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ARTICLE INFO ABSTRACT

Keywords: Aging is marked by physiological changes that significantly affect discourse production skills.
Healthy aging Cognitive reserve (CR), the brain's ability to adapt and cope with age-related changes, was
Discourse

examined in relation to narrative discourse production in 105 healthy adults aged 61-84. Verbal
working memory, sustained attention, and inhibitory control were also assessed. CR was selec-
tively associated with multiple cognitive and discourse measures, particularly those related to
executive functioning, lexical accuracy, coherence, and informativeness. Based on CR level,
participants were divided in three groups balanced for age and gender: 35 high CR, 35 moderate
CR, and 35 medium CR. Participants with high CR consistently outperformed those with mod-
erate and medium CR who did not differ from each other, indicating a non-linear pattern of CR
effects. The differential contributions of education, working activity, and leisure activities to
cognitive and discourse performance are also examined.

Cognition
Cognitive reserve

1. Introduction

The global population is aging rapidly (Medici, 2021; WHO, 2020). Aging is marked by physiological changes that significantly
alter brain organization, ultimately leading to cellular atrophy in later life (Crivello et al., 2014; Vickery et al., 2024). It also involves
progressive modifications in cognitive processing over time (Merlini et al., 2025; Salthouse, 2019). Recent evidence suggests that some
changes follow a linear trajectory, while others are nonlinear, exhibiting periods of relative stability followed by accelerated decline at
specific time points (Shen et al., 2024).

A crucial aspect to monitor is the potential influence of lifetime experiences on aging. In this regard, the concept of reserve has
recently garnered significant attention. According to the Cognitive Reserve (CR) Theory (Stern, 2002; Stern et al., 2020), CR refers to
an individual's resources that help protect against cognitive decline due to healthy aging, acquired brain lesions, or neurodegenerative
diseases (Roberts et al., 2017). In the present study, CR is conceptualized primarily in functional terms, that is, as the capacity to
flexibly recruit, adapt, and reorganize cognitive processes in response to age-related neural changes, rather than as a proxy of
structural brain capacity. Specifically, it is hypothesized that individuals with greater CR can better compensate for neuronal
degeneration, as their life experiences have strengthened the neural networks supporting those cognitive functions that decline with

* Corresponding author.
E-mail address: andrea.marini@uniud.it (A. Marini).

https://doi.org/10.1016/j.jneuroling.2026.101315

Received 6 October 2025; Received in revised form 21 January 2026; Accepted 6 February 2026

Available online 16 February 2026

0911-6044/© 2026 The Authors. Published by Elsevier Ltd. This is an open access article under the CC BY license
(http://creativecommons.org/licenses/by/4.0/).


https://orcid.org/0000-0002-6058-3864
https://orcid.org/0000-0002-6058-3864
mailto:andrea.marini@uniud.it
www.sciencedirect.com/science/journal/09116044
https://www.elsevier.com/locate/jneuroling
https://doi.org/10.1016/j.jneuroling.2026.101315
https://doi.org/10.1016/j.jneuroling.2026.101315
http://creativecommons.org/licenses/by/4.0/

A. Marini et al. Journal of Neurolinguistics 78 (2026) 101315

aging (Montemurro et al., 2019; Roe et al., 2007). While closely related, cognitive reserve is conceptually distinct from brain reserve:
the latter refers to structural characteristics of the brain (e.g., brain volume), whereas cognitive reserve emphasizes functional and
compensatory mechanisms that allow individuals to maintain performance despite neural decline (Stern, 2017). The present study is
concerned specifically with this functional dimension. From a functional point of view, it has been hypothesized that, through new
learning and cognitive training, the brain adapts and reorganizes, enhancing its ability to create scaffolds and form new neural
pathways to compensate for age-related decline (Scaffolding Theory of Aging; Borella et al., 2010; Park & Reuter-Lorenz, 2009).

CR is a dynamic concept, shaped by a complex interplay between genetic factors and lifetime experiences that jointly contribute to
its development, shaping interindividual differences across the lifespan (Kelly et al., 2017; Pettigrew & Soldan, 2019). For this reason,
CR cannot be assessed directly, and current research has focused on proxies that may serve as indirect measures. Some of the most used
sociobehavioral indices include years of education (Sharp & Gatz, 2011; Stern et al., 1994), work experience (considering both
duration and career achievements or professional status (Karp et al., 2009; Kroger et al., 2008; Rusmaully et al., 2017)), and
engagement in leisure activities (Fancourt et al., 2018). However, due to its dynamic nature and susceptibility to various exposures
during the lifespan, relying on a single measure of CR can be misleading. It is advisable to use multiple measures jointly to obtain a
more accurate quantification of an individual's CR (Stern et al., 2020). To address these limitations in the assessment of CR, Nucci and
colleagues (Nucci et al., 2012) developed the Cognitive Reserve Index questionnaire (CRIq), which is divided into four sections: a
preliminary section collecting basic demographic information (e.g., age, gender, marital status) and three specific sections focusing on
education (i.e., years of formal education plus any additional training courses completed throughout life), work experience and
professional achievements, and leisure activities (categorized into weekly, monthly, annual, and repetitive activities, covering a broad
range of cognitively, socially, and physically engaging behaviors). For each specific section, a subscore can be derived: CRI_Education,
CRI_Working Activity, and CRI_Leisure Activities. These are ultimately combined to generate a comprehensive Cognitive Reserve Index
(CRI). Originally developed in Italian, the CRIq has been validated across multiple languages and contexts (Cebi & Kulce, 2022; Farran
& Darwish, 2023; Maiovis et al., 2016) and has proven reliable in adults with brain injuries or neurodegenerative diseases (Bertoni
etal., 2022; Garba et al., 2020). As with all proxy-based measures, the CRIq does not capture reserve directly but provides an indirect
estimate based on lifetime experiences, which may differentially contribute to functional compensation across individuals.

