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Chapter 3

Age-related e�ects on language production

A combined psycholinguistic and neurolinguistic 
perspective

Andrea Marini*,** and Sara Andreetta*
* University of Udine, Italy / ** Claudiana – Landesfachhochschule für 
Gesundheitsberufe, Bozen, Italy

�is chapter focuses on the e�ects of aging on the process of language produc-
tion from a psycholinguistic, and neurolinguistic perspective. �e �rst section 
of the chapter provides a detailed description of the language production system 
by outlining the notions of micro- (i.e., lexical and grammatical) and macrolin-
guistic (i.e., pragmatic and discourse level) processing and introducing to some 
of the most in�uential psycholinguistic models of message production. �e 
second part focuses on psycholinguistic investigations assessing age-related var-
iations in the ability to produce a verbal message. A conclusive section outlines 
the complex interplay between the neural changes induced by aging and the  
(re)organization of the language production system. 

Introduction

Language processing is the expression of a complex cognitive function (e.g.,  
Caplan, 1992) that goes through major modi�cations during the lifespan. It de-
velops quite rapidly and e�ciently in early infancy and through childhood (Kuhl 
et al., 2010), keeps relatively stable a�er the end of adolescence and during adult-
hood, and is characterized by a gradual decline in the elderly (�ornton & Light, 
2006). �ese age-related alterations might depend either on the intrinsic dete-
rioration of the linguistic system or on a more general cognitive decline, which 
a�ects working and long-term memory, attentional skills, and executive control 
(Connor, 2001; Wing�eld & Tun, 2001). However, the overall e�ects of aging on 
language processing are likely the result of a complex interplay between these 
two extremes. Di�culties in working memory, attention, and executive functions 
might hamper the ability to organize the information at the text level in older 
adults (e.g., Collette et al., 2007). During the production or the comprehension 
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of a discourse or conversation a reduction in the e�ciency of working memory 
might a�ect the storage and manipulation of information, syntactic processing, 
and the stages of message planning and monitoring (e.g., Wing�eld & Stine- 
Morrow, 2000). In a similar way, attentive de�cits and impairments in executive 
functions might prevent older adults from inhibiting the selection of inappropri-
ate information (leading, for example, to the production of verbose speech sam-
ples and o�-topic utterances; e.g., Zacks & Hasher, 1997; Mozeiko et al., 2011). 

In this chapter we will review the complex relation between aging and lan-
guage production from a combined linguistic, psycholinguistic and neurolinguis-
tic perspective. �e chapter is divided in three major sections. �e �rst section 
will outline the language production system. �e second section will focus on 
psycholinguistic investigations assessing age-related variations in linguistic pro-
duction. �e �nal section will discuss the age-related neural changes that a�ect 
the ability to produce verbal messages across the adult lifespan.

Psycholinguistic accounts of language production

Language production relies on the interaction between several processing levels. 
�ese can be analyzed along two dimensions (Glosser & Deser, 1990; Caplan, 
1992; Marini et al., 2011a). �e microlinguistic dimension of analysis focuses on 
intra- sentential (i.e., within-utterance) organization of discourse production by 
assessing those phonetic, phonological and morphological skills that are required 
to produce well-formed words (lexical processing) and those morphosyntac-
tic and syntactic abilities that eventually lead to the generation of well-formed 
sentences (syntactic processing). �e macrolinguistic dimension analyses inter- 
sentential (i.e., between-utterances) processing by assessing the speaker’s ability 
to produce contextually appropriate words and utterances (pragmatic process-
ing), connect di�erent utterances by means of cohesive and coherent ties in order 
to formulate the main theme of a narrative discourse or the gist of a conversation, 
and integrate its linguistic and conceptual features while taking into account the 
conversational expectations of the interlocutors (Grice, 1975; Kintsch & van Dijk, 
1978; Kintsch, 1994; Garrod & Pickering, 2004). 

During every-day communicative interactions, the di�erent levels of linguistic 
processing are constantly interacting with each other. A number of psycholinguis-
tic models have been proposed to describe such interactions. For example, ac-
cording to Fromkin (1971) and Garrett (1975), speech production is a multistage 
process, which requires the speaker to �rst generate the meaning of the message to 
be conveyed and then formulate its syntactic organization, determine its prosodic 
contour, select the target words, and identify their phonological characteristics. 
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Other models, such as the connectionist model proposed by Dell (1986), hypoth-
esize the existence of di�erent nodes (phonological, semantic, etc.) that interact 
with each other and process the information in parallel. According to one of the 
most in�uential psycholinguist models (Levelt, 1989; Levelt, Roelofs, & Meyer, 
1999), the process of language production undergoes at least three major stages: a 
pre- linguistic conceptual phase; a phase of linguistic formulation; a phase of lin-
guistic expression. 

