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It is poorly understood whether and how normal aging affects different aspects of connected speech 
production, such as fluency, informativity, efficiency, and vocabulary use. The present study cross-
sectionally investigates the effects of age on a broad variety of language production measures, using 
connected speech samples elicited by the two most frequently used picture description tasks. Twenty-six 
young (20-25 y.o.) and twenty-two older participants (55-90 y.o.) were included in this study. Speech 
samples were transcribed using the CLAN program and eight measures were extracted. Our results indicate 
that, in a picture description task, older adults produce more disruptions to fluency, but that lexical diversity, 
informativity, and efficiency of speech remain unaffected by age. The use of less frequent words by older 
adults might reflect a larger vocabulary size. These findings have implications for future studies assessing 
changes in connected speech production, in both healthy and clinical populations. 

Keywords: normal aging, language production, connected speech, picture description task, word-finding 
difficulties 

Le vieillissement normal module certaines habiletés cognitives, mais on ne sait pas si, et de quelle manière, 
différents aspects de la production du discours continu, tels que la fluence, l’informativité, l’efficacité et 
l’utilisation du vocabulaire, sont affectés. La présente étude transversale examine les effets de l’âge sur 
plusieurs mesures langagières à partir d’échantillons de discours continu suscités par les deux tâches de 
description d’image les plus utilisées. Vingt-six jeunes (20-25 ans) et vingt-deux participants âgés (55-90 
ans) ont été recrutés. Les échantillons ont été transcrits via le programme CLAN et huit mesures ont été 
extraites. Nos résultats indiquent que les adultes plus âgés produisent plus de bris de fluidité verbale, mais 
que la diversité lexicale, l’informativité et l’efficacité du langage ne sont pas affectées par l’âge. L’usage de 
mots moins fréquents par les adultes plus âgés pourrait refléter un vocabulaire plus étendu. Ces résultats ont 
des implications pour les études futures portant sur les changements dans la production de discours continu 
chez les populations saines et cliniques.  

Mots clés : vieillissement normal, production langagière, discours continu, tâche de description d’images, 
manque du mot  

  While the literature has consistently shown that an 
evolution of language production abilities is expected 
to occur across the adult lifespan, the extent to which 
normal aging may affect language production remains 
unclear. Indeed, the available evidence provides 
mixed results: some studies show that aspects of 
language function remain relatively stable or improve 
over time (Cooper, 1990; Salthouse, 2003; Verhaegen, 
2003) while others show a significant decline in 
language production with normal aging (Burke, 
MacKay, & James, 2000; Verhaegen & Poncelet, 
2012). A better understanding of the evolution of 
language production abilities throughout normal aging 
is a fundamental step to identify changes that could be 
associated with pathological aging (Shewan & 

Henderson, 1988). However, more research is needed 
in that field. 

Previous studies have attempted to measure age-
related changes in language abilities by comparing the 
performance of young and older adults without 
cognitive impairment in various standardized tasks 
involving single-word processing. Common 
procedures include verbal fluency (Brickman et al., 
2005; Clark et al., 2009), a timed task which requires 
participants to produce words that either begin with a 
certain letter of the alphabet or are exemplars of a 
particular category (e.g., animals, vegetables), and 
picture naming tests (Verhaegen & Poncelet, 2012), 
where the participants are asked to name various 
pictures correctly. Some authors also use vocabulary 
tests which, as opposed to naming and fluency tasks, 
do not rely on explicit word retrieval. In this type of 
task, participants are asked to supply dictionary-like 
definitions for various words (Verhaeghen, 2003). In 
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general, single-word processing studies have reported 
a preservation of abilities in language tasks that do not 
imply explicit word retrieval (Kavé & Yafé, 2014; 
Verhaegen, 2003), but a significant decline of 
performance with advancing age in language 
production tasks involving naming and fluency 
(Brickman et al., 2005; Connor, Spiro, Obler, & 
Albert, 2004; Heine, Ober, & Shenaut, 1999; 
Tombaugh, Kozak, & Rees, 1999; Verhaegen & 
Poncelet, 2012). Thus, evidence from single-word 
processing task suggests that unlike knowledge of 
word meaning, which is preserved or even improved 
with aging (Chapleau et al., 2017; Verhaegen, 2003), 
the ability to retrieve words typically declines with age 
(Burke & Shafto, 2004). In fact, word-finding 
difficulties (WFD; i.e., difficulties in retrieving words 
in the mental lexicon; Hughes, 2009) are one of the 
most frequent concerns expressed by healthy older 
adults, with as many as two-thirds reporting 
difficulties with word retrieval (Condret-Santi et al., 
2013). In literature on aging, the most common 
explanation for WFD in older adults is Burke, 
MacKay, Worthley, and Wade’s (1991) hypothesis of 
a “transmission defect” associated with normal aging 
(Le Dorze & Bédard, 1998; Spieler & Griffin, 2006; 
Thornton & Light, 2006). According to this 
hypothesis, aging weakens the connection between a 
word’s semantic (i.e., meaning of a word) and 
phonological (i.e., sound or appearance of a word) 
forms, causing word production failures. 

However, whereas single-word processing tasks 
are widely used and can provide information about 
age-related changes affecting language production, 
they do not allow the understanding of the impact of 
healthy aging on speech production in a context more 
representative of everyday communication. In 
addition, the ecological validity of single-word tests is 
subject to debate (Kavé, Samuel-Enoch, & Adiv, 
2009; Sajjadi, Patterson, Tomek, & Nestor, 2012). 