Given its undeniable importance in maintaining an adequate quality of life, verbal communication is one of the most essential
cognitive skills to preserve during healthy aging. A crucial issue regards the ability to produce samples of narrative discourse, which is
needed to convey stories, experiences, memories, and plays a major role in conversations. Narrative discourse constitutes a goal-
oriented and context-sensitive form of communication, requiring the integration of linguistic, cognitive, and pragmatic processes to
convey information effectively in everyday interactions. For this reason, it represents an ecologically valid proxy of real-life
communicative functioning. Growing evidence suggests that this ability significantly declines in healthy aging (Marini, 2022; Mar-
ini & Andreetta, 2016; Marini et al., 2025; Petriglia et al., 2025). For example, Marini et al. (2025) showed that during discourse
production microlinguistic skills (involved in lexical selection and grammatical structuring) decline gradually from midlife onward,
whereas macrolinguistic abilities (including coherence and informativeness) remain relatively stable until a marked deterioration after
age 75. Of note, among older individuals the interindividual variability is significantly higher than among younger adults (Hivliu et al.,
2025; Juncos-Rabadan et al., 2005; Marini et al., 2005). This suggests that the interplay between those cognitive mechanisms that
support discourse production (e.g., working memory, attention, inhibitory control, and theory of mind) and linguistic processing skills
may be affected by different levels of CR.

To date the effect exerted by CR on discourse production skills in older individuals is still largely unexplored. The few studies
focusing on such effects on healthy aging have mainly considered CR effects on lexical selection. Oosterhuis et al. (2023) investigated
the relationship between CR and word-finding difficulties, which is one of the most prominent problems frequently observed in older
adults (Burke & Shafto, 2004). Ninety participants were divided in young adults aged 18 to 30 years, middle-aged participants aged
40-55 years, and older adults aged 65-80 years. On a picture naming task older participants scored lower than middle-aged and young
adults. Higher CR in middle-aged participants predicted greater accuracy in naming and suggested that high levels of CR may be
beneficial not only in old age but also in midlife. Indirect evidence about the potential effects of CR comes also from few studies
focusing on language abilities on patients with neurodegenerative diseases. For example, Montemurro et al. (2019) showed that
measures of CR were associated with pragmatic comprehension abilities in patients with Parkinson's Disease. To the best of our
knowledge, no studies have yet explicitly assessed how narrative discourse production is influenced by CR in healthy aging. This study
aims to address this gap by examining the impact of CR on narrative discourse production in healthy older adults.

Recent evidence suggests that during aging linguistic production weakenings parallel declines in cognitive skills necessary for
producing structurally adequate and informative narrative discourse (Hilviu et al., 2025; Marini et al., 2025). We aimed to assess
whether age-related declines in discourse production, as well as related cognitive skills, are influenced by CR. Importantly, although
age-related changes provide the theoretical background for this work, the present study did not aim to model age effects directly.
Rather, it examined how CR explains interindividual differences in cognitive and discourse performance among older adults of
comparable age. To answer this first research question, we assessed the cognitive skills and narrative speech samples of 105
Italian-speaking healthy adults aged 61 to 84 years. All participants completed the CRIq (Nucci et al., 2012). We hypothesized that the
Cognitive Reserve Index would significantly predict variance in all cognitive variables that contribute to efficiently produce a narrative
discourse (i.e., the passive and active components of phonological working memory, sustained attention, and inhibitory control;
Hypothesis 1). We also predicted that the CRI would significantly affect variance in all those linguistic production skills that are prone
to decline with healthy aging (i.e., fluency, phonological, semantic and grammatical accuracy, discourse organization, and ability to
produce informative speech samples; Hypothesis 2). Based on these predictions, participants were recruited and divided into groups
with high, moderate, and medium CR. These groupings were adopted for analytical purposes and do not imply categorical distinctions,
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as both aging and CR are conceived as continuous dimensions. We further hypothesized that persons with high CR would outperform
those with moderate CR, who, in turn, would perform better than those with average CR. We expected a graded advantage associated
with higher levels of CR to be evident across all skills known to decline with aging and assessed in this study (Hypothesis 3).

The second research question investigated whether different types of CR related to education levels, working activity and
achievements, and leisure activities predict discourse production in healthy aging. We hypothesized that all three types of CRI would
significantly affect discourse abilities (Hypothesis 4).

2. Methods
2.1. Participants

105 Italian-speaking healthy adults were included in the study (for a thorough description of the demographic, cognitive, and
narrative characteristics of the whole sample please refer to Supplementary Tables S1, S2, §3, and S4). These participants were part of a
larger cohort of healthy adult individuals recruited for a project aimed at standardizing the multilevel procedure of discourse analysis.
Although cognitive reserve is conceptualized as a dynamic and continuous construct, participants were grouped according to CRIq
(Nucci et al., 2012) thresholds to facilitate the examination of interindividual variability in cognitive and discourse measures. This
group-based approach was adopted as an analytical strategy rather than to imply discrete categories of reserve, allowing for clearer
comparison of performance patterns across different levels of CR. Specifically, they were divided into three groups with different levels
of Cognitive Reserve Index (CRI).

Participants with a CRI>131 were included in the group with high CR, those ranging from 116 to 130 formed the cohort with
moderate (defined as “medium-high” in Nucci et al., 2012) CR, and those between 85 and 115 were considered with medium (or
average) CR. The group with high CR included 35 participants (mean age: 70 years [range: 61-84 years]; Females: 63%; right
handedness: 40%). The cohort with moderate CR was formed by 35 adults (mean age: 72 years [range: 61-82 years]; Females: 49%;
right handedness: 34%). The group with medium CR consisted of 35 individuals (mean age: 73 years [range: 61-82 years]; Females:
71%; right handedness: 46%).

Inclusion criteria were the absence of neurological or neuropsychiatric diseases, as well as above the cutoff performance on the
Italian version of the Montreal Cognitive Assessment (MoCA; Conti et al., 2015) and the short version of the Token test (De Renzi &
Vignolo, 1962). The three groups did not differ in age (F(2, 102) = 2.855, p = .062, nz =.053).