In the pre-linguistic conceptual phase the speaker needs to generate the 
motivation to speak and a mental or situation model of the intended message, a 
multi-dimensional representation which contains information about space, time, 
causality, intentionality, and currently relevant individuals (e.g., Johnson-Laird, 
1980, 1983; Zwaan & Radvansky, 1998). S(he) generates such mental models by 
retrieving the appropriate conceptual frame structure from long-term episodic 
memory (e.g., by selecting the appropriate discourse genre) and by embedding 
it with the available conceptual information (e.g., participants, setting, etc.). Fur-
thermore, the speaker must integrate what (s)he intends to say with what has 
previously been said (linguistic context) and the particular situation, place and 
time in which the communicative exchange takes place (extra-linguistic context, 
Levinson, 1983). It has been hypothesized that at this stage a pivotal role is played 
by a supervisory attentional system (SAS: Norman & Shallice, 1986; Green, 1998) 
that monitors the selection of the appropriate communicative intention, if the 
amount of information is adequate and if it is relevant to the linguistic context 
(Grice, 1975; Sperber & Wilson, 1986). 

In order to be eventually transferred to an interlocutor, this preverbal mes-
sage must be converted into a speech plan. �is process takes place in the second 
stage of message production: the phase of linguistic formulation. Here, the sys-
tem needs to match the intended meaning formulated in the pre-linguistic phase 
with the corresponding lexical items stored in the mental lexicon. �is operation 
is performed through a phase of lexical selection and one of lexical access. �e 
process of lexical selection allows speakers to select the lexical items that cor-
respond to the intended meanings (Levelt et al., 1999). �is selection is likely 
achieved through an activation/inhibition mechanism. Each word is supposed 
to have its own speci�c activation thresholds as a function of the frequency of 
its use and time elapsed since its last activation: �e lower the threshold level, 
the easier the access; the higher the threshold level, the more di�cult the access. 
�e activation of the target word is achieved through the simultaneous inhibi-
tion of semantically related competitors (Green, 1986, 1998). �is inhibition may 
be obtained by raising the competitors’ activation thresholds. For example, if the 
speaker’s intention is to speak out the word “table”, the activated concept corre-
sponding to the idea of TABLE enters the lexicon where a selection mechanism 
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is needed in order to select the target word (“table”) among all other semantically 
related lexical items (“chair”, “sofa”, etc.). Consequently, the activation threshold 
of the competitors is raised while the target word gets selected. At the end of the 
process of lexical selection, the target word has been activated and the system 
gains access to its morphosyntactic and morphological features (lemma level of 
word representation) and then to its syllabic and phonological form. In the case of 
single word production this phonological information is then transmitted to the 
systems responsible for motor planning and execution, where articulatory con�g-
urations corresponding to the phonemes to be uttered are programmed and then 
implemented. In the case of sentence production, such as in connected speech, 
the process of lexical selection and the access to a word’s lemma form the “func-
tional level” of sentence processing, where the morphosyntactic information re-
quired by the selected word (i.e., its argumental structure) guides the process of 
sentence generation by means of thematic roles’ assignment and phrase gener-
ation. At the second level of sentence processing, the “positional level”, i.e. the 
information contained in the lemmas of the selected words, is used to generate 
the grammatical relations among the phrases and to build up well-formed syn-
tactic representations (Chomsky, 1995; Garrett, 1980). It is now possible to have 
access to the syllabic and phonological representation(s) of the selected word(s) 
and this information is eventually sent to the output system where articulatory 
con�gurations corresponding to the phonemes to be uttered are programmed 
and then implemented (phase of linguistic expression). At the end of this stage 
verbalization actually takes place. During a conversation, these stages must be 
continuously processed in order to guarantee an e�cient interaction between the 
interlocutors. Indeed, conversation is a joint activity (Clark, 1996) that requires a 
largely unconscious interactive alignment (Garrod & Pickering, 2004; Pickering 
& Garrod, 2004) between the concepts selected and organized in the mind of the 
speaker and those that the receiver needs to deduct from the message. 

Cognitive functions a�ecting the process of message production 

Attention is assumed to play an important role in the pre-linguistic conceptual 
phase. Obviously, the role played by attention cannot be limited to just this stage 
of linguistic production but extends also to the phases of linguistic formulation 
and expression. 

Furthermore, the process of message production is also intimately linked 
to other cognitive skills such as executive functions and memory (e.g., Mozeiko 
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et al., 2011; Miyake et al., 2000; Tucker & Hanlon, 1998; Ylvisaker et al., 2001). In-
deed, according to Mozeiko et al. (2011), three major types of executive functions 
seem to play an important role in e�cient discourse processing: shi�ing, involved 
in the generation of complete episodes within a narrative discourse and in the 
selection of informative words; updating, required to recall former episodes or 
episodic contents for an accurate organization of the story; inhibition, important 
for monitoring the production of extraneous comments and derailments while 
generating a story. 

