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Abstract
The present research project investigated pragmatic processing in aging, with a focus on
both healthy and clinical populations. To date, it is still unclear how pragmatic abilities evolve in
late adulthood, as well as when pragmatic difficulties are more likely to arise. Moreover, the
cognitive underpinnings of pragmatic processing are still a matter of debate; against the traditional
view of an overlap between Theory of Mind (ToM) and pragmatic language, more recent evidence
suggested that other cognitive abilities, including executive functions, might come into play.
The first study investigated pragmatic deficits in a sample of patients with Parkinson’s
disease (PD) at the early stage of the illness. Additionally, we aimed at exploring whether the decay
of a specific cognitive function could explain any of the observed pragmatic impairment. Results
showed that early PD patients are already impaired in general pragmatic skills; moreover, they
exhibit deficits in both general production and comprehension. Good general cognitive skills and
high education levels supported patients’ pragmatic processing; additionally, a predictive role of
inhibitory control was found in the ability to understand figurative language.
The second study focused on the investigation of pragmatic skills in a sample of healthy
older adults, as well as on the exploration of the cognitive and demographic factors that might
support pragmatic competence. Pragmatic difficulties seem to occur in late adulthood, likely
around the age of 70, and emerge more prominently in the comprehension domain. Age was the
only predictor of general pragmatic performance in a sample of cognitively unimpaired older
adults; conversely, when elderly individuals with less intact inhibitory control were considered, a
general role of inhibition emerged, in addition to working memory and ToM in specific tasks.
The last study aimed at investigating the effect of aging on metaphor comprehension,
taking into account the role of inhibition and Cognitive Reserve (CR). To pursue this aim, we built
a Metaphor Interference Effect (MIE) paradigm. Participants showed significantly higher response
times (RTs) for judging higher familiarity metaphors as literally false, compared to RTs for judging
anomalous expressions as literally false, irrespective of the group. Differences between older and
younger participants emerged in RTs and accuracy. Inhibition and CR were found as significant
predictors of metaphor comprehension in aging. Theoretical considerations in support of the
present findings are further discussed in this thesis.
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Introduction
Nowadays, pragmatics is considered a matter of interdisciplinary interest, collecting
contributions from different study areas such as philosophy, linguistics and psychology.
Nevertheless, it is not easy to provide a commonly accepted definition of pragmatics. A first
attempt is to argue that pragmatics concerns with language in use; although this definition covers
a wide range of features of human interactions in different contexts and situations, it is still difficult
to sketch a clear and detailed picture of pragmatic phenomena (Airenti, 2017). In fact, in order to
provide a complete definition of pragmatics, it is crucial to consider that it typically deals with what
we do with language, going beyond what is literally said. Often, there is a gap between what a
speaker literally utters and the real meaning they want to convey, and this is the case, for instance,
of figurative language, such as metaphors, irony, sarcasm, and indirect requests. Grice (1975)
developed an inferential model of communication based on the Cooperative principle, according
to which interlocutors should meaningfully contribute to the conversation by sticking to
conversational maxims (quantity, quality, relation and manner); however, it is possible that
speakers violate these maxims, depending on what they aim to communicate. For instance, it might
be the case that a speaker does not respect the maxim of quality by using a metaphoric expression
to ease the development of imaginative processes in the interlocutor. Thus, according to this
model, inferencing processes are key to comprehension, especially when communicative intentions
are not explicit. In sum, the interpretation of an utterance often requires going beyond what is said
in order to understand the speakers’ communicative intentions (Louise Cummings, 2017; Grice,
1975). For example, when uttering “what a nice weather!” on a cold rainy day, a speaker surely
wants to convey a meaning that is exactly the opposite of the literal one: in fact, such example
depicts an ironic way to stress that the weather is particularly bad on that specific day. In this
framework, the interpretation of an utterance is an inferential process based on contextual
knowledge or a common ground that the interlocutors are supposed to share (Clark, 1996).
In light of these considerations, pragmatics could be defined as the ability to appropriately
use language in context (Grice, 1975), and concerns the interplay of linguistic content, contextual
information and general rules in guiding communication. Pragmatics studies the relationship
between the structure of a semiotic system (language) and its use in context and, along with
semantics, it contributes to the development of the general theory of the meaning; within such
theory, pragmatics crucially concerns the implicit meaning, the inference and the unsaid (Levinson,
6

1983). Following Airenti (2017), pragmatics might be intended as the “set of abilities that allow
speakers to use language appropriately according to different communicative situations”. In this
view, it is possible to speculate that impaired pragmatic skills found in patients or different typical
populations would indicate a inappropriate use of language. This perspective paves the way to a
more in-depth analysis of the field of clinical pragmatics, as the studies presented in this thesis
have been developed within this framework.
The first research study focuses on the investigation of pragmatic abilities in patients with
early Parkinson’s disease (PD). The work aimed at sketching a clear picture of potential pragmatic
impairment at the early stage of the disease, as well as to explore whether deficits of specific
cognitive skills would predict the emerging pragmatic difficulties in this clinical population. The
data collection started in early 2019 and took several months to be completed. The research was
carried out in collaboration with San Martino Hospital (Genoa, Italy), under the helpful guide of
professionals Drs Laura Avanzino, Elisa Pelosin and Giovanna Lagravinese. Moreover, thanks to
the kind cooperation of volunteers from the Creative Mind Cafè (Genoa), I was able to recruit
healthy older adults for the control group. The work is complete and the manuscript is published
in Brain and Cognition since April 2021.
The second stage of the research project was designed to complement the first work on
early PD, and it initially concerned the study of pragmatic skills recruiting patients in advanced
stages of the illness. However, the outbreak of Covid-19 prevented us to schedule face-to-face
administration sessions with patients. The data collection should have started in early 2020 in
collaboration with San Martino Hospital, but it never took place because of the ongoing pandemic
situation. Although we initially hypothesized the implementation of online-computerized
administration sessions with PD patients, we decided not to proceed with that option; in fact, the
computerized format of some of the selected cognitive tests required participants to use the
computer keyboard and mouse to collect response times. This is not an easy task for PD patients
due to the presence of motor disturbances, which would not allow for an accurate registration of
response times. For this reason, the focus of the research projected shifted from patients with PD
to healthy older adults. The new aim was then to investigate the decline of pragmatic abilities in
healthy older individuals as well as identifying, as accurately as possible, the age period in which
pragmatic difficulties are more likely to emerge. Additionally, we aimed at providing a clearer
picture of the cognitive variables supporting pragmatic abilities in this population. The data
collection started in May 2020 and was conducted online due to Covid-19 safety concerns. Some
of the selected cognitive tests were implemented in a computerized format, so that participants
could perform them from home by means of their own computer.
7

The last stage of the project focused on a single pragmatic phenomenon, namely metaphor
comprehension. Based on previous findings, we investigated the understanding of metaphors that
differed in familiarity in a sample of healthy older adults compared to a group of younger
participants. Additionally, we explored the role of inhibitory control and Cognitive Reserve in
metaphor comprehension. The data collection started in late 2021, and administration sessions
were carried out remotely due to Covid-19 safety reasons. The experiment testing metaphor
comprehension was created with the web-based platform Psytoolkit (Stoet, 2010, 2017), which
also allowed for the implementation of a computerized version of the Stroop task for the
assessment of inhibitory control. Preliminary analysis were performed and discussed in the last
part of the thesis.
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1
Clinical Pragmatics
Clinical pragmatics investigates the characterization, assessment and treatment of
pragmatic disorders across the lifespan. Pragmatic abilities, i.e., key conversational skills in
language production and comprehension, seem to play a crucial role in the recognition of the
speaker’s intended meaning. Examples of pragmatic phenomena are metaphors, irony and other
forms of non-literal language, but also presuppositions, implicatures, context sensitivity and deixis,
comprehension of explicit and implicit contents in narratives, and different phenomena at the
discourse level, like topic maintenance and coherence, information flow, politeness, the ability to
respect turn-taking rules, to communicate appropriate amount of information, to begin and end a
conversation, to make socially appropriate requests and to provide thematically cohesive narratives
of relevant events (McNamara & Durso, 2003). Other nonverbal domains such as intonation, eyecontact, facial expressions, and gestures are often investigated among the pragmatic phenomena,
since they all contribute to an effective and goal-oriented communication (Thomas Holtgraves &
Cadle, 2016).
A significant number of individuals belonging to different clinical populations show
pragmatic language deficits, from atypical development (e.g., Eales, 1993; Murphy, Faulkner, &
Farley, 2014), to psychiatric conditions such as schizophrenia (e.g., Bambini et al., 2016; Haas et
al., 2015; Parola, Berardinelli, & Bosco, 2018), traumatic brain injury (Angeleri et al., 2008; Bosco,
et al., 2015; Bosco et al., 2017; Douglas, 2010) and neurological disorders. In fact, a disruption of
pragmatic abilities has been observed in patients with Alzheimer’s disease (e.g., Amanzio,
Geminiani, Leotta, & Cappa, 2008; Feyereisen et al., 2007; Luzzi et al., 2020; Rapp & Wild, 2011),
Amyotrophic Lateral Sclerosis (Bambini et al., 2016, Bambini, Bischetti, et al., 2020), as well as
Parkinson's disease (McNamara & Durso, 2003; Monetta & Pell, 2007; Montemurro et al., 2019,
Baraldi et al., 2021). However, a decline of pragmatic skills has also been observed in healthy older
adults (Messer, 2015), indicating that pragmatic difficulties might arise regardless of the presence
of a clinical condition.
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1.1 Cognitive basis of pragmatic abilities
Nowadays, there in unanimous agreement that pragmatic processing involves inferential
processes to fill the gap between what a speaker literally said and what they actually meant (Bosco
& Gabbatore, 2017a; Searle, 1979). The ability to infer communicative intentions behind a given
utterance is what characterizes human communication. Pragmatic processing has been traditionally
considered as relying on the ability to attribute mental states to others, an inferential mechanism
that is commonly referred to as Theory of Mind (ToM). This ability was then decomposed into
several factors, such as affective (the attribution of emotions and feelings) and cognitive (the
attribution of knowledge and beliefs) ToM and first and second-order ToM (the ability to
understand others’ beliefs about a state of the world and the ability to understand someone’s beliefs
about someone else’s belief). Importantly, some evidence considered pragmatics a submodule of
mind-reading (Sperber & Wilson, 2002), suggesting a complete overlap between the two. In this
framework, several studies used pragmatic tasks defining them ToM taks (Champagne-Lavau et
al., 2012). However, as suggested by Bosco, Tirassa, and Gabbatore (2018), the reduction of
pragmatics into the notion of ToM might be theoretically unsound and cause methodological
confusion.
ToM can be assessed in many ways, such as through the detection of faux pas or “mindin-the-eyes” tests; overall, the false belief test can be identified as the standard ToM task. One of
the most used tests assessing false belief in children is the Sally and Anne task; they observe a
scenario in which one doll (Sally) changes the location of an object, with Anne (the other doll)
being unaware of the switch, and thus thinking that the object is still in the original location where
she placed it. Normally, children between 4 and 5 years of age should be able to understand that
Anne has a false belief about the location of the object and that she will look for it in its original
place. Children who do not pass the false belief test will answer that Anne will search for the object
in the new location where Sally moved it, simply because this is where children know the object
to be. Such incorrect answer suggests that children are not aware that agents other than themselves
can develop beliefs that differ from their own. Considerable evidence is available on the
development and decay pattern of ToM during the lifespan (Bosco et al., 2018; Cavallini et al.,
2013); also, within the framework of clinical pragmatics, it has been shown that ToM deficits can
be detected in several clinical populations with pragmatic impairment. Important contributions
come from studies by Happè (1993) showing that ToM is actually impaired in children with autism
spectrum disorder (ASD), and that such deficit is associated with pragmatic difficulties. Other
populations include traumatic brain injury (TBI), individuals affected by dementia, Parkinsons’
disease as well as psychiatric patients (Cummings, 2017). For example, Monetta and colleagues
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(2009) highlighted a significant correlation between the ability of PD patients to interpret an
utterance as a lie or an ironic remark and their performance on a test assessing second-order false
belief. Moreover, Brüne and Bodenstein (2005) suggested that approximately 39% of the variance
of proverb comprehension in patients with schizophrenia was predicted by their ToM skills. The
contribution of ToM to pragmatic competence was also confirmed in neuroimaging studies, as the
medial prefrontal cortex was found to be associated to both ToM (Frith & Frith, 2003) and
pragmatic functions (Kampe et al., 2003). However, despite the well-established contribution of
ToM to pragmatic competence, we cannot simply reduce the notion of pragmatics into the notion
of ToM; although there are relationships between the two, they remain distinct faculties of the
human mind with domains of interventions and ways of functioning which are not identical.
Additionally, recent evidence suggested that ToM might not be the only factor explaining the
performance of patients in pragmatic tasks; it is possible, though, that other variables come into
play when investigating the cognitive substrates of pragmatic disorders. Some of the available
findings are consistent with this hypothesis: for example, it has been shown that ToM alone cannot
explain the performance of individuals belonging to different populations – e.g, children (Bosco
& Gabbatore, 2017a, 2017b) and patients with schizophrenia (Bosco et al., 2012) - in different
pragmatic tasks. An additional reason speaks against the thesis of an overlap of ToM and
pragmatics, and it concerns the neural substrates and the development and decay patterns of
pragmatic competence, which seem to be distinct from those characterizing ToM (Domaneschi &
Bambini, 2020). Thus, it is possible to argue that pragmatic processing is a more complex
phenomenon, whose cognitive underpinnings cannot be limited to ToM.
To date, growing interest has also been devoted to a specific cluster of cognitive abilities,
i.e., executive functions, whose contribution to pragmatic performance might vary based on the
selected population and pragmatic tasks (Domaneschi & Bambini, 2020). Executive abilities can
be defined as higher level cognitive functions controlling and regulating lower level cognitive
processes and goal-directed behavior (Alvarez & Emory, 2006). Such skills enable individuals to
plan, start and monitor actions, to perform problem solving strategies and to flexibly change
behaviors; in some way, they can be viewed as contradicting processes as they allow individuals to
inhibit, but at the same time initiate, to be adaptable and to quickly operate changes according to
different situations, while at the same time being persistent in the accomplishment of the set goals.
A high effort in terms of executive processes is often required in new, unpredictable and
unstructured situations. Executive functions such as working memory, cognitive flexibility, and
inhibition might be significantly compromised in some clinical populations, affecting patients’
pragmatic performance in a negative way. Although the influence of executive functions in
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pragmatic performance emerged in different studies (Bambini et al., 2021; Baraldi et al., 2021), the
extent to which pragmatic abilities rely on such cognitive processes is still a matter of debate, as it
may change based on many different factors. For this reason, as with ToM, caution is needed in
the interpretation of the impact of executive functions in pragmatic language deficits; in fact, as
suggested by Cummings (2017), such relationship might be complex and not straightforwardly
causal in nature. This perspective is supported by studies which have failed to find a link between
executive functions and pragmatic language (McDonald, 2000). Moreover, other authors suggested
that the relationship between pragmatic skills and executive functions might be mediated by ToM
(Cummings, 2017). In sum, evidence about the cognitive substrates of pragmatic processing is still
unclear; for this reason, further investigation is needed in order to sketch a clearer picture of the
relationship between cognitive abilities and pragmatic disorders.
1.2 Neural underpinnings of pragmatic skills
The classical brain structures associated with language include the Broca’s area in the left
inferior frontal gyrus (IFG), the Wernicke’s area in the left superior temporal gyrus (STG), as well
as parts of the left middle temporal (MTG) and angular gyrus (Friederici, 2011). As for language
functions, several studies suggested a different role of the two hemispheres, as also previously
stated by the coarse semantic coding theory: while the left hemisphere supports the processing of
close semantic relationships, the right hemisphere is more involved in the analysis of distant
semantic concepts (Jung-Beeman, 2005). Consistently with this, it has been argued that the right
hemisphere plays a crucial role in the processing of non-literal language (Rapp et al., 2012). To
date, little is known of the neural structures underlying pragmatic competence; however,
pragmatics is a complex phenomenon resulting from the interplay of social and cognitive skills
(Van Lier et al., 2016) and, for this reason, it is not possible to reduce its neural functioning to a
single brain area or to the activity of the right hemisphere only. Additionally, it has been suggested
that different brain regions are activated depending on the type of pragmatic phenomenon under
investigation. A distinction between production and comprehension abilities has been previously
suggested. In fact, some authors have argued that production seems to engage left areas more
prominently, such as premotor and prefrontal regions, as well as the basal ganglia and the thalamus;
conversely, comprehension seems to elicit a bilateral activation (AbdulSabur et al., 2014). Another
interesting contribution is provided by a fMRI study by Enrici and colleagues (2011) showing the
involvement of the precuneus, the bilateral posterior superior temporal sulcus (STS), the temporoparietal junction (TPJ), and the medial prefrontal cortex (PFC) in the processing of pragmatic
language, regardless of the modality used; furthermore, the authors suggested that the specific
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communicative modality engages additional areas, such as the perisylvian network for the linguistic
modality and the sensorimotor network for the extralinguistic gestural modality (Enrici et al.,
2011). To date, the available literature suggests that pragmatic processing engages the activity of
the bilateral TPJ and, more in details, the angular and supramarginal gyri in the inferior parietal
lobe (the so-called Geschwind’s area GA) (Catani & Bambini, 2014; Ruschel et al., 2014). The role
of TPJ has been shown for several pragmatic phenomena, from figurative language to several
discourse aspects (Spotorno et al., 2012). In fact, the integration of different information sources
-i.e., perception of the stimulus, memory and attention processes, low and high level language
abilities - within the TPJ area allows for the derivation of the pragmatic meaning (Carter & Huettel,
2013). Additionally, the TPJ seems to support social cognition as well – especially ToM skills which contributes to the recognition of the speaker’s communicative intentions. A study by
Carotenuto et al. (2018) showed an association between pragmatics and functional connectivity of
bilateral GAs in the TPJ, as well as the paracingulate cortex in a sample of patients with multiple
sclerosis (MS); overall, they suggested that the disruption of the neural network encompassing
these regions, which are typically involved in ToM, might be responsible for pragmatic difficulties
in MS (Carotenuto et al., 2018). The role of the paracingulate cortex was also highlighted in
previous studies showing that this region is typically activated during pragmatic tasks such as
context-dependent narrative comprehension (Smirnov et al., 2014), as well as ToM tasks (Cao et
al., 2015). Another contribution is provided by Bara and colleagues, who suggested the role of the
so-called Intention Processing Network (IPN), which includes a set of brain areas involved in the
comprehension of communicative intentions: the medial prefrontal cortex (mPFC) and precuneus,
the bilateral posterior superior temporal sulcus (pSTS), as well as the TPJ (Bara et al., 2015). ReyesAguilar et al. (2018) suggested that brain areas related to social cognition, such as the (mPFC) and
bilateral frontotemporal regions, are activated during comprehension tasks, as they support
pragmatic adjustment (Reyes-Aguilar et al., 2018); additionally, comprehension abilities were also
found to activate areas belonging to the bilateral perisylvian frontotemporal network (ReyesAguilar et al., 2018). In sum, Reyes-Aguilar and colleagues (2018) suggested that bilateral
perisylvian areas along with the mPFC might represent the “pragmatic language network”, which
supports the hypothesis that pragmatic processing involves semantic activation (parietal areas),
integration (temporal regions), selection (frontal areas), as well as intention recognition (mPFC)
(Reyes-Aguilar et al., 2018). As for metaphor comprehension, there is evidence for the activation
of the bilateral fronto-temporal network, including the IFG, MTG, and angular gyrus, with some
studies also showing the involvement of the superior frontal gyrus (Bambini et al., 2011; Desai et
al., 2011), as well as the mPFC (Reyes-Aguilar et al., 2018). In a PET study by Bottini et al. (1994),
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participants performed a plausibility judgment task on either literal or metaphorical sentences.
Judgments of metaphorical expressions produced activations in the right inferior frontal gyrus,
pre-motor cortex, middle temporal gyrus, precuneus, as well as posterior cingulate (Bottini et al.,
1994). In a study by Rapp et al. (2004), participants were presented with short sentence pairs with
either metaphorical or literal meaning. The pairs differed in the last one to three words. Participants
were asked to judge whether sentences had a positive or negative connotation. Differently from
Bottini et al. (1994), Rapp and colleagues showed a left hemisphere activation only, precisely in the
lateral inferior frontal gyrus, inferior temporal gyrus, and posterior middle/inferior temporal gyrus
while reading metaphors, compared to literal sentences (Rapp et al., 2004). Lastly, Bambini et al.
(2011) clustered several regions involved in metaphor processing into different functional subsystems: (i) the pragmatic machinery (bilateral inferior frontal gyrus and left angular gyrus), which
supports the integration of linguistic material and world knowledge; (ii) the attentional function
(anterior cingulate and prefrontal regions), which filters for relevant aspects of context and for the
appropriate meaning; (c) the ToM system (right superior temporal sulcus), which recognizes the
speaker’s communicative intentions (Bambini et al., 2011).
In sum, the existing literature concerning the neural bases of metaphor comprehension is
still somehow conflicting. A first possible explanation might lie in the degree of conventionality.
In fact, there is evidence suggesting the contribution of the right hemisphere in the understanding
of novel metaphors, in line with previous hypothesis associating right lateralization with novelty
and with the processing of unfamiliar situations (Mashal & Faust, 2009). Further evidence is
provided in a metaphor comprehension task by Prat and colleagues (2012), in which figurativeness
was manipulated and three different conditions of increasing difficulty were presented. As
compared to the literal case, the figurative conditions elicited an increased right TPJ and superior
medial frontal activation (Prat et al., 2012). Another reason concerns the type of task used to test
metaphor processing. In fact, when participants undergo a valence task, the brain activation is
particularly evident in bilateral frontal regions; on the contrary, when involved in imageability tasks,
the bilateral superior and middle temporal gyri are more likely to be recruited (Yang et al., 2009).
As for idiom comprehension, the existing literature shows the classical left language network
activation; this pattern is also extended to the right hemisphere in the same brain areas (Zempleni
et al., 2007). Conversely, other authors suggested that idiom comprehension would require left
inferior frontal areas only, which are committed to (i) attentional processes for the recognition of
idioms, (ii) a word-by-word inhibition of the literal, and (iii) the selection of the meaning stored in
memory (Reyes-Aguilar et al., 2018). Overall, growing evidence supports the hypothesis that both
hemispheres are engaged in non-literal language comprehension (Bambini et al., 2011; Rapp et al.,
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2012). Despite this evidence, the neural bases of pragmatic competence are still unclear and
therefore need to be further investigated (Van Lier et al., 2016).
1.3 Psychosocial impact of pragmatic disorders
The ability to communicate successfully is crucial to maintaining efficient social
relationships and, more in general, a good social functioning. Pragmatic impairment strongly
impacts the way people communicate in social contexts, as a decay of pragmatic skills inevitably
leads to a less efficient use of language. In fact, deficits of both production and comprehension
abilities might be responsible for a reduction in social interactions and socialization and,
consequently, to a poorer quality of life.
Pragmatic language difficulties significantly impact the way individuals engage in the opportunities
available to them, such as the participation in clinical services; it is crucial to investigate pragmatic
language profiles in healthy older adults as well as in clinical patients, as changes in the aging body
and the worsening of certain conditions require increased medical assistance. In this respect,
pragmatic abilities are key in the establishment of a good relationship with healthcare providers,
as rapport buildings requires intact production and comprehension abilities (Messer, 2015). If
compromised, such pragmatic communicative skills might negatively affect the patient-provider
communication exchange, leading to a poorer healthcare outcome. Disruption of pragmatic
abilities might also affect the interaction with patients’ caregivers and significant others, with
consequent changes in family functioning and the development of psychological distress
(Cummings, 2017). For example, a study by Bond and Godfrey (1997) suggested that
conversational partners of patients with TBI reported less rewarding interactions, which also
appear to be less appropriate and more effortful; consequently, significant others could experience
loneliness and the feeling of being unable to engage efficiently with family members. Other
important contributions come from studies targeting patients with dementia; interacting with these
individuals might be perceived as significantly challenging for many caregivers (Dunn, 1994), and
a reduction in reciprocal dyadic communication between close family members has been associated
with increased depression rates of caregivers (Braun et al., 2010).
Interestingly, studies targeting traumatic brain injury (TBI) and schizophrenia suggested
that pragmatic deficits might also impact individuals’ employment status. Struchen et al. (2008)
showed that interpersonal skills, which rely on pragmatic abilities, are associated with return-towork outcomes in individuals diagnosed with TBI; moreover, it has been argued that
communicative abilities predict TBI patients’ employment status (Isaki & Turkstra, 2000). As for
people with schizophrenia, the available research suggests that social and communication skills
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predict vocational functioning history in this clinical population, irrespective of cognitive
performance.
1.4 Assessment tools for pragmatic abilities
Different tools for the assessment of pragmatic abilities have been implemented and are
regularly administered with both clinical and research purposes. Jagoe (2017) suggested a
classification for the evaluation methods of pragmatic abilities, by grouping them in three different
categories: profiles or checklists, discourse and conversation analysis, and pragmatic tests.
Profiles and checklists are often used in contexts where an examiner can observe and judge
whether specific pragmatic skills are used appropriately. Some versions of such tools are intended
to be used by the patients’ caregiver, with the responses being interpreted by clinicians at a later
stage. Observation-based methods are supposed to capture a behavior in all its naturalness and
authenticity; examples are the Prutting and Kirchner’s Pragmatic Protocol (1987), and the Profile
of Communicative Appropriateness (Penn, 1985). On the other hand, the discourse and
conversation analysis has been extensively used for research purposes, but its use is still limited in
clinical settings; an example is the Conversation Analysis Profile for People with Aphasia
(Whitworth et al., 1997), designed for use with people with aphasia and their conversation partners.
Lastly, tests for the assessment of pragmatic abilities are considered easy to administer, and are
predictable in terms of total administration time, interpretation and scoring (Jagoe, 2017).
Examples of such tools are the Right Hemisphere Language Battery (RHLB), the Assessment
Battery of Communication (ABaCo), and the Assessment of Pragmatic Abilities and Cognitive
Substrates (APACS).
The Right Hemisphere Language Battery (RHLB) has been proposed as a clinical test to
detect the presence of verbal pragmatic impairment in patients with brain damage (Zanini et al.,
2005a). The battery consists of six tests and of one quali-quantitative scale assessing eleven features
of pragmatic skills in conversational contexts. The Lexical-Semantic test evaluates the integrity of
lexical-semantic aspects; six pictures are presented on a single plate with a randomly-determined
position, and patients hear a word referring to a target picture on the plane. They are asked to
indicate which picture represents the target word they previously heard. Three semantically related
distractor are presented in the pictures, in addition to a phonological distractor, a visual control,
phonologic and visual errors. The Written Metaphor test evaluates the ability to understand
metaphors. One sentence and three possible interpretations are presented to subjects, who are
asked to listen to the orally presented material and to pick the correct metaphorical interpretation
among the options, i.e. the metaphorical meaning (correct response), a primitive metaphorical
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interpretation (primitive error) focusing on an incidental aspect of the metaphor, and a metonymic
meaning (metonymic error) in which the sentence is replaced so that the two metaphor terms are
literally interpreted. Similarly, the Picture Metaphor test evaluates the ability to understand metaphors,
requiring patients to pick the picture representing the correct metaphorical interpretation of the
verbally presented sentence among three different options, which include the correct one, a literal
meaning, and two control pictures depicting one aspect of the sentence (visual errors). The Inference
test assesses the ability to understand inferential meanings in short descriptions of situations or
events. The experimenter reads the text aloud, which is also written in front of the subject. The
task requires participants to make simple inferences from the information provided in the text in
order to answer four open questions. Possible responses include the correct inference (correct
answer), incorrect inference (incorrect inference error), or a simple repetition of the text without
making any inference (repetition of the text-error). The Humor test investigates the ability to
recognize the humorous punch line of a story, which is written in front of the subject and read
aloud by the experimenter. Patients are asked to pick the correct humorous punch line among four
different choices, the correct punch line (correct answer), a straightforward ending of neural
content (neutral error), a straightforward ending of emotional content (emotional error), and an
unrelated ending (incorrect error). The Emphatic Accent test is also administered, and evaluates the
ability to recognize and use linguistic stress associated with given and new information. Pairs of
line drawings depict ten sentences having two clauses joined by a conjunction (and or but). While
pointing to the first picture, the examiner reads the first clause aloud, stressing a given element
(e.g., He sold the big car and – stressing the “big” element); subsequently, the subject is provided with
the second drawing depicting the second clause and is expected to complete the sentences by
producing the second clause, stressing the corresponding element (e.g., bought a small one – being
“small” stressed by the subject). Lastly, in the Analysis of Conversational Abilities, eleven features of
pragmatic skills (e.g., humor, questions, turn taking, familiarity, discourse comprehension) are
assessed during a conversation between the experimenter and the subject. Each pragmatic feature
can be scored from zero (compromised) to four (intact), with a maximal score of forty-four.
Another available tool is the Assessment Battery for Communication (ABaCo), used to
evaluate pragmatic abilities in different clinical populations, such as patients with right hemisphere
damage, traumatic brain injury, and psychiatric disorders (Bosco et al., 2012). The test consists of
five evaluation scales. (I) The Linguistic scale evaluates comprehension and production of
communication acts, expressed primarily through linguistic means. This scale includes the
following tasks: basic communication acts (assertions, questions, requests, and commands),
standard communication acts, as well as non standard communication acts (deceit and irony). The
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Linguistic scale involves participant-examiner interactions and short videos with comprehension
and production tasks. (II) The Extralinguistic scale evaluates production and comprehension abilities
expressed through gestures only, and includes the same communication acts as those presented in
the Linguistic scale. Participant-examiner interactions and videotaped scenes are included in this
scale too. (III) The Paralinguistic scale examines comprehension and production of the elements that
typically complement speech, such as facial expressions and prosody. The scale includes basic
communication acts, communication acts conveying emotions, as well as communication acts in
which the linguistic content is in contrast with the accompanying paralinguistic elements. The
production of paralinguistic aspects is assessed by asking participants to produce basic
communication acts and emotions, using the appropriate paralinguistic indicators. The ability to
understand basic communication acts and emotions is evaluated through video-recorded scenes,
and participants are asked to understand the type od communication act produced by the actor
using paralinguistic indicators. Videos in which actors express verbally something which is in
contrast with the paralinguistic indicators, such as facial expressions, are also used to test the
comprehension of paralinguistic contradiction. (IV) The Context scale evaluates whether
communication acts are adequate according to discourse and social norms. The comprehension of
such norms is testes through videotaped scenes, while production of social norms is assessed via
participant-examiner interactions; in this scenario, participants are required to modulate semantic
contents provided by the examiner according to different social contexts. (V) The Conversational
scale evaluated the ability some aspects of a conversation, such as the ability to respect turn-taking
rules and to follow thread topics, engaging with participants in conversations focused on different
topics. The entire battery can be administered in about 90 minutes.