Growing consensus indicates that the analysis of 
connected speech samples allows to draw a global 
approximation of language production abilities and 
may offer a more ecologically valid approach to 
understanding the effects of age-related changes in 
speech production. Connected speech refers to the 
“term used in linguistics to refer to spoken language 
when analyzed as a continuous sequence, as in normal 
utterances and conversations” (Hughes, 2009). Several 
tasks can be used to elicit connected speech samples. 
These include: structured or semi-structured 
interviews (Glosser & Deser, 1992; Kemper, Kynette, 
Rash, O'Brien, & Sprott, 2008; Mackenzie, 2000), in 
which participants are asked to answer open-ended 
questions or to describe important events, people, etc.; 
story-telling procedures (Conroy, Sage, & Ralph, 
2011; Fraser et al., 2014; Wright, Capilouto, 

Srinivasan, & Fergadiotis, 2011), where connected 
speech samples are elicited by asking the participant to 
tell a specific story; and picture description tasks 
(Brookshire & Nicholas, 1994b; Capilouto, Wright, & 
McComas Maddy, 2016; Kavé et al., 2009; Le Dorze 
& Bédard, 1998). The latter consists in the detailed 
description of a standardized pictorial stimulus 
representing an everyday-life scene. As opposed to the 
other aforementioned speech-eliciting methods, 
picture description tasks present the advantage of 
providing a relatively constrained discourse sample 
with expected topics (Chenery & Murdoch, 1994). 
This allows a standardized approach to study language 
production in a specific context while facilitating 
speech comparison across groups. Moreover, picture 
description tasks are quick and easy to administer and 
can provide information about multiple aspects of 
speech production. This procedure is the most 
frequently used to study connected speach in various 
populations, including healthy older adults (e.g., Kavé 
et al., 2009; Le Dorze & Bédard, 1998; Mortensen, 
Meyer, & Humphreys, 2006), patients with 
Alzheimer’s disease (AD; Slegers, Filiou, 
Montembeault, & Brambati, 2018) or at risk for 
developing AD (Ahmed, Haigh, de Jager, & Garrard, 
2013), and individuals with aphasia (Gordon, 2008; 
Vandenborre, Visch-Brink, van Dun, Verhoeven, & 
Mariën, 2018).  

Disruptions to fluency, lexical measures, 
informativity, and efficiency are aspects of speech 
production that are suspected to be influenced by age 
and have thereby been frequently studied in the 
connected speech literature (e.g., Kavé & Goral, 
2016a; Le Dorze & Bédard, 1998). While available 
literature relying on picture description tasks suggests 
certain trends regarding the effects of age on these 
various aspects of speech production, findings have 
not systematically been replicated across studies. The 
following paragraphs attempt to summarize the 
findings regarding the four most frequently analyzed 
aspects of speech production in studies using picture-
description tasks. 

Disruptions to fluency 

Disruptions to fluency refer to interruptions in the 
normal course of speech production. Most studies 
relying on connected speech elicited by picture 
description tasks showed an increase in disruptions to 
fluency with normal aging, indicated among others by 
a significant increase in word repetitions (Le Dorze & 
Bédard, 1998) and “retracings” (i.e., self-corrections 
or reformulations; Schmitter-Edgecombe, Vesneski, & 
Jones, 2000). This effect was mainly attributed to an 
increase in WFD in healthy older adults (Burke et al., 
1991). In the connected speech literature, disruptions 
to fluency are considered evidence for word-finding 
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failures as they could indicate that individuals are 
searching for words during speech production (Kavé 
& Goral, 2016a). Le Dorze and Bédard (1998) 
suggested that an increase in the number of repetitions 
in older adults’ speech is compatible with the 
transmission defect hypothesis (Burke et al., 1991). 
Due to a weakened connection between the words’ 
semantic and phonological forms, older adults may 
have more difficulty in retrieving new words and may 
more readily access words that have been recently 
activated, hence their re-use. 

Lexical measures 

Lexical aspects of speech refer to the vocabulary 
used in the task and include both lexical diversity (i.e., 
the range of vocabulary deployed by a speaker; 
Fergadiotis, Wright, & Capilouto, 2011) and lexical 
frequency (i.e., the mean frequency, according to 
published norms, of the words selected for production) 
measures. These measures could both provide an 
estimation of vocabulary size (Kavé & Goral, 2016a). 
When it comes to these aspects of speech, it currently 
remains unclear how age affects the performance of 
healthy older adults. 

Lexical diversity. Across studies, lexical diversity 
is generally estimated by comparing the number of 
different words used by the participants (types) to the 
total number of words produced (tokens). The most 
common measures of lexical diversity are the Type-
token ratio (TTR) and the Voc-D (i.e., TTR adjusted 
for speech sample size). Some studies propose that 
aging may result in an impoverished lexical diversity 
in a picture description task (Capilouto et al., 2016): as 
lexical diversity reflects the frequency with which the 
participant retrieves unique labels, it could decline as a 
result of repetitiveness in older adults’ speech (Kavé 
et al., 2009). However, Fergadiotis, Wright, and 
Capilouto (2011) found that older adults did not use a 
restricted lexicon, which suggests that lexical diversity 
measures do not capture age-related changes in 
language production abilities. 

