
 

ABSTRACT 

 

DENNIS, PAUL ANTHONY. Aging and Word Retrieval: How Aging-Related Gains in 

Semantic Knowledge and Loss of Access to Linguistic Information are Expressed in 

Connected Speech. (Under the direction of Thomas Hess). 

 

As people age, they accumulate word knowledge, or vocabulary, yet their ability to access 

individual words at a given moment decreases. Indeed, in studies of naturalistic connected 

speech, or discourse, older adults are found to produce more unique words than younger 

adults; yet they are also more likely to experience tip-of-the-tongue occurrences and produce 

more errors in speech. Evidence from laboratory studies suggests that degradation of neural 

networks may underlie these word-access deficits. The purpose of the present study was to 

determine whether older adults produce more atypical language than younger adults because 

they must compensate for word-retrieval errors by substituting less normative language, or 

because they are better equipped to maximize their available vocabulary on account of more 

experience with communication. Additional analyses were directed to test the hypotheses that 

older adults would be least likely to produce words of low lexical frequency as well as words 

subject to high levels of semantic competition. To address these questions, 60 younger and 

60 older adults described two neutral photographs. Their words were assessed for accuracy 

and precision by a second sample of 48 high-vocabulary younger and older adults. For each 

word, the proportion of participants who used that word to describe a particular object or 

action depicted in the pictures (normativeness) was determined. Additionally the overall 

frequency of use in the English language and level of semantic competition were assessed 

based on available published norms. As predicted, older adults produced non-normative 

words at a greater rate than younger adults. However, there was evidence that they did so 

both to maximize their available vocabulary but also as a way of compensating for word-



access failures. Overall, older adults did not struggle to produce words that were low-

frequency or subject to high levels of competition. However, when they exhibited evidence 

of deliberating over word choice, they failed to produce such words. Moreover, the quality of 

their word choice also suffered from deliberative searches. These findings are discussed in 

relation to the neural-network models posed by Node-Structure Theory (Mackay & Burke, 

1990) and lexical competition accounts of word production and aging (e.g., Levelt, Roelofs, 

& Meyer, 1999). 
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Literature Review 

A fundamental principle of psychological development is that aging is characterized 

by both gains and losses (e.g., Baltes, 1987). For instance, older adults possess knowledge 

and experience that far exceed that of their younger counterparts, yet their ability to call a 

particular piece of that information to mind at a given moment is generally hampered by 

declines in processing speed (e.g., Salthouse, 1996), working memory (e.g., Salthouse, 

1990), inhibitory processes (e.g., Hasher & Zacks, 1988), and neural-network functioning 

(e.g., Levelt, Roelofs, & Meyer, 1999). In light of these changes, a central question in the 

field of cognitive aging concerns how aging-related processes influence the momentary 

representation of crystallized semantic knowledge (Bahrick & Hall, 1991; Bahrick, Hall, & 

Baker, 2012; Charness, 1981).  

The domain of language, specifically that concerning lexical access, has proven to be 

particularly fertile ground for this line of inquiry. For instance, naturalistic studies have 

produced descriptive evidence indicating that overall older adults employ more unique 

vocabulary in connected speech, or discourse (Kavé, Samuel-Enoch, & Adiv, 2009; Kemper 

& Sumner, 2001), yet exhibit more frequent problems accessing that vocabulary (Burke, 

MacKay, Worthley, & Wade, 1991; Cooper, 1990; Goral, 2004; Schmitter-Edgecombe, 

Vesneski, & Jones, 2000). These findings are coupled with experimental evidence suggesting 

that structural changes to the neural networks in which word knowledge is embedded may 

underlie such age-related changes (e.g., Brown & McNeil, 1966; Burke, Locantore, Austin, 

& Chae, 2004; Harley & Brown, 1998; LaGrone & Spieler, 2006). However, no study has yet 
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integrated elements from both naturalistic and experimental designs to determine how 

specific network changes influence younger and older adults’ word production in connected 

speech. As such, the purpose of the present study was to investigate whether older adults 

draw on their language expertise to offset word-access deficits in connected speech, thereby 

accounting for their tendency to use less normative vocabulary than younger adults. I also 

tested two prevailing neural-network models of word-production failure, for which only 

experimental evidence is presently available, to determine the degree to which they account 

for age differences in word production in connected speech. 