1.4.2. APACS: structure and advantages

One of the available tools is the Assessment of Pragmatic Abilities and Cognitive Substrates
(APACS), a standardized test evaluating both production and comprehension abilities by means
of six tasks(Arcara & Bambini, 2016). The APACS test consists of two sections: the first one
assesses Pragmatic Production and is composed of two dedicated tasks; the second one evaluates
Pragmatic Comprehension and is composed of four dedicated tasks. Three main composite scores
are computed: a composite score for production, one for comprehension and a composite score
for participants’ overall performance in APACS (i.e., APACS Total). (I) Interview (production). It is
a semi-structured interview based on autobiographical topics that assesses discourse organization
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and engagement in conversation. It evaluates several dimensions of discourse, such as speech (e.g.,
repetition, echolalia, incomplete utterances), informativeness (over- or under-informativeness),
information flow (missing referents, wrong order of the discourse elements, topic shift), and
paralinguistic aspects (altered intonation, fixed facial expression, abuse of gestures, loss of eyecontact). For each type of communication deficit, the frequency of occurrence is collected (i.e.,
always/sometimes/never) and the correspondent score is assigned (i.e., 0/1/2). The maximal
score is 44. (II) Description (production). This task measures the ability to produce informative
descriptions of 10 pictures that depict scenes of everyday life. Participants’ production of salient
elements for each picture is coded and this is scored as 0/1/2, with 0 indicating a missed
identification, 1 a partially correct identification, and 2 a good identification. The maximal score
for is 48. (III) Narratives (comprehension). Participants are read six stories inspired by real
newspapers. Each story is followed by: (i) one open question about the global topic of the story;
(ii) 2-to-4 yes-no comprehension questions on explicit and implicit contents rated 1 when correctly
answered, or 0 when incorrectly answered; (iii) 2 questions that elicit a verbal explanation of the 2
figurative expressions embedded in the story. Participants’ answers to (i) are coded as 2 when the
global topic is correctly identified, 1 when a partially correct identification of the global topic is
provided, or 0 when the topic is not correctly identified. Participants’ answers to (iii) are rated 2 if
a good explanation is provided, 1 if participants provide an incomplete explanation or an example,
or 0 if participants provide a literal explanation, a paraphrase or no explanation at all. The maximal
score for is 56. (IV) Figurative language 1 (comprehension). This task provides a measure for the
ability to infer non-literal meanings. Participants are first presented with idioms, novel metaphors
and proverbs and they are asked multiple-choice questions for each item. Participants’ accuracy is
collected and coded as 0 or 1, depending on (in)correct response selection. The maximal score is
15. (V) Humor (comprehension). The subtest measures the ability to comprehend verbal humor
through a multiple-choice task. Participants are asked to pick the best punch line of a story.
Accuracy is collected and scored as 0/1. The maximal score is 7. (VI) Figurative language 2
(comprehension). This is a second, more direct, measure for the ability to infer non-literal
meanings. Participants are asked to explain the meaning of 15 figurative expressions (i.e., idioms,
novel metaphors and proverbs) and their accuracy is collected. For each expression, the
participants’ explanation is scored 2 if a good description of the meaning of the figurative
expression is provided, 1 if an incomplete explanation or an appropriate example is provided, or
0 if a literal explanation, a paraphrase or is provided or participants don’t know the meaning of the
expressions. The maximal total score is 30. APACS composite scores and cut-off values are
computed as follows. The Pragmatic Production composite score is obtained from the average of
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the sub-scores in Interview and Description transformed in proportion. The Pragmatic
Comprehension composited score is computed from the average of the sub-scores in Narratives,
Figurative Language 1, Figurative Language 2, and Humour, transformed in proportion. The APACS
Total score is the average of the Pragmatic Production and Pragmatic Comprehension composite
scores. In addition, patients’ scores in each task are compared to cut-off values in order to identify
any impaired pragmatic performance.
The APACS test appears to be a versatile tool for clinical purposes, as cut-off values are
reported to detect impaired performance. Crucially, the authors also provided thresholds to detect
significant changes; this allows to determine if a single patient has improved or worsened at two
repeated measurements. These thresholds can be used to look at patients’ changes in pragmatic
abilities after a treatment or a neurosurgical intervention; alternatively, they can be used to test the
decline of pragmatic skills over time (Arcara & Bambini, 2016). The APACS test has been
administered in different clinical samples, not only in psychiatric populations and with patients
with traumatic brain injury, but also in neurological conditions, such as Amyotrophic Lateral
Sclerosis (ALS) (Bambini, Arcara, Martinelli, et al., 2016), Multiple Sclerosis (MS) (Carotenuto et
al., 2018) (Carotenuto, Arcara 2018), and Parkinson’s disease (Baraldi et al., 2021; Montemurro et
al., 2019)(Montemurro 2019; Baraldi 2021). The duration of the test (approximately 35-40 minutes)
and the use of traditional tasks and simple scoring system not requiring effortful training for
clinicians should add to the feasibility of APACS in clinical settings. Additionally, APACS can be
used with patients with production deficits, such as dysarthria; in fact, a non-applicable item
section is provided in the guidelines, thus excluding in the assessment of such patients the items
that evaluate pragmatic comprehension by means of a production task (i.e., questions on figurative
expressions in the Narratives task and the Figurative Language 2 task). Additionally, the APACS
test has the advantage of combining discourse and non-literal language in a single tool, while
preserving the brevity of the instrument. This way, APACS provides a view of pragmatic skills
which is in line with the classification of neurodevelopmental Semantic-Pragmatic Disorders in
the DSM-5, sharing information in criterion 1, story telling and conversation in criterion 3, and
non-literal meaning in criterion 4 (Arcara & Bambini, 2016).
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2.1. Introduction
Parkinson’s disease (PD) is a chronic, neurodegenerative disorder, whose pathophysiology
is characterized by the loss of dopaminergic neurons in the substantia nigra pars compacta causing
a dopaminergic deficiency in the basal ganglia circuitry. The clinical diagnosis is still mainly based
on United Kingdom Parkinson’s Disease Society Brain Bank clinical diagnostic criteria
(UKPDSBB- Hughes et al., 1992). PD is an extremely heterogeneous disorder, which is defined
by the presence of motor features including muscle rigidity, bradykinesia, resting tremor, and
postural instability (Morgan & Fox, 2016; Poewe et al., 2017). However, several non-motor
features have been reported as well, such as mood alterations, sleeping problems and cognitive
changes (Caballol et al., 2007; Menza et al., 2010; Robbins & Cools, 2014). Cognitive symptoms
may be from mild, which do not affect everyday life, to severe, leading to a clinically evident
condition of dementia (Papagno & Trojano, 2018). To date, the impairment of executive functions
has been well documented in patients with PD, and it typically encompasses several domains, such
as planning, set-shifting, working memory, inhibition, decision making, dual task performance, and
cognitive control (Audrey McKinlay et al., 2010; Papagno & Trojano, 2018). Executive
dysfunctions have been associated with the dopamine depletion in the striatum, which leads to a
disruption of the frontal-striatal circuitry (Papagno & Trojano, 2018). The strong connectivity of
the basal ganglia with cortical – mainly frontal and limbic – areas may also explain the vulnerability
of many functions related to language and non-verbal communication in patients with PD
(Papagno & Trojano, 2018; Pell & Monetta, 2008). With regard to verbal language, the available
literature suggests that PD patients show an impairment, especially in language production, at the
semantic and (morpho-)syntactic level (Holtgraves & Giordano, 2017). Only a few studies
addressed specific pragmatic skills in patients with PD, and these suggested that some pragmatic
abilities, such as turn-taking, might be compromised in this clinical population (McNamara &
Durso, 2003).
Pragmatic skills refer to the ability to use language in context (Grice, 1975; Levinson, 1983).
The crucial role of pragmatic abilities is evident whenever the recognition of the speaker’s intended
meaning is required, i.e., what a speaker means to communicate by uttering a sentence in a context.
Clinical pragmatics is a field of pragmatic research which explores the characterization, assessment
and treatment of pragmatic disorders across the lifespan (Cummings, 2017). This research field
has been a major growing area in linguistics over the past two decades, since a significant number
of patients with impaired language skills also show deficits in the pragmatic domain. These
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communication deficits lead to difficulties in interacting with others and in engaging in social
relationships, with a consequent worsening of patients’ quality of life (Joyal et al., 2016; Tan et al.,
2014). As for the underlying mechanisms of pragmatic processing, many studies shed light on the
role of ToM and executive skills; however, as previously discussed, the extent to which such
cognitive functions explain patients’ pragmatic difficulties is still a matter of debate.
2.2 Pragmatic abilities in Parkinson’s disease
Only a few studies investigated pragmatic abilities in PD and these found that individuals
with PD display both language comprehension and production deficits (Holtgraves & Cadle,
2016), thus suggesting that pragmatic skills might be impaired.
2.2.1 Pragmatic production and comprehension
As for pragmatic production, several researches reported deficits for both verbal
(conversational initiation, turn taking, topic maintenance, response length and referencing skills)
and non-verbal (intonation, eye-contact, facial expressions, gestures, and proxemics) dimensions
(Hall et al., 2011; Holtgraves et al., 2013; Thomas Holtgraves & Cadle, 2016). Holtgraves and
colleagues (2013) showed that patients with PD produce significantly more underinformative
sentences as compared to healthy participants. Furthermore, PD patients exhibited worse
production skills in tasks targeting discourse organization, engagement in conversation, and the
ability to produce informative descriptions of different pictures (Montemurro et al., 2019). In
addition, it has been argued that patients with PD tend to produce not only syntactically simple
language, but also abnormalities in speech fluency such as prolonged and inappropriate pauses
(Holtgraves & Cadle, 2016). Lastly, it has been suggested that production deficits might be linked
to the severity of motor symptoms (Holtgraves & Cadle, 2016). In particular, Illes, Metter, Hanson,
and Iritani (1988) found that PDs’ syntactically simple sentences may reflect a compensatory
mechanism to reduce speech-motor difficulties.
As for pragmatic comprehension, this seems compromised too in PD (Cummings, 2017),
especially the understanding of figurative language, verbal irony and other implicit contents (Lewis
et al., 1998; Monetta et al., 2009; Papagno & Trojano, 2018). For example, in Berg, Bjornram,
Hartelius, Laakso, and Johnels (2003), PD patients exhibited difficulties in making inferences,
understanding metaphors and lexical ambiguities (Berg et al., 2003). Additionally, Thaler et al.
(2012) showed that PD patients have a significantly poorer sense of humour than control
participants (Thaler et al., 2012). In a story comprehension paradigm, Murray and Stout (1999)
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tested PD patients’ ability to identify the main ideas of a story versus details of the story, as well
as their ability to comprehend explicit versus implied information (Murray & Stout, 1999). Patients
were more accurate on questions about the main ideas as compared to questions about the story
details; moreover, they were more accurate in identifying explicit than implied information. In
addition, Montemurro et al. (2019) tested PD patients’ and healthy controls’ ability to understand
a set of pragmatic phenomena such as narrative, humour and figurative language, and found that
PD patients scored lower in both the narrative and humour comprehension tasks.
2.2.2 Pragmatic abilities and cognitive functions
To date, some studies showed that changes in pragmatic abilities (in both the production
and comprehension modalities) are often related to concomitant cognitive deficits (Colman &
Bastiaanse, 2011; McNamara & Durso, 2003; Monetta & Pell, 2007). McNamara and Durso (2003)
found a correlation between PD patients’ compromised turn-taking abilities and disrupted frontallobe functioning. Furthermore, Holtgraves and colleagues (2013) assessed patients’ ability to
comprehend and produce informative utterances and showed that this is related to executive
control deficits (Holtgraves et al., 2013). In Monetta and Pell (2007), PD patients with impaired
working memory were also significantly slower and less accurate than healthy controls in
processing metaphors, and similar findings have been shown in a follow up study on pragmatic
inference generation (Monetta, Grindrod, & Pell, 2008) and irony comprehension (Monetta et al.,
2009). Furthermore, McKinlay, Dalrymple-Alford, Grace, and Roger (2009) suggested that
processing speed strongly influences PD patients’ pragmatic performance on a set of tasks that
involved the ability to (i) recognize lexical and structural ambiguities of a sentence, (ii) make
inferences, (iii) formulate appropriate sentences for a given situation, and (iv) interpret
metaphorical expressions (McKinlay et al., 2009). Finally, there is considerable research targeting
ToM in PD. The available findings suggest that ToM difficulties often occur in this clinical
population (Bodden et al., 2010; Freedman & Stuss, 2011; Poletti et al., 2011), in both the cognitive
and affective components (Bodden et al., 2010; Raffo De Ferrari et al., 2015), although the
impairment of cognitive ToM might only arise in the late course of the illness (Péron et al., 2009).
As for the role of ToM in pragmatic abilities in PD, research is still very limited. To the best of
our knowledge, one of the few available studies is Vachon-Joannette, Tremblay, Langlois, Chantal,
and Monetta (2013) that reported significant correlations between PD patients’ metaphor
comprehension and ToM abilities (Vachon-Joannette et al., 2013).
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2.2.3 Neural underpinnings of pragmatic skills in Parkinson’s disease

To date, less is known of the neural structures underlying pragmatic competence in patients
with PD. The existing literature suggests that two major language networks are modulated by the
dopamine circuits: the frontal-parietal network (FPN), which mediates grammatical/syntactic
aspects of language, and the so-called social brain network, which supports pragmatic processing
(McNamara & Durso, 2018). The social brain network is made of a set of areas involved in social
tasks such as inferring intentions, emotions and beliefs of others, including: (i) the ventral striatum,
(ii) the limbic areas, (iii) the fusiform gyrus, (iv) the ventromedial and dorsomedial prefrontal
cortex, (v) the frontopolar area, (vi) the superior and medial temporal sulcus, (vii) the temporoparietal junction (TPJ), (viii) the insula and the precuneus (Adolphs, 2009; Dunbar, 2012;
McNamara & Durso, 2018). PD patients show deficits at both linguistic levels, as well as
dysfunctions of both brain networks. However, due to the observed difficulties in pragmatic
competence, McNamara and Durso (2018) suggested that the impairment of the social brain
network is more severe in patients with PD (McNamara & Durso, 2018). Furthermore, the few
existing evidence on the neural underpinnings of pragmatic skills concerns the relationship
between pragmatic competence and executive functions, which are typically supported by frontal
brain areas. In fact, there is substantial neuropsychological evidence showing frontal deficits in
PD, as many patients perform poorly on neuropsychological tests traditionally linked to frontal
lobe functions (Gotham et al., 1988; Taylor & Saintcyr, 1995). Interestingly, the frontal areas are
one of the targets of the basal ganglia outflow. Projections from the striatum are directed to
premotor regions, such as the supplementary motor area, as well as dorsal and ventral regions of
the frontal cortex, which are particularly engaged during cognitive tasks (Middleton & Strick,
2000a, 2000b). Some authors suggested that two specific regions are considered of particular
interest for cognitive decline in PD: (i) the orbito-frontal cortex (OFC), which is associated with
decision making, and (ii) the anterior cingulate cortex (ACC), which supports conflict monitoring,
response initiation and inhibition (Palermo et al., 2017). It is possible to argue that deficits of
executive functions in PD progress with motor disabilities, and pragmatic decline is strictly related
to these cognitive changes. For example, a study by Monetta and Pell (2007) showed that PD
patients are less efficient in the processing of metaphors, and this difficulty is related to reduced
working memory (WM) capacity, which engages activity of the prefrontal cortex (Monetta & Pell,
2007). Consistently, McNamara and Durso (2003) found that impaired pragmatic skills in PD
(conversational appropriateness, speech acts, stylistics, gestures, and prosodics) were related to
measures of frontal lobe functioning (i.e., the Stroop test, the Tower of London, and the Design
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Fluency task) (McNamara & Durso, 2003), in line with other evidence suggesting that PD patients
perform abnormally on tests measuring planning (such as the Tower of London) and inhibition
(such as the Stroop test) (Weintraub et al., 2005). In sum, it is possible to conclude that the neural
bases of pragmatic competence in PD still need to be clarified. However, frontal lobe deficits
might be responsible for the observed difficulties in pragmatic language processing.
2.3. Aims of the study
To date, little is known about pragmatic abilities in patients with PD. The few available
studies report an impairment in pragmatic production, which seems to be linked to motor
disabilities as well as cognitive deficits. Pragmatic comprehension seems compromised as well, and
the impairment seems to stem from patients’ cognitive dysfunction. Yet, to date, a wealth of open
issues cries out for further investigation. First, most of the available studies enrolled PD patients
whose symptom severity was highly heterogeneous, thus not focusing on a specific stage of the
disease (A. McKinlay et al., 2009; Montemurro et al., 2019). Crucially, a clear and complete picture
of pragmatic impairment in early PD patients is missing, as it is still uncertain if and how these
skills are compromised at this stage. To the best of our knowledge, Montemurro and colleagues
(2019) is the only study that targeted pragmatic abilities through a comprehensive assessment;
however, the group of PD patients was not balanced in terms of the severity of the disease. In
fact, the heterogeneity of the sample does not allow to clearly characterize the onset of the
pragmatic deficit. An early identification of pragmatic impairment is essential for at least two main
reasons. On the one hand, it is crucial to understand if and to what extent pragmatic abilities are
impaired in the early-course of the disease. On the other hand, this would allow monitoring the
progression of the impairment over time. Importantly, patients’ quality of life, which slowly
worsens due to motor impairments, is also affected by the ability to successfully communicate with
others. Deficits in both pragmatic comprehension and production will likely cause communication
difficulties. In turn, patients will experience reduced socialization. Second, despite some authors
suggested that the impairment of pragmatic abilities in PD might be due to a cognitive dysfunction,
the existing evidence about this link is still conflicting. Interestingly, Montemurro et al. (2019)
found that Cognitive Reserve (i.e., the resilience to cognitive deficit, which is determined by life
experiences and cognitive activity, such as years of education, number of intellectually stimulating
leisure activities, degree of occupational complexity, quality of social interactions, etc.) might have
a compensatory effect on the decline of pragmatic abilities. This is interesting because it opens to
the possibility that cognitive (dys)function might play a role in the pragmatic impairment in PD.
Crucially, in order to investigate the relationship between pragmatic competence and cognitive
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skills, a comprehensive neuropsychological assessment including both screening batteries (i.e.,
brief tests covering several cognitive domains - e.g., orientation, memory, language, executive
functions etc., administered to detect cognitive impairment and the overall cognitive level), and
domain-specific tests (i.e., tools for the assessment of a specific cognitive function - e.g., working
memory, shifting, inhibitory control, etc.) would be needed.
The present study has two main goals. First, to trace a comprehensive characterization of
pragmatic abilities in early PD patients. Second, to investigate whether a pragmatic impairment in
early PD might stem from emerging deficits of specific cognitive functions. No studies have been
previously conducted in this respect, and this prevents us from developing specific predictions.
However, cognitive functions are notably compromised in PD. If cognitive deficit is already visible
at an early stage of the disease, then we expect to observe an early pragmatic impairment in those
pragmatic phenomena whose processing relies more on faculties such as attention, inhibition, and
working memory.
2.4 Materials and method
2.4.1. Participants
Eighteen early PD patients [mean age 69.77(5.87); mean years of education 11.38(3.39);
mean Hoehn&Yahr 1.88(0.21); 4 F, 14 M] were recruited at the IRCCS San Martino Hospital
(Genova, Italy). PD is a progressive neurological disorder defined by a characteristic clinical
syndrome, bradykinesia plus rest tremor or rigidity (Postuma et al., 2015). There are a large number
of different disorders that can have some or all of these clinical features, and the clinical syndrome
is referred to as “parkinsonism.” We excluded patients affected by parkinsonism such as
progressive supranuclear palsy (PSP), multiple system atrophy (MSA) or Lewy body dementia
(LBD), which have a different pathologic substrate respect to PD. The clinical evaluation of
patients’ PD stage was conducted according to the following procedure: disease severity was
evaluated with the Hoehn and Yahr (H&Y; “Parkinson’s Disease: Hoehn and Yahr Scale,” 2012)
and with Movement Disorders Society (MDS) - Unified Parkinson’s Disease Rating Scale
(UPDRS) part III (MDS UPDRS-III -motor examination) (Goetz et al., 2008). The H&Y scale
assesses the severity of the disease based on bilateral motor involvement, and the impairment of
gait and balance. The original 5-point scale (stage 1–5) was subsequently modified to a 7- point
scale, including stages 1.5 and 2.5. MDS UPDRS-III is a motor examination evaluating aspects
such as speech, facial expressions, rigidity, hand movement, leg agility, gait, postural stability,
bradykinesia, and tremor at rest. The inclusion criteria were: (1) idiopathic PD diagnosis; (2) HY
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scale score between 1.0 and 2.0 (bilateral, mild-symptoms with recovery on pull test); (3) stable
medication use; (4) Montreal Cognitive Assessment score > 15.5 (Santangelo et al., 2015); (6) no
audiometric deficits; (7) no other neurological disease history. Data of PD patients together with
some relevant clinical information are reported in Table 2.1.
Disease
severity
(H&Y)
2

ID

Age

Education

Gender

Years from
Onset

Motor examination
(MDS UPDRS III)

PD_01

84

15

M

3

PD_02

69

13

M

3

2

12

PD_03

70

8

M

4

1.5

8

PD_04

65

13

M

4

2

16

PD_05

76

8

M

6

2

15.5

PD_06

69

17

M

8

2

32

PD_07

72

8

F

3

1.5

16

PD_08

72

13

F

3

2

23.5

PD_09

68

13

M

2

2

17

PD_10

70

13

M

7

1.5

11

PD_11

62

16

F

7

2

12.5

PD_12

71

8

F

10

2

27

PD_13

65

8

M

3

2

20

PD_14

75

13

M

5

2

12

PD_15

78

5

M

3

1.5

10

PD_16

65

13

M

3

2

23

PD_17

63

13

M

10

2

17

PD_18

62

8

M

6

2

31

28

Table 2.1. Demographic and Clinical variables of patients with early PD. The first column reports the ID (also used in Figure 2),
the second the Age (number of years), the third the Education (number of years), the fourth the gender (Female or Male), the fifth
the Years from Onset, , the sixth the disease severity (Hoehn and Yahr score -H&Y), and the seventh the motor examination
(Unified Parkinson Disease Rating Scale score -MDS UPDRS-III).

A sample of 21 healthy controls matched with the PD group [mean age 70.42(3.77); mean years of
education 13.19(3.85); 12 F, 9 M] was recruited from the Creative Mind Cafè, an elderly community
centre located in Genoa. All participants were Italian native speakers, and they were tested in a
quiet room at the Department of Neuroscience (University of Genoa). Written informed consent
was obtained from every participant prior to the beginning of the experiment.
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2.4.2. Materials and procedure

Participants were administered a set of measures, in the following order: (i) a survey that
collected relevant demographic and clinical information (age and education, quantified as number
of years of school and university/college courses successfully completed, duration of illness for
the PD group, quantified as number of years from onset); (ii) the APACS test, Assessment of
Pragmatic Abilities and Cognitive Substrates (Arcara & Bambini, 2016), to collect measures for
their pragmatic competence; (iii) a battery of selected neuropsychological tests that included both
screening tests (brief tools assessing general cognitive functioning), and domain-specific tests
(tools for the assessment of specific cognitive functions).
2.4.3. Pragmatic assessment

Following Montemurro and colleagues (2019), participants were assessed for their
pragmatic abilities with the Assessment of Pragmatic Abilities and Cognitive Substrates (APACS;
Arcara & Bambini, 2016), a standardized measure assessing both discourse production and
comprehension by means of six tasks. As already mentioned, the APACS test consists of two
sections: the first one assesses Pragmatic Production and is composed of two dedicated tasks,
namely Interview and Description; the second one evaluates Pragmatic Comprehension and is
composed of four dedicated tasks, i.e., Narratives, Figurative Language 1, Humor, and Figurative
Language 2. Three main composite scores are computed: a composite score for production, one
for comprehension and a composite score for participants’ overall performance in APACS (i.e.,
APACS Total). The Pragmatic Production composite score is obtained from the average of the
sub-scores in Interview and Description, which are first transformed in proportion. The Pragmatic
Comprehension composited score is computed from the average of the sub-scores in Narratives,
Figurative Language 1, Figurative Language 2, and Humor, transformed in proportion. The
APACS Total score is the average of the Pragmatic Production and Pragmatic Comprehension
composite scores. In addition, PD patients’ scores in each task are compared to cut-off values in
order to identify any impaired pragmatic performance. A detailed description of the single APACS
tasks is provided in chapter 1 “Clinical Pragmatics”.
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2.4.4. Cognitive assessment

Given the exploratory nature of the study, a wide set of neuropsychological tests has been
administered. The selection of cognitive measures is consistent with the existing literature
investigating the relationship between pragmatic abilities and cognitive skills. In fact, general
cognitive functioning, inhibition, working memory, verbal fluency, set shifting, semantic memory,
and ToM have been assessed in previous studies, and often linked to pragmatic processing (A.
McKinlay et al., 2009; Monetta & Pell, 2007; Montemurro et al., 2019; Yang et al., 2010).
Additionally, it is crucial to evaluate the depression status in both groups, since late-life depression
might affect cognitive performance (Crocco et al., 2010).
2.4.4.1. Screening tests
Montreal Cognitive Assessment (MoCA) (Nassreddine et al., 2005). This is a
neuropsychological scale consisting of 8 subtests that assess: memory, language, visuo-spatial skills,
executive functions, time and space orientation. See Appendix A for details. Parkinson’s DiseaseCognitive Rating Scale (PD-CRS) (Santangelo et al., 2014). This neuropsychological scale consists
of 9 subtests that assess: immediate free recall verbal memory, confrontation naming test, sustained
attention, working memory, unprompted drawing of a clock, copy drawing of a clock, delayed
free-recall verbal memory, alternate verbal fluency and action verbal fluency. Three scores are
obtained (subcortical, cortical and Total). See Appendix A for details.