As for memory, according to the Declarative/Procedural model (Ullman, 
2004), language learning and representation are subserved by two anatomically 
and functionally distinct systems of long-term memory (declarative and proce-
dural, respectively). Procedural memory subserves implicit linguistic competence. 
It is a form of implicit memory implemented in frontal/basal ganglia circuits as 
well as in portions of the parietal cortex, superior temporal cortex, and the cer-
ebellum (Ullman, 2001). During �rst language acquisition, procedural memory 
is involved in the process of learning and executing sensory-motor and cognitive 
skills such as those involved in the articulation of the sounds of a language and in 
syntax. Declarative (or explicit) memory is implemented in bilateral medial and 
temporo-parietal structures, including the hippocampal region and the parahip-
pocampal cortex (Ullman, 2001). It is implicated in conscious learning of facts 
and events and consists of at least two subtypes: semantic and episodic memory. 
Semantic memory is the system storing one’s encyclopedic knowledge of the world 
(e.g., knowledge about the meaning of words, as well as knowledge about histori-
cal events, geographical notions, and social facts). Episodic memory refers to one’s 
past experiences that can be consciously recalled. It is assumed that grammar 
(i.e., implicit syntactic and morphosyntactic competence) is acquired incidental-
ly through procedural memory, whereas lexical-semantic explicit knowledge is 
consciously learned and stored in declarative memory. For example, procedural 
memory is involved in the acquisition and use of implicit procedures of syntactic 
parsing (Frazier & Fodor, 1978). Moreover, once the access to a lexical item is 
granted, implicit memory procedures automatically generate the argument struc-
ture of that particular word and assign the thematic roles to the required argu-
ments (morphosyntactic processing). As to phonetics, the articulatory sequences 
necessary to produce the target phones of a language become automatized and 
are transferred to procedural memory, so that the speaker does not need to think 
about all the articulatory movements required by the process of speaking. 
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Psycholinguistic investigations assessing age-related variations 

in linguistic processing

A core feature of healthy aging is a general slowing in a variety of cognitive func-
tions (e.g., Salthouse, 1996). �e studies that investigated age-related linguistic 
di�erences have provided controversial results. According to Burke, Mackay, and 
James (2000), aging a�ects comprehension and production asymmetrically. �e 
quality of discourse production declines with age. On the contrary, text compre-
hension is basically spared by aging. Indeed, the poorer performance in discourse 
comprehension shown by older adults is o�en linked to hearing disturbances  
(Schneider, Daneman, & Murphy, 2000; Schneider, Daneman, & Pichora- Fuller, 
2002) rather than more central processes involved in the ability to derive an ap-
propriate mental model during comprehension (Radvansky, Copeland, & Zwaan, 
2003; Radvansky, Greard, Zacks, & Hasher, 1990). In this section of the chapter 
we will analyze the impact of aging at both micro- and macrolinguistic levels 
of language production. Most of the studies that focused on age- related e�ects 
on language processing have analyzed speci�c aspects of linguistic production. 
�is led to several reports about age e�ects on selective linguistic skills without 
providing a comprehensive account of the patterns of linguistic change across the 
lifespan. �is is a particularly delicate issue, as some studies have reported some 
null e�ect of age (e.g., in phonological processing), some e�ects with a sharp drop 
in performance only over 70 years of age (e.g., in the production of semantic sub-
stitutions and morpho-syntactic weakening), and some others e�ects suggesting 
a gradual decrease in performance across age-groups (e.g., Marini et al., 2005). 

Age-related e�ects on microlinguistic aspects of message production 

Studies reporting age-related e�ects on selective aspects of microlinguistic pro-
cessing have o�en yielded controversial results. For example, some of these re-
ported declines in older adults in lexical retrieval (Au et al., 1995; Bowles & Poon, 
1985; Nicholas, Obler, Albert, & Goodglass, 1985; see also Chapter 8 for language 
changes in oldest-old) and in syntactic complexity (Shadden, 1997), whereas oth-
ers failed to detect any age-related di�erence between younger and older adults in 
these abilities (e.g., Lyketsos, Chen, & Anthony, 1999). We will now discuss more 
deeply the e�ects of aging on lexical and grammatical processing, respectively. 
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Age-related e�ects on lexical processing 

A positive aspect associated with aging is that the mental lexicon keeps on grow-
ing and that there is little loss of word knowledge with the exception of the oldest 
individuals (Verhaegen, 2003). Older adults have larger vocabularies than young-
er ones (Rastle & Burke, 1996; Schroeder & Salthouse, 2004; �ornton & Light, 
2006) even if this lexical knowledge begins to slowly decline in people in their 80s 
and 90s (Lindenberger & Baltes, 1997). 

Older people o�en experience word-�nding di�culties (Albert et al., 2009; 
Connor et al., 2004; Gri�n & Spieler, 2006). Such problems have been detected 
in studies using di�erent paradigms. For example, one line of evidence of this 
reduction in the ability to retrieve words from the mental lexicon derives from 
the observation that older persons achieve lower scores on tests assessing rapid 
naming skills (e.g., the Boston Naming Test [Kaplan et al., 1983] or verbal �uen-
cy tasks) (Goral, Spiro, Albert, Obler, & Connor, 2007; MacKay, Connor, Albert, 
& Obler, 2002). However, not all studies that employed naming tasks to assess 
age-related changes in lexical retrieval have found deteriorated naming skills in 
older adults (for a critical review see Goulet, Ska, & Kahn, 1994). Several factors 
might have a�ected the results of these experiments, including the selection of 
highly familiar items, the inclusion of few naming trials and of heterogeneous 
age-groups with younger participants ranging from 18 to 65 and older ones from 
59 to 85 years old (see also Verhaegen & Poncelet, 2012). �ose studies that as-
sessed naming performance in healthy adult participants of di�erent ages showed 
a mild decrease in participants in their 50s (e.g., Connor et al., 2004) and a more 
important decline over the age of 70 (Feyereisen, 1997). Verhaegen and Poncelet 
(2012) showed that, with respect to younger participants, those in their 50s had 
increased naming latencies, whereas adults in their 60s and 70s had decreased 
accuracy and increased latency scores. Interestingly, these �ndings are further 
corroborated by other studies that showed reduced speech rates in the elderly 
(e.g., Duchin & Mysak, 1987; Fozo & Watson, 1998). 