A Welch's ANOVA was conducted to compare the CRI across the three groups because Levene's test indicated a violation of ho-
mogeneity of variances (p < .001). The results showed a significant difference between groups (F(2, 59.485) = 194.777, pwelch < -001;
partial n? = .832). Post-hoc Games-Howell tests revealed that all groups differed from each other (all ps < .001). Significant differences
were also observed for on each of the three subscales of the CRIq: Work activity (F(2, 102) = 37.171, p < .001, n2 = .422); Leisure
activities (F(2, 102) = 26.938, p < .001, nz =.346), and continuous Education (F(2, 102) = 49.229, p < .001, 1]2 =.491). Tukey's post-
hoc analyses confirmed that the three groups were different from each other on all subscales of cognitive reserve (all ps < .001 but for
leisure activities where the contrast between participants with high CR and those with moderate CR was p < .007). Regarding their
years of schooling, the participants with high CR had more years of education (M = 16.37, SD = 2.87) than those with moderate CR (M
=12.31, SD = 2.91) who had more years than adults with medium CR (M = 8.57, SD = 2.79).

The three groups did not differ in gender distribution with a large effect size measured as Cramérs V [X%(2, N = 105) = 3.921, p=
.141, Cramérs V = .193]. The three groups produced a similar total number of words (F(2, 102) = 1.038, p = .358, nz =.020) (See
Table 1).

This study was not preregistered. The Ethical Committee of the University of Udine approved the study (Protocol CGPER-2024-02-
27-01). All research was conducted in accordance with relevant guidelines and regulations, in compliance with the Declaration of
Helsinki. All participants signed an informed consent form and provided written permission to participate in this study.

Table 1

General information about the three participant groups. Data are presented as means with standard deviations in brackets. For gender, the number of
females in each group is reported along with the corresponding percentage in brackets. The Asterisk (*) indicates significant group differences. The
last column reports the results of post-hoc tests where significant effects were found. Legend: CRI: Cognitive Reserve Index; CRI_Education: Education
level as measured using the Cognitive reserve index questionnaire; CRI_ Working activity: Work experience as measured using the Cognitive reserve
index questionnaire; CRI_Leisure activities: Leisure activities as measured using the Cognitive reserve index questionnaire; Mod: Moderate CR.

High CR (N = 35) Moderate CR (N = 35) Medium CR (N = 35) Post-hoc
Age 69.51 (5.60) 72.26 (7.04) 72.89 (6.11) -
Sex F = 22 (63%) F =17 (49%) F = 25 (71%) -
CRI * 145.36 (11.18) 121.73 (4.35) 100.91 (7.82) High > Mod > Medium
CRI_Education* 127.14 (13.97) 110.54 (10.54) 99.95 (9.62) High > Mod > Medium
CRI_Working activity* 127.78 (16.24) 107.74 (17.41) 93.26 (16.80) High > Mod > Medium
CRI_Leisure activities* 147.33 (24.84) 130.48 (24.34) 107.86 (17.87) High > Mod > Medium
Total production of words 512.23 (230.20) 535.66 (391.04) 440.63 (204.83) -
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2.2. Cognitive assessment

The cognitive assessment targeted key components of verbal working memory, sustained attention, and inhibitory control.

To evaluate phonological working memory, both its passive and active components were assessed using the Forward and Backward
Digit Recall tasks (Monaco et al., 2013). The Forward Digit Recall task measures the phonological buffer (passive storage) by requiring
participants to repeat sequences of digits spoken by the examiner. The sequences start at 3 digits and progressively increase to 9 digits,
with each length presented twice (e.g., 7-9-2 and 6-1-8). Participants earn 1 point for each correctly repeated sequence, and their span
corresponds to the longest sequence they can correctly recall at least once. The Backward Digit Recall task evaluates the active,
“working” component of verbal working memory (Baddeley, 2012). Participants must repeat digits sequences in reverse order, with
sequence lengths ranging from 3 to 8 digits. As in the Forward Digit Recall task, each length is presented twice (e.g., 8-4-9 and 1-5-3),
and 1 point is awarded for each correct response. The span is determined by the longest sequence successfully recalled at least once.
This task specifically assesses the ability to manipulate verbal information within working memory.

Sustained attention and inhibitory control were assessed using the Trail Making Test (TMT; Giovagnoli et al., 1996), which consists
of two parts. In Part A, participants connect 25 numbered circles in ascending order (1 to 25) as quickly as possible. In Part B, the circles
contain both numbers (1 to 13) and letters (A to N), requiring participants to alternate between them in ascending order (e.g., 1-A-2-B,
etc.). The time taken to complete Part A reflects sustained attention, while Part B assesses both sustained attention and inhibitory
control. The B-A difference score is commonly used as a specific measure of inhibitory control (Arbuthnott & Frank, 2000) and was
adopted in the present study to emphasize inhibitory and set-shifting components while minimizing shared variance with basic
processing speed and sustained attention.

2.3. Assessment of narrative discourse production

The narrative assessment was based on speech samples elicited using five picture-based stimuli: two single-picture scenes (“Picnic”
by Kertesz, 1982; “Cookie Theft” by Goodglass & Kaplan, 1972) and three cartoon-picture sequences (“Flowerpot” by Huber & Gleber,
1982; “Quarrel” by Nicholas & Brookshire, 1993; “Nest Story” by Paradis & Libben, 1987). To mitigate the impact of short-term
memory limitations, participants had continuous access to the images while narrating their stories.

The stimuli were presented in a randomized order on a laptop screen facing the participant, ensuring the examiner had no visual
reference. Participants were informed that the examiner was unfamiliar with the images and were instructed to describe the scenes
clearly, avoiding ambiguity.

All narratives were audio-recorded. Speech samples were transcribed using a semi-automated system developed by one of the
authors (F.P.), which formatted the transcripts for direct integration into the database. Transcriptions were manually reviewed and
corrected, if necessary, by comparing them with the original audio recordings. The final transcripts documented story duration (in
seconds), false starts, phonological errors, and neologisms. Utterances were segmented following the four main criteria established in
Marini et al. (2011). The transcripts were then analyzed according to a multilevel framework evaluating Productivity, Lexical and
Grammatical Accuracy, and Discourse Organization (Marini et al., 2011).

Productivity was assessed by counting phonologically well-formed words, excluding false starts, phonological paraphasias, and
neologisms. This count was also used to determine Speech Rate (words per minute).