 As with other knowledge domains, word knowledge, or vocabulary, tends to increase 

with age (e.g., Bowles, Grimm, & McArdle, 2005; Kemper & Sumner, 2001; Salthouse, 

2004; Schaie, 1994; Verhaeghen, 2003). This is because vocabulary represents a specific 

form of crystallized intelligence that accumulates over the lifetime, with little deterioration 

evident prior to late old age (Arenberg, 1990; Hultsch, Hertzog, Dixon, & Small, 1998; 

Schaie & Willis, 1993, Zelinski & Burnight, 1997). Nevertheless, word retrieval difficulties, 

particularly the tip-of-the-tongue phenomenon (TOT), in which one struggles to produce a 

well-known word or place a name with a familiar face, represents one of the most common 

complaints of older adults (Burke & Shafto, 2008). Indeed, TOTs are often rated by older 

adults as the most frequent and annoying sign of aging-related cognitive decline (Lovelace & 

Twohig, 1990; Ryan, See, Meneer, & Travato, 1994). 

 The reason why word knowledge increases with age while momentary access to 

individual words decreases appears to reside in the very structure of word knowledge. 

According to connectionist models of cognition (e.g., Feldman & Ballard, 1982; Munakata & 
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McClelland, 2003), mental phenomena can be described in terms of vast, interconnected 

networks of simple units, or nodes. In biological models, the nodes represent neurons, the 

connections synapses. In linguistic models, the nodes represent conceptual, or semantic, 

representations, the connections conceptual linkages (see top of Figure 1). Given the high 

degree of interconnectivity between conceptual nodes and the process by which spreading 

activation preserves those connections, the network of conceptual connections remains 

relatively stable over time. By contrast, a second network of linguistic nodes, which permits 

the representation of conceptual information as words, is more tenuously interconnected via 

singular pathways (see bottom of Figure 1).  

According to Node-Structure Theory (NST; Mackay & Burke, 1990), when activation 

spreads from a lexical (concept) node towards its corresponding phonological nodes, it does 

not benefit from the convergence of multiple signals, which would otherwise increase the 

likelihood that the threshold for activation of those phonological nodes will be is reached. By 

contrast when activation spreads from phonological nodes towards corresponding lexical 

nodes, pathways converge, strengthening the signal and increasing the likelihood that the 

threshold for activation will be reached. This may explain why it is easier to produce the 

definition of a given word (i.e., move bottom-up from phonological or orthographic nodes to 

concept nodes), but harder to produce a word given a definition. 

 With age, TOT vulnerability is exacerbated by a combination of random loss of 

network connections and age-related weakening of neural networks (Mackay & Burke, 

1990). Thus, whereas semantic functioning, measured by performance on tests of vocabulary  
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Figure 1 

Depiction of connectionist model of semantic and phonological/orthographic subsystems. 

Adapted from Burke & Shafto (2008). 

 

 

 

(e.g., Schaie, 1994), word association (Burke & Peters, 1986), and category generation 

(Howard, 1980), remains intact in old age on account of the high degree of 

interconnectedness of the conceptual network, momentary access to linguistic information, 

such as the sound (Burke et al., 1991) or spelling of a particular word (MacKay & Abrams, 

1998) decreases. According to the Transmission-Deficit Principle (TDP; Burke et al., 1991; 

Mackay & Burke, 1990)—a corollary of NST—infrequently used words are particularly 
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subject to such retrieval errors, primarily because the connection between their phonological 

and conceptual nodes, absent frequent reinforcement, are vulnerable to weakening. Indeed, 

adults of all ages, though older adults in particular, are more likely to experience a TOT 

when attempting to produce a low-frequency word (e.g., Brown & McNeil, 1966; Harley & 

Brown, 1998). 

