called HAS
structure (“a chair has four legs”), which simply describes
the sensorial and experiential aspects of referents, to the so-
called ISA structure (“a chair is a piece of furniture”), with a
taxonomic organisation of conceptual knowledge. This syn-
tagmatic to paradigmatic shift occurs around six to seven
years of age.

Lexicographic definitions are an expression of explicit meta-
linguistic competence: to define implies not only knowing
what to say but also how to say it (McGee-Bidlack, 1991; Snow,

Table 1

1990; Watson, 1995; Benelli et al., 2006). Producing good defi-
nitions also has meta-communicative and meta-representa-
tional components; it requires awareness of the conventional
value of definitions and shared meanings and interlocutors’
informational needs.

Recently, a scale was developed (Benelli, et al. 2006; Belac-
chi & Benelli, 2017; Belacchi & Benelli, 2021) to assess Defini-
tional Competence (Co.De. Scale). This scale identifies defini-
tional levels, emphasising the formal aspect of the answers
and analytically expanding the semantic content that is not
directly evaluable. Specifically, the higher the scale levels,
the better they represent the requirements of high-quality
definitions. High-quality definitions (that are successful in
making a reciprocal correspondence between definiendum e
definiens at the semantic content level) have to respect the
following formal rules: illustration of a meaning of a word
by using other words (no-tautology rule); provision of more
words than the stimulus item (phrasal extension rule); pro-
vision of a verbal expression to make explicit the semantic
equivalence (copula rule); provision of a syntactically auton-
omous and correct linguistic structure (syntactic autonomy
rule) (Belacchi & Benelli, 2021). See Table 1 for more details
on the levels of the scale.

Previous research (e.g. Belacchi & Benelli, 2007; 2021; Benelli
& Belacchi, 2017) has shown an increase in both formal cor-
rectness and completeness of the linguistic structures used
to define words from preschool age to adulthood. The same
age-related trends were found for nouns, verbs and adjec-
tives, and concrete and abstract nouns. It was also demon-
strated that there is a high concurrent validity of the Defini-
tional Scale with traditional measures of intelligence, both
in typical and atypical populations. In particular, mental and
chronological age are predictors of Definitional Competence
in children with intellectual disabilities (Belacchi & Benel-
li, 1999; 2007). Moreover, definitional skills, as a measure of
de-contextualised language abilities, are closely related to
school success and literacy (Artuso, Palladino, Valentini & Be-
lacchi, 2022; Gini, Benelli & Belacchi, 2004; Gutierrez-Clellen
& DeCurtis, 1999; Sinclair, 1986; Snow, 1990).

Definitional Levels, Prototypical Answers and Scores for the Definition of the Word “Donkey”

Levels

Types of answers

Score

0. Non-definition Non-verbal answers 0

L. Pre-definition One-word answers, mostly associations (e.g. donkey-> ears) 1

II. Quasi-definition Initial formulation of sentences without autonomous forms (e.qg. 5
donkey-> with the long ears; when it brays)

III. Narrative/descriptive definition Formally correct and autonomous sentences with narrative/de- 3
scriptive content (e.g. donkey brays; donkey is mild)

IV. Categorical definition Formally correct and autonomous sentences in simply categorical/ 4
synonymic form (e.g. The donkey is an animal)

V Partial Aristotelian definition Formal correctness without semantic equivalence (e.g. The moon is 5
a planet in the solar system)

VL. Aristotelian, metalinguistic definition Formal and semantic correctness and equivalence (e.g. A donkey is 6
an animal that brays)
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To our knowledge, this is the first complete study on Defi-
nitional Competence in ageing, although some preliminary
results have also been presented at conferences (Belacchi,
2019).

Theory of Mind: Its Nature and
Developmental Trend

In ToM reasoning, being able means being able to acknowl-
edge the existence of mental states and to explain social
actions in terms of inner states guiding the behaviour
(Premack & Woodrooff, 1978; Wimmer & Perner, 1983). The
more a person is competent in ToM, the more they are able
to correctly ascribe a particular mental state (i.e., intention,
emotion, desire, thought) to a focus agent, and the more
they tend to adopt a mental-state lexicon to describe other
people and their actions (Hughes, 2011). Studies on individ-
ual differences in ToM consistently show that this ability is
fundamental for having a satisfying social life across an en-
tire life span (Lecce et al., 2017; Slaughter, Imuta, Peterson,
& Henry, 2015), and recent research has also demonstrat-
ed that ToM plays a role in the cognitive adjustment of the
subject (Miller, 2012; Wellman, 2018).