A second source of information about age-related weakening in lexical retriev-
al comes from those studies that analyzed Tip-of-the-Tongue states (TOT; Brown 
& McNeill, 1966; for comprehensive review of TOT see also Chapter 2). �ese 
are characterized by a selective inability to produce a word stored in the mental 
lexicon also when speakers have access to word-related grammatical information 
(e.g., Badecker, Miozzo, & Zanuttini, 1995; Vigliocco, Garrett, & Antonini, 1997) 
and even to some residual phonological and syllabic information (Brown, 1991). 
�erefore, from a cognitive point of view, TOT states seem to re�ect a temporary 
disturbance in the process of phonological access rather than a disturbance in the 
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process of lexical selection (James & Burke, 2000). TOT frequency, especially for 
proper names, increases with age (e.g., James & Burke, 2000; James, 2004). 

Overall, then, studies assessing naming skills and TOT states in healthy aging 
show that the ability to retrieve words from memory weakens a�er the age of 50 
but signi�cantly deteriorates in people in their 70s. Furthermore, they suggest 
that this pattern does not re�ect a deterioration in lexical knowledge. It does not 
re�ect a deterioration of lexical selection skills either. Rather, it seems plausible 
that older people experience a problem in the retrieval of speci�c bits of lexical 
information: not grammatical but phonological in nature. A few major hypoth-
eses have been formulated to explain these �ndings. According to one of these 
hypotheses, some language processes become less e�cient with aging because of 
a more general cognitive slowing (Salthouse, 1996) that might a�ect the cognitive 
processes involved in lexical retrieval. Alternatively, these problems might be the 
consequence of reduced working memory skills (Carpenter et al., 1994) or in the 
ability to inhibit the activation of irrelevant lexical nodes (Zacks & Hasher, 1997). 
A �nal possibility is that age-related changes in lexical retrieval stems from weak-
ened connections among lexical-semantic and phonological representations in 
the mental lexicon that might eventually lead to more lexical retrieval di�culties 
in the elderly (Transmission De�cit Hypothesis – e.g., Burke & Sha�o, 2004). 

A �nal consideration relates to the need for ecological tests to assess lexical 
skills. Schmitter-Edgecombe et al. (2000) compared word-�nding skills in three 
groups of adults. �ey administered the Boston Naming Test and a spontaneous 
discourse production test. Interestingly, the group of older adults (aged 73–95 
years old) produced more errors than younger participants in the latter task. In 
the picture naming task, however, they were surprisingly more accurate than 
younger controls. �ese �ndings have important theoretical and clinical impli-
cations, indicating that a test of spontaneous discourse production may prove 
more informative about the actual linguistic di�culties experienced by a given 
individual. �erefore, “clinicians should consider stimuli type when measuring 
discourse ability” (Capilouto et al., 2005, p. 431). 

Age-related e�ects on grammatical processing

Investigations focusing on the syntactic level of message production have shown 
that grammatical skills also decline gradually with age (Kemper et al., 2001). For 
example, when compared to younger subjects, older adults tend to produce fewer 
complex sentences (e.g., Kemper & Anagnopoulos, 1989; Shadden, 1997), have 
more di�culties in the retrieval of pronouns and closed-class words (Heller & 
Dobbs, 1993) and in the generation of subject-verb agreement links between 
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words (�ornton et al., 2004). Interestingly, the grammatical di�culties observed 
in persons in their 70s apparently correlate with scores obtained on tasks assess-
ing the functionality of working memory such as the digit span test (Kemper & 
Sumner, 2001). �is suggests that the age-related weakening of their grammatical 
skills might be (partly) related to a more general cognitive decline a�ecting short-
term and working memory. Kemper et al. (2004) compared the ability to generate 
complex sentences in a group of thirty-four young adults aged 18 to 28 years and 
one of thirty-nine older ones aged 70 to 80 years. �e participants were instructed 
to produce, as fast as they could, sentences using previously memorized sentence 
fragments formed by three words. Overall, older adults produced less complex 
sentences than young adults. Interestingly, the performance of younger adults was 
a�ected by the complexity of the syntactic manipulation whereas that of the older 
ones was not. According to the authors, processing limitations including reduced 
working memory might impose a “ceiling” on older adults’ performance, not al-
lowing them to retain the information necessary for further processing. 

�e possibility of an age-induced morpho-syntactic and grammatical weak-
ening is further supported by the results from studies using more ecological 
tasks. For example, in a study where the picture descriptions of healthy adults 
of di�erent age-ranges were analyzed, Marini et al. (2005) reported weakened 
morphological processing (in terms of the production of paragrammatic errors) 
and lower levels of syntactic complexity in a group of participants in their 70s. 
Interestingly, however, Glosser and Deser (1992) did not �nd any signi�cant age- 
related di�erence between middle-aged and older individuals on microlinguistic 
measures, neither for syntactic complexity, nor for lexical production errors. �is 
discrepancy might depend on the use of di�erent tasks to elicit the linguistic pro-
duction. Glosser and Deser’s analysis was based on informal interviews, whereas 
the method of speech elicitation in Marini et al. (2005) was a picture description 
task. In informal interviews it is more di�cult to evaluate the appropriateness of 
word choice and the completeness of syntactic structures than in picture descrip-
tion tasks. Another possible reason for these di�erences in results could be that, 
in contrast to English, Italian is a morphologically rich language with require-
ments for gender and number agreement on nouns, adjectives, verbs and even 
prepositions within and across utterances. As morphological agreement becomes 
harder to maintain, speakers would start to make more errors and might also tend 
to produce less complex sentences in order to avoid ungrammaticality. Overall, 
these �ndings highlight the importance of conducting studies in languages with 
di�erent typological structures but also rea�rm the need for using highly ecolog-
ical and reliable methods for eliciting speech samples to assess speci�c age-related 
changes in language production. 
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Age-related e�ects on macrolinguistic aspects of message production 