In addition to age-related loss of neural connections, age is associated with higher 

levels of extraneous noise in the neural network, attributable to impeded neurotransmitter 

reuptake (e.g., Erixon-Lindroth et al., 2005) and loss of myelinated neurons (e.g., Marner, 

Nyengaard, Tang & Pakkenberg, 2003). Because word production proceeds when a given 

lexical node reaches a threshold level of activation relative to the activation achieved by 

competing lexical nodes (Luce, 1963), when noise is added to the system, the relative 

prominence of that node becomes obscured (Levelt et al., 1999). This is particularly true as 

the number of lexical nodes in competition increases. Indeed, in one study in which younger 

and older adults engaged in a speeded picture-naming task, older, but not younger, adults 

were slower to produce correct names on trials for which competition was high and therefore 

name agreement low in comparison to trials in which competition was low and name 

agreement high (LaGrone & Spieler, 2006). Moreover, those lengthier response times were 

associated with less predictable responses. 

Although ample evidence supporting the TDP and lexical-competition hypothesis 

(LCH) has been generated from carefully controlled laboratory studies, to date no study has 

tested their validity in an ecologically valid context, using connected speech rather than 



6 

 

 

 

laboratory tests of word production. Consequently, it is unclear to what degree lexical 

frequency and lexical competition present word-retrieval challenges in normal discourse and 

how older adults might navigate those issues. What few studies on aging and word 

production in connected speech do exist tend to suggest one of two things. First and 

consistent with research on single-answer naming tests, older adults tend to produce more 

errors than younger adults in connected speech, such as filled pauses (e.g., “umm”) and 

substitutions with related, albeit incorrect, words (Heller & Dobbs, 1993; Schmitter-

Edgecombe et al., 2000), as well as more indefinite references (e.g., “something”) (Cooper, 

1990; Heller & Dobbs, 1993). Second and inconsistent with research on single-answer naming 

tests is evidence that older adults tend to utilize larger vocabularies in discourse than younger 

adults, producing a greater diversity of words relative to their total word counts (Kemper & 

Sumner, 2001). Furthermore, older adults choose words that tend to be less normative and are 

used with less overall frequency in the language than those chosen by younger adults to describe 

the same stimuli (Kavé et al., 2009). A limitation of these studies is that accuracy and precision 

of speech were not examined. Consequently, it is not clear whether older adults used more unique 

words than younger adults on account of their relative mastery of the language or because of their 

inability to access more desirable, normative words. Although Kavé and Nussbaum (2012) 

subsequently found that the age differences in normativeness of word production in the 2009 

study were due to older adults’ frequent reference to tangential or irrelevant items, that older 

adults more readily used infrequently accessed words than younger adults appears to be 

inconsistent with the TDP prediction that older adults are most likely to lose phonological access 

to such words.  
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There are at least two explanations, both untested, that could account for the above 

findings. The first is that older adults seek to optimize communication by maximizing their 

vocabulary (Burke & Shafto, 2008). That is, older adults may draw on their greater language 

expertise to produce more esoteric and precise wording than younger adults. However, this 

expertise hypothesis appears to be inconsistent with the aforementioned findings that older adults 

produce more errors and vague terms in connected speech than younger adults (Cooper, 1990; 

Heller & Dobbs, 1993; Schmitter-Edgecombe et al., 2000). An alternative explanation for older 

adults’ use of less frequently accessed words in connected speech is that such words serve as 

substitutes for more normative, higher quality words, for which phonological access is 

temporarily lacking. That is, older adults may compensate for TOTs in connected speech by 

tapping semantic neighbors when available or by reverting to more generalized language in an 

effort to circumnavigate troublesome words or phrases. Not only does this explanation account 

for older adults’ difficulties with word production in connected speech, it is compatible with the 

idea that older adults less successfully navigate lexical competition than younger adults.  