Lexical accuracy was measured through percentages of Phonological errors and Semantic errors. Phonological errors are excluded
from the count of phonologically well-formed words and include false starts, phonological paraphasias, and neologisms. False starts
occur when a speaker initiates but does not complete a word. Phonological paraphasias involve phoneme substitutions, omissions,
insertions, or inversions (e.g., *sable, *tabe, *tabiler, *battle instead of table). Neologisms are unintelligible, novel words. Of note,
participants did not produce phonological paraphasias or neologisms. Therefore, the percentage of phonological errors was replaced
by a percentage of false starts computed by dividing false starts by the total number of speech units that were not counted as
phonologically well-formed words, then multiplying by 100.

Semantic errors include both semantic and verbal paraphasias. Semantic paraphasias occur when a word is replaced with another
semantically related but incorrect word (e.g., "tree" instead of "flower"). Verbal paraphasias occur when a word is replaced with
another semantically unrelated word (e.g., "tree" instead of "chair"). The percentage of Semantic Errors was calculated by dividing the
number of these errors by the total number of words and multiplying the result by 100.

Grammatical skills were evaluated by calculating the percentage of Complete Sentences, which includes all grammatically correct
sentences, excluding those with omissions or morphological errors. This was computed by dividing the number of complete sentences
by the total number of utterances and multiplying this result by 100.

Discourse organization was assessed by calculating the percentages of Errors in Local and Global Coherence. Local coherence refers
to the logical connection between consecutive utterances. Errors occur when utterances lack referential clarity or contain abrupt,
incomplete shifts (e.g., “Children are trying to steal some .../The woman is washing the dishes™). The percentage of Local Coherence
Errors was computed by dividing these errors by the utterances and multiplying by 100. Global coherence evaluates the overall
thematic consistency of the narrative. Errors include tangential utterances that stray from the main narrative (e.g., "The tree is all
green/Now in my garden the tree has no leaves™), conceptually incongruent utterances that introduce irrelevant or contradictory
content (e.g., “The tree is all green/A plane is flying over it” in the Nest story), filler utterances that provide no new information (e.g.,
“The tree is all green/I like this tree”), and repeated utterances (e.g., “The tree is all green/It's all green™). The percentage of Errors in
Global Coherence was computed by dividing the total of such errors by the total number of utterances and multiplying by 100.

Finally, a key measure of communicative effectiveness, percentage of Lexical Informativeness, was derived by dividing the number
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of informative words by the number of words, then multiplying the result by 100. Words were deemed informative if they were free
from phonological, semantic, or morphological errors, were not fillers or repetitions, and were contextually relevant even if they were
in utterances with cohesion or local coherence issues. This metric reflects an individual's ability to use precise and contextually
appropriate words in narrative speech (Marini & Urgesi, 2012).

Discourse production measures were aggregated across the five stimuli to obtain stable estimates of participants' narrative abilities.
Indeed, Brookshire and Nicholas (1994) recommend that discourse samples consist of at least 300 words to obtain reliable analyses.
One way to address this issue is to combine multiple picture stimuli. This approach reduces stimulus-specific variability and is
consistent with previous work adopting multistimulus discourse paradigm in aging research (e.g., Bryant et al., 2016; D'Ortenzio et al.,
2025; Kong et al., 2025; Petriglia et al., 2025).

All assessments were conducted by two expert raters (F.P. and G.G.) under the supervision of A.M. Interrater reliability was
evaluated using the Kappa statistic, with a reliability threshold of k > .70 considered acceptable (Carletta, 1996). Agreement between
the two raters was almost perfect across all measures and substantial for lexical informativeness (see Marini et al., 2025).

2.4. Statistical analyses and sample size estimation

When planning this study, we aimed to assess the potential effects of cognitive reserve on cognitive and narrative skills in healthy
adults. All analyses were conducted using JASP. Although a small numerical trend toward older age was observed in the moderate and
medium CR groups, age differences did not reach statistical significance and were therefore not included as covariate in subsequent
analyses, in line with previous work showing that individuals with a mean age of 69-72 years do not differ in their cognitive or
narrative production skills (e.g., Hilviu et al., 2025; Marini et al., 2025).

To explore the first research question (i.e., the relation between Cognitive Reserve Index and cognitive and narrative measures
and potential differences in cognitive and narrative production skills in the three groups of participants), a series of multiple linear
regression analyses were preliminarily conducted with the CRI as predictor and the cognitive and linguistic measures as dependent
variables. For those variables where the CRI was a significant predictor, potential differences between the three groups of participants
were explored with ANOVAs with Group (high, moderate, and medium CR) as the independent variable and the cognitive and
narrative measures as dependent variables. Before running the ANOVAs, preliminary controls were performed. When the Levene's test
for equality of variances indicated a violation of homogeneity of variances, Welch's ANOVAs were conducted. Effect sizes were
calculated in terms of partial eta squared. When the general effect of group was significant, specific group differences were further
explored with paired comparisons using Tukey or Games-Howell tests where appropriate.

To explore the second research question (i.e., the effect potentially exerted by each of the three subscores derived by the CRIq on
the cognitive and narrative variables) a series of multiple linear regressions were performed with the three subscores (CRI_Education,
CRI_Work activity, and CRI_Leisure activites) as independent variables, and the cognitive and narrative variables of the whole group of
participants as dependent variables.

2.5. Sample size estimation

To address the first research question, for the multiple linear regression analyses we followed the recommendations by Stevens
(1996) who suggests that 15 subjects per predictor are needed for a reliable equation. Even using the more stringent methodology by
Tabachnick and Fidell (2001) who suggest using formula N > 50 + 8m (where m = number of independent variables), the minimum
number of participants should be 58. Given that the study included 105 participants, the sample size requirements were met and even
exceeded for this preliminary exploration. To further assess the potential impact of CRI on cognitive and narrative skills, an a priori
power analysis using G*Power 3.1 software (Faul et al., 2009) was conducted. In this regard, previous research on narrative skills on a
large cohort of healthy adults aged 20 through 89 (Marini et al., 2025) reported effect sizes for age-related group differences, ranging
from .135 to .572 (Cohen's F) for the age ranges considered in the present study. Therefore, the power analysis was performed with 3
groups, assuming an average effect size of .354 and an alpha level of .05. The estimated sample size to achieve a statistical power of
>.90 was 105 participants.