The heart of ToM competence is achieved around four
years of age when the child becomes capable of reasoning
on how a person may be guided in their actions by wrong
thoughts on reality (Wellman, 2018). Then, the competence
becomes more and more mature across middle childhood
(Bianco, Lombardi, et al., 2019; Bianco et al., 2021; Lecce,
Bianco, Devine, & Hughes, 2017), preadolescence (Devine
& Hughes, 2013) and adolescence (Valle, Massaro, Castel-
li, & Marchetti, 2015). Interestingly, a meta-analysis of ToM
studies in ageing showed that older adults score signif-
icantly poorer than their younger counterparts across a
wide range of measures varying on the modality of assess-
ment, with a mean effect size of the age-effect moderate in
magnitude (Henry, Phillips, RuOman, & Bailey, 2012). This
ToM impairment begins at about 60 years of age and be-
comes more accentuated after 80 years of age (Charlton,
Barrick, Markus, & Morris, 2009). Sometimes, the decline
was observed at the level of brain activation (e.g., Castelli
etal., 2010).

Notwithstanding these acknowledgements, our compre-
hension of how ToM changes during ageing is far from
complete. In particular, we do not know how the decline
observed after 60 years of age is bound to the functioning
of other near cognitive domains and if sex differences may
occur (the role of sex in the ability to reason on inner states
remains an open question, for example, see Baron Cohen,
2001 vs Serafin & Surian, 2004).

Literature also showed an association between years of for-
mal education and ToM competence ( Li, Wang, Wang, Tao,
Xie, & Cheng, 2013; Pezzuti, Longobardi, Milletti, & Ovidi,
2011).

Research Questions and Hypotheses

The present contribution aims to understand better the
relationship between Definitional Competence and ToM
ability in ageing, but also to add evidence on how these
competencies unfold over time during the last phase of life
and how they vary depending on levels of education. We
expect to find an effect of age and education on the two
competencies, in line with the literature reported above.
Specifically, we hypothesise a decrease in the two sets of
abilities related to age and an increase in the two sets of
skills related to more years of formal education. As liter-
ature reports mix findings for the presence of sex differ-
ences in meta-representational skills (Astington & Jenkins,
1995; Baron-Cohen et al., 1999; Bosacki & Astington, 1999;
O’Hare, Bremner, Nash, Happé, & Pettigrew, 2009), we
checked for this potential effect without an a-priori hypoth-
esis. Our final expectations concern the nature of the re-
lationship between Definitional Competence and ToM. As
our ToM measure mainly implies implicit representations,
while Definitional Competence always involves explicit rep-
resentations, we expected the former to act as a predictor
of the latter, beyond the influence of age and schooling. To
be more stringent, in analysing the relation between ToM
and Definitional Competence, we also considered the type
of words to be defined (words that do refer to vs words that
do not refer to inner states).

METHODS

Participants

Seventy-four subjects (37 males) were recruited by local
advertising (e.g., in recreational centres) in a region in the
centre of Italy. Informed written consent for participation
in the research was collected. All participants were treated
in accordance with the ethical guidelines for research pro-
vided by the Declaration of Helsinki (World Medical Associ-
ation, 2014), the American Psychological Association (APA,
2020) and the Italian Psychological Association (AIP, 2015).

None of them reported severe health problems of any
kind (i.e. no anxiety, depression, sleep disturbances or oth-
er medical conditions). All participants were Italian native
speakers and scored above the 24-point cut-off of the Mi-
ni-Mental State Examination (MMSE) (Folstein, Folstein, &

' APA American Psychological Association (2020). Publication Manual 7th Edition. American Psychological Association.
2 AIP Italian Psychological Association (2015). Codice etico [Ethics code]. https://www.aipass.org/sites/default/files/codice%20etico%20

AIP%20rev_.pdf
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McHugh, 1975). The sample was composed of 24 adults (age
range 21-55, M = 38.29, SD = 11.53), 25 young-old adults (age
range 60-70, M = 65.16, SD = 2.97) and 25 old-old adults (age
range 71-85, M = 76.80, SD = 3.40). In the group of adults, 18
out of 24 participants reported nine or more years of for-
mal education; in the group of young-old adults, 11 out of
25 reported nine or more years of formal education; in the
old-old group, only two participants reported nine or more
years of formal education. All participants were unpaid vol-
unteers.