Given the myriad unknowns concerning how aging-related processes influence word 

production in connected speech, the present research had three aims: a) to replicate the finding 

that older adults produce more non-normative words than younger adults in connected speech; b) 

to identify whether the expertise account or the compensation account best explains such age 

differences; and c) to determine whether lexical frequency and lexical compensation 

differentially influence younger and older adults’ word production. To address these aims, older 

and younger adults completed a connected-speech task, in which participants described two 

picture prompts. The resulting descriptions were then assessed at the word level for 
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normativeness of use within the sample, frequency of use in the English language, and level of 

semantic lexical competition. A novel feature of this study was that the descriptions were also 

assessed for quality—namely, precision and accuracy—by a second sample of highly language-

proficient raters to determine whether age differences in quality of word selection existed.  

The following hypotheses were then tested: Relating to the first aim, the hypothesis that 

older adults produce non-normative words at a higher rate than younger adults was tested via 

analysis of mean age group differences in the rate of production of non-normative words—that is, 

words used by few others in the sample to describe a particular object or action. To address the 

second aim, mean age group differences in the production of low- and high-quality words were 

examined to determine whether older adults tended to demonstrate expertise in communication or 

compensation for retrieval deficits. Initial support for the expertise account would be claimed if 

older adults produced more high-accuracy and high-precision words and less low-accuracy and 

low-precision words than younger adults. By contrast, if older adults produced more low-

accuracy and low-precision words and less high-accuracy and high-precision words than younger 

adults, this would be considered evidence for the compensation account.  

Additionally, mediation analyses were conducted to determine whether age differences in 

the production of low- or high-quality words accounted for older adults’ greater tendency to 

produce non-normative words. Further support for the expertise account would be claimed if the 

production of non-normative words was also positively associated with the production of high-

quality words and negatively associated with production of low-quality words, and the positive 

association between age and production of non-normative words was attenuated after accounting 

for rate of production of high- and low-quality words. Additional support for the compensation 
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account would be claimed if the production of non-normative words was positively associated 

with the production of low-quality of words and negatively associated with the production of 

high-quality words, and the positive association between age and production of non-normative 

words was attenuated after accounting for rate of production of low- and high-quality words.  

To address the third aim, first word production was explored as a function of word 

normativeness, lexical frequency and competition, and age group. In support of the TDP, I 

predicted that older adults in particular would be less likely to produce otherwise highly 

normative words that were low in lexical frequency as compared to highly normative words that 

were high in lexical frequency. In support of the LCH, I hypothesized that older adults, but not 

younger adults, would be less likely to produce highly normative words that were subject to high 

levels of semantic competition than those subject to little semantic competition.  

In light of previously demonstrated deficits in older adults’ deliberative cognitive 

processing (e.g., Jennings & Jacoby, 1993), a second set of analyses was conducted on instances 

in which participants appeared to deliberate over word choice. Specifically, in support of the 

TDP and LCH, I predicted that older adults would be less likely than younger adults to produce 

highly normative words that were either low in lexical frequency or subject to high levels of 

competition in the course of deliberation. I also predicted that older adults’ deficits in deliberative 

processing would result in their greater likelihood as compared to younger adults to produce non-

normative words of low accuracy and precision in the course of deliberation. 
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Method 

Participants 

 Sixty younger (18-22 years old; 30 females) and 60 older native English-speaking 

adults (65-86; 30 females) were sampled from an undergraduate introductory psychology 

course and the community, respectively. Undergraduate students were compensated credits 

fulfilling a course requirement, whereas the community participants were given $25. After 

initial piloting, an inclusion criterion that participants demonstrate ample motivation and 

provide sufficient verbal data by producing at least 40 words per picture description was 

established. On account of this, the data from two younger and two older adults were 

dropped and replaced. 

Materials 

 Picture prompts. Two stimuli depicting complex visual scenes were used to elicit 

connected speech. The use of visual stimuli to study word production is a commonplace 

practice (e.g., Kavé et al., 2009; Nicholas & Brookshire, 1993). Both images were color 

photographs drawn from the International Affective Picture System (IAPS; Lang, Bradley, & 

Cuthbert, 2008). The first (“Europe”, IAPS number 2594) depicts two women walking up a 

cobblestone street in a European town. The other (“Beach”, IAPS number 2388) depicts two 

young children either heading toward or returning from a beach along a sandy path. Both 

pictures are shown in Appendix A.  