Age-related changes have been reported also for macrolinguistic aspects of lin-
guistic processing. As noted earlier, discourse production is a complex procedure, 
which relies on several cognitive functions (e.g., working and long-term memo-
ry, attention, executive functions). Interestingly, the investigations focusing on 
age-related di�erences in these high level skills have provided a complex picture. 
Older adults have been shown to possess higher structural abilities in the con-
struction of a text. For example, their written diaries and personal narratives may 
include more embedded episodes than those produced by younger adults (e.g., 
Kemper, 1990; Pratt & Robins, 1991). However, their discourse is characterized by 
augmented verbosity (Gold & Arbuckle, 1995), decreased levels of cohesiveness 
and of both local and global coherence (e.g., Marini et al., 2005). Cohesiveness 
re�ects the structural connectivity across contiguous utterances, whereas local 
coherence is related to their conceptual connectivity. Cohesive errors might in-
clude the misuse of cohesive ties such as anaphoric pronouns, errors in num-
ber and gender agreement between pronouns or noun phrases across utterances, 
misuse of either cohesive function words or semantically related content words, 
and abrupt interruptions of utterances. Similarly, problems with local coherence 
might induce speakers to produce words with ambiguous referents or interrupt 
the �ow of concepts in a discourse or conversation by leaving some topics incom-
plete while introducing new pieces of information. �is ability has been found 
weakened in the elderly (Juncos-Rabadán et al. 2005; Ulatowska et al. 1986). More 
speci�cally, Marini et al. (2005) reported a sharp decrease in the ability to coher-
ently link individual utterances in individuals older than 75. �ese individuals 
produced a signi�cantly higher rate of local coherence errors than the younger 
adults in terms of more missing or ambiguous referents and topic shi�s which 
undermined the levels of local coherence of their picture descriptions. �e ab-
sence of signi�cant di�erences between the oldest group’s performance and that 
of the middle-aged and the young elderly suggests that the production of local 
coherence errors is a gradual side-e�ect of aging, which is likely to start already 
in the middle-aged group. 

Aging weakens global coherence as well. Global coherence refers to the ability 
to semantically relate remote utterances in the framework of a given discourse 
or written text. Consequently, errors of global coherence might include the pro-
duction of tangential utterances, utterances conceptually incongruent with the 
story, or simply �llers. Indeed, when older adults are involved in spontaneous 
conversation, they produce more o�-topic speech than younger adults (Arbuckle 
& Gold, 1993; James et al., 1998; Trunk & Abrams, 2009; Wills et al., 2012): they 
may initially provide relevant pieces of information but then introduce additional 
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information that can be loosely related or even entirely unrelated to the main top-
ic of the conversation and/or discourse. For all these reasons, the speech output of 
older people is o�en perceived as vague and incoherent. 

As already seen for lexical and grammatical processing, the narrative di�cul-
ties observed in the elderly might not depend on a linguistic disturbance per se. 
Indeed, according to the inhibition de�cit hypothesis (Hasher & Zacks, 1988) older 
adults might be less able to suppress irrelevant pieces of information than young-
er ones because of a decline in their ability to monitor the process of message pro-
duction. �is might eventually trigger the introduction of extraneous comments 
and derailments while generating a story (�ornton et al., 2004). Important com-
ponents of the ability to inhibit irrelevant information are selective and shi�ing 
attention (Drag & Bieliauskas, 2010; Wager, Jonides, & Reading, 2004). For this 
reason, some studies have investigated the potential interconnections between 
declines in attention and augmented o�-topic verbosity in narrative production 
tasks (Arbuckle & Gold, 1993; James et al., 1998; Trunk & Abrams, 2009; Wills 
et al., 2012). Arbuckle and Gold (1993) analyzed attentional skills and o�-topic 
verbosity in the biographical recounts produced by a large sample of 196 adults 
aged 61 to 90. Attentional measures included a test tapping shi�ing attention 
(Trail-Making Test) and one measuring inhibition and perseveration (Wisconsin 
Card-Sorting Test, WCST). In this study, age had a signi�cant impact on both at-
tention skills and production of o�-topic speech. Furthermore, the performance 
on the WCST predicted participants’ o�-topic verbosity; this �nding clearly sup-
ports the inhibition de�cit hypothesis. In a second study, James et al. (1998) asked 
20 younger and 20 older adults to recount personal events and perform a pic-
ture description task. �e older group produced more o�-topic speech only when 
producing personal narratives but not while performing the picture description 
task. As autobiographical recounts might trigger the activation of several irrele-
vant topics that a well-functioning cognitive system should inhibit in the phase of 
message planning, the authors considered this result as an indirect support to the 
inhibition de�cit hypothesis. 