To explore the second research question, following the recommendations by Stevens (1996), as we expected to have three in-
dependent variables, the required minimum number of participants was 45 participants. Even using the more stringent methodology
by Tabachnick and Fidell (2001) the minimum number of participants should have been 74. Given that the study included 105
participants, the sample size requirements were met and even exceeded also to explore the second research question.

3. Results
3.1. Preliminary inspection of the impact of CR on cognitive and narrative variables

Linear regression analyses were preliminarily conducted with CRI as predictor and the cognitive and narrative measures as
dependent variables. Alpha level was adjusted were appropriate using Bonferroni corrections for multiple comparisons: .025 (.05/2
variables) for measures assessing phonological working memory (Forward and Backward Digit Recall), sustained attention and
inhibitory control (TMT_A and TMT _B-A), productivity (Words_Mean and Speech rate), lexical accuracy (% False starts and % Semantic
errors), and discourse organization (% Local coherence errors and % Global coherence errors). For % Complete sentences and %
Lexical Informativeness alpha level was set at p < .05.
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The regression model was not significant for Forward Digit Recall (F(1, 104) = 2.557, p = .113; R? = .024), which assesses the
passive component of the phonological buffer. However, it was significant for Backward Digit Recall (F(1, 104) = 6.795, p < .010; R?
=.062), assessing its active component, with CR explaining 6.2% of total variance. CR significantly predicted also 6.1% of the variance
in TMT_A (F(1, 104) = 6.676, p < .011; R? = .061) and 7.2% of that observed in TMT_B-A (F(1, 104) = 7.986, p < .006; R? =.072)
assessing sustained attention and inhibitory control, respectively.

Considering productivity, the model was not significant for Words_Mean (F(1, 104) = 2.381, p =.126; R?Z = .023) and Speech rate
(F(1,100) =1.963,p =.164; R%=.019). However, CR significantly predicted 7.6 % the variance in % False starts (F(1, 103) = 8.425, p
<.005; R? =.076) and 6.2% in % Semantic errors (F(1,104) =6.791, p < .001; R? =.062). The model assessing the influence of CR on
the % of Complete Sentences was not significant (F(1, 104) = 3.276, p = .073; R2 = .031). CR significantly predicted 5.4 % of total
variance in % Local coherence errors (F(1, 104) = 5.931, p < .017; R? = .054) and 8% in % Global coherence errors (F(1,104) =8.987,
p < .003; R? = .080). Finally, CR predicted 6.1% of variance in % Lexical informativeness (F(1, 104) = 6.737, p < .011; R? = .061).

Notably, CRI was not associated with forward digit recall, productivity measures (mean words and speech rate), or grammatical
accuracy (% complete sentences), suggesting that CR effects were selective rather than uniform across cognitive and linguistic
domains.

3.2. Cognitive skill differences associated with CRI

Group differences on those cognitive variables that were affected by CR were explored with one-way ANOVAs with Group as
independent variable and the cognitive measures as dependent variables (Table 2). Alpha level was set at p < .05 for backward digit
recall and at p < .025 after Bonferroni correction for multiple comparisons for scores from TMT_A and TMT _B-A.

The three groups differed on backward digit recall (F(2, 102) = 3.522, p < .033; partial 12 = .065). Tukey's post-hoc analysis
showed that participants with high CR had higher spans than those with medium CR (p < .034). No group-related differences were
found for the other contrasts (high vs. moderate CR: p = .837; moderate vs. medium CR: p = .127).

The three groups differed on measures assessing sustained attention (TMT_A: F(2, 102) = 4.770, p < .010; partial 1> = .086) and
inhibitory control (TMT _B-A: F(2, 57.621) = 5.227, pwelch < -008; partial nz = .077). Participants with high CR completed TMT_A
earlier than persons with both moderate (p < .047) and medium CR (p < .013) who did not differ from each other (p = .882).
Regarding TMT _B-A the participants with high CR had significantly lower inhibition costs than subjects with medium CR (p < .016).
However, no significant differences were observed between participants with high and moderate CR (p = .154) nor between those with
moderate and medium CR (p = .441).

Across cognitive measures, group effects were driven primarily by differences between the high CR group and the other groups,
whereas moderate and medium CR participants did not reliably differ. This pattern is consistent with a threshold-like rather than
graded relationship between CR level and cognitive performance.

3.3. Narrative skill differences associated with CRI

Group differences on narrative variables were explored with one-way ANOVAs with Group as independent variable and the
narrative measures as dependent variables (Table 3). Alpha level was corrected using Bonferroni correction for multiple comparisons
where appropriate. Specifically, p-value was set at p < .025 for lexical errors (% False starts and % Semantic errors), and macro-
linguistic errors (% Local coherence errors, and % Global coherence errors). Alpha level was set at p < .05 for % Lexical
Informativeness.

A significant difference was found for % false starts (F(2, 63.362) = 6.965, pwelch < -002; partial nz =.108). Post-hoc Games-Howell
tests revealed that participants with high CR produced fewer errors than those with medium CR (p < .003). Similarly, a significant
difference was found for % semantic errors (F(2, 64.825) = 4.028, pwelch < -022; partial nz = .074). Post-hoc Games-Howell tests
revealed that participants with high CR produced significantly fewer errors than those with medium CR (p < .014). A group-related
difference was found in % Local coherence errors (F(2, 63.699) = 5.707, pwelch < -005; partial nz =.077). The Games-Howell post-hoc
tests revealed that participants with high CR produced significantly fewer local coherence errors than those with moderate (p < .022)
and medium CR (p < .026). A significant effect of CR was found on % of Global coherence errors (F(2, 102) = 6.247, p < .003; partial
102 =.109). Tukey's post-hoc tests revealed that participants with high CR produced significantly fewer errors of global coherence than
those with moderate (p < .018) and medium CR (p < .004). Considering that global coherence errors could be ascribed to four different
types of errors, further analyses explored the possibility that differences on this measure could depend on differences in the production

Table 2

Results of cognitive assessment in the three groups. Data are expressed as means with standard deviations in brackets. The Asterisk (*) indicates
significant group differences. In the last column the results of post-hoc tests are reported when significant contrasts were found. Legend: Legend: CR:
Cognitive reserve; TMT_A = Trail-Making Test, Part A; TMT_B-A = Cost of inhibitory control, calculated by subtracting the time to complete TMT_Part
A from the time to complete TMT _Part B; Mod: Moderate CR.