2.4.4.2. Domain specific measures
2.4.4.2.1. Memory

(i) Digit Span forward (Monaco et al., 2013; Orsini et al., 1987). This measures short-term verbal
memory.
(ii) Corsi Span forward (Monaco et al., 2013; Spinnler & Tognoni, 1987). This test measures shortterm visuo-spatial memory.
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(iii) “Valutazione delle capacita di costruzione dello scheletro” (Semantic Memory 1 test) and (iv)
“Denominazione visiva” (Semantic Memory 2 test) (Sartori & Job, 1988). These tests measure
semantic memory.
See Appendix A for a detailed description of each test.

2.4.4.2.2. Executive functions
(i) Digit Span backward (Monaco et al., 2013). This test measures verbal working memory.
(ii) Corsi Span backward (Monaco et al., 2013). This tests evaluates visuospatial working memory.
(iii) Verbal fluency test (Novelli et al., 1986). This test assesses both semantic and phonemic
fluency. See Appendix A for details.
(iv) Trail Making Test (TMT) (Mondini, Mapelli, Vestri, & Bisiacchi, 2003). This assesses setshifting.
(v) Stroop test (short version) (Caffarra et al., 2002; Venneri et al., 1992). This test measures
inhibition and cognitive control.
See Appendix A for a detailed description of each test.

2.4.4.2.3. Theory of Mind

(i) Emotion Attribution Test (EAT) (Blair, 2000; Prior et al., 2003) and (ii) Reading the Mind in
the Eyes test (RMEt) (Baron-Cohen, Wheelwright, Hill, Raste, & Plumb, 2001). These tests both
measure affective ToM.
(iii) Advanced ToM test (Blair, 2000; Happé, 1994; Prior et al., 2003). This assesses double bluff,
white lies and persuasion.
See Appendix A for a detailed description of each test.
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2.4.4.2.4. Depression

Beck Depression Inventory II (BDI-II) (Beck et al., 1996). It is a 21-item self-report
inventory designed to assess the presence and severity of depressive symptoms. See Appendix A
for details.

2.4.5. Procedure
Participants were tested individually in two experimental sessions lasting about 1-hour
each, which could allow us to collect a consistent amount of experimental measures without
burdening the participants too much. The first session consisted of: (i) Assessment of Pragmatic
Abilities and Cognitive Substrates (APACS -Arcara & Bambini, 2016), (ii) Digit Span (forward and
backward -Monaco et al., 2013), (iii) verbal fluency test (Novelli et al., 1986), (iv) Corsi Span
(forward and backward -Monaco et al., 2013), (v) Stroop test (Caffarra et al., 2002), (vi) Trial
Making Test (TMT -Mondini et al., 2003) and (vii) Reading the Mind in the Eyes test (RMEt)
(Baron-Cohen et al., 2001). The second session included: (i) Parkinson’s Disease-Cognitive Rating
Scale (PD-CRS -Santangelo et al., 2014), (ii) Montreal Cognitive Assessment (MoCA -Nasreddine
et al., 2005), (iii) Advanced ToM test (Happè, 1994), (iv) Emotion Attribution Test (Prior et al.,
2003), (v) Semantic Memory 1 test (Sartori & Job, 1988), (vi) Semantic Memory 2 test (Sartori &
Job, 1988), (vii) Beck Depression Inventory-II (BDI-II -Beck et al., 1996). The tests were
administered in fixed order, a common practice in research on clinical populations and on
individual differences to control for fatigue and transfer effects across participants (Cavallini et al.,
2013; Lecce et al., 2019). The specific order was constructed so as to give priority to the APACS
test, which was the main measure of the study, and to maximally reduce the difficulty and cognitive
fatigue between sessions as well as across tasks in each session.
2.5. Data analysis

First, group differences on APACS as well as on participants’ scores in the battery of
neuropsychological tests were analysed using the Wilcoxon Rank Sum Test. As for APACS, this
analysis was conducted on each of the subtasks (Interview, Description, Narratives, Figurative
Language 1, Humor, and Figurative Language 2) as well as on each of the three composite scores
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(Pragmatic Production, Pragmatic Comprehension and APACS Total). Group differences were
analysed for each of the neuropsychological tests, as well as for ToM and depression measures.
We also analysed individual performance by (i) comparing each participant’s scores in APACS to
the cut-off values (see Arcara & Bambini, 2016), and (ii) adjusting raw scores of neuropsychological
tests according to age and education, and then converting adjusted scores into five-point ordinal
scale of Equivalent Scores (ES: 0 = scores equal or lower than the outer tolerance limit − 5%; 4 =
scores higher than the median value of the whole sample; 1, 2 and 3, obtained by dividing into
three equal parts the area of distribution between 0 and 4, Spinnler & Tognoni, 1987). ToM and
depression scores were also compared to cut-off values. Second, for each of the two groups of
participants, pairwise Pearson’s correlations were conducted to assess the relationship between
participants’ scores in each of the APACS tasks (i.e., Interview, Description, Narratives, Figurative
Language 1, Humor, and Figurative Language 2, Pragmatic Production, Pragmatic Comprehension
and APACS Total) and their performance in each of the cognitive measures as well as in the ToM
measures.
Third, a stepwise multiple regression analysis was performed separately for PD patients
and healthy controls to investigate which – if any – of the collected cognitive measures significantly
predicts pragmatic performance. Given the high number of cognitive variables, for the sake of the
statistical models, we first selected the predictors based on their significant correlation with the
APACS measures. Starting from this procedure, some of the selected cognitive variables have been
excluded later to prevent the models to be affected by multicollinearity. The final models included
the following predictors: age, education, gender, MDS UPDRS-III (a measure of the degree of
motor symptoms, for the PD group only), the Stroop performance (both the time and the error
interference effects), and the PD-CRS (the cognitive scale for PD) Total score. This selection is
also consistent with the existing literature on pragmatic abilities. In fact, the severity of motor
symptoms, a general measure of cognitive skills, inhibition, cognitive control and other relevant
demographic variables have been previously linked to pragmatic skills in patients with PD (Colman
& Bastiaanse, 2011; Holtgraves et al., 2013). Given the exploratory nature of these analyses and
the absence of previous experimental evidence on the same topic, a backward method based on
Akaike Information Criterion (AIC) values was applied to determine the influence of each
predictor within each model. Multicollinearity (VIF and mean VIF) and auto-correlation (DurbinWatson test) diagnostics were carried out for each of the models. We performed this analysis for
each of the three APACS composite scores and each of the sub-scores. All statistical analyses were
conducted using R software (Core, 2015).

33

2.6. Results
2.6.1. Between-group analyses
2.6.1.1. APACS
Table 2.2 reports the descriptive statistics and the details of the Wilcoxon rank sum tests
comparing patients with PD and healthy controls for each of the APACS sub-scores and
composite scores. Patients with PD scored significantly lower than controls in the APACS Total
score (p = 0.004), Pragmatic Production (p = 0.013), Pragmatic Comprehension (p = 0.032), the
Interview (p < 0.001) and Figurative Language 2 (p = 0.003) tasks. No significant differences
emerged between patients and healthy elders in the Description, Narratives, Figurative Language
1 and Humor tasks.
Mean Parkinson (SD)

Mean Controls (SD)

W

p

Interview

APACS task or composite score

39.55 (2.61)

42.52 (1.20)

334.5

<0.001**

Description

42.11 (3.62)

42.66 (4.19)

218

0.41

Narratives

45.66 (7.57)

49.38 (5.31)

240

0.14

Figurative Language 1

14.11 (0.90)

14.47 (0.81)

236.5

0.14

Humour

6.27 (1.12)

6.28 (1.10)

190

0.97

Figurative Language 2

20.55 (3.56)

23.80 (2.97)

293

0.003**

Pragmatic Production

0.88 (0.06)

0.92 (0.05)

277

0.013*

Pragmatic Comprehension

0.83 (0.09)

0.88 (0.07)

265

0.032*

APACS Total

0.86 (0.05)

0.90 (0.05)

290

0.004**

Table 2.2. The table shows the results of the Wilcoxon-rank sum test comparing PD and controls on the APACS task, and on the APACS
composite scores. The first column reports the name of the single tasks and the composite scores. The second and third columns report the mean
and SD of patients and healthy controls. The fourth column reports the Wilcoxon-rank sum test values and the fifth column reports the p-values.
Asterisks indicate significant differences between groups: ** p<0.01, * p<0.05.

2.6.2. Neuropsychological measures

Table 2.3. reports the descriptive statistics and the details of the Wilcoxon rank sum tests
comparing patients with PD and healthy controls for each of the cognitive tests. Patients with PD
scored significantly lower scores than controls in the Corsi Span backward version (visuospatial
working memory -p = 0.011), the time interference effect of the Stroop test (inhibition -p = 0.05),
the Trial Making test (p = 0.045), the Semantic Memory 1 task (p = 0.023) and some of the tasks
of the PD-CRS (working memory -p = 0.004; alternate fluency -p = 0.004; action fluency -p =
0.01) as well as composite scores (PD-CRS subcortical -p = 0.003; Total score -p = 0.004). No
significant between-group difference emerged in the depression status (BDI-II).
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Neuropsychological Measures

Mean Parkinson (SD)

Mean Controls (SD)

W

p

Digit Span_forward

5.57 (0.95)

6.35 (1.19)

242.5

0.13

Digit Span_backward

4.44 (0.82)

4.83 (0.80)

231

0.23

Phonemic fluency

38.05 (10.97)

40.47 (9.70)

199.5

0.76

Semantic fluency

47.00 (7.85)

48.95 (8.45)

208.5

0.37

Corsi_forward

4.70 (0.95)

4.76 (0.96)

175

0.91

Corsi_backward

4.34 (1.13)

5.13 (0.71)

264

0.011*

Stroop_accuracy

0.85 (2.51)

0.19 (0.56)

206.5

0.33

Stroop_time

27.66 (17.73)

18.45 (8.33)

112

0.05*

TMT

38.95 (30.09)

20.13 (22.44)

118

0.045*

MoCA_Total

26.68 (2.55)

25.28 (2.62)

110.5

0.13

PDCRS_immediate verbal memory

8.94 (1.93)

9.67 (1.59)

190.5

0.17

PDCRS_naming

18.20 (1.78)

18.52 (1.07)

152

0.73

PDCRS_attention

9.30 (1.61)

9.52 (0.68)

146.5

0.89

PDCRS_working memory

5.38 (2.61)

7.89 (1.57)

236

0.004**

PDCRS_clock drawing

9.62 (0.81)

9.10 (1.27)

124.5

0.52

PDCRS_copy of a clock

9.37 (0.98)

9.63 (0.53)

162

0.46

PDCRS_delayed verbal memory

6.84 (1.68)

7.69 (2.02)

177

0.23

PDCRS_alternate fluency

13.03 (4.31)

17.49 (3.21)

236

0.004**

PDCRS_action fluency

17.98 (4.94)

21.74 (3.74)

225

0.01*

PDCRS_subcortical

73.33 (11.66)

85.50 (8.50)

227

0.003**

PDCRS_cortical

28.18 (2.72)

28.41 (1.22)

151

0.76

PDCRS_Total

102.03 (13.39)

114.73 (8.96)

225

0.004**

Semantic memory 1

37.07 (1.70)

38.40 (1.60)

190.5

0.023*

Semantic memory 2

62.33 (1.30)

62.63 (2.03)

143.5

0.21

RTME

21.40 (3.88)

22.45 (3.36)

176

0.38

EAT

23.00 (4.07)

25.50 (5.13)

201.5

0.08

Advanced ToM

9.66 (1.23)

10.26 (2.05)

170

0.33

BDI-II

11.06 (9.23)

7.25 (5.85)

128.5

0.31

Table 2.3. The table shows the results of the Wilcoxon-rank sum test comparing PD and controls on all of the administered
cognitive tests. The first column reports the name of the test, task or scale. The second and third columns report the mean and SD
of patients and healthy controls. The fourth column reports the Wilcoxon-rank sum test values and the fifth column reports the
p-values. Asterisks indicate significant differences between groups: ** p<0.01, * p<0.05.

2.6.3. Participants’ individual performance in APACS

Participants’ performance in each pragmatic task was also evaluated at the individual level
by investigating whether participants’ performance in the APACS tasks and composite scores was
below normative cut-off. A considerable number of patients showed a performance below cut off
in the production tasks and composite score (number of patients below cutoff/total number of
patients: Interview task: 12/18; Description task 13/ 18; Pragmatic Production 16/18).
Furthermore, several patients also showed an impaired performance in two of the comprehension
tasks and in the comprehension composite score (Narratives task: 10/18; Figurative Language 2
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task: 9/18; Pragmatic Comprehension: 6/18). Similarly, a consistent number of PD patients
obtained an impaired performance in the APACS Total score (11/18). Different results emerged
in the control group (number of healthy participants below cut-off/total number of healthy
participants): Interview task: 2/21; Description task 13/21; Pragmatic Production 11/21;
Narratives task: 6/21; Humor task: 2/21; Figurative Language 2 task: 2/21; Pragmatic
Comprehension: 2/21; APACS Total score: 3/21.
2.6.4. Participants’ individual cognitive performance
The neuropsychological performance was also explored at the individual level by
investigating whether participants obtained equivalent scores (ES) equal to 0 (indicating impaired
performance) in the selected neuropsychological tests with available correction grids. A relatively
small number of patients obtained ESs equal to 0 in cognitive tests (number of patients with ES
= 0/total number of patients): Digit span forward: 2/18; Phonemic fluency: 1/18; Corsi forward:
1/18; Corsi backward: 1/18; Stroop accuracy: 2/18. As for BDI-II, patients’ depression ratings
were classified as mild (3/18), moderate (2/18), and severe (1/ 18), according to fixed score ranges
(see Appendix A for details). Different results emerged in the control group (number of healthy
participants with ES = 0/total number of healthy participants): Corsi forward: 1/21; Stroop time:
1/21. As for BDI-II, controls’ depression ratings were classified as mild (2/21), and moderate
(1/21).
2.6.5. Correlational analyses
2.6.5.1. PD group
Table 2.4. reports the details of the pairwise Pearson’s correlations between PD patients’
scores in APACS and their scores in the cognitive tests as well as their demographic variables.
Results revealed that, in the PD group, the APACS Total score was negatively correlated with age
(r = − 0.49; p = 0.038) and positively correlated with PD-CRS total score, a measure of general
cognitive skills (r = 0.53; p = 0.038). Pragmatic Comprehension negatively correlated with age (r
= − 0.49; p = 0.036) and positively correlated with education (r = 0.56; p = 0.013) and with the
forward version of the Corsi test, which evaluates short-term visuospatial memory (r = 0.48; p =
0.049). Pragmatic Production was negatively correlated with education (r = − 0.49; p = 0.036), the
severity of motor symptoms – the MDS UPDRS III score (r = − 0.50; p = 0.034), shifting,
measured with the TMT score (r = − 0.63; p = 0.0047), and positively correlated with the PD36

CRS total score (r = 0.77; p = 0.0007) and the EAT score, a measure of affective ToM (r = 0.60;
p = 0.016). With respect to each APACS task, Interview was negatively correlated with education
(r = -0.47; p = 0.046), the TMT score (r = − 0.61; p = 0.006) and the MDS UPDRS III score (r
= − 0.48; p = 0.04), and it is positively correlated with the PD-CRS Total score (r = 0.57; p =
0.025). Description negatively correlated with the TMT score (r = − 0.48; p = 0.041) and with the
error interference effect of the Stroop task (r = − 0.57; p = 0.016), and positively correlated with
the PD-CRS Total score (r = 0.71; p = 0.002), with the EAT score (r = 0.58; p = 0.021) and with
semantic fluency (r = 0.53; p = 0.026). Narratives was negatively correlated with age (r = − 0.49;
p = 0.038). Participants’ scores in the Humor task (r = 0.47; p = 0.045) and in the Figurative
Language 2 task (r = 0.5; p = 0.03) positively correlated with education. No significant correlations
were found between participants’ scores in the Figurative Language 1 task and any of the clinical,
demographic and cognitive measures.

APACS

Interview

Description

Narratives

Figurative
Language 1

Humor

Figurative
Language 2

Pragmatic
Production

Pragmatic
Comprehension

APACS
Total

Age

0.08

-0.3

-0.49*

-0.2

-0.26

-0.45

-0.15

-0.49*

-0.49*

Education

-0.47*

-0.38

0.42

0.13

0.47*

0.5*

-0.49*

0.56*

0.2

Gender

0.2

0.21

0.024

0.23

-0.13

0.18

0.23

0.05

0.16

UPDRS III

-0.48*

-0.38

0.013

0.19

0.09

0.06

-0.50*

0.1

-0.18

Years from
Onset
Digit
Span_forward
Digit
Span_backward
Phonemic
fluency

-0.17

0.2

0.064

0

-0.041

0.28

0.04

0.1

0.1

0.46

0.3

0.15

0.25

-0.1

0.25

0.44

0.13

0.34

-0.1

-0.1

0.05

0.21

0.18

-0.054

-0.12

0.12

0.035

0.35

0.15

0.38

0.17

-0.07

0.19

0.28

0.2

0.32

Semantic fluency

0.1

0.53*

0.29

0.11

-0.027

0.21

0.41

0.19

0.37

Corsi_forward

0.13

0.05

0.44

-0.24

0.45

0.44

0.1

0.48*

0.45

Corsi backward

-0.28

-0.002

0.17

-0.3

0.23

-0.02

-0.14

0.11

0.02

BDI-II

-0.34

-0.34

-0.019

-0.09

0.04

-0.26

-0.4

-0.09

-0.28

Stroop accuracy

-0.1

-0.57*

-0.12

0.005

0.31

-0.03

-0.42

0.08

-0.15

Stroop time

-0.28

-0.17

-0.26

0.19

-0.31

-0.04

-0.26

-0.22

-0.32

TMT

-0.61**

-0.48*

0.03

-0.04

0.024

0.013

-0.63**

0.02

-0.32

PD-CRS working
memory

0.34

0.18

0.41

0.11

0.11

0.4

0.29

0.36

0.45

PD-CRS total

0.57*

0.7**

0.29

0.17

-0.046

0.11

0.77**

0.15

0.53*

Semantic
memory 1
Semantic
memory 2

0.06

-0.12

-0.13

0.04

-0.42

0.21

-0.03

-0.15

-0.15

-0.008

0.31

0.2

-0.02

-0.26

0.09

0.16

-0.015

0.065

RTME

0.29

0.14

0.27

-0.13

-0.013

0.1

0.24

0.11

0.22

EAT

0.41

0.58*

-0.009

-0.08

-0.26

0.004

0.6*

-0.12

0.21

Advanced ToM

0.1

0.14

0.078

0.02

-0.036

0.05

0.15

0.035

0.11

Table 2.4. Person Correlation coefficients in patients with PD (A) between APACS tasks and the other clinical, demographic and
cognitive variables. Asterisks indicate significant correlations: ** p<0.01, * p<0.05.
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2.6.5.2. Control group
Table 2.5. reports the details of the pairwise Pearson’s correlations between healthy
controls’ scores in APACS and their scores in the cognitive tests as well as their demographic
variables. The APACS Total score was negatively correlated with both the time (r = − 0.45; p =
0.036) and the error (r = − 0.82; p < 0.001) interference effects of the Stroop test. These two
measures of the Stroop test also negatively correlated with Pragmatic Comprehension (time
interference effect r = − 0.43; p = 0.05; error interference effect r = − 0.78; p < 0.001). Pragmatic
Production was negatively correlated only with the error interference effect of the Stroop Test (r
= − 0.66; p < 0.001). Interview negatively correlated with the TMT (r = − 0.54; p = 0.011) and
the EAT score (r = − 0.5; p = 0.023). Description was negatively correlated with the error
interference effect of the Stroop test (r = − 0.075; p < 0.001). Participants’ scores in the Narratives
task negatively correlated with both the time (r = − 0.42; p = 0.05) and the error (r = − 0.78; p <
0.001) interference effects of the Stroop test, and positively correlated with education (r = 0.44; p
= 0.044). Both Figurative Language 1 (r = − 0.58; p = 0.005) and Humor (r = − 0.61; p = 0.003)
were negative correlated with the error interference effect of the Stroop test. No significant
correlations were found between participants’ scores in the Figurative Language 2 task and any of
the clinical, demographic and cognitive measures.
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APACS

Interview

Description

Narratives

Figurative
Language 1

Humor

Figurative
Language 2

Pragmatic
Production

Pragmatic
Comprehension

APACS
Total

Age

-0.05

-0.05

-0.06

0.2

0.005

0.28

-0.06

0.11

0.05

Education

-0.33

0.15

0.44*

0.12

0.17

0.42

0.04

0.39

0.28

Gender

-0.02

-0.09

-0.05

0.12

-0.21

0.1

-0.09

-0.15

-0.14

Digit
Span_forward
Digit
Span_backward

-0.42

-0.28

-0.24

-0.13

0.11

-0.03

-0.37

-0.05

-0.2

-0.23

-0.09

-0.1

-0.002

0.3

0.32

-0.15

0.23

0.09

Phonemic fluency

0.23

0.005

-0.19

0.12

0.21

0.26

0.07

0.15

0.13

Semantic fluency

0.26

0.28

0.17

0.19

0.31

0.19

0.32

0.32

0.36

Corsi_forward

0.09

0.02

0.05

0.12

0.34

0.002

0.04

0.21

0.16

Corsi_backward

0.07

0.06

-0.3

-0.02

0.14

-0.13

0.07

-0.07

-0.01

BDI-II

0.06

0.17

-0.096

0.29

0.11

0.095

0.17

0.11

0.15

Stroop accuracy

0.01

-0.75**

-0.78**

-0.58**

-0.61**

-0.32

-0.66**

-0.78**

-0.82**

Stroop time

-0.23

-0.33

-0.42*

-0.27

-0.25

-0.36

-0.36

-0.43*

-0.45*

TMT

-0.54*

-0.18

-0.03

0.17

-0.11

0.17

-0.31

0.02

-0.12

PD-CRS working
memory

-0.27

0.11

0.28

0.08

0.08

0.21

0.02

0.19

0.14

PD-CRS total

0.33

0.26

0.13

0.2

0.15

-0.01

0.32

0.15

0.24

Semantic
memory 1
Semantic
memory 2

-0.31

0.21

0.26

0.09

-0.01

0.04

0.1

0.1

0.12

-0.13

0.26

0.29

-0.29

-0.12

-0.17

0.2

-0.065

0.043

RTME

0.22

0.1

-0.03

0.16

-0.08

-0.21

0.15

-0.09

0.006

EAT

-0.5*

0.09

0.42

-0.11

0.01

-0.08

-0.05

0.1

0.04

Advanced ToM

0.17

0

0.28

0.03

0.18

0.03

0.05

0.2

0.15

Table 2.5. Correlations in healthy controls between APACS tasks and the other clinical, demographic and cognitive variables.
Asterisks indicate significant correlations: ** p<0.01, * p<0.05.

2.6.6. Analyses of predictors
2.6.6.1. PD group

The statistical details of the multiple regression analyses between PD patients’ scores in
APACS and their scores in the cognitive measures as resulting from the backward stepwise method
are reported in Table 2.6. (a-f). These analyses revealed that the global score of the PD-CRS (p =
0.008) and education (p = 0.012) significantly predicted participants’ APACS Total score. The
Production Total score was significantly predicted by the global score of the PD-CRS (p = 0.0036).
Education (p = 0.007) was the only significant predictor of the Comprehension Total score. The
time interference effect of the Stroop test (p = 0.02) predicted patients’ performance in the
Interview task, while participants’ scores in the Description task were significantly predicted by
the Stroop error interference effect (p = 0.009), and the total score of the PD-CRS (p = 0.001).
Finally, the Stroop time interference effect (p = 0.0025), the global score of the PD-CRS (p =
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0.032), education (p = 0.00017) and gender (p = 0.012) were significant predictors of the Figurative
Language 2 task.
a. Predictors of APACS Total
Adjusted R2

p

mean VIF

0.61

0.013

2.30

Predictor

Estimate

(Intercept)

0.63

βi

Test for autocorrelation
D-W
p
2.76

0.068

p

VIF

0.0097**

Stroop_time

-0.002

-0.43

0.11

2.32

PD-CRS Total

0.0037

0.89

0.008**

2.63

age

-0.002

-0.25

0.19

1.21

education

0.013

0.85

0.012*

2.77

gender

-0.073

-0.53

0.074

2.56

b. Predictors of APACS Pragmatic Production
Adjusted R2

p

mean VIF

0.70

0.002

1.50

βi

Test for autocorrelation
D-W
p
1.91

0.8

p

VIF

Predictor

Estimate

(Intercept)

0.65

Stroop_accuracy

-0.006

-0.26

0.11

1.14

Stroop_time

-0.0016

-0.26

0.17

1.56

PD-CRS Total

0.003

0.73

0.0036**

1.81

gender

-0.048

-0.33

0.085

1.41

<0.001**

c. Predictors of APACS Pragmatic Comprehension
Adjusted R2

p

mean VIF

0.54

0.0086

1.26

βi

Test for autocorrelation
D-W
p
2.63

0.126

p

VIF

Predictor

Estimate

(Intercept)

0.76

PD-CRS Total

0.0024

0.35

0.11

1.36

age

-0.0053

-0.36

0.087

1.13

education

0.017

1.30

0.007**

1.30

0.034*
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d. Predictors of APACS Interview task
Adjusted R2

p

mean VIF

0.42

0.014

1.12

βi

Test for autocorrelation
D-W
p
1.38

0.22

p

VIF

Predictor

Estimate

(Intercept)

45.98

Stroop_time

-0.15

-0.56

0.02*

1.12

MDS UPDRS III

-0.1

-0.28

0.21

1.12

<0.001**

e. Predictors of APACS Description task
Adjusted R2

p

mean VIF

0.71

0.0006

1.35

βi

Test for autocorrelation
D-W
p
2.15

0.82

p

VIF

Predictor

Estimate

(Intercept)

23.81

Stroop_accuracy

-0.69

-0.46

0.009**

1.09

PD-CRS Total

0.22

0.76

0.001**

1.51

gender

-3.09

-0.32

0.08

1.45

<0.001**

f. Predictors of APACS Figurative Language 2 task
Adjusted R2

p

mean VIF

0.78

0.0012

2.30

Predictor

Estimate

(Intercept)

12.8

Stroop_time

-0.32

Test for autocorrelation
D-W
p
1.70

0.59

βi

p

VIF

-0.78

0.0025**

2.32

0.23

PD-CRS Total

0.14

0.51

0.032*

2.63

age

-0.12

-0.20

0.17

1.21

education

1.39

1.27

0.00017**

2.77

gender

-5.90

-0.62

0.012*

2.56

Table 2.6. (a-f). Predictors of pragmatic abilities in the PD group. Asterisks indicate significant predictors: ** p<0.01, * p<0.05.