Measures
Theory of Mind

To index ToM, we administered the Eyes Test Adult Version
(Baron-Cohen et al., 1997, 2001). This test assesses the ability
to attribute complex emotional and epistemic mental states
from the eyes. For each item, participants are required to se-
lect which of four words best describes the thoughts or feel-
ings expressed in a picture depicting a person’s eye region.
The test is made up of 36 items. For each correct answer, a
score of 1 is given. The cut-off score is 13. The total score
ranges from 0 to 36.

Definitional Competence

To assess Definitional Competence (Def), we used the Co.De.
Scale (Belacchi & Benelli, 2021) articulated into seven defi-
nitional levels (while the previous one was articulated into
five levels). This new version allows a more analytical as-
sessment of Definitional Competence (see Table 1). The
subject is presented with 32 target words (8 nouns, 8 verbs,
8 adjectives and 8 emotion terms) varying in terms of con-
creteness/abstraction and in being/not being words refer-
ring to mental states (ToM words). Items were presented in
random order. For each item, participants are asked: “What
does (stimulus word) mean?”. Each definition, orally provid-
ed by participants, was rated on a 7-level scale (score range:
0-6). According to the scale, the more correct, syntactically
articulated and organised a participant’s definition was, the
higher the definitional level attributed (see Table 1 for infor-
mation about the scoring used). Given that the frequency in
the use of nouns/verbs/adjectives that refer to one’'s own
or others’ mental states is an indicator of ToM competence
(De Rosnay & Hughes, 2006), we separated words that refer
to inner states (i.e., thoughts, desires, emotions) from oth-
er words. This allowed us to investigate if the hypothesised
link between Definitional Competence and ToM is general or
specific for words referring to mental states. We considered
the following Italian items as ToM words: orgoglio, tristezza,
rabbia, vergogna, invidia, senso di colpa, gioia, paura, pre-
mura, innocente, pensare, spionaggio, tollerare, costringere,
rivalita, frustrare (in English: pride, sadness, anger, shame,
envy, guilt, joy, fear, caring, innocent, to think, spying, to tol-

erate, to force, rivalry, to frustrate). We considered the fol-
lowing Italian items as non-ToM words: asino, battere, scot-
tare, pagliaccio, magro, rotondo, rischioso. unire, arancia,
educato, emigrare, biondo, abilita, liscio, ombrello, contagi-
0so (in English: donkey, to beat, to burn, clown, thin, round,
risky, to join, orange, polite, to emigrate, blond, skill, smooth,
umbrella, contagious). Participants received mean defini-
tional scores (range 0-6) for total, non-ToM, and ToM words.

Analysis

Statistical analyses were performed with SPSS version 19.
We started by running preliminary analyses on the distribu-
tion of scores on the Co.De. Scale; we then checked if sex af-
fected our key measures in order to know if including sex (as
control variable) in the following analysis or excluding it. We
conducted univariate ANOVAs to examine effects of age and
years of education on both Definitional Competence and
theory of mind. Pairwise comparisons, corrected for Bonfer-
roni indices, were performed in order to break down signif-
icant effects. To investigate the possible relations between
definitional skills and ToM, we first conducted correlational
analyses. Then, to better understand the impact of ToM on
Definitional Competence, we run a hierarchical regression
analysis entering, at Step 1, age and years of education, and,
at Step 2, ToM scores. To be more stringent, we conducted
analyses considering firstly all the items of the Co.De Scale
and then separating words concerning mental states (ToM
words) and words not concerning mental states (non-ToM
words).

As our sample was not balanced concerning years of educa-
tion, we could not test for age X education interaction.

Procedure

At the first stage we collected Informed written consent for
participation in the research. At the beginning of the study
subjects were administered the Mini-Mental State Examina-
tion (MMSE) (Folstein, Folstein, & McHugh, 1975) and asked
for information about years of education and potential
medical issues.

The focus tasks were administered in a fixed order: the Eyes
task, then the Co.De Scale. The evaluation took place dur-
ing a single session lasting about one hour at the homes of
participants.

RESULTS

The results section is organised into four sections: a section
focused on preliminary analyses to provide information on
the distribution of Definitional Competence scores across

3 The data that support the findings of this study are available from the corresponding author, [FB], upon reasonable request.
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age-groups and to check the potential effect of sex on our
key measures via ANOVA; a section devoted to understand
the effect of age and education on Definitional Competence
via ANOVASs; a section devoted to understand the effect of
age and education on theory of mind with ANOVAs; a final
section where assessing relations between performance on
Co.De. Scale and performance on ToM task through corre-
lational and regression analysis.