High CR (N = 35) Moderate CR (N = 35) Medium CR (N = 35) Post-hoc
Backward digit recall* 5.29 (1.76) 5.03 (1.69) 4.14 (2.19) High > Medium
TMT_A (seconds) * 38.67 (14.50) 49.60 (21.74) 51.77 (19.99) High < Mod = Medium
TMT _B-A (seconds) * 52.77 (23.80) 70.09 (48.83) 87.11 (65.87) High < Medium
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Table 3

Narrative assessment results. Data are presented as means with standard deviations in brackets. The Asterisk (*) indicates significant group differ-
ences. In the last column the results of post-hoc tests are reported when significant contrasts were found. Legend: CR: Cognitive reserve; Mod:
Moderate CR.

High CR (N = 35) Moderate CR (N = 35) Medium CR (N = 35) Post-hoc
% False starts* .79 (.59) 1.20 (.85) 1.49 (1.02) High < Medium
% Semantic errors* 1.35(1.51) 2.06 (1.72) 2.79 (2.87) High < Medium
% Local coherence errors* 23.47 (11.40) 33.89 (19.45) 33.22 (18.32) High < Mod = Medium
% Global coherence errors* 8.05 (4.91) 12.59 (7.38) 13.43 (7.87) High < Mod = Medium
% Lexical informativeness* 83.90 (5.51) 78.17 (78.06) 78.06 (9.63) High > Mod = Medium

of tangential, incongruent, repeated, or filler utterances (Table 4). Alpha level was set at p < .013 after Bonferroni correction for
multiple comparisons (.05/4 variables). The three groups did not differ in the production of Tangential utterances (F(2, 58.710) =
.970, pwelch = -385; partial n2 =.025), Filler utterances (F(2, 102) = 2.510, p = .086; partial n2 =.047), and Repeated utterances (F(2,
64.396) = 4.593, pweich = .014; partial 12 = .062). A group related difference was found for the production of Conceptually incon-
gruent utterances (F(2, 60.807) = 6.580, pwelch < -003; partial nz =.075). The Games-Howell post-hoc tests revealed that participants
with high CR produced significantly fewer conceptually incongruent utterances than those with medium CR (p < .003). No significant
differences were found between participants with high and moderate (p = .146) or moderate and medium CR (p = .701). Finally, the
group-related difference in % Lexical informativeness was significant (F(2, 62.447) = 7.361, pwelch < .001; partial nz =.093). Post-hoc
Games-Howell tests showed that participants with high CR produced significantly more informative words than those with moderate
(p < .018) and medium CR (p < .016). No significant differences were found between participants with moderate and medium CR in
any linguistic measure, mirroring the cognitive results and further supporting a threshold-like pattern in which high CR is associated
with more preserved discourse organization and informativeness.

Importantly, the absence of CR-related differences in productivity and grammatical accuracy indicates that CR effects were specific
to lexical accuracy and discourse-level organization and effectiveness, rather than reflecting a generalized increase in output or
syntactic well-formedness. Furthermore, the finding that group differences were driven specifically by conceptually incongruent ut-
terances, rather than tangential, repeated, or filler utterances, provides a fine-grained insight into the nature of discourse disruptions
associated with lower CR.

3.4. Do different types of CR differentially predict cognitive and narrative processing in healthy aging?

To explore whether specific types of CR affected those cognitive and linguistic variables that have been found different across the
three groups, multiple linear regression analyses were conducted with the three indices derived by the CRIq (i.e., CR_Education,
CR_Working activity, and CR_Leisure activities) as predictors and the cognitive and narrative measures as dependent variables. Also in
this case, p-value was set at .025 for measures of sustained attention and inhibitory control (TMT_A and TMT B-A), Lexical errors (%
False starts and % Semantic errors), and macrolinguistic errors (% Local coherence errors and % Conceptually incongruent utterances).
Alpha level was set at .050 for % Lexical Informativeness and Backward digit recall.

Considering the participants’ cognitive performance, the model predicted 13.3 % of the variance in Backward Digit Recall (F(3,
104) = 5.158, p < .002; R% = .133). Only CR_Working activity was significantly associated with this variable (p = .397; p < .001; part
correlation coefficient: .312): this predictor uniquely explained 9.7% of the variance in Backward Digit Recall. The model was not
significant for TMT-A (F(3, 104) = 2.761, p < .046; R? = .076). None of the standardized coefficients reached significance. Therefore,
collectively the predictors explained a significant portion of the variance in the dependent variable, but, individually, none of them had
a uniquely significant contribution when controlling for the others. The three factors explained 15.6% of the variance in TMT_B-A (F(3,
104) = 6.218, p < .001; R? = .156). Only CR_Education was significantly associated with TMT_B-A (B = .376; p < .026; part correlation
coefficient: —.207), accounting for 4.3% of total variance.

Regarding lexical accuracy, the regression model was not significant for the production of False starts (F(3, 103) = 3.165, p < .028;
R? = .087). The regression model explained 9.8% of the variance in the production of semantic errors (F(3, 104) = 3.642, p < .015; R?
=.098). Only CR_Working activity was significantly associated with this measure (p = —.252; p < .038; part correlation coefficient:
—.198) and this predictor uniquely explained 3.9% of the variance in such errors.

Considering macrolinguistic skills, the three predictors explained 20.6% of the variance in the production of local coherence errors

Table 4

Analytic assessment of the four types of global coherence errors. Data are presented as means with standard deviations in brackets. The Asterisk (*)
indicates significant group differences. In the last column the results of post-hoc tests are reported when significant contrasts were found. Legend: CR:
Cognitive reserve.