In a pilot study, Wills et al. (2012) administered to �ve small groups of healthy 
adults ranging from 40 to 80 years of age (six participants per cohort) a series of 
tasks assessing attention (the Comprehensive Trail-Making Test and the STROOP 
Color and Word Test) and a series of discourse production tasks eliciting recounts 
of personal events. In this study, the age groups di�ered in the measures of atten-
tion. On the other side, no age-related di�erences were found in the production 
of o�-topic speech and the measures of attention and o�-topic verbosity were not 
correlated. However, this is just a pilot study and the results are based on cohorts 
of participants that are too small to draw �rm conclusions. �erefore, it seems 
plausible that the increased macrolinguistic di�culties are at least partially related 
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to a more general cognitive decline induced by aging. Healthy aging does not a�ect 
all individuals in the same way. With age, the inter-individual variability increases 
signi�cantly. �is means that, in theory, a speci�c ability might be preserved in 
one person but weakened in another. For example, Obler et al. (1994) reported 
a marked increase in variability with age in narrative length. Similarly, in Marini 
et al. (2005) the group of participants in their late70s–mid80s showed a relevant 
intra-group variation in almost all measures assessing microlinguistic, macrolin-
guistic, and informative aspects of discourse production. However, this variability 
was signi�cantly lower in the levels of syntactic complexity, in the degree of global 
coherence, and in a measure of thematic informativeness. �is suggests that the 
ability to build syntactically well-formed sentences, organize a narrative discourse 
following rules of global coherence, and extract the expected concepts from the sto-
ry were consistently a�ected in the group of individuals in their mid70s–early80s.

E�ects of aging on the neural networks subserving the process  

of linguistic production 

As we have seen in the former paragraphs, language is a complex cognitive func-
tion prone to changes along the lifespan. Importantly, such changes are selective 
and subject to high inter-individual variability. Some abilities (e.g., articulatory 
skills) appear to be less a�ected by the process of aging than others (e.g., lexical 
selection and/or access) but not in all individuals or at the same rate. A good way 
to enhance our understanding of the mechanisms involved in linguistic deteri-
oration during aging stems from the analysis the neural correlates of message 
production in the elderly. 

Initially, the way to study the cerebral organization of language had been the 
observation of patients with speci�c lesions resulting in selective linguistic distur-
bances. �is neuropsychological approach allowed scholars to identify in the le� 
hemisphere a number of cortical areas potentially involved in lexical processing 
(e.g., Geschwind, 1970). Over the past 20 years, the development and massive use 
of functional neuroimaging techniques (e.g., Positron- Emission Tomography, 
PET; Functional Magnetic Resonance Imaging, fMRI; Near-Infrared Spectros-
copy, NIRS; Di�usion Tensor Imaging tractography, DTI) has dramatically ad-
vanced our knowledge about the neural underpinnings of language processing in 
healthy individuals (e.g., Catani et al., 2012; Marini & Urgesi, 2012; Vigneau et al., 
2006). Overall, these studies have suggested the possibility to pinpoint the neural 
networks recruited during the di�erent phases of message production outlined in 
paragraph 2 (e.g., Indefrey & Levelt, 2000; 2004; Indefrey, 2011). 
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During the pre-linguistic conceptual phase, where the speaker needs to con-
ceptualize the preverbal message and eventually extract the corresponding lexical 
concepts, vast areas in bilateral frontal lobes, deeply interconnected via inter- and 
intra- hemispheric pathways, are recruited. �ese include neural networks linked 
to the generation of the motivation to speak (i.e., anterior cingulate cortex – 
Brodmann’s area [BA] 24; orbitofrontal cortex – BAs 47 and 11; supplementary 
motor area – BA 6), and those in areas linked to executive abilities such as those 
involved in planning, monitoring and inhibiting (i.e., the dorso-lateral prefron-
tal cortex – BAs 8, 9, 45, 46; Fletcher et al., 1995). �is suggests that the frontal 
lobes, particularly prone to age- induced functional and structural modi�cations  
(Cabeza et al., 2002; Grady et al. 2003), play a key role in this �rst stage of message 
production. Indeed, altered patterns of activation and reduced inter-hemispheric 
asymmetry for older people during the execution of cognitive tasks have been 
widely documented for both prefrontal and anterior cingulate cortex (Grady & 
Craik, 2000; Madden et al., 1999; Park et al., 2003; Sharp et al., 2006). Two studies, 
in particular, showed in older participants reduced patterns of activation in the 
le� prefrontal cortex on a task of episodic memory encoding (Cabeza et al., 1997) 
and in the le� inferior frontal gyrus on a task assessing the self-initiated encoding 
of words (Logan et al., 2002). As these two abilities are obviously linked to the 
phases of message generation and lexical selection, the mentioned studies provide 
indirect support to the possibility that the reduced functionality of the frontal 
lobes of elder individuals might exert a signi�cant impact on their message pro-
duction skills. Furthermore, as both anterior cingulate and dorsolateral prefrontal 
cortices play a role in cognitive control, these alterations are likely linked to the 
di�culty that most elder people experience when they need to plan, monitor, 
inhibit a new action, schema or narrative discourse. From a linguistic point of 
view, this explains both the reduced levels of lexical appropriateness and the pro-
duction of global coherence errors observed in healthy older adults (Marini et al., 
2005) and persons with frontal lesions (e.g., persons with Traumatic Brain Inju-
ries, Marini et al., 2011b). 