Preliminary Analyses

From a preliminary analysis of non-verbal answers (Level 0
of the Co.De. Scale), we found 0.4% of answers of this type
in the adult group, 1.13% in the young-old group, and 3.13%
in the old-old group. Figures 1 and 2 show, for each age
group, the proportions and distribution of responses for
each verbal level of the Co.De. Scale.

Analyses showed that neither did sex have an effect on
ToM, F=10.29, p =.60, nor on Definitional Competence (to-
tal words/ToM words/non-ToM words), 0.002 < Fs <0.42,
.52 < ps <.96. For this reason, we did not have a control for
sex in the next analyses.

Differences in Definitional Competence scores
as a function of age and education

Please note that the following analyses were conducted
only on verbal answers (from Level 1 of the Co.De. Scale).
Descriptive statistics for Definitional Competence in each
age group and each level of education are shown in Table 3.

Analyses revealed the presence of age differences,
F(2,.71)=24.03, p <.001, partial n?=.40, with the group
of adults outperforming both the young-old adult one,
p <.001, 95% CI [0.76, 1.89], and the old-old one, p <.001,
95% CI [0.89, 2.02]. No differences emerged between the
two groups of aged people, p = 1.0. The same age group
effect was retrieved when we analysed effects on non-
ToM words only, F(2,71)=14.58, p <.001, partial n?=.29,
or on ToM-words only, F(2,71)=28.51, p<.001, partial

Figure 1

Frequency Distribution of Verbal Answers Across the Levels of
the Co.De. Scale as a Function of Age

n? = .45. Analyses showed an effect of years of education,
F(1,72) =29.03, p <.001, partial n?=.29. Pairwise compari-
sons with the Bonferroni method also showed that people
with “higher levels of education” (calculated as more than
8 years of education) outperformed people with “lower lev-
els of education” on Definitional Competence, p <.001, 95%
C1[0.70, 1.53].

Differences in ToM scores as a function of age
and education

Descriptive statistics for ToM scores in each age group
and each level of education are shown in Table 3. Analy-
ses revealed the presence of age differences, F(2, 71) = 6.05,
p =.004, partial n?=.15. Pairwise comparisons, corrected
for Bonferroni indices, showed significant differences only
between the adult and old-old groups, p =.003, 95% CI
[0.46, 0.27].

In a further ANOVA, the main effect of education was sig-
nificant, F(1, 72) = 16.62, p <.001, partial n? = .19, with more
formally educated people performing better than those
less educated as shown by pairwise comparisons adopting
the Bonferroni method, p <.001, 95% CI [0.08, 0.22].

Relationship between performance on Co.De.
Scale and performance on ToM task

Please note that the following analyses were conducted
only on verbal answers (from Level 1 of the Co.De. Scale).
We found a bivariate correlation (see Table 4) between
the two skills, r (74) =.51, p < .001. Crucially, this relation
is still significant, when we consider only non-ToM words,
r(74) = .46, p <.001

In our first regression analysis on the Co.De Scale scores,
at Step 1, we entered age and years of education, at Step 2,
ToM scores. Step 1 was significant, F(2,.71) =51.61, p <.001.
Age resulted as a significant predictor, f=-0.52, t =-4.65,
p <.001, and also the level of education, 8=0.30, t=2.68,
p =.009. Interestingly, Step 2 led to a significant increase

Figure 2

Percentage Distribution of Verbal Answers Across the Levels of
the Co.De. Scale in Each Age Group
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in the variance explained, AF(1, 70) =5.15, p =.026, with
ToM uniquely predicting 2.8% of the variance in Definition-
al Competence scores. When we investigated the impact of
ToM on Definitional Competence, separating non-ToM and

Table 3

ToM words, the pattern of results was similar, even if for
non-ToM words, the effect of ToM was marginally significant
(please see Table 5, Table 6, and Table 7 for further details
on regression analyses).