2.6.6.2. Control group
Table 2.7. (a-h) reports the statistical details of the multiple regression analyses between
healthy controls’ scores in APACS and their scores in the cognitive measures as resulting from the
backward stepwise method. The Stroop error interference effect was the main significant predictor
of almost all of the APACS composite scores as well as sub-scores: APACS Total (p < 0.0001);
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Pragmatic Production (p = 0.002); Pragmatic Comprehension (p < 0.0001); Description (p =
0.0002); Narratives (p < 0.0001); Figurative Language 1 (p = 0.0089); Humor (p = 0.0047);
Figurative Language 2 (p = 0.024).
a. Predictors of APACS Total
Adjusted R2

p

mean VIF

0.69

<0.0001

1

Predictor

Estimate

(Intercept)

0.78

Test for autocorrelation
D-W
p
1.96

0.83

βi

p

VIF

<0.0001**

Stroop_accuracy

-0.08

-0.81

<0.0001**

1

PD-CRS Total

0.001

0.18

0.18

1

b. Predictors of APACS Pragmatic Production
Adjusted R2

p

0.46

0.0027

Predictor

Test for autocorrelation
D-W

p

1.89

0.74

βi

Estimate

p

VIF

(Intercept)

0.75

Stroop_accuracy

-0.05

-0.64

<0.0001**
0.002**

1

PD-CRS Total

0.0015

0.27

0.13

1

c. Predictors of APACS Pragmatic Comprehension
Adjusted R2

p

0.62

<0.0001

Test for autocorrelation

Predictor

Estimate

(Intercept)

0.9

Stroop_accuracy

-0.1

D-W

p

2.35

0.47

βi

p
<0.0001**

-0.8

<0.0001**

d. Predictors of APACS Description task
Adjusted R2

p

0.54

0.0002

Test for autocorrelation

Predictor

Estimate

(Intercept)

43.52

Stroop_accuracy

-5.48

D-W

p

1.8

0.63

βi

p
<0.0001**

-0.75

0.0002**
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e. Predictors of APACS Narratives task
Adjusted R2

p

0.61

<0.0001

Test for autocorrelation

Predictor

Estimate

(Intercept)

51.01

Stroop_accuracy

-7.54

D-W

p

2.16

0.75

βi

p
<0.0001**

-0.79

<0.0001**

f. Predictors of APACS Figurative Language 1 task
Adjusted R2

p

0.29

0.0089

Test for autocorrelation

Predictor

Estimate

(Intercept)

14.59

Stroop_accuracy

-0.82

D-W

p

1.32

0.096

βi

p
<0.0001**

-0.58

0.0089**

g. Predictors of APACS Humor task
Adjusted R2

p

0.34

0.0047

Test for autocorrelation

Predictor

Estimate

(Intercept)

6.51

Stroop_accuracy

-1.2

D-W

p

2.19

0.73

βi

p
<0.0001**

-0.61

0.0047**

h. Predictors of APACS Figurative Language 2 task
Adjusted R2

p

0.22

0.024

Test for autocorrelation

Predictor

Estimate

(Intercept)

24.63

Stroop_accuracy

-2

D-W

p

2.6

0.17

βi

p
<0.0001**

-0.51

0.024*

Table 2.7. (a-h). Predictors of pragmatic abilities in the control group of healthy elders. Asterisks indicate significant predictors:
** p<0.01, * p<0.05.
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2.7. Discussion
2.7.1 Impairment of pragmatic abilities in early PD
This study revealed several interesting findings. First, patients with PD exhibited
significantly lower scores of APACS Total as compared to healthy controls. This result was also
investigated at the individual level: the APACS Total score was below cut-off for 61% of the
patients. Specifically, our results showed lower scores in Pragmatic Production for patients with
early PD as compared to healthy elderly. Interestingly, this general production score was below
cut-off for 88.8% of the patients. Finally, the PD group scored lower than controls in Pragmatic
Comprehension too, and 33.3% of the patients scored below cut-off. Overall, these results suggest
that patients with early PD show worse general pragmatic abilities (the ability to perform a cluster
of different pragmatic tasks in language production and comprehension, estimated with a total
score – the APACS Total score) as compared to healthy elderly; this is also particularly evident for
Pragmatic Comprehension and, most of all, for Pragmatic Production. In fact, patients’ production
skills are more compromised, as compared to comprehension abilities. These results are consistent
with Montemurro and colleagues (2019), who also found compromised performance in the three
APACS composite scores in the sample of patients with PD, compared to healthy controls. Most
important, our results suggest that pragmatic skills are already impaired at the early stage of the
disease. In sum, a general impairment of pragmatic abilities in subjects diagnosed with PD seems
to emerge both in comprehension and production. Our findings provide an important
contribution to our understanding of pragmatic abilities in PD, as they show a deficit of pragmatic
skills in a sample of patients with early-course PD. Early detection of general pragmatic impairment
for both production and comprehension is crucial in order to monitor its progression over time,
as pragmatic deficit plays a crucial role in patients’ daily living and in the way people can
successfully communicate in social interactions. Second, with respect to the single APACS tasks,
we found that patients with PD achieved lower scores in the Interview and the Figurative Language
2 tasks, as compared to healthy controls. At the individual level, 66.6% of patients performed
below cut-off in the Interview task, showing difficulties mainly in discourse organization,
engagement in conversations, as well as in non-verbal dimensions. Furthermore, half of the PD
sample was actually impaired in the Figurative Language 2 task, showing difficulties in non-literal
language understanding, such as proverbs, idioms and novel metaphors. Similarly, Montemurro et
al. (2019) observed a significant lower performance of patients with PD in the Interview task; on
the contrary, the authors showed that the group of PD patients achieved significant lower scores
also in the Description, Narratives and Humor tasks as compared to healthy controls, which did
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not emerge in our study. The discrepancies between these findings might be related to the
differences in the sample of PD patients: we recruited patients with early PD (H&Y < 2), whereas
Montemurro and colleagues focused on a sample of patients whose symptom severity was highly
heterogenous (H&Y 1–4), finding a more widespread pragmatic deficit. Interestingly, our findings
did not show any significant between group difference in the Figurative Language 1 task, while
this was the case for the Figurative Language 2 task. Despite both tasks assess the ability to
understand non-literal uses of language (idioms, novel metaphors and proverbs), they are carried
out with different modalities. The first one consists of multiple-choice questions and only requires
participants to select the correct interpretation out of three possible options. Importantly, the
response choices remain always available to the participants while performing the task. In other
words, the characteristics of this task seem simple enough to likely reduce cognitive effort. On the
contrary, the second task is more complex, as it assesses comprehension by asking the participants
to orally paraphrase non-literal expressions. While Figurative Language 1 simply tests participants’
ability to select the contextually appropriate interpretation of a figurative expression, Figurative
Language 2 taps on a more genuine understanding of the expression, as participants are required
to autonomously derive the appropriate non-literal meaning – i.e., no constraint that might support
interpretation is provided. Therefore, contrary to Figurative Language 1, Figurative Language 2
elicits an interpretive process that is more cognitively demanding, but also more ecological.

2.7.2. Cognitive functioning in early-course Parkinson’s disease

Between-group differences in a cluster of cognitive functions were investigated. Patients
with PD obtained a worse performance in visuospatial working memory, inhibition, set-shifting
and cognitive flexibility, verbal working memory, alternate and action fluency, and semantic
memory. The total score of the PD-CRS suggested that PD patients show worse general cognitive
skills (i.e., lower overall cognitive level) as compared to healthy controls, consistently with previous
studies (McKinlay et al., 2009; Papagno & Trojano, 2018). We did not find any significant
difference at the group level in the BDI-II score, which means that the depression status in the
two groups was comparable; in light of the possible association between depression and cognitive
abilities (Crocco et al., 2010), this result might allow us to state that patients’ lower cognitive
performance was not related to the presence of higher levels of depression in the PD group.
Interestingly, we did not find any significant difference at the group level in any of the administered
ToM tasks, and this might be due to the early stage of the disease. In fact, a previous study by
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Peron and colleagues (2009) showed that early PD patients’ ToM performance did not significantly
differ from that of healthy participants. Moreover, the authors did not find any significant
difference between medicated and unmedicated patients in the early PD group. Conversely, a
specific ToM impairment at the cognitive level (Péron et al., 2009) and at the affective level (Raffo
De Ferrari et al., 2015) was found in advanced PD patients.
In sum, in line with previous studies, our findings suggest that the mind-reading ability is
still intact in both its affective and cognitive components in patients with early-course PD.
2.7.3. Predictors of pragmatic skills

A set of analyses of predictors were conducted to investigate the influence of some
cognitive functions and demographic variables on early PDs’ pragmatic abilities. First, a broad
pattern emerged: the predictors that significantly influenced general pragmatic abilities, pragmatic
production and pragmatic comprehension were not the same in the group of PD patients and in
the control group. They are now discussed in turn.
2.7.3.1. Predictors of general pragmatic skills and pragmatic production

Analyses of predictors were conducted to verify the influence of some cognitive functions
and demographic variables on both early PDs’ and healthy controls’ pragmatic abilities.
Interestingly, different patterns of results emerged in the two groups. Within the PD group, general
pragmatic abilities were significantly predicted by general cognitive skills and education. More
specifically, our data show that patients with better general cognitive skills scored higher in the
APACS Total. Additionally, with respect to demographic variables, patients with higher education
exhibited a better general pragmatic performance. Our results are consistent with the existing
literature, as cognitive skills have been previously linked to pragmatic abilities (Bosco et al., 2017;
Colman & Bastiaanse, 2011; Holtgraves et al., 2013); furthermore, pragmatic competence has been
found to be less efficient in people and lower education (Zanini, Bryan, De Luca, & Bava, 2005).
As for PD patients’ general production abilities, the global score of the PD-CRS was the only
significant predictor of the Pragmatic Production composite score, suggesting that intact general
cognitive skills contribute to a better general production performance as well. Furthermore, as for
the two production tasks, inhibition significantly predicted both Interview and Description; more
specifically, patients with better inhibitory control scored higher in both tasks. These findings are
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consistent with earlier research suggesting that cognitive impairment and executive dysfunction
might act as underlying mechanisms of PD patients’ compromised pragmatic production (Colman
& Bastiaanse, 2011; Holtgraves et al., 2013). Importantly, different results emerged in the group
of healthy participants. In this population, inhibitory control (i.e., the error interference effect of
the Stroop test) was the only predictor of both general pragmatic abilities and Pragmatic
Production. More specifically, participants who were more accurate in this test scored higher in
most of the APACS tasks. Taken together, these findings suggest that inhibitory control plays an
important role in performing different pragmatic tasks in both groups; however, intact general
cognitive skills and higher education might act as compensatory mechanisms, supporting PD
patients’ general pragmatic competence and production abilities. Overall, despite the importance
of unimpaired cognitive skills and high education levels, we believe that other factors might
support PD patients’ pragmatic performance, as reported by previous literature (Colman &
Bastiaanse, 2011), and this represents an interesting starting point for future investigation targeting
more advanced stages of the disease.
2.7.3.2. Predictors of pragmatic comprehension: understanding figurative
meaning

An interesting scenario emerged on the predictors of our participants’ pragmatic
comprehension. The control group scored significantly higher than the PD group in general
pragmatic comprehension as well as in the Figurative Language 2 task, and the only significant
predictor of healthy controls’ performance in these two measures was accuracy in the Stroop task.
Overall, this pattern suggests that healthy participants exhibit uncompromised pragmatic
comprehension abilities. As for the role of accuracy in the Stroop task, this is not particularly
informative because in the Stroop task the most genuine measure for inhibitory control is the time
interference effect (i.e., the time needed to inhibit a highly salient information), rather than
accuracy. On the contrary, interestingly, a substantially different pattern of results emerged in the
group of PD patients. PD patients’ general pragmatic comprehension was significantly predicted
by education only. Even more interesting, a cluster of cognitive functions and demographic
variables significantly predicted patients’ performance in the Figurative Language 2 task, that
assesses figurative expressions such as novel metaphors and idioms understanding. The cluster
included inhibitory control (i.e., time interference effect), general cognitive skills, and education.
Similarly, executive impairment has been previously related to poor performance in novel
metaphor comprehension in other clinical populations, such as Alzheimer’s Disease (AD)
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(Amanzio et al., 2008). As for the role of education, PD participants with higher education showed
less impaired comprehension abilities. Education is notably known as a socio-demographic factor
that positively impacts individuals’ cognitive reserve, thus acting as a protective factor (Da Silva et
al., 2015). In addition, old adults with higher education were found to exhibit better metaphor
understanding (Champagne-Lavau et al., 2012) and socio-demographic factors were recently
posited to influence individuals’ metaphor comprehension (Gibbs & Colston, 2012). In light of
this, therefore, it might be the case that education acts as a protective factor in PD pragmatic
comprehension abilities too, including the ability to understand non-literal meaning. Interestingly,
inhibitory control accounted for 78% of the variance in PD patients’ comprehension of figurative
expressions such as novel metaphors and idioms. More specifically, participants with better scores
in the time interference effect of the Stroop test, were also more accurate in providing a good
interpretation of the non-literal expressions presented in the Figurative Language 2 task. This
finding suggests that inhibitory control predicts figurative language comprehension in early-course
PD. To the best of our knowledge, this is first evidence of the role of inhibitory control in earlycourse PD understanding of figurative meanings and this prevents us from discussing the finding
with previous experimental data on PD. However, the role of inhibitory control has been
previously addressed in experiments on young healthy adults’ interpretation of novel metaphors
and idioms. As for metaphor, inhibitory control was found to predict adolescents’ metaphor
interpretation (Carriedo et al., 2016). Furthermore, inhibitory control might be essential to
suppress those properties of the metaphor literal meaning that are not essential to derive the
metaphorical interpretation. In fact, some studies have shown that the literal meaning of the
expression is activated during early processing of novel metaphors, and that it is suppressed later
on (Rubio Fernández, 2007). Additionally, it has been shown that the irrelevant properties of the
literal meaning of the metaphor vehicle (e.g., ‘Some hairstyles are bushes’) are suppressed during
metaphor interpretation and this has been associated with the role of inhibitory control
(Glucksberg et al., 2001). The main idea behind these studies is consistent with a direct access view
of metaphor interpretation2 (Gibbs, 1994; Wilson & Carston, 2007). According to this broad view,
metaphorical meaning is accessed directly in online processing and the interpretation of literal
meaning does not play any special role apart from providing a hint for the derivation of the
metaphor. To put it simple, the theoretical accounts that support a direct access view for metaphor
interpretation differ in many respects – for example, contrary to Gibbs (1994), Wilson & Carston
(2007) see metaphor comprehension as the outcome of a process of pragmatic adjustment based

2

This branch of the theoretical debate on metaphor comprehension developed in contrast to the indirect access view (Grice, 1975; Searle, 1979), according
to which metaphor interpretation is derived inferentially as an implicature only after the false literal meaning is passed through and rejected as false.
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on ad hoc concepts construction3. Importantly, however, the direct access views agree on the fact
that literal meaning would be involved in the interpretive process only to the extent that the
relevant literal properties of the metaphor vehicle (e.g., bushes are MESSY) are pragmatically
adjusted such that they can be meaningfully exploited to derive the metaphorical meaning. On the
contrary, the irrelevant properties of the vehicle literal meaning (e.g., bushes are GREEN) would
not be used in the interpretive process and, after an initial activation, they would be readily
suppressed. In this wider scenario, therefore, it is reasonable that patients with better inhibitory
skills exhibited a better interpretation of novel metaphors because they might have been more
efficient in suppressing the irrelevant literal properties, which in turn might have enhanced
metaphor comprehension. In sum, our findings show that early PD patients’ ability to comprehend
figurative language is impaired, as indicated by differences at both the individual and group levels.
Yet, inhibitory control might act as a compensatory mechanism and might support a better
comprehension of metaphor, likely because more preserved inhibitory skills enhance the
suppression of the irrelevant literal properties of a novel metaphor.
As for idioms, the role of inhibitory mechanisms has been called for also with respect to this
figurative use of language (Cacciari et al., 2018; Galinsky & Glucksberg, 2000). Some studies on
idioms processing suggest that a momentary activation of at least part of the literal meaning of the
words that compose the idiomatic expression occur during idioms interpretation (Cacciari,
Padovani, & Corradini, 2007; Holsinger & Kaiser, 2013). Furthermore, according to Cacciari et al.
(2018), suppression mechanisms of the literal meaning of the words that compose idiomatic
expressions may take place and the activation of the literal meaning may depend on some
psycholinguistic factors, such as the predictability of the expression. During the processing of
predictable idioms, such as my brother is always broke, the literal meaning of the constituent words
that appear first in the expression might suffice to pre-activate the constituent words that are more
likely to appear next - in virtue of the predictability of the whole idiomatic expression. Once the
activated literal interpretation becomes irrelevant for the idiomatic meaning, the literal meaning is
actively suppressed. Therefore, based on this, our results suggest that idioms comprehension is
impaired already in early-course PD. Yet, more efficient inhibitory skills still might facilitate idioms
comprehension too: PD participants with more preserved inhibitory control might have more
easily suppressed the activated literal meaning of the expressions under scrutiny, which might have
favoured their comprehension of idioms. Our findings concerning the involvement of inhibitory

3

In metaphors like My lawyer is a shark, the literal meaning is quickly reworked online into a metaphorical meaning through the ad-hoc concept construction.
In other words, the lexically encoded concept SHARK is quickly adjusted into the ad-hoc concept SHARK*, whose denotation also includes specific types of
human beings (ruthless, merciless etc.). In routinized examples like ‘shark’, ‘devil’, ‘saint’, ‘block of ice’ etc., ad-hoc concepts are constructed online, and
the associated metaphorical meaning is therefore immediately activated.
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processes in non-literal language comprehension are consistent with the hypothesis linking PD
patients’ common frontal lobe dysfunction to pragmatic difficulties (McNamara & Durso, 2003;
Monetta & Pell, 2007). Executive deficits are typically associated with dysfunctions of the
dorsolateral prefrontal cortex (DLPFC), and the anterior cingulate cortex (ACC) (MacDonald et
al., 2000), which seem to be impaired in PD (Palermo et al., 2017). While the DLPFC is involved
in attentional processes, planning, sequencing, and working memory , the ACC is engaged in
evaluative processes, such as detecting the presence of response conflict and, more in general, in
inhibitory control (MacDonald et al., 2000; Weintraub et al., 2005). This dissociation is confirmed
by previous neuroimaging studies analyzing participants’ performance in the Stroop task. In the
incongruent condition, greater activity within the ACC has been detected (Pardo et al., 1990),
reflecting a greater effort in terms of inhibitory skills. Conversely, the DLPFC activity might reflect
the sustained attention required to complete the task, which is also particularly evident in the
simple color naming condition. In sum, the impairment of the DLPFC and ACC in patients with
PD might be responsible for deficits of inhibitory control, and this is consistent with our findings
showing that patients with lower inhibitory skills (in terms of longer response times in the Stroop
task) exhibit greater difficulties in suppressing the irrelevant literal properties during metaphor and
idiom comprehension.

2.8. Conclusions
This study has several important clinical implications. From a clinical point of view, the
early detection of pragmatic deficits is crucial because this disorder directly impacts the way people
communicate in social contexts. Deficits in pragmatic production, that include discourse
organization and engagement in communication, as well as pragmatic comprehension might be
responsible for a reduction in social interaction and a decrease in socialization due to the arise of
communication difficulties. An early identification of these deficits seems essential to monitor their
progression over time. To this purpose, it would be worth monitoring patients’ quality of life too
in future studies. In fact, not only both pragmatic deficits and quality of life strongly impact social
interactions, but also pragmatic impairment may play a role in any change of patients’ quality of
life. Therefore, both aspects should be monitored complementarily.
Moreover, the results of this study represent an interesting starting point for future
investigations. To start with, pragmatic abilities should be explored in advanced stages of PD, that
are characterized by more invalidating motor disabilities and progressive cognitive changes. It
would be worth focusing more on nonverbal pragmatic skills in patients with advanced PD, in
light of the potential link with motor symptoms. In addition, it would be worth investigating
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further PD patients’ understanding of figurative language, especially metaphor, and the role of
inhibitory control.
Finally, this study has some limitations worth acknowledging. First, the relatively small
sample size implies the need to replicate our findings with larger samples. Second, gender was not
balanced between the two groups, since PD is much more prevalent among men, rather than
women. Third, contrary to previous studies (Bambini, Arcara, Bechi, et al., 2016; Bambini, Arcara,
Martinelli, et al., 2016; Montemurro et al., 2019), we did not assess receptive language abilities as
we wanted to focus on a wider range of neuropsychological functions. However, the evaluation of
language comprehension is crucial to exclude any possible link between impaired basic receptive
skills and pragmatic difficulties. For this reason, only participants reaching cut-off scores in tests
assessing basic language comprehension should be enrolled in future studies.
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3
Pragmatic skills in late adulthood
4

Maria Alice Baraldi1,2* & Filippo Domaneschi1

Abstract
Research investigating pragmatic abilities in healthy aging suggests that both production and
comprehension might be compromised; however, it is not clear how pragmatic abilities evolve in
late adulthood, as well as when difficulties are more likely to arise. The aim of this study is to
investigate the decline of pragmatic skills in aging, and to explore what cognitive and demographic
factors support pragmatic competence. We assessed pragmatic abilities and specific cognitive skills
in a group of elderly individuals and in a sample of younger participants. Pragmatic difficulties
seem to occur in late adulthood, likely around 70 years, and emerge more prominently in the
comprehension domain. Age was the only predictor of general pragmatic performance in a sample
of cognitively unimpaired older adults; conversely, when elderly individuals with less intact
inhibitory control are considered, a general role of inhibition emerged, in addition to working
memory and ToM in specific tasks.
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3.1. Introduction
During normal aging, the body undergoes several changes encompassing the physical,
cognitive and behavioral dimensions. The most relevant findings show that cognitive functions,
including language, are often affected as we age (Peelle, 2019; Titone et al., 2000). Age-related
language changes have been previously analysed at a phonological, semantic and syntactic level.
For example, on the one hand, some studies reported speech perception as impaired in healthy
older adults, especially when conversations take place under demanding listening conditions
(Sommers, 2008); on the other hand, sematic knowledge has been reported as relatively spared in
late adulthood (Abrams & Farrell, 2011).
Some of the existing studies showed that a decline of pragmatic abilities might occur in
healthy aging (Messer, 2015). Pragmatic skills refer to the ability to use language in context (Grice,
1975; Levinson, 1983), and play a crucial role in the recognition of the speaker’s intended meaning;
such abilities can be described as key conversational skills including non-literal language
understanding, as well as discourse aspects, such topic maintenance and coherence, politeness, the
ability to respect turn-taking rules, to communicate appropriate amount of information and to
provide cohesive narratives of relevant events (McNamara & Durso, 2003). Additionally,
nonverbal domains such as intonation, eye-contact, facial expressions, and gestures are often
investigated among the pragmatic phenomena. Traditionally, the ability to attribute mental states
to others (i.e., Theory of Mind - ToM) has been considered a key factor in deriving the speaker’s
intended meaning (Sperber & Wilson, 2002). However, later findings depict pragmatic processing
as a more complex phenomenon, and growing evidence also supports the role of executive
functions (Bambini et al., 2021), in addition to ToM.
A considerable number of studies showed that pragmatic skills are impaired in several
clinical populations, from atypical development (e.g., Eales, 1993; Murphy, Faulkner, & Farley,
2014), to psychiatric (e.g., Bambini et al., 2016; Haas et al., 2015; Parola, Berardinelli, & Bosco,
2018) and neurological conditions (e.g., Amanzio, Geminiani, Leotta, & Cappa, 2008; Bambini,
Bischetti, et al., 2020; Baraldi et al., 2021; Montemurro et al., 2019). Additional evidence is provided
by studies considering healthy older adults, suggesting that a decline of pragmatic abilities might
also occur in later life, regardless of the presence of a clinical condition (Domaneschi & Di Paola,
2019; Mak & Carpenter, 2007; Qualls & Harris, 2003; Messer, 2015).
Pragmatic difficulties strongly impact the quality of daily functioning, and also affect
people’s efficiency in social communication (Messer, 2015). It is crucial to investigate pragmatic
language in healthy older adults, as changes in the aging body might lead to higher incidence of
illness and, as a result, to an increased need of assistance. In this respect, pragmatic abilities are key
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in the establishment of a good relationship with healthcare providers, as rapport building requires
the use of both pragmatic production and comprehension skills (Messer, 2015); if compromised,
such pragmatic skills might negatively affect the patient-provider communication exchange,
leading older individuals to avoid healthcare related interactions.
3.2. Pragmatic abilities in aging
3.2.1. Pragmatic production and comprehension
A few studies investigated pragmatic abilities in aging, and the available findings suggest
that both production and comprehension skills might be impaired in this population. Many aspects
of discourse production have been reported as impaired in elderly people. Older adults often
exhibit difficulties in respecting turn-taking rules due to attentional demands that might increase
between turns, as well as when multiple speakers take part in conversations (Murphy, Daneman,
& Schneider, 2006). Another common feature associated with late adulthood is the tendency to be
verbose, as well as the production of off-topic speech. In fact, it is more difficult for elderly to
stick to conversational purposes and to provide precise and significant information only; rather,
they tend to shift the focus on themselves with autobiographical narratives of personal events,
leading to the disengagement of the conversation partner (Ruffman et al., 2010). Furthermore,
referencing errors have been previously reported in aging (Drummond, Dancer, & Pierce, 1996;
Ulatowska, Hayashi, Cannito, & Fleming, 1986). A study by Ulatowska and colleagues (1986)
showed that ambiguity of referencing was detected in the group of younger elderly (64-76 years),
and it increased with enhanced narrative complexity in the older elderly group (77-92 years). Olderold participants also provided less information in discourse, as well as lower relevance of
information in complex discourse conditions, compared to younger-old and young participants
(Shadden, 1997; Ulatowska et al., 1986). Reduced spontaneous language and fragmented sentences
have been found to characterize elders’ conversation as well (Ardila & Rosselli, 1996; Shadden,
1997). In addition, changes in vocal quality might occur as we age, and prosody seems to be
affected too (Prutting & Kirchner, 1987). Interestingly, some authors suggested that older adults
often ignore gestures during conversations and, in turn, they tend to use fewer gestures to
complement their speech (Cocks et al., 2011). Furthermore, an age-related decline of eye gaze cues
has been reported by previous studies, and this deficit seems to be particularly evident when an
individual is encouraged by the conversation partner to look at something specific in the
environment (Slessor et al., 2008).
Receptive pragmatic skills have been previously investigated and often found impaired in
healthy aging, especially the ability to understand figurative language (Mashal, Gavrieli, & Kavé,
54