�e phases of lexical selection and access require the coordination of an ar-
ticulated cohort of cortical and subcortical areas. �e selection of the appropriate 
word is linked to the activation of portions of the le� temporal lobe (temporal 
pole – BA38; posterior aspect of the inferior temporal lobe – BA37; mid-portions 
of the inferior and middle temporal gyri – BAs 21 and 20), the posterior aspect of 
le� pars opercularis (BA44), the precentral sulcus (BA 6) and the dentate nucleus 
of the right cerebellar hemisphere (Damasio et al., 1996; Fiez et al., 1996; Marini 
& Urgesi, 2012; Price & Friston, 1997). Indeed, the right cerebellar hemisphere is 
connected to the frontal lobes though a cortical-ponto-cerebellar and cerebellar- 
thalamo-cortical loop (Schmahmann & Pandya, 1997) also dedicated to lexical 
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production (Sach et al., 2004). As such, it may play a role in word search, whereas 
the prefrontal cortex seems to underlie the selection of words from among com-
peting alternatives (Marvel et al., 2004). Similarly, the phase of lexical access to 

the word’s morphosyntactic information involves the posterior aspect of le� pars 
opercularis (BA44), whereas the one of phonological encoding is implemented in 
areas in the le� auditory cortex and planum temporale together with the posterior 
aspects of the le� superior temporal gyrus (Hickok et al., 2003; Levelt et al., 1998). 
As we have seen, the increase of TOT phenomena with aging and other lexical 
di�culties suggest that the phases of lexical selection and access undergo signi�-
cant changes in many older individuals. Indeed, word retrieval di�culties in older 
people have been found associated with atrophy in neural networks implicated 
in lexical selection and access, including white matter integrity (Stamatakis et al., 
2011). In an fMRI investigation, Peelle et al. (2013) asked a group of younger 
and one of older healthy adults to judge whether two object names matched on a 
particular semantic feature. �e results showed that both groups had similar per-
formance levels but older adults were more variable. Namely, the authors could 
distinguish between a high- and a low-performing subgroup, with the former 
having the same performance as the younger group but increased overall activity 
in bilateral premotor cortex and le� lateral occipital cortex. �is suggests that 
with aging, the brain of elder people may cope with the atrophic processes by re-
shaping some of the neural connections previously employed in speci�c tasks. For 
example, the le� lateralized activity observed in prefrontal areas while perform-
ing tasks of word-retrieval has been found to occur with additional activations 
in the right prefrontal cortex in older individuals (Meinzer et al., 2009; Persson 
et al., 2004; Wierenga et al., 2008). A�er the phases of lexical selection and access 
to morphosyntactic and phonological information, the speaker gains access to the 
phases of syllabi�cation and phonetic encoding. Several studies show that these 
processes recruit a cohort of cortical and subcortical areas (le� inferior frontal 
gyrus – BA44; ventral aspect of le� precentral gyrus – BA6; mid-portion of bi-
lateral superior temporal gyri; posterior aspect of le� fusiform gyrus – BAs 21 
and 37; le� thalamus; mid-portion of right cerebellar hemisphere) (Hagoort et al., 
1999; Indefrey & Levelt, 2004). Finally, the phase of articulation is implemented 
in areas involved in articulatory planning (supplementary motor area) and con-
trol (primary motor cortex – BA4; cerebellum; le� thalamus; basal ganglia) (Price 
et al., 1999; Rieker et  al., 2005). Overall, then, the phases of phonological and 
phonetic encoding, and that of articulation recruit di�erent cortical and subcor-
tical networks. Importantly, aging apparently reshapes these neural networks as 
older individuals show additional activations in speci�c areas (e.g., ventral pre-
motor cortex, supplementary motor area, prefrontal cortex) but reduced activity 
in other regions (e.g., posterior superior temporal gyrus) (e.g., Soros et al., 2011).  
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Tremblay et al. (2013) analyzed the cortical activations in younger and older 
adults during audio-visual speech perception and production tasks. As for pro-
duction, their study showed that the wide bilateral network of motor and premo-
tor areas that are recruited for the phase of speech planning and production was 
not a�ected by age. However, other areas implicated in the same process such as 
the Supplementary Motor Area showed reduced activation in the elderly. 