Descriptive Statistics on Definitional Competence and ToM Scores Across Age Groups and Levels of Education

Adult Young-old  Old-old High Level Low Level of

Group Group Group of Education Education

M (SD) M (SD) M (SD) M (SD) M (SD)
Definitional Competence (total words) 4.07 (1.09) 2.74 (0.63) 2.62 (0.64) 3.78 (1.20) 2.66 (0.54)
Definitional Competence (non-ToM words) 4.05 (1.02) 3.01(0.70) 2.97 (0.59) 3.79 /1.14) 3.0 (0.54)
Definitional Competence (ToM words) 4.09 (1.25) 2.47 (0.64) 2.26 (0.77) 3.76 (1.34) 2.32(0.65)
ToM 0.61(0.16) 0.53 (0.16) 0.46 (0.15) 0.62 (0.14) 0.47 (0.16)

Note: We considered nine or more years of education as a “high level of education” and all other values as a “low level of education”

Table 4
Correlations Among Focus and Control Variables
Age Education ToM Def.Comp. Def.Comp. Def. Comp.
Total words non-TOM ToM
Age 1 - T4¥Hx - 42k %% - 74 %% -66*** - 75%¥E
Education 1 49*** .68*** .60*** VAR
ToM 1 S51x** 46%** S52***
Def.Comp. - Total words 1 Q5% ** 97***
Def.Comp. - non-TOM 1 .85%**
Def. Comp. - ToM 1
Note: + p <.10, * p <.05, ** p <.01, *** p <.001
Table 5 Table 6

Hierarchical Regression Predicting Definitional Competence
(Total words)

Hierarchical Regression Predicting Definitional Competence
(non-ToM words)

B SE B p B SE B P
Step 1 Age -.03 .007 -.52 <.001 Step 1 Age -.03 .007 -.50 <.001
Education .07 .03 .30 .009 Education .05 .03 22 .086
Step 2 Age -.03 .006 -.50 <.001 Step 2 Age -.03 .007 -.48 <.001
Education .05 .03 22 .054 Education .03 .03 15 .262
ToM 1.18 .52 19 .026 ToM 1.03 .54 .19 .062

R? =.59 for Step 1; AR2 = .03 for Step 2

Table 7

Hierarchical Regression Predicting Definitional Competence
(ToM words)

B SE B P
Step 1 Age -.04 .008 -51 <.001
Education .10 .03 .34 .003
Step 2 Age -.03 .007 -48 <.001
Education .08 .03 .27 .019
ToM 1.34 .59 19 .027

R?=.62 for Step 1; AR2 = .03 for Step 2

R? = .46 for Step 1; AR2 = .03 for Step 2
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DISCUSSION

The present study aimed to analyse for the first time in liter-
ature the relationship between two meta-representational
skills, namely Definitional Competence and ToM, in ageing
and to explore the possible analogous or different trends of
developmental changes in different age groups.

Our results on the Co.De. Scale for our youngest group are
in line with the mean normative scores obtained by adult
people in the standardisation study conducted on 2262 Ital-
ian subjects. However, we also found a decline associated
with ageing, which is worth further discussion. Even if liter-
ature consistently claims that crystallised knowledge is ba-
sically maintained across ageing (Bowles & Salthouse, 2008;
Burke & Shafto, 2008; Wang & Kaufman, 1993), our results
suggest that specific aspects of language, such as Defini-
tional Competence, may be impaired. This pattern of find-
ings can be explained considering that Definitional Compe-
tence requires a taxonomic organisation of representations,
which tends to decline in the elderly, compared with better
maintenance of thematic organisation (Belacchi & Artuso,
2018). A similar decline was also detected for ToM, although
less marked and delayed in the age groups considered.

Our first proposal of explanation is that the decline in Defi-
nitional Competence could be due to the skills that underlie
a competent use of such knowledge. Our work goes in this
direction, confirming a relationship between Definitional
Competence and ToM, and we already know from a large
body of previous research that ToM seems to decline after
60 years of age (for a review, see Henry et al., 2013). A second
possibility, not addressed here, is that the observed impair-
ment is due to the well-known scarce executive functioning
and the changes in brain connectivity (Cabinio et al., 2015.;
Hughes et al., 2019) occurring in ageing. A third explanation
concerns the possibility that the concurrent decline in ToM
and definitional skills may reflect a more general decline in
the shared underlying meta-representational domain, and
indeed, we retrieved a significant association between per-
formance on both the ToM and Definitional Competence
tests, though they required quite different language skills:
the Eyes Test simply requires activation of the correct name
of the emotion observed, while the Co.De. Scale demands
to recover and make analytically explicit the components of
meaning of the terms through complex and more de-con-
textualised linguistic structures.