Lexical frequency. Some evidence from single 
word production tasks supports the hypothesis that 
older adults have more difficulties in retrieving low 
frequency words (Burke & Shafto, 2004), for which, 
due to less frequent use, the connections between the 
semantic and phonological forms are weaker and 
harder to activate. Kavé et al. (2009) and Dennis and 
Hess (2016) instead found that connected speech 
samples of older adults were characterized by a lower 
mean word frequency (that is, they used less frequent 
words than younger adults). After ruling out the 
possibility that age-related changes in lexical 
frequency could result from a generational difference 
in the common lexicon, Kavé et al. (2009) 

hypothesized that older adults have a larger 
vocabulary size: they might benefit from a richer 
lexicon, containing more low-frequency words, some 
of which haven’t been learned by younger speakers 
yet.  

Informativity and efficiency 

Most of the research focusing on informativity 
(i.e., the meaning and quantity of information 
transmitted) and efficiency of speech (i.e., the rate at 
which relevant information is transmitted) indicates a 
preservation of informativity with age, but a decline in 
efficiency.  

Informativity. Informativity can be measured by 
evaluating the number of thematic (Marini, Boewe, 
Caltagirone, & Carlomagno, 2005) or content units 
(Le Dorze & Bédard, 1998; Mackenzie, 2000) 
produced by a participant. With regards to this 
measure, while results are not entirely consistent 
(Marini et al. 2005), it is generally agreed upon that 
healthy aging is not accompanied by a decline in the 
ability to convey relevant information (Le Dorze & 
Bédard, 1998; Mackenzie, Brady, Norrie, & 
Poedjianto, 2007). On the contrary, a deterioration of 
the ability to convey relevant information was 
associated with neurodegenerative diseases or 
language-specific impairments (Shewan & Henderson, 
1988).  

Efficiency. As for the efficiency of speech, 
available literature generally points to a decline with 
normal aging, older adults usually taking more time 
and/or more words to convey the same amount of 
information (Capilouto et al., 2016; Le Dorze & 
Bédard, 1998). This being said, literature remains 
unclear as to whether this could be caused by an 
increase in WFD (Le Dorze & Bédard, 1998), or by 
general processes that are not language-specific, such 
as an age-related decline in the ability to inhibit 
irrelevant information, resulting in an increase in off-
topic speech (Arbuckle, Nohara-LeClair, & Pushkar, 
2000) and a decrease in efficiency.  

This summary of available data suggests that, up 
until now, studies analyzing connected speech elicited 
by picture description tasks have not provided a 
general and consistent approximation of the way 
language production evolves during normal aging. 
Previous studies usually focused on a restricted set of 
variables, which varied greatly from a study to 
another, but did not draw a complete estimation of the 
way healthy aging may affect the different aspects of 
speech production. Additionally, different picture 
stimuli have been used in connected speech literature. 
While the most commonly used picture stimulus is the 
Cookie Theft Picture from the Boston Diagnostic 
Aphasia Examination (Goodglass & Kaplan, 1972), 
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some authors have chosen to rely on other stimuli, 
such as the Picnic Scene (Western Aphasia Battery; 
Risser & Spreen, 1985) or, less often, the Bank 
Robbery Picture (Montreal-Toulouse 86 Battery; 
Joanette, Nespoulous, & Roch Lecours, 1998). 
However, it is unclear how the characteristics of the 
stimulus may affect language production in healthy 
older adults.  

Moreover, despite the numerous advantages 
associated with picture description tasks, it has been 
suggested that connected speech samples elicited by a 
single picture stimulus might not be long enough to 
allow a representative evaluation of one’s language 
production abilities. While in a picture description 
task, sample length is restricted by the constraints of 
the task (Sajjadi et al., 2012), most studies focusing on 
age-related changes in language production used 
connected speech samples elicited by only one 
stimulus (Capilouto, Wright, & Wagovich, 2005). 
Work from aphasia literature showed that sample 
length influences the stability of speech measures, 
hence Brookshire and Nicholas’ (1994a, 1994b) 
suggestion that connected speech samples between 
300 and 400 words obtained by combining different 
stimuli should be used for a language evaluation. 
While guidelines regarding the amount of data that 
should be made available to allow a representative 
approximation of the language performance of healthy 
older adults with picture description tasks remains 
unclear, recommendations from previous literature 
suggest that using only one picture description might 
not be enough. 

Thus, this study investigated the impact of age on 
connected speech production while broadening the 
variety of variables studied within a single sample and 
combining speech elicited by two picture description 
tasks in order to obtain more data to analyze. Our 
main objective was to cross-sectionally investigate the 
effects of age on connected speech variables relating 
to lexical, disruptions to fluency, informativity, and 
efficiency measures extracted from connected speech 
samples elicited by the two most commonly used 
picture description tasks (i.e., the Picnic Scene and the 
Cookie Theft Picture).  

A secondary and exploratory objective was to 
assess if the results regarding the effects of age on 
speech production obtained using each picture 
stimulus are comparable to the ones obtained by 
combining the connected speech samples elicited by 
both picture description tasks. To our knowledge, no 
previous study has compared the effects of the two 
most commonly used picture description tasks on 
measures of discourse production in healthy older 
adults.  

 

We hypothesize that: 

1. Older adults will produce more disruptions to 
fluency (i.e., repetitions and retracings) than young 
adults. 

2. The lexical diversity of young and older adults’ 
speech will not differ, but older adults will produce 
less frequent words than the younger group. 

3. Older participants will convey as much relevant 
information as the younger group. 

4. Older participants will be less efficient than 
young adults: they will take more words and more 
time to convey relevant information. 