High CR (N = 35) Moderate CR (N = 35) Medium CR (N = 35) Post-hoc
Tangential utterances .049 (.206) .091 (.303) .308 (1.180) -
Conceptually incongruent utterances* .646 (1.130) 1.535 (2.503) 1.969 (1.984) High < Medium
Repeated utterances 2.471 (2.078) 4.107 (3.748) 4.029 (2.865) -
Filler utterances 4.887 (3.608) 6.854 (4.857) 7.122 (5.069) -




A. Marini et al. Journal of Neurolinguistics 78 (2026) 101315

(F(3,104) =8.717 p < .001; R? = .206), 9.4% of the variance in the production of conceptually incongruent utterances (F(3, 104) =
3.501, p <.018; R%=.094), and 7,5 % of the variance in the production of informative words (F(3, 104) = 2.719, p < .049; R?=.075).
All three subscores of the CRI were significantly associated with % Local coherence errors (CR_Education § = —.239; p < .040; part
correlation coefficient: —.185; CR_Working activity § = —.243; p < .034; part correlation coefficient: —.191; CR_Leisure activities § =
.184; p < .048; part correlation coefficient: .178). Specifically, CR_Education uniquely predicted 3.4%, CR_Work 3.6%, and CR_Leisure
activities 3.2% of total variance, respectively. Regarding the production of Conceptually incongruent utterances and Informative
words, none of the standardized coefficients reached significance suggesting that, individually, none of the factors had a uniquely
significant contribution when controlling for the others. This suggests shared variance among CR proxies for Conceptually incongruent
utterances and Informative words.

4. Discussion

This study explored two key research questions. First, we aimed to determine whether cognitive reserve plays a role in mitigating
the decline in discourse production and related cognitive skills in healthy aging. Second, we investigated whether different life ex-
periences (specifically, in terms of lifelong education, work, and leisure activities) contribute differently to shaping discourse pro-
duction skills and cognitive abilities in later life. We hypothesized that the Cognitive Reserve Index would account for significant
variance across all tasks assessing cognitive abilities (Hypothesis 1). Additionally, we expected that CR would influence a range of
discourse measures, including speech rate, measures of lexical and grammatical accuracy as well as local and global coherence errors
and lexical informativeness (Hypothesis 2). Therefore, hypotheses 1 and 2 addressed complementary levels of analysis: Hypothesis 1
focused on cognitive mechanisms supporting discourse production, whereas Hypothesis 2 examined their linguistic and discourse-level
outcomes. We also anticipated that the impact of CR would vary depending on its level: individuals with higher CR were expected to
outperform those with moderate CR who, in turn, would perform better than those with medium CR (Hypothesis 3). Finally, we
proposed that all three subcomponents of CR would serve as predictors for the full set of dependent variables (Hypothesis 4). The
findings of this study largely confirmed some of these expectations while also revealing some interesting nuances. As the present study
examined how CR explains interindividual differences in cognitive and discourse performance among older adults of comparable age,
the present findings should be interpreted as reflecting CR-related variability within later adulthood, rather than as evidence of CR
moderating age-related decline per se.

Our results supported the utility of the CRIq (Nucci et al., 2012) in capturing the three major forms of CR and demonstrated a
selective protective role of CR on specific cognitive and discourse-level processes in healthy aging. This aligns with previous hy-
potheses regarding the role of CR in protecting cognitive functioning (Stern et al., 2020) and provides the first evidence of its role in
preserving discourse production skills.

CR significantly accounted for variance in nearly all cognitive tasks, except for the forward digit recall task, thereby lending partial
support to Hypothesis 1 and indicating a selective rather than uniform influence. Similarly, while CR was found to influence most
narrative measures, speech rate and the percentage of complete sentences did not follow the expected pattern, leading to partial
support for Hypothesis 2 and reinforcing the idea that CR operates through specific cognitive mechanisms rather than as a global buffer
against decline. When considering the impact of CR levels, our findings suggest that individuals with high CR benefited from a
consistent advantage across cognitive and narrative measures. In contrast, those with average to moderate CR performed similarly
with no clear differentiation. This pattern only partially aligned with our initial prediction in Hypothesis 3. Finally, when analyzing the
effects of CR subtypes, we observed selective influences on specific measures: CR_Working primarily influenced phonological working
memory skills and the production of semantic errors, while CR_Education significantly affected inhibitory control. Interestingly, all
three CR subtypes played a role in predicting local coherence errors. However, for most other measures, only a general effect of CR
emerged rather than specific contributions from its subcomponents, leading to partial support for Hypothesis 4. Taken together, these
findings provide valuable insights into the relationship between cognitive reserve and discourse production in healthy aging. They
reinforce the idea that cognitive reserve serves as a protective factor, though its influence is not uniform across all measures.

From a cognitive perspective, the results provided partial support for Hypothesis 1. Considering verbal working memory, while CR
did not significantly predict variance in the passive phonological buffer (forward digit recall), it accounted for 6.2% of the variance in
the active component (backward digit recall). This provides indirect support for current working memory models, which propose that
phonological working memory consists of two distinct yet interacting systems: a phonological buffer for temporary information
storage and an active mechanism for maintaining and manipulating this information (Baddeley, 2012). Growing evidence suggests that
verbal working memory declines with healthy aging (Monov et al., 2024) and that this decline may differentially impact its two
components (Marini et al., 2025). Specifically, Marini et al. (2025) found that the storage capacity of the phonological buffer, as
measured by the forward digit recall test, remained largely intact across the adult lifespan. This likely explains why CR did not in-
fluence the passive component of phonological working memory, which remained stable in our sample. Its active component, which is
responsible for manipulating stored information, is more susceptible to aging and in this case the effect of CR was significant rein-
forcing prior evidence on its role in mitigating cognitive aging.