Finally, the decline in Definitional Competence might mir-
ror a more generable vulnerability in language production
during ageing. This vulnerability has been previously detect-
ed for word retrieval and off-topic speech (Burke & Shafto,
2008; Zhang, Eppes, & Diaz, 2019). However, we should note
that our work reports a significant difference between the
adult group and the group of aged people that for Defini-

tional Competence emerges from the beginning of ageing,
while for ToM is evident only for the group of old-old people.
If we look at the developmental literature, there is consen-
sus that basic ToM skills are mastered before Definitional
Competence, which is a more complex and specialised
ability. Indeed, if the core of ToM competence is achieved
around three to four years of age (Wellman & Liu, 2004), it is
not until seven years of age that children are able to provide
canonical definitions by superordinating categorical terms
(Benelli & Belacchi, 2017). This symmetric temporally recip-
rocal loss could be a phenomenon similar to what previous
studies have observed in the case of the deterioration of se-
mantic knowledge, in which taxonomic relations (that are
acquired later on) are lost before thematic ones (Rogers &
McClelland, 2004). An intriguing explanation that can make
sense of this evidence is the possibility that Definitional
Competence may decline earlier, as it is a more sovraordi-
nate ability, while ToM, a more basic skill, declines later, as it
is crucially linked to survival needs.

To resume, while sex does not affect the meta-represent-
ative abilities investigated here, in regards to the effect of
age, it can be said that the ability to recognise emotions by
reading gaze is relatively preserved in ageing, compared
to the ability to define words in general, and emotions in
particular. With regards to the effect of education, higher
levels of education are associated with better performance
on both ToM and Definitional Competence, suggesting that
education can preserve a decline in different areas of cogni-
tive processing.

We found that performance on the Eyes Test predicted
performance on the Co.De. Scale over and above that is
explained by education and age (please note, as a limit of
our work, that these last factors explained a bigger variance
than ToM). This was in line with our expectations, based on
the assumption that the ability to name and recognise inter-
nal states is a preparatory and facilitating competence for
a more complex meta-linguistic and meta-representational
word production, i.e. lexicographic definition. The latter re-
quires, indeed, the evocation and phrasal articulation of the
meanings of words and, specifically, of terms that designate
inner states (in the parts of the task that refer to ToM words).
An explanation for this result is that the Eyes task measures
a meta-representative ability of an implicit type, while the
Co.De. Scale requires a capacity of an explicit, more evolved
type, according to the representational rewriting model of
Karmiloff-Smith (1992). This model considers psychological
development in different domains of knowledge as a pro-
gressive, continuous transformation of the information al-
ready stored (by innate or acquired ways), recoding them
in different formats that are gradually more complex, artic-
ulated and conventional - in other words, more and more
explicit. On the basis of these findings, it seems that the
better one’s ToM capacity, the better one correctly attrib-
utes mental states and uses an adequate emotional lexicon
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to describe people and their actions (Hughes, 2001), con-
firming and strengthening the strong association found in
previous studies between performance on ToM and simple
vocabulary measures (Peterson & Miller, 2012). In the light
of our results, we can add that the perspectives of others, as
measured by the ToM task, enable us to define mental rep-
resentations, such as the meanings of words. Therefore, our
results confirm that in ageing, the implicit understanding of
the intentions of others can be a determining requirement
for maintaining Definitional Competence as it is, recipro-
cally, for learning words in the early stages of development
(Baldwin, 1993; Tomasello & Farrar, 1986).

There are some limitations in our work which warrant fur-
ther mentioning, as they imply guidance for further re-
search. The first limit was the lack of other ToM measures,
beyond the Eyes test that requires subjects to give a verbal
answer, i.e. naming an inner state. Future studies should
adopt various measures of ToM tasks employing different
modalities of answers to provide more reliable estimates
of the relation between the two constructs, ruling out the
possibility that we are observing an artifactual association
due to the specific choice of instruments. The second one
regards the design of our work and the conclusions we can
formulate based on this. Our work is indeed cross-sectional,
and even if we found that ToM performance predicts vari-
ance in Definitional Competence scores, future longitudinal
designs or experimental manipulations in a training design
are required to confirm the pattern of influences. A final lim-
itation of the current work regards the lack of balance in our
groups for years of education and, therefore, the impossibil-
ity to fully shed light on the interplay among age, education
and ToM in determining levels of Definitional Competence
in ageing. Future research should better consider this as-
pect and adopt a more stringent approach to this issue.
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