Materials and methods 

Participants 

Twenty-six young participants (20-25 y.o.) and 
thirty older participants (50-90 y.o.) were recruited 
through the participants’ bank of the Centre de 
recherche de l’Institut Universitaire de Gériatrie de 
Montréal. They were all Canadians, and their first 
language was French. Exclusion criteria included 
language or neurological impairments and uncorrected 
visual or auditive deficits. Seven participants from the 
older group were excluded due to a Montreal 
Cognitive Assessment (MoCA; Nasreddine et al., 
2005) score below 26/30, which is the proposed cut-
off for possible neurocognitive impairment. An 
additional older participant presenting extreme scores 
(≥ 3.29 SD from the mean) for several language 
measures was excluded from our sample. 

Procedure 

The experiment took place at the Centre de 
recherche de l’Institut Universitaire de Gériatrie de 
Montréal in one uninterrupted session which lasted up 
to an hour. After signing the consent form and 
completing a health and sociodemographic 
questionnaire, all participants underwent the same 
protocol. They first completed the MoCA, a brief 
screening tool for mild cognitive impairment targeting 
short term memory, visuospatial abilities, executive 
functions, attention, concentration, working memory, 
orientation to time and place, and language. As a 
complement to the picture description tasks, 
participants then had to complete the Pyramids and 
Palm Trees Test (PPTT; Howard & Patterson, 1992), a 
52-items test assessing the degree to which a subject 
can access meaning from pictures and words, and the 
French-Canadian abbreviated version of the Boston 
Naming Test (BNT-30; Colombo & Assal, 1992), a 
30-items picture naming test on which young adults 
generally outperform older adults (Slegers et al., 
2018). Then, the Similarities, a verbal subtest of the 
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Wechsler Adult Intelligence Scale (WAIS-IV; 
Wechsler, 2008) where the participant is asked to 
describe the relationship between two words, as well 
as the Trail Making Tests A and B (TMT: Army 
Individual Test Battery, 1944), a visual-motor 
sequencing task evaluating motor speed and 
flexibility, were administered. Finally, the participants 
completed the two most commonly used picture 
description tasks, with their order of presentation 
randomized across participants: The Picnic Scene 
from the Western Aphasia Battery and the Cookie theft 
Picture from the Boston Diagnostic Aphasia 
Examination. For each task, connected speech samples 
were recorded using a Sony IC recorder icd-px312.  

Transcription 

Recordings were transcribed by the investigator 
and a research assistant using the Computerized 
Language Analysis (CLAN; MacWhinney & Wagner, 
2010) program, following the CHAT format 
guidelines (MacWhinney, 2000). The investigator 
annotated hesitations, repetitions, commentaries on the 
task, and examiner's interventions. 

Connected speech measures 

Disruptions to fluency. 

Repetition. A repetition is counted by the CLAN 
program every time a word is inappropriately uttered 
more than one time (e.g., “c'est le le le ballon”/“it is 
the the the ball”). For each participant, repetition 
scores from the two tasks were summed. 

Retracing. A retracing is counted by the CLAN 
program every time a modification is made to one or 
more previous words, for example: “elle a bloqué 
bouché [le renvoi d'eau]”/“she blocked clogged [the 
backwater]”. For each participant, retracing scores 
from the two tasks were summed. 

Lexical measures. 

Lexical diversity.  

Type/token ratio (TTR). Lexical diversity measure 
automatically calculated by the CLAN program by 
dividing the number of different words used by the 
participants (types) by the total number of words 
produced (tokens), excluding repetitions and 
retracings (Types/Tokens). For each participant, TTR 
scores for the two tasks were averaged. This measure 
is the most frequently used to evaluate the lexical 
diversity of speech samples. 

D. Lexical diversity measure estimated using the 
Voc-D program in CLAN. It provides a measure of 
lexical diversity that is considered more robust to 
differences in sample length than the TTR (Capilouto 

et al., 2016). Essentially, this measure is calculated by 
comparing randomly sampled data from the transcript 
to a mathematical model representing how TTR varies 
with token size (cf. McKee, Malvern, & Richards, 
2000 for a detailed explanation of how D is calculated 
from a transcript). For each participant, D scores for 
the two tasks were averaged. 

Lexical frequency. Frequency of each word type 
(i.e., all the different words used by a given 
participant) are retrieved from Lexique 3.82 (New, 
Pallier, Ferrand, & Matos, 2001). This database 
contains the lexical frequencies of 135 000 French 
words extracted from a 15-million-words corpus 
(Frantext; https://www.frantext.fr/). A mean of word 
frequencies was computed. For each speech sample, 
we used the procedure described by Kavé et al. 
(2009): we computed the mean frequency by first 
adding up the lexical frequencies of all types and then 
dividing it by the total number of types produced by 
that person. This allowed to control for the length of 
the picture description, ensuring that the frequency 
score was not affected by the number of words 
produced. For each participant, the lexical frequency 
means for the two tasks were averaged. 

Informativity. 

Information content units (ICUs). Prespecified 
unit of truthful and relevant information conveyed by 
the speaker (Cooper, 1990). Both connected speech 
samples were scored for ICU by two independent 
examiners, using a list of predefined ICUs, separated 
in places (e.g., in a kitchen), people (e.g., the mother), 
objects (e.g., a kite), and actions (e.g., pouring [a 
drink]). The mean inter-rater agreement for both 
picture stimuli reached 99%. For the Cookie Theft 
Picture, we used a list of 24 ICUs defined by Croisile 
et al. (1996), and for the Picnic Scene, we used a list 
of 30 ICUs adapted from Jensen, Chenery, and 
Copland (2006). Scores on both lists were summed, so 
that each participant could obtain a maximal score of 
54 ICUs. 