�e before-mentioned aging-induced structural and functional changes in 
both grey and white matter (Davis et al., 2009; Good et al., 2001; Raz et al., 2005; 
Resnick et al., 2003; Tyler et al., 2010) are likely the result of brain plasticity in 
response to neural loss. However, as we have seen, the impact of healthy aging 
on cognitive functioning is characterized by high inter- and intra-individual var-
iability. An intriguing issue regards the reason why some older individuals still 
have good performance on tasks tapping language skills in spite of the general 
age- related atrophy that a�ects both grey and white matter. As a result of these 
neural alterations, several investigations have noticed di�erent patterns of acti-
vation between younger and older adults, with older adults showing more wide-
spread and less focused activation while processing speci�c tasks (e.g., Ghisletta 
& Lindenberger, 2003; Park et  al., 2004). It seems, then, that aging, at least in 
part, modi�es the array of neural structures employed for message production 
in healthy adults. Overall, these observations support the possibility that as neu-
ral structures decline with age other areas are recruited to preserve the function 
(Meunier et al., 2014). One possibility is that the brain implements compensatory 
mechanisms to establish new connections between preexisting neural networks 
and new ones during aging. For example, the HAROLD model (Hemispheric 
Asymmetry Reduction in Older Adults) formulated by Cabeza et al. (2002) hy-
pothesizes that aging would reduce the functional hemispheric asymmetry and 
therefore compensatory neural networks in both hemispheres would process 
most cognitive functions. For example, this compensatory mechanism has been 
observed in older adults in tasks tapping their skills of verbal working memo-
ry and inhibitory control, cognitive skills that signi�cantly a�ect the phases of 
message planning and monitoring (Cabeza et al., 2002; Ska et al., 2009). When 
it comes to language, as previously noted, some steps of the process of message 
production are assumed to be mostly le� lateralized in healthy adults (at least in 
the vast majority of le�-handers; Risse et al., 1997). However, when compared 
to younger individuals, increased bilateral activity has been observed in older 
persons with good performance on lexical (naming and verbal generation) and 
syntactic tasks (Persson et al., 2004; Obler et al., 2010; Tyler et al., 2010; Wierenga 
et al., 2008). A second type of compensatory mechanism, this time not inter- but 
intra-hemispheric, that has been hypothesized is the Posterior-Anterior Shi� in 

Aging (PASA) model (Davis et al., 2008). In the fMRI study by Davis et al. (2008) 
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a group of younger and one of older adults were scanned during episodic retrieval 
and visual perceptual tasks. �e authors reported age-related changes in brain 
activity common to both tasks that were not linked to task di�culty. 

Furthermore, the age-related increases in frontal activity were positively cor-
related with performance and negatively correlated with the age-related occipital 
decreases. �e authors hypothesized a reorganization of activation from the oc-
cipito-temporal to the frontal cortex as it is also suggested by the results from a 
preceding study by Grossman et al. (2002) who showed increased prefrontal ac-
tivity in a group of older individuals with good performance on a language com-
prehension task. Finally, a third hypothesis (labelled Cognitive Reserve; Stern, 
2009) focuses on the inter-individual di�erences found on cognitive tasks in the 
elderly and suggests that these might depend on di�erences in cognitive process-
ing and neural implementation that would allow some people to cope better than 
others with aging and/or brain lesions.

Conclusions and future directions 

�is chapter has shown the complex features of linguistic production in aging. 
It presents results from both psycholinguistic and neurolinguistic perspectives. 
Indeed, di�erent hypotheses tried to explain changes in the linguistic processing 
of older adults. From a psycholinguistic point of view, several investigations fo-
cused on the hypothesis of a general slowing in a variety of cognitive functions 
in healthy aging. For instance, studies focusing on lexical retrieval skills revealed 
that there is a positive aspect associated with aging: the mental lexicon keeps on 
growing with age. However, older people o�en go through word �nding di�-
culties. �is may be associated with (1) a general cognitive slowing, (2) reduced 
working memory skills, or (3) a problem in the retrieval of speci�c lexical in-
formation. Also, according to another hypothesis, connections among lexical-se-
mantic and phonological representations in the mental lexicon might get weaker 
with age. A general increasing of grammatical di�culties also characterizes the 
linguistic production of older adults. �is aspect as well may be associated with 
a general cognitive decline, a�ecting in particular short-term and working mem-
ory. �e macrolinguistic dimension of linguistic production in older adults pre-
sents decreased levels of cohesiveness and both local and global coherence that, 
as for microlinguistic patterns, might not be simply due to a linguistic weakening 
but to a more general cognitive slowing. In particular, di�culties on narrative or-
ganization may be associated to the inhibition de�cit hypothesis (Hasher & Zacks, 
1988), revealing a minor ability for older adults to inhibit irrelevant information. 
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From a neurolinguistic point of view, several studies tried to support the hypoth-
esis of neural changes in older adults’ brains. �ey revealed reduced activation in 
areas involved in message production and lexical retrieval (Cabeza et al., 1997; 
Logan et al., 2002) and a general atrophy in neural networks implicated in lexical 
access (Stamatakis et al., 2011). Furthermore, some hypotheses have been formu-
lated to interpret such �ndings (e.g., the HAROLD model, the PASA model and 
the Cognitive Reserve hypothesis). According to these hypotheses, the brain goes 
through major changes with aging. However, it also copes with these changes 
by reorganizing its neural connections and this has consequences on cognitive 
processing. 

To summarize, older adults’ linguistic production is in�uenced by a general 
cognitive decline as well as by physiological neural changes as a response to brain 
atrophy. It is important to take into account the typology of tasks used to elic-
it language production. In fact, sometimes results can be controversial because 
experiments are based on di�erent administrations, aiming at assessing di�erent 
features. In general, the use of ecological tests (such as procedures of discourse 
analysis) is desirable. Findings coming from neural investigations con�rm the 
important role of neuroimaging techniques, which nowadays are fundamental for 
both research and clinical practice. However, further investigations are needed to 
deepen our understanding of the neural underpinnings and the cognitive charac-
teristics of language production in the elderly. 
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