2011; Messer, 2015). Some authors suggested that proverb comprehension is impaired in older
adults (Uekermann et al., 2008), and this deficit is particularly evident when comprehension is
tested with an open format (Nippold et al., 1997). However, as for figurative language, some
authors suggested that familiarity plays a crucial role in comprehension tasks (Qualls & Harris,
2003). In a study by Mashal et al. (2011) on metaphor comprehension, two groups of participants
(younger vs older adults) underwent two different tasks: first, they were asked to rate the
plausibility of metaphoric, literal, and unrelated word pairs, and second, to rate the familiarity level
of a set of plausible metaphoric expressions. Relative to younger adults, older participants rated
fewer semantic relations as metaphorically plausible, and results of the familiarity rating task
revealed that the group of elderly appreciated more metaphorical expressions as conventional,
compared to their younger counterpart. Overall, the authors suggested that novelty plays an
important role in the appreciation of the plausibility of semantic relationships, and changes in the
comprehension of the novelty of expressions might occur as we age (Nira Mashal et al., 2011).
Moreover, Domaneschi & Di Paola (2019) showed that the processing of presuppositions
undergoes significant changes in late adulthood and, importantly, two major findings were pointed
out; first, when presuppositions involved demanding mental representations, older elderly’s
processing costs were higher than younger adults’, and second, the ability to recover from the
discourse information introduced in the context as taken for granted seems to decline with age.
With respect to humor comprehension, interesting findings emerged in previous research. Some
studies showed that older adults are less accurate than younger participants in selecting funny
endings of jokes (Mak & Carpenter, 2007; Uekermann et al., 2006). Schaier and Cicirelli (1976)
tested three groups of older adults (age 50-59, 60-69, 70-79) and asked them to (i) rate the
funniness of the selected jokes, and (ii) to explain what was funny about the jokes, considering
explanation as a proxy of comprehension. Results showed an age-related decline in humour
comprehension and a significant correlation between humor appreciation and age. Consistently, a
recent study comparing two groups of older adults (age 60-70, 71-90) showed that the second
group, in which older participants were enrolled, encountered more difficulties in selecting the
correct ending of humorous stories, compared to the first group (Daniluk & Borkowska, 2017).
3.2.2 Pragmatic abilities and cognitive functions in aging
Although pragmatic abilities are traditionally linked to ToM (Sperber & Wilson, 2002),
recent evidence suggests that pragmatic language is also related to different cognitive domains
(Domaneschi & Bambini, 2020). First, Daniluk and Borkowska (2020) showed that the overall
cognitive level, measured with a screening tool (e.g., the Mini Mental State Examination), is an
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important predictor of pragmatic competence in older adulthood (Daniluk & Borkowska, 2020).
As for the processing of figurative language, most of the documented difficulties have been
associated with the age-related decline of executive functions, mostly working memory (Bambini
et al., 2021; Kim et al., 2008), cognitive flexibility (Bambini et al., 2021) and inhibition (Uekermann
et al., 2006). A study by Qualls and Harris (2003) showed that working memory along with reading
comprehension played a crucial role in the understanding of the selected figures of speech, such
as metaphors, idioms and metonyms (Qualls & Harris, 2003). However, idiom processing might
not involve working memory to the same extent as metaphor comprehension, since idioms are
stored in our memory and therefore lexicalized (Qualls & Harris, 2003; Swinney & Cutler, 1979).
Additionally, the working memory load might vary depending on the nature of the task, which can
be a verbal explanation or a forced choice task (Gregory & Waggoner, 1996). As for verbal
production tasks, the target sentence is orally presented and followed by the “what does it mean?”
question, and then retained in memory until the appropriate answer is produced. Previous research
suggested that older adults are often impaired in such tasks, and this might be related to a reduced
working memory capacity (Qualls & Harris, 2003). Conversely, forced choice tasks might facilitate
older participants’ performance by reducing the required memory load (Qualls & Harris, 2003).
The role of inhibition was highlighted in previous research too. A study by Morrone and colleagues
(2010) showed that older participants are slower and less accurate in rejecting metaphors versus
literally false statements, as compared to their younger counterpart, and this might be related to
elders’ difficulties in suppressing the metaphorical meaning of the sentence. Consistently, the
response time for the Hayling test (a measure of inhibitory capacity) was a significant predictor of
metaphor rejection times, while the Stroop interference effect predicted the frequency of errors
(Morrone et al., 2010). The age-related decline of working memory and processing speed has also
been highlighted as affecting the processing of presuppositions in healthy older adults
(Domaneschi & Di Paola, 2019). As for humour comprehension, the main findings showed a link
with general cognitive skills and education (Daniluk & Borkowska, 2017), working memory
(Bambini et al., 2021) and verbal abstract ability (Shammi & Stuss, 2003), inhibition and set-shifting
(Uekermann et al., 2006), cognitive flexibility, abstract reasoning and vocabulary (Mak &
Carpenter, 2007), as well as ToM, especially when reasoning about the mental states of the joke’s
characters is required (Bischetti et al., 2019). Lastly, a study on Parkinson’s disease showed a strong
association between Cognitive Reserve (CR) (the individual degree of reinforced neural networks
that plays a protective role against cognitive decline or dementia) and pragmatic skills, especially
with comprehension abilities (Montemurro et al., 2019). Research in healthy aging suggests CR
plays an important role in language processing (Delgado-Losada et al., 2019; López-Higes et al.,
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2013); however, to date, less is known of the link between pragmatic skills and CR in this
population. Taken together, these findings suggest that the traditional link between pragmatic skills
and ToM should not be disregarded, as the ability to attribute mental states to others seems to be
involved in specific pragmatic tasks (Bischetti et al., 2019); however, importantly, growing evidence
also draws attention to the role of executive functions, such as inhibition and working memory,
whose age-related decline might also play a role in the observed pragmatic language changes.
Lastly, the role of CR in this population is worth investigating, as evidence of its link with pragmatic
skills is still missing in healthy older adults.
3.3. Aim of the study
The first goal is to investigate the decline of pragmatic abilities in healthy aging, by
comparing pragmatic performance of a sample of older adults to a group of young participants. A
further, more detailed analysis on four age subgroups will explore how pragmatic competence
evolves over different life periods. It should be noted, however, that a clear turning point in
pragmatic decline, in terms of a specific age of onset of pragmatic deficit, cannot be detected;
conversely, our goal is to identify the approximate age period in which pragmatic difficulties are
more likely to become observable. Although the existing literature already suggests that pragmatic
skills might be compromised in healthy aging (Messer, 2015), it is not easy to sketch a complete
overview of the overall pragmatic difficulties emerging in late adulthood, as most of the available
research focused on specific pragmatic phenomena by means of dedicated tasks. Additionally, only
a few number of studies analysed pragmatic decay over different age ranges: for example, Zanini
et al. (2005) compared six different age groups, and suggested that pragmatic abilities dropped at
70-79 years, especially in individuals with lower education. Contrary to Zanini, we will analyse
pragmatic performance of four different age groups, and we will assess pragmatic skills with the
Assessment of Pragmatic Abilities and Cognitive Substrates-APACS (Arcara & Bambini, 2016),
instead of the Right Hemisphere Language Battery, which was originally implemented to test
language disorders in patients with right hemisphere damage.
The second goal is to investigate the role of the selected cognitive and demographic
variables in any of the observed pragmatic changes. First, we will perform general analyses testing
the link between pragmatic, cognitive and demographic data on the overall sample, including both
elderly and young participants, and second, we will focus on the elderly group by investigating the
predictive role of cognitive and demographic factors in older adults’ pragmatic performance. A
recent study by Bambini et al. (2021) highlighted the role of executive skills, especially working
memory, in older adults’ (65-94 years) pragmatic comprehension abilities; conversely, we will
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recruit younger elderly participants aged 60-77, and we will also include the production section of
the APACS test, in addition to comprehension. Thus, to the best of our knowledge, this is the first
study investigating older adults’ pragmatic skills with a comprehensive assessment; in fact, the
APACS test evaluates both production and comprehension by means of specific tasks as well as
composite scores, which contribute to sketch an overview of participants’ general pragmatic
abilities, instead of simply providing information on the individual performance on single
pragmatic tasks. Moreover, the restricted age range selected for the older group helps defining the
life period in which pragmatic decline is more likely to emerge; this analysis would become
otherwise difficult with a very large age group due to the significant number of cognitive factors
that might come into play during the course of aging.

3.4. Materials and Method
3.4.1. Participants
29 elderly participants [mean age 65.96(SD 4.85); mean education 14.48(SD 2.47); 15F,
14M] and a sample of 27 young adults [mean age 27.52(SD 5.16); mean education 15.48(SD 2.06);
13F, 14M] were enrolled for this study. Exclusion criteria included the presence of cognitive
deficits (Mini Mental State Examination-MMSE < 24). All participants were Italian native speakers
and were tested online via videocall sessions with the experimenter. Informed consent was
obtained from participants prior to the beginning of the first experimental session.
3.4.2. Materials and procedure
The data collection of the present study was conducted online, due to restrictions imposed
by the Covid-19 pandemic. Some cognitive tests, which could not be administered in their original
format, were implemented in a computerized version by means of the web-based software
Psytoolkit (Stoet, 2010, 2017), allowing participants to perform them from home. This
administration setting required participants to use their own computer with a keyboard, a mouse,
and a stable internet connection; in addition, they were requested to connect to videocall sessions
with the experimenter. Thus, given the required computer expertise, such online sessions turned
out to be demanding for most older adults. Participants were administered a set of measures: (i)
an online survey that collected relevant demographic information (age, education, quantified as
number of years of school and university courses successfully completed, and gender), as well as a
computer skills self-assessment, and a survey that assessed Cognitive Reserve (CR); (ii) an online
survey that evaluated both cognitive and affective ToM; (iii) a set of neuropsychological tests that
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included a screening test for the assessment of general cognitive functioning, as well as domainspecific tests for the evaluation of cognitive functions; (iv) the APACS test, Assessment of Pragmatic
Abilities and Cognitive Substrates (Arcara & Bambini, 2016), to collect measures of their pragmatic
skills. All questionnaires and tests were completed by means of a computer. The first two online
questionnaires took about 25 minutes each and were filled by participants independently.
Participants were then administered the set of neuropsychological measures and the APACS test
in a dedicated one-hour video call session with the experimenter.
3.4.2.1. Pragmatic assessment
Participants were assessed for pragmatic competence with the Assessment of Pragmatic
Abilities and Cognitive Substrates (APACS; Arcara & Bambini, 2016), which evaluates both
discourse production and comprehension. The APACS test consists of six tasks and is structured
in two sections: the first one assesses Pragmatic Production by means of two specific tasks, and
the second one assesses Pragmatic Comprehension with four dedicated tasks. As already
mentioned, three main composite scores are obtained: the Pragmatic Production composite score,
the Pragmatic Comprehension composite score, and the APACS Total score.
3.4.2.2. Computer skills self-assessment
Participants filled an online survey that collected information about their computer skills.
Participants were asked whether they own a computer, a tablet or a smartphone, their frequency
of use, and what activities are usually performed with them (browsing the internet, sending e-mails,
writing documents, video-calling, etc.). Participants were then required to rate their degree of
autonomy in using tools such as a mouse, touchpad, touchscreen and the keyboard, as well as in
performing activities such as identifying the menu, localizing and saving files, filling documents
and surveys, etc.
3.4.2.3. Cognitive Reserve
Cognitive Reserve Index questionnaire (CRIq) (Nucci et al., 2012). The original CRIq, which
consists in a semi-structured interview, was adapted to an online questionnaire format. Written
instructions were presented at the beginning of the survey, which includes twenty questions
grouped into three sections: Education (CRI-Education), Working activities (CRIWorkingActivity), and Leisure time activities (CRI-LeisureTime). See Appendix A for details.
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3.4.2.4. Neuropsychological assessment
Mini Mental State Examination (MMSE) (Folstein et al., 1975). It is a 30-point
neuropsychological screening battery for cognitive impairment. It includes tests for orientation,
attention, memory, language and visuo-spatial skills. The final score is corrected for age and
education (Measso et al., 1993).
Digit Span forward (Spinnler & Tognoni, 1987). This test assesses short-term verbal
memory. See Appendix A for details.
Digit Span backward (Monaco et al., 2013). This tests assesses verbal working memory. See
Appendix A for details.
Stroop task (Caffarra et al., 2002). An online version of the Stroop task (short version) was
implemented with the web-based application Psytoolkit (Stoet, 2010, 2017) for the assessment of
inhibitory control. Two congruent conditions and an incongruent condition were presented.
Response times (RTs) and accuracy were collected, and then combined into a single score, the
inverse efficiency score (IES; Bruyer & Brysbaert, 2011; Townsend & Ashby, 1978). The IES is
obtained by computing the mean RT of the correct responses for each condition, which is then
divided by the proportion of the correct responses (PC). The IES takes into account the number
of errors, and increases proportionally the average RT of each participant. Since RTs are expressed
in milliseconds (ms) and divided by proportions, IES is measured in ms as well (Vandierendonck,
2017). A time interference effect (i.e., difference in responses in incongruent compared to
congruent conditions) was calculated with IES values, instead of RTs, following the procedure
described in Caffarra et al. (2002), and was then used for the analyses. See Appendix A for details.
Corsi Span backward (Monaco et al., 2013). An online version of the Corsi backward test for
the assessment of visuo-spatial working memory was implemented with the web-based application
Psytoolkit (Stoet, 2010). See Appendix A for details.
3.4.2.5. Theory of Mind
Faux Pas. Six stories containing a faux pas and eight control stories were selected from the
Italian version of the Faux Pas test (adapted from Stone, Baron-Cohen, & Knight, 1998 by Liverta
Sempio, Marchetti & Lecciso, 2005) and converted to an online questionnaire. See Appendix B.1
for details.
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3.5. Data analysis
First, differences between older and young participants in APACS as well as in each of the
neuropsychological tests were analysed using the Wilcoxon Rank Sum test. As for APACS, this
analysis was conducted on each task (Interview, Description, Narratives, Figurative Language 1,
Humor, and Figurative Language 2) as well as on the three composite scores (Pragmatic
Production, Pragmatic Comprehension and APACS Total).
Second, we divided our sample into four different age groups: 12 young participants were
assigned to the YOUNG-Young group [age range 20-26; mean age 22.91(SD 2.10); mean
education 14.16(SD 1.74); 5F,7M], 15 young participants were assigned to the OLD-Young group
[age range 27-38; mean age 31.2(SD 3.64): mean education 16.53(SD 1.68); 8F;7M], 16 older
individuals were assigned to the YOUNG-Elderly group [age range 60-66; mean age 62.06(SD
1.80); mean education 14.25(SD 2.20); 8F;8M], and 13 older participants were assigned to the
OLD-Elderly group [age range 67-77; mean age 70.76(SD 2.35); mean education 14.77(SD 2.83);
7F, 6M]. Differences in APACS between these groups were analysed using the Kruskal-Wallis test,
as well as the Dunn’s post-hoc test for multiple comparisons, with Bonferroni adjustment.
Third, pairwise Pearson’s correlations were conducted on the overall sample to assess the
relation between participants’ scores in each of the APACS measures and their performance in the
selected cognitive tests. Demographic variables (age and education) were also included in the
correlation analysis.
Fourth, a stepwise multiple regression analysis was performed on the overall sample, including
both elderly and young participants, to investigate which of the selected cognitive and demographic
variables generally predicted pragmatic performance. The same regression analysis was then
conducted with the elderly group only, to investigate cognitive and demographic predictors that
play a role in the age-related pragmatic changes. The selection of predictors was mainly based on
significant correlations with the APACS measures, although it was also consistent with the existing
literature. The final model included the following predictors: the time interference effect of the
Stroop test (inhibition) expressed with the IES, the Digit Span backward (working memory), the
Faux Pas Total score (ToM), the CRIq Total score (Cognitive Reserve), age and education.
Previous studies highlighted the role of such cognitive and demographic variables in predicting
pragmatic performance in different populations (e.g., Bambini et al., 2021; Baraldi et al., 2021;
Montemurro et al., 2019).
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Lastly, we performed the same regression model in the elderly group adding two older
participants (n=31) with worse inhibitory skills compared to the rest of the sample; in fact, the
time interference effects (IES) of the Stroop task were considerably higher (elderly participant n.
30, IES = 754.47; elderly participant n. 31, IES = 1218.15) compared to the mean of the group
(mean IES = 244.37). The two scores were considered outliers and therefore excluded from the
analyses described above; however, we decided to incorporate them in a second regression model
in order to investigate whether less preserved inhibitory skills contribute to pragmatic processing
to a different extent, compared to when only older participants with fairly intact inhibitory control
are considered.
A backward method based on Akaike Information Criterion (AIC) values was used to
investigate the impact of each predictors. Multicollinearity (VIF and mean VIF), auto-correlation
(Durbin-Watson test) and confidence intervals were computed. The regression analysis on the
overall sample as well as the analysis of predictors on the elderly group were performed for each
APACS composite score and single task.
All statistical analyses were conducted using R software (Core Development Team, 2020).
3.6. Results
3.6.1. Computer skills self assessment
All participants owned a computer, 98% of them owned a smartphone, and 48% of the
enrolled subjects also owned a tablet. 59% of participants declared they regularly use a computer
(more than 7 hours per week). Subjects rated themselves as fully autonomous in activities such as
using the mouse and the keyboard (86%), typing (84%), using the operating system properly (70%),
browsing the Internet (83%), filling documents and surveys (70%).
3.6.2. Between group analysis – APACS
Table 3.1 reports the descriptive statistics and the details of the Wilcoxon rank sum tests
comparing elderly and young participants’ performance in the APACS test. Elderly individuals
scored significantly lower than their younger counterpart in the APACS Total score (p=0.046), in
Pragmatic Comprehension (p=0.009) and in the Humor task (p=0.0096). No significant
differences were found in Pragmatic Production or in the other APACS tasks. Results are also
graphically displayed in Figure 1.
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Mean Elderly (SD)

Mean Young (SD)

W

p

Interview

42.48 (1.55)

42.92 (1.32)

314

0.18

Description

43.79 (2.80)

44.14 (2.23)

365.5

0.66

Narratives

52.75 (2.41)

53.14 (1.85)

366.5

0.67

Figurative Language 1

14.72 (0.45)

14.85 (0.45)

331

0.15

Humour

6.24 (0.98)

6.77 (0.5)

258

0.0096**

Figurative Language 2

26.03 (1.80)

26.22 (2.02)

365.5

0.66

Pragmatic Production

0.93 (0.04)

0.94 (0.02)

353.5

0.53

Pragmatic Comprehension

0.91 (0.04)

0.94 (0.03)

234

0.009**

APACS Total

0.92 (0.03)

0.94 (0.02)

270

0.046*

APACS task or composite score

Table 3.1. The table shows the results of the Wilcoxon-rank sum test comparing older adults and young participants on the APACS task, and on
the APACS composite scores. The first column reports the name of the single tasks and the composite scores. The second and third columns report
the mean and SD of elderly and young participants. The fourth column reports the Wilcoxon-rank sum test values and the fifth column reports the
p-values. Asterisks indicate significant differences between groups: ** p<0.01, * p<0.05.
1
0,8

APACS scores

0,6
0,4
Elderly

0,2

Young
0

APACS task and composite scores

Figure 3.1. Mean proportional scores in each of the APACS tasks (Interview, Description, Narratives, Figurative Language 1,
Humor, and Figurative Language 2), as well as in the APACS composite scores (Pragmatic Production, Pragmatic Comprehension,
APACS Total). Asterisks mark significant differences between groups.

Table 3.2 shows the results of the Kruskal Wallis analysis and the post-hoc Dunn test
comparing four age groups of participants. Two significant group comparisons emerged from the
analysis. OLD-Elderly individuals scored significantly lower than OLD-Young participants in the
APACS Total score (p=0.036) and in the Pragmatic Comprehension composite score (p=0.023).
The difference between OLD-Elderly and YOUNG-Young participants in the Humor task
approached statistical significance (p=0.065). The detailed analysis is shown in Appendix B.2 ,
Table B.2.1.
APACS task or
composite
score
Humor
Pragmatic
Comprehension
APACS Total

Mean
OLDElderly
(SD)
6.00
(1.29)
0.90
(0.055)
0.91
(0.04)

Mean
YOUNGElderly
(SD)
6.43
(0.62)
0.92
(0.03)
0.94
(0.017)

Mean
OLDYoung
(SD)
6.66
(0.61)
0.94
(0.04)
0.94
(0.02)

Mean
YOUNGYoung
(SD)
6.91
(0.28)
0.94
(0.02)
0.94
(0.02)

Kruskal
Wallis

p

0.046*
0.027*
0.035*

Group
comparison
OLDElderly YOUNGYoung
OLDElderly OLDYoung
OLDElderly OLDYoung

Dunn
test
(Z)

Bonferroni
adj. p

-2.54

0.065.

-2.88

0.023*

-2.74

0.036*

Table 3.2. The table shows the significant comparisons of the Kruskal Wallis analysis and the post-hoc Dunn test, which were run on four age
groups (OLD-Elderly, YOUNG-Elderly, OLD-Young, YOUNG-Young). The first column reports the name of the single tasks and the
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composite scores. Columns two to five report the mean and SD of the single age groups. The sixth column represents the Kruskal Wallis significant
p-values, the seventh indicates the group comparison, the eighth column shows the Dunn test post-hoc values, and the nineth column indicates
the Bonferroni adjusted p-values. Asterisks indicate significant differences between groups: ** p<0.01, * p<0.05. Dots indicate p-values
approaching statistical significance.

3.6.3. Between group analysis – Cognitive tests
Table 3.3. reports descriptive statistics and the details of the Wilcoxon rank sum tests
comparing elderly and young participants’ performance in the cognitive tests. Significant
differences between groups emerged in the Corsi backward test (p=0.0087), CRIq-Education
(p<0.001), CRIq-Working Activity (p<0.001), CRIq-Leisure Time (p<0.001), and CRIq-Total
(p<0.001).

Cognitive test

Mean Elderly (SD)

Mean Young (SD)

W

p

6.19 (1.05)

6.45 (1.19)

316

0.40

4.83 (1)

4.83 (1.21)

366

0.97

4.71 (1.35)

5.73 (1.18)

217.5

0.0087**

Stroop

244.37 (119.41)

198.81 (134.17)

462

0.15

MMSE

28.58 (1.30)

28.63 (1.61)

382

0.87

Faux Pas Tot

25.44 (4.69)

25.74 (7.19)

350.5

0.50

CRIq-Education

121.75 (14.80)

103.03 (12.27)

666.5

<0.001**

CRIq-Working Activity

121.65 (17.02)

95.11 (4.44)

724.5

<0.001**

CRIq-Leisure Time

126.58 (24.03)

97.11 (8.43)

700

<0.001**

CRIq-Total

131.51 (19.74)

97.85 (9.22)

743

<0.001**

Digit span_forward
Digit span_backward
Corsi_backward

Table 3.3. The table shows the results of the Wilcoxon-rank sum test comparing older adults and young participants on the selected cognitive tests.
The first column reports the name of the tests. The second and third columns report the mean and SD of elderly and young participants. The fourth
column reports the Wilcoxon-rank sum test values and the fifth column reports the p-values. Asterisks indicate significant differences between
groups: ** p<0.01, * p<0.05.

3.6.4. Correlation analysis
Table 3.4. reports the details of the pairwise Pearson’s correlations between participants’
performance in APACS and their scores in the cognitive tests as well as their demographic
variables. The APACS total score was positively correlated with the Faux Pas total score (r=0.28;
p=0.034) and negatively correlated with age (r=-0.34; p=0.009). The Pragmatic Comprehension
score was positively associated with the Faux Pas total score (r=0.28; p=0.035) and negatively
correlated with age (r=-0.30; p=0.023). Interview positively correlated with the total score of the
Faux Pas test (r=0.28; p=0.033). Narratives was positively correlated with the Faux Pas total score
(r=0.32; p=0.015), Figurative Language 1 was positively correlated with the Faux Pas total score
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(r=0.26; p=0.046), Humour was negatively correlated with age (-0.34; p=0.009), and Figurative
Language 2 was negatively correlated with the Corsi test (r= -0.28; p=0.036).

Digit span
forward

Digit span
backward

Corsi
backward

Stroop
test

MMSE

Faux Pas
Total

CRIq
Education

CRIq
Working
Activity

CRIq
Leisure
Time

CRIq
Total

Age

Education

APACS Total

-0.018

0.062

0.16

-0.057

-0.032

0.28*

-0.10

-0.12

-0.16

-0.13

-0.34**

0.21

Pragmatic
Production

-0.086

-0.12

0.22

-0.037

-0.063

0.13

-0.10

-0.072

-0.13

-0.10

-0.21

0.16

Pragmatic
Comprehension

0.049

0.18

0.048

-0.049

0.006

0.28*

-0.05

-0.12

-0.12

-0.093

-0.30*

0.16

Interview

-0.07

0.026

0.18

-0.037

0.024

0.28*

-0.15

-0.17

-0.22

-0.20

-0.21

-0.041

Description

-0.07

-0.17

0.18

-0.02

-0.1

-0.002

-0.039

0.017

-0.027

-0.001

-0.14

0.24

Narratives

0.097

0.19

0.16

-0.048

-0.024

0.32*

0.0036

0.034

0.12

0.076

-0.065

0.19

Figurative
Language 1

-0.12

0.069

0.001

-0.11

0.033

0.26*

0.014

0.039

-0.035

0.0059

-0.12

0.095

Humor

0.14

0.17

0.15

-0.021

-0.002

0.16

-0.12

-0.22

-0.11

-0.16

-0.34**

0.056

Figurative
Language 2

-0.11

0.049

-0.28*

-0.006

-0.01

0.075

0.16

0.10

-0.058

0.088

-0.002

0.22

APACS

Table 3.4. Person Correlation coefficients in both groups (elderly and young participants) between APACS scores and the other demographic and
cognitive variables. Asterisks indicate significant correlations: ** p<0.01, * p<0.05.

3.6.5. Regression analysis - general predictors of pragmatic abilities
A multiple regression analysis was performed with both elderly and young participants to test
general predictors of pragmatic skills. A summary of significant predictors is reported in Table 3.5.
The analysis showed that education (p=0.032), age (p=0.018), and the total score of the Faux Pas
test (p=0.046) significantly predicted the APACS Total score. Pragmatic Comprehension was
significantly predicted by age (p=0.024) and education (p=0.043). The total score of the Faux Pas
(p=0.0128) was the only significant predictor of the Interview task. Narratives was predicted by
the Faux Pas total score (p= 0.009) and by the digit span backward (p=0.044). Age was the only
significant predictor of the Humor task (p=0.0045). No significant predictors emerged from the
regression analysis conducted on Pragmatic Production, Description, Figurative Language 1 and
Figurative Language 2. The detailed multiple regression analysis is shown in Appendix B.2, Table
B.2.2.(a-f).
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APACS task or
composite score

Significant
predictors

β

VIF

p

Faux Pas total

0.25

1.02

0.046*

Education

0.27

1.04

0.032*

Age

-0.30

1.02

0.018*

Age

-0.29

1.02

0.024*

Education

0.26

1.05

0.043*

Interview

Faux Pas total

0.33

1.00

0.0128*

Narratives

Digit span
backward

0.26

1.03

0.044*

Faux Pas total

0.35

1.04

0.009**

Age

-0.38

-

0.0045**

APACS Total

Pragmatic
Comprehension

Humor

Table 3.5. Summary of significant predictors of pragmatic abilities, resulting from multiple regression models with both groups. Asterisks
indicate significance levels: ** p<0.01, * p<0.05.

3.6.6. Regression analysis - predictors of pragmatic abilities in aging
The multiple regression analysis conducted with the group of elderly participants (n=29)
showed a few significant predictors of pragmatic skills in healthy aging, which are reported in Table
3.6. Age predicted the APACS Total score (p=0.034), Pragmatic Production (p=0.002) and the
Description task (p=0.0021); this last subscore was also predicted by education (p=0.015). The
detailed analysis is displayed in Appendix B.2, Table B.2.3.(a-c).
APACS task or
composite score

Significant
predictors

β

VIF

p

APACS Total

Age

-0.40

1.05

0.034*

Pragmatic Production

Age

-0.58

1.02

0.002**

Education

0.42

1.02

0.015*

Age

-0.55

1.02

0.0021**

Description

Table 3.6. Summary of significant predictors of pragmatic abilities, resulting from multiple regression model with the elderly group only (n=29).
Asterisks indicate significance levels: ** p<0.01, * p<0.05.