Efficiency. 

Efficiency 1. Number of words needed for the 
participant to convey one ICU (Number of words 
produced/number of ICUs). For each participant, 
mean efficiency 1 was calculated by averaging 
efficiency scores obtained on both tasks. 

Efficiency 2. Number of seconds needed for the 
participant to convey one ICU (Number of seconds of 
the connected speech sample/number of ICUs). For 
each participant, mean efficiency 2 was calculated by 
averaging efficiency scores obtained on both tasks. 
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Results  

We expected older adults to produce more 
disruptions to fluency and less frequent words than the 
younger group, but that lexical diversity would not 
differ between the two groups. We also hypothesized 
that older participants would convey as much 
information as the younger group but would take more 
words and time to do so. We conducted independent 
samples t-tests to compare the young and older adults 
for sociodemographic characteristics, scores on the 
neuropsychological assessment tasks, and all of the 
connected speech measures. We then tested for 
possible interactions between age (i.e., young and 
older adults) and picture stimulus (i.e., Picnic Scene or 
Cookie Theft Picture) for all the connected speech 
measures using mixed design ANOVAs. For the 
duration of the connected speech samples, non-
parametric Mann-Whitney U tests were used for group 
comparison. To minimize their impact on mean 
estimation without reducing sample size, extreme 
scores presented by a participant were reduced at 
+3,29 SD from the mean score (Field, 2013). 

General results 

Sociodemographic characteristics of the sample are 
presented in Table 1. While both groups contained 
more females than males (younger group: 19/7; older 
group: 16/6), the female/male ratio did not 
significantly differ from one group to another 
(t = 0.03, p = .979). Moreover, for most speech 
measures, available literature relying on picture 
description tasks does not mention any significant 
gender effect (Mackenzie, 2000; Mackenzie et al., 
2007). No group differences were observed for 
education level (t = -0.30, p = .762). Descriptions for 
the Cookie Theft Picture were on average 166.15 
words long, and descriptions for the Picnic Scene 
were significantly longer (t = -4.94, p < .001), 
containing on average 222.27 words. No significant 
difference (t = -0.56, p = .578) was detected between 
the younger and the older group regarding the number 
of words produced for the combined samples. Both 
groups produced connected speech samples of equal 

duration (U = 221, p = .179), and comparable words 
per minute (t = -0.85, p = .398). No interaction was 
found between age and picture stimulus for any of 
those measures (p = .325; .183; .881).  

Neuropsychological assessment 

Group comparison revealed no significant 
difference for the performance on the MoCA (t = 0.23, 
p = .814,), the BNT-30 (t = -0.94, p = .351), and the 
Similarities (t = 1.51, p = .138). Older adults 
performed slightly better on the PPTT (t = -3.15, 
p = .003) and took significantly more time to complete 
both versions of the TMT (A: t = -6.23, p < .001; 
B: t = -5.29, p < .001). Results from the 
neuropsychological and language assessments are 
summarized in Table 2.  

Connected speech measures 

Disruptions to fluency. Group comparisons of the 
combined connected speech samples showed that the 
older group produced on average more disruptions to 
fluency compared to the younger group. When 
considering data for both picture stimuli, the older 
group produced more repetitions (t = -3.36, p = .002, 
d = 4.43) and retracings (t = -3.92, p < .001, d = 3.99; 
cf. Table 3 for mean scores). No significant age by 
picture stimulus interaction was found for any of these 
measures (ps = .290; .279).  

Lexical measures. 

Lexical diversity. An independent samples t-test 
conducted on the combined connected speech samples 
showed no significant differences between the 
younger and the older group, for both lexical diversity 
measures investigated. Means TTR (t = 0.67, p = .506) 
and D (t = 0.54, p = .590) were similar for both 
groups. No age by picture stimulus interactions were 
found (ps = .457; .379).  

Lexical frequency. Group comparison conducted 
on combined connected speech samples revealed a 
significant effect of age on lexical frequency (t = 2.49, 
p = .017, d = 0.11), with the older group producing 
more low-frequency words than the younger group. A 
significant age by picture stimulus interaction was 
found (p = .019). Analysis of simple effects showed 
that the older group produced significantly more low-
frequency words during the description of the Cookie 
Theft Picture (t = 3.01, p = .002), but did not show 
any significant differences between the two groups’ 
mean lexical frequency on the Picnic Scene (t = 1.24, 
p = .145).  

Informativity. Analysis conducted on combined 
results for both picture description tasks showed that 
the older group conveyed as many ICUs as the 
younger group (t = -0.28, p = .783). No age by picture 

Table 1 

Sociodemographic characteristics of sample 

  Young group 

(n = 26) 

Older group 

(n = 22) 

Female/male ratio 19/7 16/6 

Age  
M (SD) 

22.27 (1.99) 73.32 (9.86) 

Education (years) 
M (SD) 

15.62 (1.75) 16.00 (6.17) 



138  

 

PICTURE DESCRIPTIONS: YOUNG AND OLDER ADULTS  

stimulus interaction was found for the amount of 
relevant information conveyed (p = .486).   

Efficiency. ICUs/duration (t = -1.08, p = .286) and 
ICUs/words did not differ significantly (t = -0.52, 
p = .606) between the two groups. No significant age 
by picture stimulus interaction were found for neither 
of the efficiency measures (ps = .331; .431).  