Sustained attention (measured by TMT_A) and inhibitory control (assessed via TMT_B-A) have been shown to decline with aging
(Harada et al., 2013; Wecker et al., 2000). In this case CR significantly predicted variance in sustained attention (6.1% in TMT_A) and
inhibitory control (7.2% in TMT_B-A). Therefore, individuals with higher CR levels exhibit better cognitive control and attentional
capacities, supporting the protective role of CR in maintaining executive functions despite aging. This aligns with previous studies
showing that CR contributes to the maintenance of executive functions in older adults, likely allowing them to recruit alternative
neural networks to compensate for cognitive decline (Tucker & Stern, 2011).
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From a discourse perspective, the results provided partial support for Hypothesis 2. CR did not significantly predict variance in
productivity measures or grammatical accuracy. However, it significantly predicted lexical accuracy, as evidenced by its contribution
to variance in false starts (7.6%) and semantic errors (6.2%). Furthermore, CR significantly predicted local (5.4%) and global
coherence errors (8%), and lexical informativeness (6.1%). These findings align with previous evidence suggesting that it helps
preserve linguistic abilities in older adults (Oosterhuis et al., 2023), particularly in tasks with lower cognitive demands. Previous
studies (Hilviu et al., 2025; Marini et al., 2005) suggest that individuals with higher CR are better able to maintain lexical access and
coherence in speech. Our results also align with Marini et al. (2005), who found that individuals with higher education levels produced
more coherent and informative discourse, supporting the notion that CR plays a crucial role especially in mitigating declines in
macrolinguistic aspects of discourse production. The absence of significant effects on speech rate and sentence completeness further
supports the idea that CR may exert its primary influence on higher-order discourse organization rather than basic language pro-
duction mechanisms. Group comparisons further elucidated these patterns. Participants with high CR produced significantly fewer
false starts and semantic errors than those with average CR, although no significant differences were observed between groups with
moderate and medium CR. Similarly, individuals with high CR produced fewer local coherence errors compared to both moderate and
medium CR groups. A similar pattern was observed for global coherence errors, particularly in the production of conceptually
incongruent utterances, where individuals with high CR outperformed those with medium CR. Additionally, high CR participants
produced significantly more informative words than those with moderate and medium CR, underscoring the role of CR in maintaining
discourse efficiency. Importantly, in line with the Scaffolding Theory of Aging (Borella et al., 2010; Park & Reuter-Lorenz, 2009) this
apparent preservation may reflect adaptive compensatory strategies rather than mere resistance to decline. Individuals with higher CR
may flexibly recruit executive and monitoring resources to maintain discourse coherence and informativeness despite age-related
vulnerabilities in underlying linguistic processes.

Contrary to our expectations, we did not find a gradual benefit of CR across groups. We had hypothesized that CR would exert a
graded effect, with high-CR participants outperforming those with moderate CR, who, in turn, would outperform those with medium
CR across all measured variables (Hypothesis 3). However, our results only partially supported this hypothesis. For microlinguistic
variables assessing lexical selection (semantic errors) and lexical production accuracy (false starts), no significant differences emerged
between participants with high and moderate CR. However, those with high CR outperformed participants with medium CR. A similar
pattern was observed in two cognitive measures crucial for efficient lexical selection and production (i.e., phonological working
memory and inhibitory control). Together, these findings suggest a threshold-like effect of CR, whereby only relatively high levels of
reserve confer consistent advantages, rather than a graded benefit across the entire continuum. This interpretation reconciles the
group-based findings with the conceptualization of CR as a continuous construct, while acknowledging that its functional impact may
become most evident beyond a critical level.

Hypothesis 4 was also not fully supported, as different types of CR influenced cognitive and linguistic variables in complex ways.
Working activity significantly predicted variance in backward digit recall (9.7%) and semantic error rates (3.9%), while education
uniquely predicted inhibitory control (TMT_B-A, 4.3%). All three CR components significantly contributed to local coherence errors,
with education, working activity, and leisure activities explaining 3.4%, 3.6%, and 3.2% of total variance, respectively. However, no
single CR component significantly predicted lexical informativeness or the production of conceptually incongruent utterances when
controlling for the other factors. Importantly, the absence of unique effects for individual CR components does not imply a lack of
relevance; rather, it likely reflects the substantial shared variance among life-experience proxies that jointly contribute to discourse-
level resilience. This highlights the differential contributions of CR components to discourse skills. While formal education may
enhance inhibitory control, working experience appears to strengthen the active component of the phonological loop and lexical
selection. Leisure activities, often associated with social engagement and cognitive stimulation, may play a more complex role in
maintaining discourse coherence. This confirms that CR is a multidimensional construct, with different life experiences shaping
distinct aspects of cognitive-linguistic resilience in aging. These findings underscore the need for future studies to include multiple
measures of CR, as relying on a single indicator (e.g., education) may provide only a limited perspective on its effects.

This study has some limitations. First, the cross-sectional design prevents from drawing causal conclusions about the relationship
between CR and discourse abilities. Longitudinal studies are necessary to determine whether CR actively protects discourse production
skills against decline over time or merely reflects accumulated advantages. Second, the sample size, though sufficient for detecting
group differences, may limit the generalizability of our findings to broader populations. Future research should aim to replicate these
results with larger cohorts. Third, while the CRIq provides a comprehensive measure of CR, it may not capture all aspects of cognitive
reserve, such as social engagement or bilingualism (Bialystok, 2021), which have been shown to influence cognitive aging. Finally, the
study was not preregistered; therefore, and some of the analyses should therefore be considered exploratory. Future preregistered and
longitudinal studies will be necessary to confirm and extend the present findings.

In conclusion, this study highlights the impact of CR on cognitive and discourse abilities in older adults. While CR does not uni-
formly affect all linguistic skills, its influence on executive functions and discourse coherence underscores its role as a critical factor in
maintaining effective discourse-level communication in healthy older adults. Specifically, CR was associated with lexical accuracy,
coherence, and informativeness, rather than with productivity or grammatical completeness. These findings emphasize the need for
interventions that support lifelong learning, occupational engagement, and social participation to enhance higher-order communi-
cative efficiency rather than all aspects of language production in aging populations. Finally, the results of the present study highlight
the selective nature of CR effects, underscoring that reserve supports higher-order communicative efficiency rather than all aspects of
language production.
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