Table 3.7. shows significant predictors of pragmatic abilities in the group of older adults,
after the inclusion of two more participants (n=31) with higher Stroop IESs. General production
was predicted by age (p=0.0038), while general pragmatic comprehension was predicted by the
interference effect of the Stroop test (p=0.039). As for the single APACS tasks, an effect of age
emerged for both Interview (p=0.019) and Description (p=0.014), while Narratives was
significantly predicted by the interference effect of the Stroop test (p=0.0021), the Digit span
backward (p=0.017), and the total score of the Faux Pas test (p=0.041). Lastly, the interference
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effect of the Stroop test predicted both Figurative Language 1 (p=0.0029) and Figurative Language
2 (p=0.02) tasks. The detailed analysis is displayed in Appendix B.2, Table B.2.4.(a-h).
APACS task or
composite score
Pragmatic Production

Significant
predictors
Age

β

VIF

p

-0.53

-

0.0038**

Stroop

-0.39

-

0.039*

Age

-0.42

1

0.019*

-0.43
-0.55

1
1.15

0.014*
0.0021**

0.43

1.25

0.017*

Figurative Language 1

Age
Stroop
Digit
span_backward
Faux Pas tot
Stroop

0.35
-0.54

1.21
-

0.041*
0.0029**

Figurative Language 2

Stroop

-0.43

1.04

0.02*

Figurative Language 2

Stroop

-0.43

1.04

0.02*

Pragmatic
Comprehension
Interview
Description
Narratives

Table 3.7. Summary of significant predictors of pragmatic abilities, resulting from multiple regression model with the elderly group only (n=31).
Asterisks indicate significance levels: ** p<0.01, * p<0.05

3.7. Discussion
3.7.1. Age-related pragmatic changes
The analysis exploring between-group differences in pragmatic abilities revealed some
interesting effects. First, elderly participants scored significantly lower than younger adults in the
APACS Total score, suggesting that a decline of general pragmatic skills (the ability to perform
pragmatic tasks in both language production and comprehension) might occur in late adulthood.
Specifically, these age-related differences emerged more clearly in the comprehension domain,
rather than in production, as older participants reached significantly lower scores than the younger
control group in the Pragmatic Comprehension composite score. Interestingly, however, general
pragmatic (comprehension) skills should not be considered clinically impaired in our sample of
older adults, since a very small number of elderly participants scored below cut-off in the APACS
Total score, as well as in the Pragmatic Comprehension composite score. Moreover, the
proportion of impaired pragmatic performance in the two groups was comparable: only two elderly
participants out of 29 and three young adults out of 27 scored below cut-off in the APACS Total
score, while impaired performance in Pragmatic Comprehension was found for two older adults
and for one young participant only.
Furthermore, as for the single APACS tasks, older participants exhibited significant lower
scores in the Humor task compared to younger adults, consistently with previous research
suggesting that changes in humor comprehension are often observed in late adulthood (Daniluk
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& Borkowska, 2017; Mak & Carpenter, 2007). At the individual level, only two older adults out of
29 scored below cut-off in the Humor task; it is notable, though, that the age of the two
participants exceeded the mean age of the sample, indicating that clear deficits of humor
comprehension are more likely to arise with increasing age.
In line with previous research showing a decline of pragmatic comprehension in late adulthood
(Champagne-Lavau et al., 2012; Nira Mashal et al., 2011; Uekermann et al., 2008), our data suggest
that changes in pragmatic skills occur in older adults, who exhibit less efficient general pragmatic
abilities, as well as, especially, comprehension difficulties.
Additionally, in order to investigate the age period in which pragmatic changes are more
likely to be observed, we performed a preliminary, more detailed analysis of pragmatic decline in
aging dividing our sample into four age groups (OLD-Elderly, YOUNG-Elderly, OLD-Young
and YOUNG-Young), and comparing participants’ performance in the APACS test between these
groups. Interestingly, despite the very small number of participants assigned to each group, the
comparison revealed some interesting results. OLD-Elderly individuals scored significantly lower
than OLD-Young adults in the APACS Total score, as well as in the Pragmatic Production
composite score, suggesting not only that 67-77 year old participants exhibit less efficient general
pragmatic abilities compared to participants aged 27-38, but also that their pragmatic decline can
be detected more clearly in comprehension rather than production. Surprisingly, no significant
differences emerged between YOUNG-Elderly and OLD-Elderly; importantly, however, we
hypothesize that this data could be related to the very small number of participants assigned to
each group, which might have not allowed to detect a clear cut effect.
Although caution is needed in the interpretation of these findings, we believe that the
observed differences provide initial evidence that pragmatic difficulties might actually arise in
healthy aging, likely around 70 years. This hypothesis is consistent with the data showed by Zanini
and colleagues (2005), who analysed 6 different age groups (20-29, 30-39, 40-49, 50-59, 60-69, and
70-79 years) and found that older-elderly participants (70-79 years old) had poorer performance
compared to (i) the youngest (20-29 years) on a lexical-semantic test, (ii) the three groups of
younger participants (20-29, 30-39, and 40-49 years) on a written metaphor and humor task, (iii)
the four groups of younger subjects (20-29, 30-39, 40-49, and 50-59 years) on an inference test,
and (iv) individuals aged 40-49 years on a task assessing conversational abilities. Overall, the
authors suggested that pragmatic performance drops at 70-79 years old, and this is particularly
evident in individuals with lower education levels (Zanini et al., 2005b).
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3.7.2. Cognitive performance in healthy aging
As for participants’ performance in the selected cognitive tests, the two groups differed
significantly in the backward version of the Corsi test, which measures visuospatial working
memory, as well as in each of the CRIq scores. As expected, older participants showed greater
cognitive reserve than younger individuals, as their number of working years as well as the number
of years spent in leisure activities were considerably higher. Interestingly, we found that cognitive
performance was comparable between older and young participants in all the other cognitive tests.
Similarly, we did not find significant between-group differences in the Faux Pas test,
suggesting that ToM, in both its affective and cognitive components, might be still intact in
individuals aged 60-77, consistently with previous studies showing no age-related changes in ToM
skills (Keightley et al., 2006; Saltzman et al., 2000).
Overall, we hypothesize that the relatively spared cognitive performance might be related
to participants’ cognitive reserve. In fact, CR it is not only relevant to the onset of dementia, but
also to the aging process: it allows older individuals to cope more effectively with the brain changes
that typically occur in late adulthood (Stern, 2009), and explains the differences observed in
cognitive profiles (Nucci et al., 2011). Since elderly participants’ scores in the CRIq were
considerably high, we hypothesize that their education level, the quality of their employment, as
well as the frequency of intellectual, social, and physical activities allowed for a long-term
maintenance of intact cognitive skills.
3.7.3. General predictors of pragmatic abilities
In order to investigate general predictors of pragmatic abilities, a multiple regression
analysis was performed with both old and young individuals. The APACS Total score was
significantly predicted by education and age, suggesting that participants with higher education, as
well as younger individuals showed better general pragmatic skills. Similarly, Zanini et al. (2005)
showed that both age and education played a role in pragmatic performance; more specifically,
pragmatic skills decreased in older individuals with lower education. Additionally, in line with a
traditional view supporting the role of mind-reading in pragmatic processing (Sperber & Wilson,
2012), ToM significantly predicted general pragmatic abilities; thus, individuals who more
preserved ToM achieved a better general performance in APACS, and these data consolidate the
hypothesis that the recognition of the speaker’s communicative intentions through mental states
attribution is central to pragmatic processing. As for general pragmatic comprehension, an
important role of socio-demographic factors emerged, as already suggested by Champagne-Lavau
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and colleagues (2012), who showed that education influences older adults’ ability to understand
metaphors. The impact of education has not only been addressed in healthy aging, but also in
research targeting clinical populations; in fact, Baraldi et al. (2021) showed that patients with early
Parkinson’s disease with higher education levels exhibited better general pragmatic performance,
measured with the total score of the APACS test; furthermore, the authors found that education
was also a significant predictor of general comprehension skills. In sum, education might be
generally considered an important protective factor against the occurrence pragmatic deficits,
regardless of whether they arise in a clinical population or in healthy individuals.
Different results emerged from the regression analysis conducted on the single APACS
tasks. The total score of the Faux Pas was the only significant predictor of the Interview task,
suggesting that good ToM skills, in both the cognitive and affective components, are involved in
discourse production; specifically, the role of ToM seems to be crucial when participants are
engaged in conversations. In fact, social interactions require individuals to quickly infer their
conversational partners’ mental states, in order to produce appropriate responses. Previous
literature suggests that three important mechanisms are involved in ToM: (i) knowledge of shared
content, (ii) perception of social cues, and (iii) interpretation of actions (Byom & Mutlu, 2013).
Overall, they contribute to the inference of others’ mental states, which allows for accurate
predictions of future behavior. We hypothesize that, most of all, the first two elements play a role
in the Interview task, in which an interaction between two speakers occurs. To properly take part
in conversations, individuals rely on shared knowledge and integrate information from a variety of
sources, such as the context, the goal and the structure of the interaction, the relationship with the
interlocutor, as well as social norms (e.g., how much disclosure is required in a given situation).
Additionally, the perception of social cues such as eye gaze (Clark & Krych, 2004), vocal features,
facial expressions (De Sonneville et al., 2002) and gestures (Holler et al., 2018) facilitates the
production of appropriate responses and, when individuals lack a proper identification of social
cues, communicative difficulties may arise. For example, as in the case for verbosity, previous
studies suggested that it might be related to poor ToM skills, especially to the difficulty in detecting
a listener’s emotional cues (Ruffman et al., 2010). Furthermore, a contribution of working memory
and ToM emerged in Narratives; as suggested by Bambini et al. (2021), the role of working memory
in such task might be related to some extent to its oral administration modality; since it is not
possible for participants to review the text, the working memory load increases as the story unfolds
due to the high number of information that need to be processed and integrated. Conversely, a
written Narratives task would probably minimise the amount of working memory involved.
Previous studies addressed the contribution of ToM to narrative comprehension, suggesting that
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it allows individuals to effectively understand characters’ interactions by attributing mental states
to them (Prat et al., 2012). As for the Humor task, participants’ performance was predicted by age;
in other words, humor comprehension seems to be more preserved in younger individuals,
compared to older participants, and these data support the hypothesis of a decline in humor
understanding with increasing age (Uekermann et al., 2006). Surprisingly, inhibitory control did
not emerge as a predictor of participants’ performance in APACS, contrary to a large set of studies
suggesting that such executive skill is central to pragmatic processing in both healthy and clinical
populations (Baraldi et al., 2021; Galinsky & Glucksberg, 2000; Gernsbacher et al., 2001;
Glucksberg et al., 2001); however, we hypothesise that our findings could be related to the fairly
intact cognitive profile of the selected participants.
3.7.4. Predictors of pragmatic abilities in aging
This work also investigated which specific factors support pragmatic abilities in aging, by
conducting a separate regression analysis with the elderly group only (n=29). The few significant
predictors emerging from the analysis were limited to socio-demographic variables; in fact, age
significantly predicted general pragmatic abilities, general production, and the Description task,
which was also related to the education level. Overall, we hypothesize that the lack of cognitive
predictors of pragmatic abilities might be related to the relatively preserved cognitive profiles of
the selected older participants; thus, we added two more elderly individuals with less intact
inhibitory control to the sample. They were originally excluded from the analysis due to their
Stroop IESs, which were significantly higher compared to the rest of the group, indicating poorer
inhibitory skills. Our aim was to explore whether less preserved inhibitory control might contribute
to pragmatic processing to a different extent, compared to when only participants with intact
executive abilities are selected. Therefore, we run the same regression model within the elderly
group, whose number of participants was increased from 29 to 31.
First, we found a general effect of age on both production tasks (Interview and
Description), as well as on the Pragmatic Production composite score; these data suggest that
younger elderly showed better production skills, compared to the older adults enrolled in the same
group. Second, as for comprehension abilities, interesting findings emerged from the analysis. A
general effect of inhibition was found in the Pragmatic Comprehension composite score, as well
as in almost all comprehension tasks; older adults with more intact inhibitory skills showed better
performance in Narratives, Figurative Language 1 and 2, which all require participants to
understand figurative expressions. Similarly, a study by Morrone and colleagues (2010) suggested
that elderly participants’ difficulties in rejecting metaphors compared to literally false statements
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might be related to poorer inhibitory skills. The contribution of inhibition to metaphor
comprehension has been extensively addressed in the literature, and its role seems to be particularly
evident in the suppression of the irrelevant literal properties of the metaphor vehicle, while the
relevant ones are maintained and pragmatically adjusted to derive the metaphorical meaning.
However, our data on Figurative Language tasks differ from the results of Bambini and colleagues
(2021), as they only found a moderate correlation between figurative language comprehension and
inhibition. In fact, further analyses in Bambini et al. (2021) speak against the hypothesis of a
suppression deficit (Gernsbacher et al., 2001), as they showed a comparable role of working
memory and cognitive flexibility in older participants’ comprehension of figurative language;
overall, we hypothesize that this discrepancy of results might be related to the older age of the
enrolled elderly participants in Bambini et al. (2021), which might have allowed to detect clearer
executive difficulties.
As for Narratives, we found a contribution of ToM and working memory; similarly, Bambini et al.
(2021) highlighted a predominant effect of working memory, among different executive skills, in
the same APACS task. Importantly, however, some authors suggested that inhibition and
processing speed should be also taken into account, in addition to working memory, and
considered as interdependent factors contributing to narrative processing, especially when older
participants are enrolled (Borella et al., 2011).
3.8. Conclusions
To the best of our knowledge, this is the first study evaluating pragmatic abilities with a
global assessment testing single pragmatic skills, as well as providing an overall picture of general
pragmatic competence in healthy aging. We found emerging general pragmatic difficulties in late
adulthood, which are particularly evident in the comprehension domain, especially when humor
understanding is assessed. Importantly, we enrolled a sample of relatively young older adults,
focusing on a restricted age rage compared to other available studies; such narrowed selection
allowed for a more in depth analysis of the life period of interest for the development of pragmatic
difficulties, which can be likely identified around 70 years old. Moreover, importantly, our data
suggest that the age variable is key in explaining older adults’ general pragmatic performance,
confirming the natural decline of pragmatic skills during the course of normal aging. No cognitive
predictors emerged from the first regression analysis with elderly participants who generally
reached a good performance in the Stroop task; conversely, when individuals with less intact
inhibitory control are considered, it is possible to observe a significant contribution of such
executive skill in older adults’ pragmatic language processing. Additionally, as long as participants
with less preserved inhibition are included in the sample, it possible that other cognitive variables
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come into play (i.e., working memory and ToM), and act as further support to specific pragmatic
tasks. Although these findings represent an interesting starting point for the study of pragmatic
decline in aging, they need to be replicated in future research with bigger sample sizes. Additionally,
future studies should also cover more age groups, in order to sketch a comprehensive picture of
pragmatic decline in aging.
The present study has some limitations to take into account. First, we enrolled a relatively
small number of elderly participants due to the online administration modality, as most of older
adults aged 70 and over are not familiar with digital tools. Consequently, it is possible to
hypothesize that our sample is not completely representative of the population, as we only enrolled
older participants with a specific type of expertise. Second, the scores obtained from the Corsi and
the Stroop tests were not corrected for age and education, since they were not administered in
their original format; conversely, we implemented an online version of each test, to allow
participants to perform them at home with their own computer. Third, we did not check for basic
receptive skills, contrary to previous studies assessing pragmatic abilities with the APACS test;
such evaluation would be necessary to exclude a link between pragmatic difficulties and more basic
comprehension deficits. However, we did not include it in the administration sessions as we
wanted to focus on other important socio-cognitive measures, avoiding participants’ cognitive
overload.
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4
Metaphor comprehension in aging: the
role of inhibitory control
5

Maria Alice Baraldi1,2* & Filippo Domaneschi1

Abstract
The dual route account for metaphor interpretation hypothesized two processing routes for
metaphor understanding, depending on interpretive demands. Following this theoretical
framework, the present study aims at investigating the effect of aging on metaphor comprehension,
taking into account the role of inhibition and Cognitive Reserve (CR). We focused on the way
literal meaning is processed in the interpretation of metaphors that differed in familiarity. A sample
of healthy older adults and a group of young participants were included in the study. The
experiment of metaphor comprehension was presented within a Metaphor Interference Effect
(MIE) paradigm. We found that participants showed significantly higher response times (RTs) for
judging higher familiarity metaphors as literally false, compared to RTs for judging anomalous
expressions as literally false, irrespective of the group. No significant differences emerged between
RTs registered for lower familiarity metaphors and those obtained for anomalous expressions.
Between-group analyses revealed that RTs obtained by younger adults were significantly faster
than RTs registered by older participants in all experimental conditions; moreover, the percentage
of correct responses differed in the higher familiarity metaphor condition between the two groups.
Lastly, we found that inhibition and CR both played a significant role in metaphor comprehension.
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4.1. Models of metaphor comprehension: an introduction
A comprehensive theory of language processing should include an explanation of how individuals
understand the meaning of utterances with nonliteral interpretation. Traditionally, compared to
literal language, the comprehension of figurative expressions was considered a more demanding
process, as some sort of violation of linguistic rules occurred; thus, contextual information was
used to check for violations and, subsequently, to infer the speaker’s intended meaning. As in the
case of metaphor interpretation, it is possible to hypothesize that individuals initially derive a literal
meaning of the sentence and then reject such interpretation as it does not make any sense. This is
what the standard pragmatic model actually posits (Glucksberg, 2003); in this framework,
metaphor comprehension requires a three-stage process, including (i) the identification of the
literal meaning, (ii) the assessment of such literal interpretation within the context in which the
sentence is uttered, and (iii) the search for an appropriate non-literal meaning that does make sense
within the given context. According to this model, metaphors are initially recognized as false
categorical assertions and thus considered defective; therefore, their false literal meaning, should
be rejected to find a more appropriate non-literal interpretation. Following this view, metaphors
such as some roads are snakes or some jobs are jails, which are literally false, are considered defective;
for this reason, an appropriate figurative meaning needs to be found. Consequently, figurative
language comprehension should be intended as more demanding and effortful, as it triggers by the
failure to find a literal meaning and thus takes more time. As suggested by Glucksberg (2003), this
model presents some issues; one of them stems from the assumption that the literal meaning has
unconditional priority and, if that was the case, literal language should be much easier to
understand than figurative language. In addition, non-literal interpretation should be optional, and
should only be derived when literal meanings are defective and not appropriate to a given context.
However, nowadays, there is common agreement in the literature on the absence of unconditional
priority of the literal meaning (Blasko & Connine, 1993; Rumelhart, 2012); on the contrary, the
understanding of metaphor can be an easy process, sometimes comparable to the comprehension
of the literal.
In contrast to the three-stage model or indirect processing approach, a more direct access
view of metaphor interpretation has been discussed. Such model posits that metaphors are
processed directly without first requiring an initial literal interpretation to be analyzed and rejected.
In general, such broad view assumes that the literal meaning is temporarily accessed to construct
the metaphorical meaning, although it is not necessary to compute the entire literal interpretation
of the sentence; therefore, the literal meaning is rejected before the beginning of the metaphor
processing. Within this framework, different processing mechanisms have been proposed. For
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example, Ortony (1979) suggested that, during metaphor understanding, the highly salient features
of the metaphor vehicle are rapidly compared to less salient features of the same topic (Ortony,
1979). If we consider the example Mike is a giraffe, the vehicle giraffe is readily understood by
extracting the salient feature “tall” and applying it to the topic Mike. Alternatively, following a
categorization approach (Glucksberg & Keysar, 1990), the topic Mike would be momentarily
assigned to the ad hoc category of things that are very tall.
4.1.1. A dual route account for metaphor interpretation
Within the context of a Relevance Theory approach, Carston (2010) proposed a dual route
account for metaphor interpretation (Carston, 2010). In this view, single metaphors are interpreted
by a local pragmatic process of meaning adjustment, resulting in the construction of ad-hoc
concepts. In the expression My lawyer is a shark, the ad hoc concept SHARK* is a pragmatically
adjusted version of the lexically encoded concept SHARK, with its denotation including a certain
type of human being as well as marine creatures. The classical metaphorical interpretation of this
sentence (e.g., my lawyer is ruthless) comes from a quick inferential pragmatic process involving
the enhancement of the relevant properties of the metaphor vehicle (“shark”), and the subsequent
suppression of the irrelevant ones (i.e., all the properties that belong to fishes). Additionally,
Carston hypothesized another class of metaphors, i.e., extended metaphors, in which the literal
meaning is more dominant. Therefore, this second route assigns a greater role to the literal
meaning, which is maintained, meta-represented and subjected to a more reflective pragmatic
inference. When the second route is undertaken, the literal meaning is attended to and used to
derive implications leading to metaphor interpretation. The switch to the second route is claimed
to occur under increased processing efforts, as it is typical for extended metaphors and likely for
more opaque metaphors. Thus, it is possible to expect different processing patterns between single
and extended metaphors, and we could hypothesize that processing costs might vary depending
on the type of metaphor; for example, some studies suggested that familiar metaphors are less
demanding than novel, unfamiliar and literary metaphors (Arzouan et al., 2007; Lai et al., 2009).
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4.1.2. The Metaphor Interference Effect
Glucksberg, Gildea & Bookin (1982) provided evidence against the priority of the literal
and the three-stage model by implementing a different version of the Stroop’s paradigm
(Glucksberg et al., 1982). Participants were asked to respond “true” or “false” to (i) true hightypical sentences, (ii) true low-typical sentences, (iii) standard false sentences, (iv) metaphors, and
(v) scrambled metaphors. Most of the presented sentences were clearly either true (e.g., some birds
are robins) or false (e.g., some birds are tables). Metaphorical sentences (iv) belonged to the literally
false category statements, although they were metaphorically true and thus readily interpretable if
taken non-literally. The authors found that participants took significantly longer to judge
metaphors (e.g., some jobs are jails, some roads are snakes) as literally false compared to standard false
sentences and scramble metaphors (e.g., some jobs are snakes), while the comparison between the last
two categories was not reliably different. This is the so-called metaphor interference effect (MIE):
just as the word “red” printed in blue ink creates some sort of interference, in this specific case
the conflict is created between the true figurative meaning and the false literal interpretation of the
metaphorical sentence, which leads to longer response times for the judgment of metaphors as
literally false statements. In other words, such findings suggest that subjects were activating the
true figurative meaning when judging metaphors, producing a conflict with the (false) literal
interpretation. This conflict, in turn, contributed to slowed response times during the judgment
task. Such findings suggest that metaphorical meanings are generated automatically, and this is the
reason why people seem to opt for them when metaphorical sentences are presented. Thus,
metaphorical and literal meanings are processed equally quickly, without conferring unconditional
priority to the literal; in some cases, metaphorical meanings may be more salient than literal
interpretations, and thus processed automatically. Further evidence that figurative meanings are
early activated comes from a study from Faust and Weisper (2000), who showed participants
sentence fragments such as “my job is a”, followed by the presentation of the target word. Target
words could make the sentence (i) literally true, (ii) literally false, or (iii) metaphorically true.
Participants were required to judge the literal truth value of the sentences. A clear MIE emerged,
that is, participants were slower and less accurate in judging metaphorical endings as literally false
compared to the literally false endings, suggesting that metaphorical meaning was available and
produced response conflict (Faust & Weisper, 2000).
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4.1.3. Metaphor comprehension in aging: the influence of inhibition and CR
To date, there is a growing literature showing that verbal communication changes with age
(Van der Linden & Hupet 1994). A few studies are available on metaphor comprehension in aging;
for example, Gregory and Waggoner (1996) compared direct and indirect metaphor interpretation
tasks in a group of younger individuals and a sample of older participants, highlighting differences
between the two groups in a direct task only. As already analyzed in the previous Chapter, a decline
of cognitive abilities is often observed in healthy aging, including language and executive functions.
Among executive abilities, deficits of inhibitory control can be detected in older individuals, as
suggested by Hasher and Zacks (1988); in other words, it is possible that older adults are less able
to inhibit dominant responses or to ignore distracting information during a given task. The authors
suggested that such deficit of inhibition could explain the decline of older adults’ cognitive
performance, assessed with many different neuropsychological tests (Hasher & Zacks, 1988).
Generally, as for metaphor comprehension, Glucksberg observed a pattern of data that implicated
active inhibition as a mechanism for filtering irrelevant information during figurative language
comprehension (Glucksberg et al., 2001). As for aging populations, we highlighted a predictive
role of inhibitory processes on figurative language tasks, which included metaphor comprehension,
in older patients with early Parkinson’s disease (Baraldi, 2021), as well as in healthy older adults
(Chapter 3). Additionally, a study by Newsome and Glucksberg provided evidence for the
enhancement of metaphor-relevant properties and for the suppression metaphor-irrelevant
properties during metaphor comprehension in older individuals (Newsome & Glucksberg, 2002).
Other available studies showed a link between inhibitory control and the ability to understand
metaphors in healthy older adults and, more specifically, inhibition processes seem to be involved
in the MIE phenomenon (Morrone et al., 2010); in fact, as the activated (true) figurative meaning
creates interference, the dominant response (the sentence is literally true) needs to be suppressed.
If this was the case, the more preserved the inhibitory skills, the faster the response times to judge
a metaphor as literally false. However, if inhibitory processes undergo a substantial decline in late
adulthood, it is possible to observe difficulties while performing a MIE paradigm, which
automatically implies longer response times and/or less accurate judgments.
Another important factor that might contribute to metaphor processing in aging is Cognitive
Reserve (CR), which can be defined as the resilience to cognitive deficit, and it is determined by
life experiences and cognitive activity (as years of education, number of intellectually stimulating
leisure activities, degree of occupational complexity, quality of social interactions, etc.). Specifically,
Montemurro et al. (2019) found that CR is associated to pragmatic comprehension in a sample of
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patients with PD. Additionally, a study by Champagne-Lavau et al. (2012) showed an effect of
education, a component of CR, in older adults’ ability to process metaphors. To date, no other
studies directly focused on the contribution of CR to metaphor comprehension in aging.
4.2. Aim of the study
The present study investigates the effect of aging on metaphor comprehension, taking into
account the role of inhibition and CR. More specifically, we explored how the literal meaning is
processed in the interpretation of two types of metaphors that differed in familiarity, notably
known to influence the accessibility and the cost of metaphor processing. Higher vs lower
familiarity metaphors were created, along with anomalous expressions, and presented within a
Metaphor Interference Effect (MIE) paradigm. Participants were instructed to judge whether each
of the presented sentences were literally true or false. In a typical MIE paradigm, individuals take
longer at judging metaphors as literally false, due to the interference of their (true) metaphorical
meaning, compared to literally false anomalous expressions. Usually, this pattern suggests that the
metaphorical meaning is readily and automatically activated in metaphor comprehension, and such
findings speak against the unconditional priority of the literal. Thus, following the dual route
account perspective, we expect to observe a MIE effect with higher familiarity metaphor, but not
necessarily with lower familiarity metaphor, whose metaphorical meaning should be less accessible
than the former. Additionally, in light of a possible decline of inhibitory control in late adulthood,
we expect that older participants might show higher response times to judge metaphorical
expressions as literally false compared to their younger counterpart. Lastly, we predict that a
compensatory role of Cognitive Reserve in metaphor understanding might be observed.

4.3. Materials and Method
4.3.1. Participants

26 elderly participants [mean age 65.5 (SD 5.30); mean education 14.96 (SD 3.69); 11F;
15M] and a sample of 30 young adults [mean age 24.86 (SD 4.04); mean education 15.23 (SD 1.77);
14F; 16M ] were enrolled for this study. The two groups were matched for gender (p=0.74).
Exclusion criteria included the presence of cognitive deficits, tested with Mini Mental State
Examination (MMSE < 24). All participants were Italian native speakers and were tested remotely
via videocall sessions with the experimenter. The study was approved by the Ethical Committee
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of the University of Genoa. Informed consent was obtained from participants prior to the
beginning of the first experimental session.
4.3.2. Materials and procedure

The data collection of the present study was conducted remotely, due to restrictions
imposed by the Covid-19 pandemic. Some cognitive tests as well as the metaphor experiment were
implemented with the web-based platform Psytoolkit (Stoet, 2010, 2017). Participants were then
allowed to perform all the selected tasks from home, by means of their computer. The
administration setting required participants to use their own computer with a keyboard, a mouse,
and a stable internet connection; in addition, they were requested to connect to videocall sessions
with the experimenter. Participants underwent two experimental sessions: in the first session, a
cognitive screening measure (MMSE) for the assessment of general cognitive functions was
administered, followed by the experimental task of metaphor comprehension. In the second
session, participants were presented with a computerized version of the Stroop task, for the
assessment of inhibitory control, a survey for the evaluation of Cognitive Reserve (Cognitive
Reserve Index questionnaire), as well as a paraphrase task to check for metaphor comprehension.
Each experimental session took about 30 minutes to be completed.

4.3.2.1. Neuropsychological assessment
Mini Mental State Examination (MMSE) (Folstein et al., 1975). It is a 30-point
neuropsychological screening battery for cognitive impairment. It includes tests for orientation,
attention, memory, language and visuo-spatial skills. The final score is corrected for age and
education (Measso et al., 1993).
Stroop task (Caffarra et al., 2002). An online version of the Stroop task (short version) was
implemented with the web-based application Psytoolkit (Stoet, 2010, 2017) for the assessment of
inhibitory control. Two congruent conditions and an incongruent condition were presented. Three
color names and three colored circles were selected as stimuli: color names were giallo (yellow),
verde (green), and blu (blue), and colored circles were yellow, green and blue. The task included a
training session and three experimental sessions. Participants were provided with instructions at
the beginning of each session. In the training session, participants were presented with color names
written in white ink and with colored circles, which appeared one at a time in random order. Each
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stimulus appeared on a black screen, with a maximum time limit of 4000 ms. Participants were
instructed to press the key corresponding to the name of the color or to the color of the circle as
fast as possible: they were asked press the “g” key if the word giallo or the yellow circle appeared,
“v” if the word verde or the green circle appeared, and “b” if the word blu or the blue circle appeared
on the screen. In the first experimental session (first congruence condition), 30 color names written
in white ink appeared one at a time on a black screen. Participants were required to press the key
corresponding to the color name as fast as possible (e.g., they pressed “v” if the word verde
appeared). In the second experimental session (second congruence condition), 30 colored circles
appeared one at a time on a black screen. Participants were required to press the key corresponding
to the color of the circle as fast as possible (e.g., they pressed “b” if the blue circle appeared). The
last experimental session (incongruence condition) consisted of 30 color names written in an
inconsistent color ink (e.g., the word giallo -yellow- written in blue ink), and participants were asked
to press the key corresponding to the color of the ink (they pressed “b” since the word is written
in blue ink). Late responses (> 4000 ms) were registered as errors. An output table displayed both
reaction time and accuracy for each stimulus separately for each session. Response times (RTs)
and accuracy were collected, and then combined into a single score, the inverse efficiency score
(IES; Bruyer & Brysbaert, 2011; Townsend & Ashby, 1978). The IES is obtained by computing
the mean RT of the correct responses for each condition, which is then divided by the proportion
of the correct responses (PC). The IES takes into account the number of errors, and increases
proportionally the average RT of each participant. Since RTs are expressed in milliseconds (ms)
and divided by proportions, IES is measured in ms as well (Vandierendonck, 2017). A time
interference effect (i.e., difference in responses in incongruent compared to congruent conditions)
was calculated with IES values, instead of RTs, following the procedure described in Caffarra et
al. (2002), and was then used for the analyses.
Cognitive Reserve Index questionnaire (CRIq) (Nucci et al., 2012). The questionnaire includes
twenty questions grouped into three sections: Education (CRI-Education), Working activities
(CRI-WorkingActivity), and Leisure time activities (CRI-LeisureTime). CRI-Education includes
years of formal education and any additional training courses lasted at least 6 months. CRIWorkingActivity refers to the cognitive load and personal responsibility of an occupation,
combined with the number of years for which the occupation has been carried out, for a minimum
of 5 years. Lastly, CRI-LeisureTime measures the frequency and the amount of intellectual, social,
and physical activities (e.g., reading newspapers or books, playing music, participation in charitable
activities, traveling, playing sports, etc.) carried out for a minimum of 5 years. The questionnaire
also includes additional items about life-long experiences that require a certain cognitive load (e.g.,
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years of bank account management). The CRI Total score is an estimation of Cognitive Reserve.
It is the average of the three subscores standardized and transposed to a scale with a mean of 100
and a standard deviation of 15 (see Nucci et al., 2012 for details). The CRI Total score can be
classified into five ordered levels: Low (less than 70), Medium-low (70-84), Medium (85-114),
Medium-high (115-130), and High (more than 130).