Discussion 

The present study allowed for the investigation of 
multiple aspects of speech production within a single 
sample by analyzing connected speech elicited by two 
picture description tasks. Our results indicate that 

connected speech samples of older adults are 
characterized by a higher rate of disruptions to fluency 
and more low-frequency words. However, lexical 
diversity, informativity, and efficiency of speech are 
not significantly affected by age.  

Older and younger adults’ performances were 
comparable for all standardized assessment tasks (i.e., 
MoCA, BNT-30, and Similarities), except for the 
TMTs A and B and the PPTT. As a result of general 
age-related perceptual and motor speed differences, 
poorer performance of older adults on the TMTs was 
expected (Salthouse et al., 2000). Older adults 
performed only slightly better on the PPTT, which is 

Table 3 

Participants’ scores for the combined picture description tasks 

  Younger participants Older participants   

  M SD M SD p 

General           

Total number of words 351.12 177.98 379.71 170.80   

Total duration 146.77 79.06 166.95 83.89   

Meanwords per minute 146.03 23.46 140.49 33.61   

Disruptions to fluency           

Total number of repetitions 4.19 3.98 8.50 4.91 ** 

Total number of retracings 4.15 3.86 8.68 4.13 ** 

Lexical           

Mean lexical frequency 2.26 0.12 2.17 0.09 * 

Mean TTR 0.52 0.08 0.51 0.07   

Mean D 71.28 14.92 68.93 14.93   

Semantic           

Total number of ICUs 39.61 6.98 40.14 6.07   

Pragmatic           

Mean efficiency 1 8.79 3.03 9.29 3.54   

Mean efficiency 2 3.68 1.41 4.19 1.84   

Note.* = p < .05; ** = p < .01; TTR = type-token ratio; ICUs = information content units; Efficiency 1 = number of words 
produced / total number of ICUs; Efficiency 2 = number of seconds of the samples / total number of ICUs. 

Table 2 

Neuropsychological and language assessment 

  Younger participants Older participants   

  M SD M SD p 

MoCA 28.31 1.12 28.23 1.23   

PPTT 48.69 1.85 50.18 1.33 ** 

BNT 29.61 0.64 29.55 0.60   

Similitudes 29.00 2.93 27.45 4.14   

TMT-A (seconds) 22.15 7.13 37.14 9.52 ** 

TMT-B (seconds) 49.69 18.33 83.11 26.16 ** 

Note. ** = p < .01; MoCA = Montreal Cognitive Assessment score; PPTT = Pyramids and Palm Trees Test score;  
BNT = Boston Naming Test score; TMT-A = Trail-Making Test, version A; TMT-B = Trail-Making Test, version B. 
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consistent with the assumption that no degradation of 
semantic knowledge occurs throughout healthy aging 
(Nilsson, 2003).  

Interestingly, while previous literature had 
suggested that healthy aging could affect picture 
naming abilities, the difference between the younger 
and the older group for scores on the BNT-30 did not 
reach significance. Thus, while the observed increase 
in disruptions to fluency suggests an effect of age on 
speech production in context, older adults did not 
perform significantly worse than the younger adults on 
this picture naming task. To explain these unexpected 
results, we can hypothesize that picture description 
tasks may be more sensitive tools than standardized, 
single-picture naming tasks such as the BNT-30 for 
assessing changes occurring in healthy individuals 
over the course of aging. Nevertheless, these results 
should be interpreted with care.  

First, while naming accuracy is known to be 
influenced by education level, our sample was 
composed of highly educated older adults. This may 
have led to underestimating the effects of healthy 
aging on participants’ performance on our naming 
task. Additionally, the BNT-30, a 30-items 
single-picture naming task, may have been too easy a 
task for our healthy and highly educated older adults 
to reveal significant retrieval failures. In fact, it was 
shown that other naming tasks including more 
"difficult" items such as semantically unique entities 
(e.g., proper nouns designating famous people and 
places) could be associated with more WFD, in 
healthy as well as clinical populations (Brédart, 1993; 
Montembeault et al., 2017). Finally, while WFD may 
also result in slower naming latencies in healthy older 
adults, response time was not considered for the BNT-
30 score in this study. 

This study’s design did not allow to investigate the 
stability of the connected speech measures elicited by 
the picture description tasks. However, the amount of 
available data obtained by combining the two most 
commonly used picture description tasks was 
sufficient (cf. Table 3) according to the most cited 
guidelines of Brookshire and Nicholas’ (1994a, 
1994b) in connected speech studies (Bryant, Ferguson, 
& Spencer, 2016; Larfeuil & Le Dorze, 1997; Mayer 
& Murray, 2003). This strengthens our confidence in 
this study’s results, considering that the available 
literature based on connected speech samples elicited 
by a single picture stimulus did not provide a 
consistent approximation of language production 
abilities in healthy older adults. 

Our results suggest that older adults’ speech is 
characterized by more disruptions to fluency, as they 
produce a significantly higher rate of both repetitions 
and retracings. The relationship between disruptions to 

fluency and age has been largely documented (Kavé & 
Goral, 2016a). While, as previously stated, previous 
literature is not entirely consistent, our findings 
replicate the trend indicated by most studies: a 
majority of authors who used picture description tasks 
also found an increase of disruptions to fluency in 
older adults’ speech, as measured by more repetitions 
and/or retracings (Kemper & Sumner, 2001; Le Dorze 
& Bédard, 1998). A higher rate of disruptions to 
fluency with age was also reported in studies using 
speech eliciting procedures other than picture 
description. Among others, Schmitter-Edgecombe et 
al. (2000) found that older adults produced more 
repetitions in story narratives, and Bortfeld, Leon, 
Bloom, Schober, and Brennan (2001) showed that 
older adults’ conversational speech samples were 
characterized by a slightly higher rate of disruptions to 
fluency, which included both repetitions and 
retracings. Thus, our results provide support to the 
hypothesis that age-related WFD may result in a 
higher rate of disruptions in older adult’s speech. 
Older adults’ tendency to repeat the same words is 
also consistent with the hypothesis of WFD 
originating from a “transmission defect” (Burke et al., 
1991), according to which aging weakens the 
connection from lexical to phonological nodes, 
making word retrieval harder for older adults. Older 
adults, having more difficulty in retrieving new words, 
tend to re-use words that have been recently used as 
their activation requires less effort, hence the 
repetitions.  