 Naming test. The Boston Naming Test (BNT; Kaplan & Goodglass, 1983) was used 

to capture participants’ abilities to retrieve specific words on command. The test consists of 
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60 black-and-white line drawings in order of least to most difficult to name. In each trial, 

participants viewed one of the pictures on a computer screen, which they were prompted to  

name. Responses were deemed correct or incorrect based on pre-established answers. In 

cases in which a participant either misperceived a picture (for instance, referring to a volcano 

as an “abscess”) or failed to recognize the object in a picture (e.g., “I’m not sure what that 

is”), a pre-selected stimulus cue (e.g., “a kind of mountain”) was provided. A total score 

equal to the sum of correct responses given with or without stimulus cues was assessed for 

each participant.  

 Word fluency. Word-retrieval errors occur when one fails to gain access to a known 

word. To capture individual differences with regard to ease of access to particular words in 

one’s own lexicon, two types of word fluency were measured: semantic (category) and 

phonemic (letter). Replicating Kavé and colleagues’ (2009) procedures, semantic fluency 

was captured by participants’ ability to produce as many examples as possible of animals, 

fruits and vegetables, and types of transportation, given 60 seconds per category. For 

animals, superordinate items (e.g., bird) were not counted if subordinate examples (e.g., 

pigeon) had also been provided. However, animals and their offspring (e.g., deer and fawn) 

could both be credited as valid responses. Participants were informed ahead of time that 

brand (e.g., Toyota) and model (e.g., Camry) names would not be counted as types of 

transportation. The total number of correct items named across all three categories served as 

the measure of semantic fluency. Phonemic fluency was determined from two trials in each 

of which participants were asked to name as many words as possible that started with a given 
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letter in the space of 30 seconds. The two letters were g and p. The total number of real 

words a participant produced across both trials was used to capture phonemic fluency. 

 Vocabulary. To capture individual differences in the size of participants’ lexicons, 

vocabulary was measured using the Wechsler Adult Intelligence Scale (WAIS-III; Wechsler, 

1997) 33-item vocabulary test. Given a target word, participants are asked to provide a 

definition, which is scored on a scale of 0 to 2, with a 2 reflecting a complete definition. A 

total score was calculated from the sum of item scores. 

 Working memory. Given the role that working memory plays in word selection and 

production (Levelt, 1989), working memory was measured using the Wechsler Adult 

Intelligence Scale (WAIS-III; Wechsler, 1997) Letter-Number Sequencing Test (LNS). 

During the test, participants are orally administered randomly arranged strings of letters and 

numbers and asked to reproduce those strings in a pre-specified order (letters first in 

alphabetical order followed by numbers arranged from least to greatest). The test consists of 

21 such trials, with the number of characters per string increasing as the test progresses. A 

total score was calculated from the sum of correct trials. 

Procedure 

 After providing informed consent and background questionnaires measuring self-

reported health and activity, participants engaged in a picture-description task. Specifically, 

participants were instructed that they would view two images on a computer screen, one-at-a-

time, providing oral descriptions so that someone who had not seen the pictures could 

identify them. Prior to viewing the pictures, participants were given the following prompt:  
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The purpose of this study is to capture what constitutes effective communication 

skills. In this task, you will view two pictures, one after the other. You will be asked 

to provide a detailed description of each picture. Plan on spending roughly one to two 

minutes describing each picture. Describe the photos so that someone who has not 

seen them will be able to identify them from a set of other similar pictures. Your 

descriptions will be evaluated for their informativeness. 

Participants’ responses were recorded on a handheld digital voice recorder, and recording 

was stopped when the participant indicated that she or he had finished. 

After engaging in the picture-description task, participants completed the Boston 

Naming Test, the LNS, the word-fluency tests, the vocabulary test, and a short demographics 

questionnaire, after which they were debriefed and released. The order of tasks as well as the 

order in which the pictures were presented was invariant across participants. 