4.3.2.2. Metaphor comprehension task
We implemented the experimental task for metaphor comprehension by means of the
web-based platform Psytoolkit (STOET), and participants performed the experiment from home
using their own computers, connected to videocall sessions with the experimenter. 25 quadruplets
of higher familiarity metaphors (HF_Met), lower familiarity metaphors (LF_Met), anomalous
expressions (An_False), and literally false sentences (Lit_False) were presented as literally false
statements. Moreover, 50 literally true sentences were also included as fillers. The vehicle was
manipulated to obtain higher (e.g., some words are gentle caresses) vs lower (e.g., some words are mosquitos
in the night) familiarity metaphors, as well as anomalous expressions (e.g., some words are soup plates).
Four experimental lists were created, ensuring that each participant saw only one version of an
item. Materials were normed for meaningfulness, difficulty, familiarity, and cloze probability with
a rating study conducted on 210 participants (Di Paola et al., 2019, XPRAG.it Book of Abstracts).
Participants underwent a training session, which included 5 literally true and 5 literally false
sentences, and an experimental session, which included 25 literally false statements (HF_Met,
LF_Met, An_False, Lit_False) and 50 literally true sentences. Participants were allowed to take a
break during the experimental session.
Sentences randomly appeared on the computer screen one at a time, interspersed by fixation
points; participants were instructed to judge as quickly and accurately as possible whether the
presented statements were literally true or false. The task was to press the “a” key for literally true
statements, and the “l” key for literally false sentences. The maximum duration of display for the
target sentences was ten seconds and, during this time, participants had to make their decision as
quickly and accurately as possible. Response times (ms) and accuracy were collected and displayed
in a dedicated file available to the experimenter at the end of each experimental session.
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4.4. Data analysis
First, in order to observe whether statistically significant differences emerged between
experimental conditions, we performed a statistical analysis based on the non-parametric Friedman
test followed by a Nemenyi post-hoc test. This analysis was conducted for both elderly participants
and younger adults.
Second, differences between older and young participants in the neuropsychological tests,
as well as in response times (RTs) and accuracy of each experimental condition were analyzed
using the Wilcoxon Rank Sum test.
Third, a stepwise multiple regression analysis was performed on the overall sample,
including both elderly and young participants, to investigate whether inhibitory control, CR and
age predicted their RTs in metaphor comprehension. Two separate models were constructed, the
first with mean RTs in the LF_Met condition as dependent variable, and the second with mean
RTs in the HF_Met condition as dependent variable. The same regression analysis was then
conducted separately for younger adults and older participants. A backward method based on
Akaike Information Criterion (AIC) values was used to investigate the impact of each predictor.
Multicollinearity (VIF and mean VIF), auto-correlation (Durbin-Watson test) and confidence
intervals were computed.
All statistical analyses were conducted using R software (Core Development Team, 2020).
4.5. Results
4.5.1. Comparisons between experimental conditions
Table 4.1. reports results of the Friedman test comparing response times on three
conditions (An_False; LF_Met, HF_Met). Post-hoc analysis revealed a single significant
comparison within both groups, i.e., between the An_False and the HF_Met conditions (elderly,
p=0.034; young adults, p=0.027).
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Elderly

Young

Mean RTs
An_False

Mean RTs
LF_Met

Mean RTs
HF_Met

Friedman
chi squared

p

3196.92
(1128.31)

3522.18
(1263.08)

3493.27
(1030.72)

0.010*

0.028*

2133.19
(573.02)

2289.31
(549.36)

2448.82
(715.74)

0.001**

0.023*

Post-hoc analysis

p

An_False – LF_Met

0.094

An_False – HF_Met

0.034*

LF_Met – HF_Met

0.9

An_False – LF_Met

0.097

An_False – HF_Met

0.027*

LF_Met – HF_Met

0.86

Table 4.1. The table shows the significant comparisons of RTs between three experimental conditions analyzed with the Friedman test and the
Nemenyi post-hoc test analysis in both elderly and young participants Asterisks indicate significant differences between groups: ** p<0.01, *
p<0.05. Dots indicate p-values approaching statistical significance.

Table 4.2. reports results of the Friedman test comparing accuracy over three experimental
conditions (An_False; LF_Met, HF_Met). A single significant comparison emerged from the posthoc analysis within the elderly group, i.e., between the An_False and the HF_met conditions
(p=0.002).

Elderly

Young

Correct
responses
An_False
(%)

Correct
responses
LF_Met
(%)

Correct
responses
HF_Met
(%)

Friedman chi
squared

p

Post-hoc analysis

An_False – LF_Met

0.093

0.97 (0.07)

0.86 (0.17)

0.74 (0.22)

25.01

<0.001**

An_False – HF_Met

0.002**

LF_Met – HF_Met

0.146

0.97 (0.06)

0.90 (0.15)

0.85 (0.19)

9.12

0.010*

p

An_False – LF_Met

0.4

An_False – HF_Met

0.07

LF_Met – HF_Met

0.63

Table 4.2. The table shows the significant comparisons in accuracy between of three experimental conditions analyzed with the Friedman test
and the Nemenyi post-hoc test analysis in both elderly and young participants Asterisks indicate significant differences between groups: ** p<0.01,
* p<0.05. Dots indicate p-values approaching statistical significance.

4.5.2. Between groups comparison
Table 4.3. reports the descriptive statistics and the details of the Wilcoxon rank sum tests
comparing elderly and young participants’ performance in the experimental task and in the
cognitive tests. Elderly individuals achieved higher scores in all the CR measures (Education,
p<0.001; Working Activity, p=0.0019; Leisure Time, p<0.001; Total, p<0.001), compared to
younger adults. Another significant difference was found in the Stroop task (interference effect,
p=0.01), with young individuals being significantly faster than the other group. Young participants’
84

mean response times in all experimental conditions were significantly faster that their older
counterpart (p<0.001), while the only significant difference on correct responses was detected in
the HF_met condition (p=0.047).
Cognitive and experimental
measures
Stroop_interference effect

Mean Elderly (SD)

Mean Young (SD)

p

W

312.84 (124.3)

229.55 (130.6)

544

0.01*

CRIq_Education

117.5 (15.50)

98.36 (9.89)

681.5

<0.001**

CRIq_Working Activity

118.26 (23.58)

92.56 (2.83)

578

0.0019**

CRI_Leisure Time

122.46 (19.31)

96.50 (6.12)

664

<0.001**

CRI_Total

126.15 (22.01)

94.46 (6.38)

698.5

<0.001**

29 (1.14)

29.38 (1.27)

312

0.12

Correct responses_Lit_False (%)

0.95 (0.07)

0.95 (0.09)

366

0.61

Correct responses_An_False (%)

0.97 (0.07)

0.97 (0.06)

420

0.44

Correct responses_LF_Met (%)

0.86 (0.17)

0.90 (0.15)

343

0.38

Correct responses_HF_Met (%)

0.74 (0.22)

0.85 (0.19)

274.5

0.047*

MMSE

Mean RTs_Lit_False

3409.85 (1066.47)

2569 (774.33)

591

<0.001**

Mean RTs_An_False

3196.92 (1128.31)

2133.19 (573.02)

632

<0.001**

Mean RTs_LF_Met

3522.18 (1263.08)

2289.31 (549.36)

645

<0.001**

Mean RTs_HF_Met

3493.27 (1030.72)

2448.82 (715.74)

617

<0.001**

Table 4.3. The table shows the results of the Wilcoxon-rank sum test comparing older adults and young participants in cognitive tests and measures
of the metaphor task. The first column reports the name of the single tasks and the composite scores. The second and third columns report the
mean and SD of elderly and young participants. The fourth column reports the Wilcoxon-rank sum test values and the fifth column reports the pvalues. Asterisks indicate significant differences between groups: ** p<0.01, * p<0.05.

4.5.3. Regression analysis
4.5.3.1. Elderly and young adults
Table 4.4. reports the multiple regression model conducted on the complete sample (older
adults and younger participants together) with mean response times in the LF_Met as dependent
variable. Results highlighted that the interference effect of the Stroop task (IES, p=0.0019), CR
(p=0.0045), and age (p<0.001) were significant predictors of participants’ performance in the
LF_Met condition.
Adj. R-squared

Mean VIF

p

0.47

1.76

<0.001

Test for autocorrelation
DW

p

2.01

0.87

85

Predictor

Estimate

β

2.86

0.33

CR_Total

-21.05

age

40.75

Stroop_interference
effect

VIF

p

[1.10 ; 4.62]

1.12

0.0019**

-0.41

[-35.28 ; -6.83]

2.05

0.0045**

0.75

[25.37 ; 56.14]

2.12

<0.001*

CI [2.5% ; 97.5%]

Table 4.4. Summary of significant predictors of RTs in the LF_Met condition, resulting from multiple regression model with both groups.
Asterisks indicate significance levels: ** p<0.01, * p<0.05.

Table 4.5. displays the multiple regression model conducted on both older adults and younger
participants with mean response times in the HF_Met as dependent variable. Results highlighted
that the interference effect of the Stroop task (IES, p=0.0045), CR (p=0.0026), and age (p<0.001)
were significant predictors of participants’ performance in the HF_Met condition.

Adj. R-squared

Mean VIF

p

0.43

1.76

<0.001

Predictor

Estimate

β

2.42

0.31

CR_Total

-20.87

age

36.70

Stroop_interference
effect

Test for autocorrelation
DW

p

1.89

0.59

VIF

p

[0.78 ; 4.05]

1.12

0.0045**

-0.45

[-34.13 ; -7.16]

2.05

0.0026**

0.75

[22.36 ; 51.04]

2.12

<0.001**

CI [2.5% ; 97.5%]

Table 4.5. Summary of significant predictors of RTs in the HF_Met condition, resulting from multiple regression model with both groups.
Asterisks indicate significance levels: ** p<0.01, * p<0.05.

4.5.3.2. Elderly participants
Table 4.6. displays the multiple regression model conducted considering the group of older
participants only with mean response times in the LF_Met as dependent variable. Results
highlighted that the interference effect of the Stroop task (IES, p=0.0069), and age (p=0.028) were
significant predictors of participants’ performance in the LF_Met condition.

Adj. R-squared

Mean VIF

p

0.37

1

0.0039

Test for autocorrelation
DW

p

2.01

0.87

86

Predictor

Estimate

β

4.79

0.47

CR_Total

-16.61

age

88.90

Stroop_interference
effect

VIF

p

[1.45 ; 8.13]

1

0.0069**

-0.28

[-35.04 ; 2.72]

1

0.089

0.37

[10.45 ; 167.34]

1

0.028*

CI [2.5% ; 97.5%]

Table 4.6. Summary of significant predictors of RTs in the LF_Met condition, resulting from multiple regression model with the group of older
adults. Asterisks indicate significance levels: ** p<0.01, * p<0.05.

Table 4.7. displays the multiple regression model conducted considering the group of older
participants only with mean response times in the HF_Met as dependent variable. Results
highlighted that the interference effect of the Stroop task (IES, p=0.21), CRI (p=0.039) and age
(p=0.036) were significant predictors of older participants’ performance in the HF_Met condition.
Adj. R-squared

Mean VIF

p

0.34

1

0.006

Predictor

Estimate

β

3.32

0.4

CR_Total

-16.56

age

70.08

Stroop_interference
effect

Test for autocorrelation
DW

p

1.9

0.7

VIF

p

[0.54 ; 6.10]

1

0.021*

-0.35

[-32.29 ; -0.83]

1

0.039*

0.36

[4.77 ; 135.40]

1

0.036*

CI [2.5% ; 97.5%]

Table 4.7. Summary of significant predictors of RTs in the HF_Met condition, resulting from multiple regression model with the group of older
adults. Asterisks indicate significance levels: ** p<0.01, * p<0.05.

4.5.3.3. Young participants
Table 4.8. displays the multiple regression model conducted considering the group of
young adults only with mean response times in the LF_Met as dependent variable. Results
highlighted that the interference effect of the Stroop task (IES, p=0.011), and CRI (p=0.0079)
were significant predictors of younger participants’ performance in the LF_Met condition.
Adj. R-squared

Mean VIF

p

0.25

1.09

0.0069

Test for autocorrelation
DW

p

2

0.94

87

Predictor
Stroop_interference
effect
CR_Total

Estimate

β

1.91

0.45

-41.37

-0.48

VIF

p

[0.46 ; 3.35]

1.09

0.011*

[-70.98 ; -11.77]

1.09

0.00792**

CI [2.5% ; 97.5%]

Table 4.8. Summary of significant predictors of RTs in the LF_Met condition, resulting from multiple regression model with the group of
younger adults. Asterisks indicate significance levels: ** p<0.01, * p<0.05.

Table 4.9. reports the multiple regression model conducted considering the group of young adults
only with mean response times in the HF_Met as dependent variable. Results highlighted that the
interference effect of the Stroop task (IES, p=0), and age (p=0.) were significant predictors of
younger participants’ performance in the HF_Met condition.

Adj. R-squared

Mean VIF

p

0.18

1.09

0.02

Predictor
Stroop_interference
effect
CR_Total

Estimate

β

2.30

0.42

-46.28

-0.41

Test for autocorrelation
DW

p

1.94

0.902

VIF

p

[0.33 ; 4.27]

1.09

0.023*

[-86.59 ; -5.96]

1.09

0.026*

CI [2.5% ; 97.5%]

Table 4.9. Summary of significant predictors of RTs in the HF_Met condition, resulting from multiple regression model with the group of
younger adults. Asterisks indicate significance levels: ** p<0.01, * p<0.05.

4.6. Discussion
4.6.1. Differences between experimental conditions: the MIE
The present study explored the effect of aging on metaphor comprehension, taking into
account the role of inhibition and CR. More specifically, we focused on the way literal meaning is
processed in the interpretation of two types of metaphor that differed in familiarity. This feature
is notably known to influence the accessibility of metaphors and the cost of their processing. First,
we compared response times and accuracy of three different experimental conditions within each
group. Preliminary analysis revealed a main effect in both samples, that is, participants’ response
times in the HF_Met condition significantly differed from their responses in the An_False
condition. In fact, both elderly and younger participants were significantly slower in rejecting
higher familiarity metaphors as literally true, compared to the time spent in judging anomalous
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expressions as literally false. Interestingly, no significant differences emerged between AN_False
and LF_Met, as previously found by Di Paola et al. (2019, XPRAG.it Book of Abstracts). In other
words, in judging the literal truth of lower familiarity metaphors, individuals were as fast as with
anomalous expressions. These data suggest that it is more difficult for both elderly and young
participants to suppress the figurative meaning of higher familiarity metaphors, compared to lower
familiarity metaphors; in light of these considerations, it is possible to hypothesize that the salient
true figurative meaning of higher familiarity metaphors interferes with the literal truth judgment
by delaying participants’ response. Thus, a MIE effect was observed for the HF_Met compared to
the An_False condition only. These data suggest that, whereas the true metaphorical meaning of
HF_Met is quickly and readily activated, LF_Met expressions are less accessible and their figurative
meaning is less salient. For this reason, it is easier for participants to reject those metaphorical
statements as literally true. Interestingly, when considering participants’ accuracy, different findings
emerged in the two groups. While the post-hoc analysis conducted on young adults did not reveal
any significant difference between conditions, the percentage of correct responses in the HF_Met
significantly differed from the percentage of correct responses in the An_False condition within
the elderly group. Specifically, older participants were significantly less accurate in rejecting highly
familiarity metaphors as literally true compared to younger volunteers. Thus, not only older
individuals are slower in rejecting higher familiarity metaphors as literally true, but they are also
significantly less accurate (74% of correct responses) in the same task compared to younger adults
(85% of correct responses). A study by Morrone et al. (2010) revealed a MIE, reflected by longer
response times for rejecting metaphors as literally true, compared to anomalous sentences.
Additionally, judgments for metaphor statements were also less accurate: whereas younger adults
incorrectly judged metaphors as literally true in about 10% of cases, older adults accepted
metaphorical sentences in 34% of cases. The authors concluded that people do not have the
options to ignore the non-literal meaning of a sentence, which is readily available in the case of
metaphors.
Following a similar pattern, our results suggest that the figurative meaning of metaphors creates a
conflict during the literal truth judgment, and this is particularly true for higher familiarity
metaphors, whose metaphorical meaning is more salient and readily activated. Such effect is
mirrored in longer decision times. Thus, not only we replicated a MIE, but we also observed
differences in metaphor interpretation depending on familiarity. Overall, it is possible to conclude
that these findings argue in support of the dual route account for metaphor interpretation,
according to which metaphor processing might require passing through the literal meaning,
depending on specific features such as familiarity. Crucially, for lower familiarity metaphors,
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participants did not exhibit difficulties at correctly judging the literal meaning of the expressions;
this data suggests that more opaque metaphors are not accessed as readily as more familiar
metaphors. Instead, for metaphors included in the LF_Met condition, the literal meaning is likely
to be accessed first. In sum, the figurative meaning of higher familiarity metaphors interferes when
individuals are forced to focus on the literal interpretation. Evidence in support of the dual route
account was also provided by three experiments conducted by Rubìo-Fernandez and colleagues
(2016) comparing the interpretation of the same target expressions across literal, singlemetaphorical and extended-metaphorical contexts, using self paced reading (Experiment 1), eyetracking during natural reading (Experiment 2) and cued recall (Experiment 3). Lastly, Blasko and
Connine (1993) showed that the pattern of RTs differs depending on metaphor familiarity; while
the metaphorical meaning was readily available in the case of higher familiarity metaphors, this was
not the case for lower familiarity metaphors. Thus, a distinction should be done between highly
conventional lexicalized interpretations, and meanings that need to be constructed online, as in the
case of novel metaphors. Is it possible to argue that, when a metaphorical meaning is highly salient,
it will be accessed first and the metaphorical expression will be rapidly understood. Conversely, in
the case of less salient meanings, metaphors will be comprehended more slowly.

4.6.2. Between group differences in metaphor processing
As for the experimental task assessing metaphor comprehension, younger participants
were significantly faster than older adults in making judgments in all experimental conditions;
interestingly, younger individuals were considerably faster in judging metaphors (both LF and HF)
as literally false compared to their older counterpart. Correct responses in the experiment differed
depending on conditions, with 95% of correct responses in both groups in the Lit_False condition,
97% in the An_False condition, 86% (elderly), and 90% (young) in the LF_Met condition, 74%
(elderly) and 85% (young) in the HF_Met condition, in which a significant between-group
difference emerged. Thus, not only young participants were faster in judging highly familiar
metaphors as literally false, but they were also more accurate in the same experimental condition
compared to older individuals. Similarly, Morrone et al. (2010) found that younger adults
incorrectly judged metaphors as literally true in about 10% of cases, while older participants
accepted metaphorical sentences in about 34% of cases, reflecting more difficulties in suppressing
an automatic response.
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4.6.3. Participants’ cognitive performance
Between group analysis were performed for cognitive measures. As for cognitive tests, no
differences emerged in the MMSE; such data confirm that the cognitive level of the two selected
groups is comparable. As for executive abilities, inhibitory control seems to be substantially less
preserved in older adults, compared to younger participants. In fact, the interference effect (IES)
calculated on response times of the Stroop task is significantly lower in the young group than in
elderly participants, highlighting less cognitive effort in suppressing an automatic response in the
former sample. Moreover, older participants achieved higher CR scores in all the CRIq subtests,
as their number of working years as well as the number of years spent in different leisure activities
are considerably higher than their younger counterpart.

4.6.4. Predictors of metaphor comprehension: the role of inhibition and CR
In light of the potential role of executive skills in metaphor processing, our findings are
consistent with the existing literature. In fact, we observed a clear effect of inhibition in the
comprehension of metaphors, in both HF and LF conditions. More specifically, the higher the
Stroop interference effect (expressed in milliseconds), reflecting poorer inhibitory skills, the slower
the response times for rejecting higher or lower familiarity metaphors as literally true. Thus, if
older participants show less efficient inhibitory processes, the cognitive effort required to correctly
judge metaphors is probably significantly higher than their younger counterpart. Similarly to the
Stroop interference effect, the (true) figurative meaning of higher familiarity metaphors is readily
activated and thus creates an interference that delays the rejection of such expressions as literally
false. There is extensive evidence on the role of executive functions, especially inhibition, in
metaphor comprehension (Carriedo et al., 2016; Chiappe & Chiappe, 2007). This was also
previously analyzed in a study by Morrone and colleagues (2010), in which older and younger
adults were enrolled; the authors found that the metaphor interference effect was predicted by the
psychometric tests designed to assess inhibitory control. Furthermore, other studies confirming
the metaphor interference effect highlighted the impact of other execute skills on metaphor
comprehension. For example, Pierce et al. (2010) conducted a study on young adults and found
that participants took longer to judge metaphors as literally false compared to scrambled sentences,
suggesting that metaphor processing is automatic. The authors found that working memory
capacity predicted the MIE, with higher working memory yielding a smaller MIE; thus, they
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concluded that, although metaphor comprehension is fast because of the salient nonliteral
meaning, the early processing of metaphorical expressions is controlled by executive mechanisms.
In addition to the role of inhibitory control, a significant contribution of CR emerged in
both groups. The Cognitive Reserve Theory (Stern, 2005) postulates that individual differences in
the way tasks are processed might provide a differential reserve against brain pathology or agerelated changes. In the framework of modern gerontology, the Cognitive Activity Theory
(Marquinea, Segawaa, Wilson, Bennett, & Barnes, 2012; Wilson et al., 2002) argues that people

who participate in cognitive activities during midlife have short and long-term effects. Such active
participation is associated with current cognitive functioning and with a reduction of the risk of
development of dementia (Wilson et al., 2003). Cognitively stimulating activities contribute to
cognitive reserve, which explains why individuals with higher IQ, education, occupational
attainment, or participation in leisure activities evidence less severe clinical or cognitive changes in
the presence of Alzheimer’s disease or other age-related pathologies. Cognitive reserve supports
individuals’ greater neural efficiency and capacity, as well as the ability to compensate through the
recruitment of additional brain areas. It is important to notice that CR evolves across the lifespan
and it is not fixed. In our study, CR emerged as a general significant predictor of response times
in both LF and HF conditions, and different findings emerged in the regression models performed
for the two separate groups. As for older adults, CR was a significant predictor of response times
in the HF_Met condition; conversely, within the younger group, CR predicted both metaphorical
conditions. Specifically, individuals with lower CR registered higher RTs in the metaphor task, thus
presenting longer times for rejecting metaphors as literally true. The effect of CR found on the
HF_Met condition only in the older group might represent a compensatory mechanism supporting
elderly participants’ performance in such task, in light of a generally less preserved executive
profile. An interesting study by a study by Champagne-Lavau and colleagues (2012) showed the
effect of education, a component of CR, in older adults’ ability to process metaphors. The authors
found that older individuals with lower education levels were slower than elderly participants with
a high level of education in performing the task whatever the type of stimulus. The main findings
also suggested that older individuals with higher vs lower educational level performed differently
in judging the target word as related to the previous metaphor. When conventional metaphors
were presented, older adults with higher education accepted metaphorical targets more often than
the literal ones, while no differences emerged for non conventional metaphors. Educational level
seems to have an effect on performance in older participants, as emerged in the correlation
analysis.
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Lastly, we found a significant general effect of age, which was confirmed in the separate regression
analysis conducted on the elderly group. In other words, older participants obtained higher
response times in both metaphorical conditions. Such effect did not emerge in the group of young
individuals.
In sum, we believe the present study brings new insights to the knowledge of metaphor
comprehension in healthy aging. Interestingly, inhibition was confirmed as an important factor of
pragmatic comprehension, especially of the ability to interpret non-literal meaning, as already
emerged in the first two studies. Additionally, to the best of our knowledge, this is the first research
exploring the contribution of CR within a MIE paradigm. This study presents some limitations,
including the relatively small sample size. Additionally, online administration sessions required
computer expertise, and thus turned out to be demanding for most older adults. Lastly, we only
run preliminary analysis investigating the MIE effect as well as the contribution of cognitive
functions to metaphor processing; however, we aim at expanding our sample and to further
analyze data with linear and generalized mixed models.
Conclusions
This research project focused on the investigation of pragmatic processing in aging. The
first two studies explored pragmatic impairment in both production and comprehension in
patients with Parkinson’s disease and healthy older adults, respectively. Conversely, the third study
focused on a single phenomenon, namely metaphor comprehension, in a sample of older adults,
which was compared to a group of younger participants.
The main aim of the first study was to investigate whether pragmatic skills were
compromised in a sample of PD patients at the early stage of the illness. Additionally, in light of
the potential contribution of cognitive abilities to pragmatic processing, we aimed at exploring
whether the decay of a specific cognitive function could explain an early pragmatic impairment in
this population. Our findings showed that early PD patients exhibit impaired general pragmatic
skills, as well as deficits in both general production and comprehension, individually. Good general
cognitive skills and high education levels seem to support patients’ pragmatic processing;
additionally, a predictive role of inhibitory control was found in the ability to understand figurative
language. As already discussed, the available studies enrolled patients with heterogeneous symptom
severity; thus, the present research provides new evidence for pragmatic impairment in this
population, as these language difficulties seem to be already present at early stages of the illness in
both the comprehension and production domains.
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The second study focused on the investigation of pragmatic abilities in a sample of healthy
older adults, as previous research suggested that both production and comprehension might
undergo a substantial decline in late adulthood. However, it is not clear how pragmatic abilities
evolve in healthy aging, as well as when pragmatic difficulties are more likely to arise. The second
goal of this study concerned the investigation of the cognitive and demographic variables that
might support pragmatic processing in this population. In line with previous research, we observed
a decline of pragmatic abilities, especially in the comprehension domain. Preliminary analysis
allowed us to hypothesize that pragmatic decline is likely to become observable around 70 years
of age. We found that age significantly predicted general pragmatic performance in a sample of
older adults who generally achieved a good performance in the Stroop task; however, when older
individuals with less intact inhibitory skills were included in the sample, a general role of inhibition
emerged, in addition to the effect of working memory and ToM in specific pragmatic tasks.
The third study aimed at investigating the effect of aging on metaphor comprehension,
taking into account the role of inhibition and Cognitive Reserve. We focused on the way literal
meaning is processed in the interpretation of metaphors that differed in familiarity, as this feature
typically influences the accessibility and the cost of metaphorical expressions. To pursue this aim,
we built a Metaphor Interference Effect (MIE) paradigm. Results are consistent with previous
research; in particular, we found that participants’ showed significantly higher RTs for judging
higher familiarity metaphors as literally false, compared to RTs for judging anomalous expressions
as literally false, irrespective of the group. No significant differences emerged between RTs
registered for lower familiarity metaphors and those obtained for anomalous expressions. This
data suggests that lower familiarity metaphors and anomalous sentences are probably processed
similarly; conversely, it is likely that the true figurative meaning of higher familiarity metaphors
interferes with the requested response during the literal truth judgment, and thus RTs are delayed
for this metaphorical condition. An additional between-group analysis revealed that RTs registered
in the group of younger adults were significantly faster than RTs obtained by older participants in
all experimental conditions; moreover, the percentage of correct responses differed in the higher
familiarity metaphor condition between the two groups. Inhibition and CR both played a
significant role in metaphor comprehension: participants with less intact inhibitory skills showed
higher response times in both the HF and LF condition, reflecting greater difficulties in rejecting
metaphors as literally false. As for CR, the lower the score obtained in the CRIq, the slower the
RTs registered in the HF_met for older adults. Overall, this study confirms the role of executive
skills in figurative language processing, as already emerged in the first two studies presented in this
thesis. Moreover, the last findings support the hypothesis behind the dual route account, which
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claims that it is possible to pass through the literal meaning in the processing of more opaque
metaphors. Conversely, the meaning of higher familiarity metaphors is accessed more directly, and
therefore it is readily activated.
In sum, these studies allowed us to draw some important considerations. First, our results
contribute to a clearer characterization of pragmatic impairment in aging including both clinical
and healthy populations. To pursue this initial goal, we administered the APACS test as the main
assessment tool for pragmatic abilities, as it globally evaluates both production and comprehension
by means of different tasks. Our results showed that a decline of pragmatic abilities is often
observed in older adults, irrespective of the presence of a clinical condition. Whereas the emerging
pragmatic difficulties primarily affect the comprehension domain in healthy older adults, they
might become more evident and generalized, covering both production and comprehension in
clinical populations, such as PD. Additionally, as observed in the presented study, the ability to
comprehend indirect meanings can also decline with age, such as being able to interpret metaphors,
humor, proverbs and other forms of non-literal language. Considering the strong impact of
pragmatic deficits on individuals’ psychosocial functioning, it would be crucial to detect such
language difficulties as early as possible. As previously hypothesized, changes in the aging body
might result in increased incidence of illnesses, as well as changes in cognition. In this scenario,
relationships with healthcare providers are crucial to cope with everyday needs. However, it might
often take more effort for elderly people to establish effective relations with others, as rapport
building requires both efficient pragmatic production and comprehension abilities. More in
general, intact pragmatic abilities facilitate interactions between older adults and caregivers or
significant others.
With respect to future perspectives, it would be interesting to compare additional age groups as
well as to observe the same participants over time; in the case of PD, a further step would be to
analyse pragmatic impairment in later stages of the illness in order to observe the evolution of
these language deficits together with the decline of executive abilities. Additionally, it would be
interesting to explore whether more severe motor disturbances affect pragmatic production in
advanced stages of PD.
Second, the present research project allowed to draw interesting conclusions on the
cognitive basis of pragmatic skills. As already discussed, difficulties in pragmatic comprehension
seem to emerge in both clinical and non clinical samples, and they are often observed in
conjunction with problems in executive abilities. Our findings agree on the existence of a strong
link between pragmatic processing and executive functions, especially inhibitory control, which
often serves as a predictor of participants’ pragmatic skills. In this respect, the available research
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shows that the number of cognitive deficits observed in elderly people increases with age (Craik
& Salthouse, 2008; Gawron et al., 2014), and that the age-related cognitive impairment is more
evident in functions associated with frontal areas, such as inhibitory control. These findings argue
against the idea of a complete overlap of pragmatics and ToM. On the contrary, in line with more
recent proposals in the field, our results support the hypothesis that pragmatic competence is a
specific capacity supported by a set of cognitive functions, which are not limited to ToM. The
contribution of such cognitive domains to pragmatic processing might differ depending on the
selected tasks and population of interest. Specific cognitive profiles could explain the emerging
differences in language functions; as we observed, impaired executive functions such as inhibition
might hamper pragmatic processing, especially the comprehension domain. As for ToM, it is
certainly involved in pragmatic language to some extent, as previously showed by several research
studies; however, it is worth noting that ToM should not be considered as a single ability, as it
encompasses many different aspects that can be differently engaged in pragmatic processing.
Overall, baseline pragmatic skills should be considered in the course of age-related pragmatic
language changes; as suggested by Messer (2015), there are some factors that can affect the
language profiles of older individuals, such as socialization, environment, and personality. In fact,
due to differences in occupation or degree of extroversion, it is unlikely that all elderly people use
pragmatic language to the same extent. Thus, the impact of aging on pragmatic abilities over time
might vary from person to person, also depending on lifestyle and demographic factors that may
determine the individual level of pragmatic language ability. As emerged in our findings, Cognitive
Reserve might contribute to pragmatic processing and serve as a compensatory mechanism in
cases of more impaired general cognitive profiles. In this view, factors such as higher education
levels or frequency of social interactions might determine the individual level of pragmatic
language abilities. Overall, as suggested by McDonalds (2003), the causal basis of pragmatic
language is difficult to define and thus unlikely to be unitary. It might be best defined as a complex
interplay of multiple cognitive abilities; thus, it would be appropriate to formulate different
disorder-specific explanations for pragmatic deficits.
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Appendix A
Supplementary material for Chapter 2