As hypothesized and in agreement with most 
previous literature, analysis of lexical measures 
typically investigated (i.e., lexical frequency and 
lexical diversity) did not show that older adults used a 
restricted lexicon in picture description tasks. Our 
results rather suggest that while older adults’ speech is 
characterized by a higher rate of disruptions to 
fluency, their performance on lexical diversity and 
frequency measures does not decline with age. In fact, 
Kavé and Goral’s review (2016a) suggested that older 
adults do not use a more restricted set of words in 
connected speech production. This indicates that the 
typically investigated lexical measures may not be 
informative of the extent to which older adults could 
experience WFD. This being said, even though 
performance on lexical measures frequently 
investigated in the scientific literature should not be 
expected to decrease over the course of healthy aging, 
these measures could still provide information about 
other factors affecting language production, such as 
one’s vocabulary size.  

Regarding lexical diversity measures, no 
significant difference was observed between the two 
groups for the combined picture descriptions. Thus, 
this measure did not reflect an increase in vocabulary 
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size for the older group, both TTR and D scores being 
statistically equivalent between the two groups. 
Previous connected speech studies relying on picture 
description tasks and investigating the effects of age 
on lexical diversity had yielded highly inconsistent 
results. While our findings replicate those from Kavé 
et al. (2009), who used the TTR measure and found no 
age-related differences for lexical diversity, Capilouto 
et al. (2016), using the D-measure, found a reduced 
lexical diversity in older adults' speech. As for studies 
investigating lexical diversity in speech samples 
elicited by tasks other than picture descriptions, 
Fergadiotis, Wright, and Capilouto (2011) and 
Kemper and Sumner (2001) found age-related 
differences in TTR favoring the older group in 
conversational speech.  

In Fergadiotis et al. (2011), these differences were 
eliminated when language samples were elicited with 
pictorial stimuli. Conversely, while Capilouto et al. 
(2016) had found lower D scores for older participants 
using a single picture stimulus, group effect was no 
longer significant when analyzing connected speech 
samples elicited by a sequential picture task. Thereby, 
the available literature indicates that the most typical 
lexical diversity measures do not yield consistent 
results in picture description tasks and that they do not 
remain stable across different connected speech 
eliciting methods. These inconsistencies suggest that 
lexical diversity measures might present limitations 
when it comes to estimating vocabulary size, which is 
compatible with existing criticism. For instance, TTR 
and other derived measures have been shown to be 
sensitive to sample length (i.e., shorter samples 
produce a higher TTRs and longer texts usually have 
lower TTRs; Fergadiotis et al., 2011; Jarvis, 2002). 
While D is considered more robust than earlier 
measures (Owen Van Horne & Leonard, 2002), 
Fergadiotis, Wright, and Green (2015) suggested that 
it may also be sensitive to other factors, such as the 
number of themes introduced by the participant.  

As for the lexical frequency measure, the use of 
more low-frequency words by older adults in our 
sample provides support to the hypothesis that a 
positive age-related change regarding language 
production is the vocabulary size increase throughout 
the adult lifespan (Kavé & Goral, 2016a; Kemper & 
Sumner, 2001). Furthermore, our findings are 
consistent with evidence from previous literature 
relying on single-word processing tasks, showing that 
healthy older participants may even outperform 
younger participants on tasks that do not involve word 
retrieval and focus on vocabulary knowledge (Kavé & 
Yafé, 2014). Interestingly, the significant age by 
picture stimulus interaction suggests that the lexical 
frequency measure is sensitive to characteristics of the 
picture stimulus used to elicit connected speech. 

Analysis of simple effects showed that connected 
speech samples elicited by the Cookie Theft Picture, 
but not the Picnic Scene, led to differences in mean 
word frequency between the two groups. As the 
Cookie Theft Picture elicits a shorter sample but yields 
results more representative of the combined results, 
these findings cannot be explained simply by the 
length of the connected speech sample. We suggest 
that they could be attributed to the characteristics of 
the picture stimulus. The Picnic Scene task might 
place more constraints on the participant’s speech, as 
our results show that this stimulus tends to elicit more 
low frequency words for both groups.  

In contrast, the Cookie Theft Picture is described 
with words that are, on average, more frequent (cf. 
Table 3). This stimulus could elicit less constrained 
connected speech and procure more opportunities for 
variation in vocabulary use, which increases the 
probability of finding significant differences between 
younger and older adults. Thereby, we recommend 
that the choice of picture stimulus is considered if 
vocabulary breadth is a variable of interest. Globally, 
these results indicate that the performance of healthy 
older adults on lexical measures of speech production 
should not be expected to decline as a result of age. 