A.1 Assessment Materials
Montreal Cognitive Assessment (MoCA)(Nasreddine et al., 2005). Accuracy is collected and a
maximal score of 30 can be assigned. The final score is then corrected for age and education
(Santangelo et al., 2015).
Parkinson’s Disease-Cognitive Rating Scale (PD-CRS) (Santangelo et al., 2014). The subcortical
score (range 0-104) is obtained by adding the scores of: immediate free-recall verbal memory,
sustained attention, working memory, unprompted drawing of a clock, delayed free-recall memory,
alternating verbal fluency and action verbal fluency. Second, the cortical score (range 0-30) is
obtained by adding the scores of naming and copy drawing of a clock. Third, the PD-CRS Total
score (range 0-134) is obtained by adding the subcortical and cortical scores. The three scores are
then corrected for age and education.
Digit Span forward (Monaco et al., 2013; Orsini et al., 1987) Participants are read a maximum
of 7 lists of digits one at a time and asked to repeat these in the same order as the digits were
presented to them. The length of the lists gradually increases from three to nine digits. After each
list, if participants correctly repeat the set of digits, another list one digit longer is presented; if they
fail, a second list of the same length is presented. If subjects succeed the second list, a list one digit
longer is presented. If they fail on the second list, the test is ended. The span is established as the
length of the longest list correctly recalled. The final score is then corrected for age and education
(Monaco et al., 2013).
Digit Span backward (Monaco et al., 2013). The procedure is the same as for the forward
version, except that participants are now asked to repeat the digits sequences in the reverse order
and the longest list consists of eight items. The scoring is the same as for the forward version
(Monaco et al., 2013).
Corsi Span forward (Monaco et al., 2013; Spinnler & Tognoni, 1987). The experimental
apparatus consists of a wooden board with nine cubic blocks. A serial number (from 1 to 9) is
located on each block and this is visible only to the examiner. Following a given numerical
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sequence, the examiner touches sequences of blocks that may range from 3 to 9 blocks. For each
sequence, participants are asked to touch the blocks in the same order as the examiner. The first
sequence includes 3 blocks. If participants fail, a second sequence of the same length is presented.
If they succeed, a sequence one block longer is given. The test ends when participants fail on two
consecutive sequences of the same length. The span is computed as the length of the longest
sequence correctly reproduced. The final score is then corrected for age and education (Monaco
et al., 2013).
Corsi Span backward (Monaco et al., 2013). The procedure and scoring are the same as for
the forward version, except that now participants are asked to reproduce the sequence of blocks
in the reverse order and that the longest list includes eight items (Monaco et al., 2013).
Verbal fluency test (Novelli et al., 1986). The semantic categories were animals, fruits and car
brands. The phonemic categories included words beginning with the letters F, P and L. Two scores
are obtained, one for semantic fluency and the other for phonemic fluency. In both cases, the
score is obtained by counting the number of correct responses (1 score for each correct response)
and correcting this for age and education.
Trail Making Test (TMT) (Mondini et al., 2003). It is made up of two parts, A and B. In Part
A, participants are required to connect 25 numbered circles with direct line in ascending order (i.e.,
1-2-3-4…); in Part B, participants are asked to connect numbered and lettered circles in alternated
numerical and alphabetical order (i.e., 1-A-2-B-3-C…). A composite score is obtained by
subtracting the time for A to the time for B (i.e., B-A). The final score is then corrected for age
and education (Siciliano et al., 2019).
Stroop test (short version) (Caffarra et al., 2002; Venneri et al., 1992). Participants are
required to read aloud three lists of items as fast as possible. In the first two lists, participants are
asked to read respectively a set of words for colors that are printed in black ink (List I) and to
name the color of a set of circles (List II). In the third list, color-words are printed in an
inconsistent color ink (e.g., the word “blue” is printed in red ink) and participants are required to
name the color of the ink, while inhibiting reading the word. For each of the 3 tasks, time of
completion and accuracy are collected. Both a time interference effect (based on execution time)
and an error interference effect (based on number of errors) are computed. The final scores are
then corrected for age and education (see Caffarra et al., 2002).
“Valutazione delle capacità di costruzione dello scheletro” (Semantic Memory 1 test)
and“Denominazione visiva” (Semantic Memory 2 test) (Sartori & Job, 1988). In the first task,
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participants are presented with a set of animals and asked to say if the animals are bigger or smaller
than a goat. Twenty questions are presented; answers are coded as 1 or 0, respectively for correct
and incorrect responses. Afterwards, participants are presented with 20 objects and asked to say if
each of these is higher or wider (e.g., ‘is a wardrobe higher or wider?’). Correct answers are coded
as 1, incorrect answers are coded as 0. The final score is obtained by counting the correct answers,
for a maximal score of 40. In the second task, participants are presented with 64 pictures and
asked to mention the name of every object in the pictures. If they successfully name the object, a
score of 1 is assigned; otherwise, a score of 0 is assigned. The final score is obtained by counting
the correct answers, for a maximal score of 64.
Emotion Attribution Test (EAT) (Blair, 2000; Prior et al., 2003). Participants are presented
with 35 short stories and are asked to identify the characters’ emotions. A score of 1 is assigned
for each emotion correctly identified. The maximum score is 35.
Advanced ToM test (Blair, 2000; Happé, 1994; Prior et al., 2003). Participants are presented
with 13 short stories and are asked to explain why the main character acted in a given manner. A
score of 1 is assigned for each correct response. The maximum score is 13.
Reading the Mind in the Eyes test (RMEt)(Baron-Cohen et al., 2001) . Participants are presented
with 36 gray-scale photos of people faces that show only the area around the eyes. For each photo,
participants are asked to choose the word (out of 4) that best describes the person’s mental state.
The final score is obtained by counting the correct answers (0-36).
Beck Depression Inventory II (BDI-II) (Beck et al., 1996). Participants are asked to rate the
severity of each item/symptom in the last two weeks from the day of the test on a 4-point Likert
scale that ranges from 0 to 3. The total score ranges from 0 to 63, with higher scores indicating
more severe depressive status. Depression scores are classified as mild (14-19), moderate (20-29), and
severe (30-63).
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Appendix B
Supplementary material for chapter 3

B.1 Assessment Materials
Cognitive Reserve Index questionnaire (CRIq) (Nucci et al., 2012). CRI-Education includes years
of formal education and any additional training courses lasted at least 6 months. CRIWorkingActivity refers to the cognitive load and personal responsibility of an occupation,
combined with the number of years for which the occupation has been carried out, for a minimum
of 5 years. Lastly, CRI-LeisureTime measures the frequency and the amount of intellectual, social,
and physical activities (e.g., reading newspapers or books, playing music, participation in charitable
activities, traveling, playing sports, etc.) carried out for a minimum of 5 years. The questionnaire
also includes additional items about life-long experiences that require a certain cognitive load (e.g.,
years of bank account management). The CRI Total score is an estimation of Cognitive Reserve.
It is the average of the three subscores standardized and transposed to a scale with a mean of 100
and a standard deviation of 15 (see Nucci et al., 2012 for details). The CRI Total score can be
classified into five ordered levels: Low (less than 70), Medium-low (70-84), Medium (85-114),
Medium-high (115-130), and High (more than 130).
Digit Span forward (Spinnler & Tognoni, 1987). A maximum of 7 lists of digits are read to
participants one at a time and they are asked to repeat the numbers in the exact same order. The
length of the lists gradually increases from three to nine digits. If participants correctly repeat a
given set of digits, another list one digit longer is presented; conversely, if they fail, a second list of
the same length is read. If they succeed this second list, a list one digit longer is presented. If they
fail on the second list, the test is ended. The span is established as the length of the longest list
correctly recalled. The final score is corrected for age and education (Monaco et al., 2013).
Digit Span backward (Monaco et al., 2013). The procedure is the same as for the forward
version, except that participants are now asked to repeat the digit sequences in the reverse order.
The longest list consists of eight numbers. The scoring procedure is the same as for the forward
version.
Stroop task (Caffarra et al., 2002). Three color names and three colored circles were selected
as stimuli: color names were giallo (yellow), verde (green), and blu (blue), and colored circles were
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yellow, green and blue. The task included a training session and three experimental sessions.
Participants were provided with instructions at the beginning of each session. In the training
session, participants were presented with color names written in white ink and with colored circles,
which appeared one at a time in random order. Each stimulus appeared on a black screen, with a
maximum time limit of 2000 ms. Participants were instructed to press the key corresponding to
the name of the color or to the color of the circle as fast as possible: they were asked press the “g”
key if the word giallo or the yellow circle appeared, “v” if the word verde or the green circle appeared,
and “b” if the word blu or the blue circle appeared on the screen. In the first experimental session
(first congruence condition), 30 color names written in white ink appeared one at a time on a black
screen. Participants were required to press the key corresponding to the color name as fast as
possible (e.g., they pressed “v” if the word verde appeared). In the second experimental session
(second congruence condition), 30 colored circles appeared one at a time on a black screen.
Participants were required to press the key corresponding to the color of the circle as fast as
possible (e.g., they pressed “b” if the blue circle appeared). The last experimental session
(incongruence condition) consisted of 30 color names written in an inconsistent color ink (e.g., the
word giallo -yellow- written in blue ink), and participants were asked to press the key corresponding
to the color of the ink (they pressed “b” since the word is written in blue ink). Late responses (>
2000 ms) were registered as errors. An output table displayed both reaction time and accuracy for
each stimulus separately for each session.
Faux Pas. Participants read 6 shorts stories containing a faux pas, as well as 8 control
stories. Participants had no time limit and were allowed to read the stories as many times as
necessary in order to fully understand them. Each story was followed by a series of questions: (1)
a faux pas detection question (Did someone say something they shouldn’t have said?), (2) a person
identification question (Who said something they shouldn’t have said?), (3-4) faux pas related questions
(Why shouldn’t they have said what they said?; Why do you think they said what they said?), (5) a false belief
question (e.g., Did X know that Y and Z did not know each other?), (6) an affective ToM question (How
do you think X felt?), and (7-8) control questions (Where was X in the story?; Did X and Y know each
other?). Cognitive ToM was assessed via the false belief question (5), which tested whether
participants understood the false belief of who committed the faux pas. Affective ToM was
assessed via the affective question (6), which tested the emphatic understanding of how the person
in the story would feel. Questions 2 to 6 were asked only if participants detected the faux pas (i.e.,
only if they answered Yes to the first question). If they did not detect the faux pas, they were
presented with control questions only. Stories with faux pas were scored differently from control
stories. Correct answers to questions 1 to 6 were rated as 1 in the stories with faux pas; conversely,
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a score of 2 was assigned when participants correctly answered the first question of the control
stories. Wrong answers were rated as 0. Answers to the control questions were scored either 0 or
1 depending of the (in)correct response.
B.2 Tables
Table B.2.1. Differences in the APACS test over four age groups
APACS task or
composite score

Mean
OLDElderly
(SD)

Mean
YOUNGElderly
(SD)

Mean
OLDYoung
(SD)

Mean
YOUNGYoung
(SD)

Kruskal
Wallis
p

Interview

41.92
(2.02)

42.93
(0.85)

42.86
(1.24)

43.00
(1.47)

0.31

Description

42.38
(3.20)

44.93
(1.84)

44.00
(2.17)

44.33
(2.38)

0.077

Narratives

52.53
(2.87)

52.93
(2.04)

53.66
(1.34)

52.50
(2.23)

0.49

Figurative
Language 1

14.76
(0.43)

14.68
(0.47)

14.86
(0.51)

14.83
(0.38)

0.44

6.00 (1.29)

6.43 (0.62)

6.66 (0.61)

6.91
(0.28)

0.046*

Figurative
Language 2

25.92
(2.02)

26.12
(1.66)

26.80
(2.17)

25.50
(1.62)

0.22

Pragmatic
Production

0.91 (0.04)

0.95 (0.02)

0.94
(0.028)

0.95
(0.026)

0.11

Pragmatic
Comprehension

0.90
(0.055)

0.92 (0.03)

0.94 (0.04)

0.94 (0.02)

0.027*

APACS Total

0.91
(0.04)

0.94
(0.017)

0.94 (0.02)

0.94 (0.02)

0.035*

Humor

Group comparison

Dunn
test
(Z)

adj. p
(Bonferroni)

OLDElderly - OLDYoung
OLDElderly - YOUNGElderly
OLDYoung - YNGEld
OLDEld - YNGYoung
OLDYoung - YNGYoung
YNGEld - YNGYoung
OLDElderly - OLDYoung
OLDElderly - YOUNGElderly
OLDYoung - YOUNGElderly
OLDElderly - YOUNGYoung
OLDYoung - YOUNGYoung
YOUNGElderly - YOUNGYoung
OLDElderly - OLDYoung
OLDElderly - YOUNGElderly
OLDYoung - YOUNGElderly
OLDElderly - YOUNGYoung
OLDYoung - YOUNGYoung
YOUNGElderly - YOUNGYoung
OLDElderly - OLDYoung
OLDElderly - YOUNGElderly
OLDYoung - YOUNGElderly
OLDElderly - YOUNGYoung
OLDYoung - YOUNGYoung
YOUNGElderly - YOUNGYoung
OLDElderly - OLDYoung
OLDElderly - YOUNGElderly
OLDYoung - YOUNGElderly
OLDElderly - YOUNGYoung
OLDYoung - YOUNGYoung
YOUNGElderly - YOUNGYoung
OLDElderly- OLDYoung
OLDElderly - YOUNGElderly
OLDYoung - YOUNGElderly
OLDElderly - YOUNGYoung
OLDYoung - YOUNGYoung
YOUNGElderly - YOUNGYoung
OLDElderly - OLDYoung
OLDElderly - YOUNGElderly
OLDYoung - YOUNGElderly
OLDElderly - YOUNGYoung
OLDYoung - YOUNGYoung
YOUNGElderly - YOUNGYoung
OLDElderly - OLDYoung
OLDElderly - YOUNGElderly
OLDYoung - YOUNGElderly
OLDElderly - YOUNGYoung
OLDYoung - YOUNGYoung
YOUNGElderly - YOUNGYoung
OLDElderly - OLDYoung
OLDElderly - YOUNGElderly
OLDYoung - YOUNGElderly
OLDElderly - YOUNGYoung
OLDYoung - YOUNGYoung
YOUNGElderly - YOUNGYoung

-1.35
-1.22
0.15
-1.80
-0.54
-0.69
-1.40
-2.51
-1.13
-1.89
-0.58
0.46
-1.06
-0.19
0.92
0.41
1.47
0.62
-0.97
0.53
1.58
-0.39
0.54
-0.93
-1.68
-0.55
1.19
-2.54
-0.98
-2.12
-1.25
-0.04
1.27
0.78
2.03
0.86
-1.56
-2.34
-0.78
-1.80
-0.33
0.39
-2.88
-0.86
2.13
-1.47
1.29
-0.69
-2.74
-2.10
0.70
-2.18
0.42
-0.23

1
1
1
0.42
1
1
0.96
0.072
1
0.34
1
1
1
1
1
1
0.84
1
1
1
0.68
1
1
1
0.55
1
1
0.065.
1
0.20
0.70
1
1
1
0.24
1
0.71
0.11
1
0.43
1
1
0.023*
1
0.19
0.83
1
1
0.036*
0.21
1
0.17
1
1

Table B.2.1. The table shows the results of the Kruskal-Wallis and the Dunn’s post-hoc test with Bonferroni adjustment
comparing four different age groups: OLD-Elderly, YOUNG-Elderly, OLD-Young, and YOUNG-Young. The first column
reports the name of the single tasks and the composite scores. Columns two to five report the mean and SD of the single age
groups. The sixth column represents the Kruskal Wallis significant p-values, the seventh indicates the group comparison, the
eighth column shows the Dunn test post-hoc values, and the nineth column indicates the Bonferroni adjusted p-values. Asterisks
indicate significant differences between groups: ** p<0.01, * p<0.05. Dots indicate p-values approaching statistical significance.
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Table B.2.2. Multiple regression analysis – general predictors of pragmatic abilities
a. Predictors of the APACS Total score
Adj. R-squared

Mean VIF

p

0.23

1.028

0.0011

Predictor

Estimate

β

Faux Pas tot

0.001

0.25

Education

0.003
-0.00038

Age

Test for autocorrelation
DW

p

2.33

0.24

VIF

p

[-0.000017; 0.0020]

1.02

0.046*

0.27

[0.00025; 0.0055]

1.04

0.032*

-0.30

[-0.00069; -0.00006]

1.02

0.018*

CI [2.5% ; 97.5%]

b. Predictors of Pragmatic Comprehension
Adj. R-squared

Mean VIF

p

0.21

1.04

0.004

Predictor

Estimate

β

Digit span backward

0.005

0.17

Faux Pas total

0.0014

Education
Age

Test for autocorrelation
DW

p

1.86

0.54

VIF

p

[-0.00255 ; 0.0136]

1.03

0.17

0.24

[-0.000058 ; -0.0028]

1.05

0.059.

0.0039

0.26

[0.00011 ; 0.0077]

1.05

0.043*

-0.0005

-0.29

[0.00096 ; 0.000071]

1.02

0.024*

CI [2.5% ; 97.5%]

c. Predictors of the Interview task
Adj. R-squared

Mean VIF

p

0.13

1.00

0.010

Predictor

Test for autocorrelation
DW

p

1.96

0.80

Estimate

β

CI [2.5% ; 97.5%]

VIF

p

Faux Pas tot

0.072

0.33

[0.016 ; 0.129]

1.00

0.0128*

CRI total

-0.012

-0.22

[-0.027 ; 0.002]

1.00

0.093
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d. Predictors of the Description task
Adj. R-squared

p

Test for autocorrelation

0.05

0.058

DW

p

1.84

0.55

Predictor

Estimate

β

CI [2.5% ; 97.5%]

p

Education

0.28

0.26

[-0.011 ; 0.57]

0.058

e. Predictors of the Narratives task
Adj. R-squared

Mean VIF

0.16

p

1.03

Predictor

Test for autocorrelation

0.008

DW

p

1.27

0.012

Estimate

β

CI [2.5% ; 97.5%]

VIF

p

Digit span_backward

0.52

0.27

[0.014 ; 1.029]

1.03

0.044*

Faux Pas total

0.12

0.35

[0.032 ; 0.217]

1.04

0.009**

Education

0.17

0.19

[-0.059 ; 0.41]

1.02

0.13

f. Predictors of the Humor task
Adj. R-squared

p

0.13

0.0045

Predictor
Age

Test for autocorrelation
DW

p

2.21

0.518

Estimate

β

CI [2.5% ; 97.5%]

p

-0.013

-0.39

[-0.021 ; -0.0042]

0.0045**

Table B.2.2.(a-f). Predictors of pragmatic abilities, resulting from multiple regression models with the overall sample. Asterisks
indicate significance: ** p<0.01, * p<0.05.

Table B.2.3. Multiple regression analysis – predictors of pragmatic abilities in healthy aging
(n=29)
a. Predictors of APACS Total score
Adj. R-squared

Mean VIF

p

0.23

1.04

0.033

Test for autocorrelation
DW

p

2.15

0.68
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Predictor

Estimate

β

VIF

p

Faux Pas Total

0.0015

0.26

[-0.0006 ; 0.0037]

1.034

0.156

Education

0.0032

0.28

[-0.00098 ; 0.0073]

1.026

0.128

Age

-0.0024

-0.40

[-0.0046; -0.0002]

1.056

0.034*

CI [2.5% ; 97.5%]

b. Predictors of Pragmatic Production
Adj. R-squared

Mean VIF

p

0.31

1.02

0.0051

Predictor

Estimate

β

Education

0.0042

0.27

Age

-0.0047

-0.58

Test for autocorrelation
DW

p

1.70

0.418

VIF

p

[-0.0011 ; 0.0095]

1.02

0.118

[-0.0075 ; -0.0019]

1.02

0.002**

CI [2.5% ; 97.5%]

c. Predictors of the Description task
Adj. R-squared

Mean VIF

p

0.36

1.02

0.002

Predictor

Estimate

β

Age

-0.33

-0.55

Education

0.48

0.42

Test for autocorrelation
DW

p

1.63

0.34

VIF

p

[-0.53 ; -0.13]

1.02

0.002**

[0.10 ; 0.86]

1.02

0.015*

CI [2.5% ; 97.5%]

Table B.2.3. (a-c). Significant predictors of pragmatic abilities, resulting from multiple regression model with the ELD group
only (n=29). Asterisks indicate significance: ** p<0.01, * p<0.05.

Table B.2.4. Multiple regression analysis – predictors of pragmatic abilities in healthy aging
(n=31)
a. Predictors of APACS Total score
Adj. R-squared

Mean VIF

p

0.32

1.19

0.0096**

Test for autocorrelation
DW

p

2.32

0.35
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Predictor

Estimate

β

VIF

p

Stroop

-0.000032

-0.25

[-0.000082; 0.000017]

1.36

0.187

Faux Pas Total

0.00158

0.24

[-0.00059; 0.000374]

1.03

0.146

Education

0.00297

0.25

[-0.00092; 0.0068]

1.03

0.128

Age

-0.00196

-0.33

[-0.0041; 0.00023]

1.34

0.077

CI [2.5% ; 97.5%]

b. Predictors of Pragmatic Production
Adj. R-squared

p

0.25

0.0038**

Predictor
Age

Estimate

β

-0.0038

-0.53

Test for autocorrelation
DW

p

1.91

0.75

p

CI [2.5% ; 97.5%]
[-0.007; -0.0006]

0.0038**

c. Predictors of Pragmatic Comprehension
Adj. R-squared

p

0.12

0.039

Test for autocorrelation
DW

p

1.81

0.53

Predictor

Estimate

β

CI [2.5% ; 97.5%]

p

Stroop

-0.000074

-0.39

[-0.00014; -0.0000038]

0.039*

d. Predictors of the Interview task
Adj. R-squared

Mean VIF

p

0.22

1

0.017

Predictor

Estimate

β

CRIq_Total

-0.018

-0.31

Age

-0.103

-0.42

Test for autocorrelation
DW

p

2.12

0.83

VIF

p

[-0.039; 0.0023]

1

0.079

[-0.189; -0.0179]

1

0.0197*

CI [2.5% ; 97.5%]
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e. Predictors of the Description task
Adj. R-squared

Mean VIF

p

0.24

1

0.012

Predictor

Estimate

β

Age

-0.23

-0.44

Education

0.32

0.30

Test for autocorrelation
DW

p

1.378

0.084

VIF

p

[-0.42; -0.05]

1

0.0147*

[-0.04; 0.69]

1

0.084

CI [2.5% ; 97.5%]

f. Predictors of the Narratives task
Adj. R-squared

Mean VIF

p

0.39

1.18

0.003

Predictor

Estimate

β

-0.0067

-0.55

Digit span backward

1.218

Faux Pas Total
CRIq Total

Stroop

Test for autocorrelation
DW

p

1.51

0.148

VIF

p

[-0.010; -0.0026]

1.15

0.002**

0.43

[0.238; 2.199]

1.25

0.017*

0.215

0.35

[0.0087; 0.4209]

1.21

0.041*

0.033

0.25

[-0.0089; 0.076]

1.10

0.116

CI [2.5% ; 97.5%]

g. Predictors of the Figurative Language 1 task
Adj. R-squared

p

0.26

0.003

Predictor
Stroop

Estimate

β

-0.0013

-0.54

Test for autocorrelation
DW

p

2.63

0.072

p

CI [2.5% ; 97.5%]
[-0.0021; -0.00048 ]

0.003

h. Predictors of the Figurative Language 2 task
Adj. R-squared

p

0.15

0.022

Test for autocorrelation
DW

p

1.91

0.77
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Predictor
Stroop

Estimate

β

-0.0038

-0.43

CI [2.5% ; 97.5%]
[-0.0069; -0.00059]

p
0.022

Table B.2.4.(a-h). Significant predictors of pragmatic abilities, resulting from multiple regression model with the ELD group
only (n=31). Asterisks indicate significance: ** p<0.01, * p<0.05.
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