Regarding informativity of speech, no significant 
difference was found between the older and the 
younger participants for the number of ICUs, with 
older adults conveying as much relevant information 
as the younger group. This confirms the trend 
observed in most studies using ICU extraction 
(Cooper, 1990) or other methods (Le Dorze & Bédard, 
1998; Mackenzie et al., 2007), suggesting that age 
does not affect healthy older adults’ ability to convey 
relevant information. As for studies using connected 
speech eliciting methods that do not involve picture 
description, they also usually showed that older 
adults’ speech was as informative as the younger 
group’s (Light & Anderson, 1983; Shewan & 
Henderson, 1988). Thus, consensus generally 
indicates that a decline of speech’s informativity is not 
associated with the evolution of language production 
in healthy aging. On the contrary, Shewan and 
Henderson (1988) associated poorer semantic content 
to neurodegenerative diseases or language-specific 
impairments associated with pathological aging.   

As for the efficiency of discourse, older 
participants were not significantly less efficient than 
the younger group in their picture descriptions, though 
a tendency was observed. While our findings replicate 
Cooper’s (1990), they are not in agreement with most 
studies using picture description tasks, which 
converge towards a slight but significant reduction of 
efficiency in older adults’ speech (Capilouto et al., 
2016; Capilouto et al., 2005; Kemper, Thompson, & 
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Marquis, 2001; Le Dorze & Bédard, 1998). As for 
speech eliciting tasks that do not involve picture 
descriptions, Arbuckle et al. (2000), Bortfeld et al. 
(2001), and Mackenzie (2000) found that older adults 
are significantly less efficient in conversational 
speech, and James, Burke, Austin, and Hulme (1998) 
suggested that older adults produce more irrelevant 
speech in conversational speech, and are thereby less 
efficient when talking about a personal topic. 
However, James et al. (1998) found that when 
presented with a picture stimulus, older adults are as 
efficient as young adults, in agreement with our 
results.  

While previous literature was unclear as to what 
caused this reduction in efficiency in healthy older 
adults, Arbuckle et al. (2000) suggested that the 
decline in efficiency is explained by a general decline 
in the ability to inhibit irrelevant information, which 
results in an increase of off-topic speech with 
advancing age. This explanation is particularly 
interesting in that it accounts for inconsistencies 
between different speech eliciting tasks regarding 
efficiency (i.e., age-related differences are more subtle 
in picture description tasks than in tasks that do not 
involve pictorial stimuli; Bortfeld et al., 2001; 
Mackenzie, 2000). Indeed, speech eliciting tasks 
placing fewer constraints on the participant’ speech 
(e.g., conversation), could allow more opportunity for 
off-topic speech than picture description tasks.  

An additional explanation for our findings could 
reside in methodological factors associated with the 
efficiency measure. Both our study and Cooper’s 
(1990) scored for efficiency using a list of ICUs 
defined and validated prior to the investigation. In 
comparison, Capilouto et al. (2005; 2016) found age-
related differences in speech efficiency using the 
percentage of correct information unit (CIU) method 
proposed by Nicholas and Brookshire (1993), while 
Le Dorze and Bédard (1998) and Mackenzie (2000) 
used a similar metric (i.e., the number of different 
content units per minute or words), and Kemper and 
Sumner (2001) measured the propositional density 
index. These studies accounted for all true and 
relevant information a posteriori, which suggests that 
means of evaluating the information content of 
discourse might impact the estimation of the 
participants’ efficiency. For instance, measures such 
as ICUs/time and ICUs/words might not allow enough 
variability to detect age-related differences in speech 
efficiency. Thus, our method, though less time-
consuming and possibly more suitable for clinical 
settings, might be less sensitive to subtle variations in 
efficiency.  

 

 

Conclusion 

This study allowed the investigation of multiple 
aspects of speech production within a single sample, 
using a standardized and ecological task. In agreement 
with our expectations, we showed that normal aging 
didn’t affect all aspects of language production 
equally. On the one hand, our results indicate an age-
related increase in the rate of disruptions to fluency, 
which could result from WFD, while lexical diversity, 
informativity, and efficiency of speech remain 
unaffected by age in our healthy, highly educated 
older group. On the other hand, the use of less 
frequent words by older adults could reflect an 
increase in vocabulary size with aging. Interaction 
effects found between picture stimulus and age 
suggest that the lexical frequency measure is sensitive 
to the stimulus’ properties. Thus, we recommend that 
the choice of picture stimulus is taken into account if a 
study aims to estimate vocabulary size. For the other, 
possibly more clinically relevant connected speech 
measures that were investigated, the impact of age on 
speech production does not vary as a function of the 
stimulus used.  

Knowledge of the way age-related changes appear 
in connected speech is needed to distinguish changes 
that are expected to occur with age alone from signs of 
neurodegenerative disorders. For instance, while it is 
well established that patients with AD experience 
more lexical retrieval difficulties than their healthy 
counterparts (Kavé & Goral, 2016b), some studies 
suggested that a slight decline in naming abilities is 
one of the first predictors of conversion to AD 
(Mickes et al., 2007; Pekkala et al., 2013). However, 
these findings could not be systematically replicated 
across studies relying on confrontation naming 
(Schmidtke & Hermeneit, 2008; Testa et al., 2004) 
and fluency tasks (Schmidtke & Hermeneit, 2008). 
While such changes might be too subtle to allow 
consistent detection in standardized tasks involving 
single-word production at a preclinical stage, this 
study suggests that some measures of connected 
speech may be more sensitive to age-related changes 
in language production and could eventually prove 
useful in identifying changes in word-retrieval that 
could help predict conversion towards AD. 
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