Textual Data Processing 

Word types. After the voice recordings gathered during the picture presentation were 

transcribed verbatim (minus non-word fillers, e.g., “um”), common and proper nouns, 

adjectives, and verbs were identified in the text. The purpose of this was to isolate words 

used to describe objects and actions depicted in the pictures and convert them to a common 

base form (i.e., word type) that would facilitate comparison across participants. As such, a 

number of guidelines were established for this purpose. All nouns were converted to singular 

form if not already represented as such. Following Kavé et al.’s (2009) protocol, pronouns 

were excluded. Additionally, nouns referring to pictorial elements (i.e., “picture”, “scene”, 
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“background”, “foreground”, “side” [of picture]) were omitted in order to focus analyses on 

descriptions of objects and actions depicted in the pictures. Compound nouns (e.g., 

“telephone pole”) were left intact.  

Verbs were converted to single first-person present tense, with the exception of 

passive voice verbs (e.g., dressed) and past participles used as adjectives (e.g., tied up), 

which were left in past-tense form. Verbs pertaining to participants’ perception (e.g., “It 

looks like,” “I see”) and linking verbs used to pair subjects with adjectives (e.g., “She 

appears to be upset”, “He is up in a tree”) were omitted. In the case of compound verbs (e.g., 

“cannot find”), only the head verb (i.e., “find”) was recorded as a verb type. Similarly, when 

verbs were used in combination with a preposition (e.g., “walk down”, “walk up”, “made out 

of”, “has on”) only the head verb was recorded as a verb type.  

Adjectives were included, with the exception of those describing directionality (e.g., 

“the building on the left”, “behind the car”), and “one”, “both”, “all”, and “none”. Other 

indices of quantity (e.g., “a lot of”, “a couple of”, “many”, “two”, “some”), including 

numbers, were included. In the case of compound adjectives (e.g., “traditional-type dress”, 

“sailor-like hat”), only the primary adjective (i.e., “traditional” and “sailor”) was retained.  

 The resulting word types were sorted into lists by the author based on the focal object 

or action in the given picture they described. The identification of focal objects/actions was 

determined through an iterative process, such that the initial round of sorting produced a 

relatively small number of broad categories of focal objects. These categories were then 

narrowed in a second and finally a third round of sorting and identification. For example, 
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what was first identified as a word describing the “two women” in the first picture, was then 

identified as describing the “woman on the left”, and ultimately the “woman on the left’s 

bag”. Sorting was deemed complete when all word types assigned to a particular focal 

object/action could be regarded as synonyms based on the context in which they were used. 

Descriptor usage normativeness. The above data were used to generate an index of 

descriptor normativeness, reflecting the proportion of the sample that used a particular word 

type to describe a specific focal object/action depicted in one of the pictures.  

Lexical frequency. According to the TDP and NST (Burke et al., 1991; Mackay & 

Burke, 1990), how frequently one produces particular words in speech and writing—that is, 

the lexical frequency (LF) of those words—is directly associated with the likelihood of 

retaining access to those words. To capture the degree to which LF may have influenced 

word production in the present sample, two indices of LF were assigned to each word type: 

The first was derived from the Hyperspace Analogue to Language (HAL) frequency norms 

(Lund & Burgess, 1996), which were generated from approximately 131 million words 

(79,672 unique words) gathered across 3,000 Usenet newsgroups in February of 1995 and 

aggregated in the English Lexicon Project database (Balota et al., 2007). The second, the 

Kucera-Francis word-frequency index (Kucera & Francis, 1967) of over 50,000 words, was 

generated from the frequency of individual words found in the Brown Corpus, which was in 

turn compiled from text from 500 sources, including newspaper editorials, scientific journals, 

works of fiction, etc., all published in 1961. Both indices were log-transformed, the resulting 

values of which reflected closely correlated measures, r(41,953) = .70, p < .001. 
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Lexical competition. According to Levelt and colleagues (1999), older adults are less 

likely than younger adults to consistently produce words that are subject to high levels of 

semantic competition for activation. To investigate how semantic competition may 

differentially influence younger and older adults’ word production in connected speech, the 

level of lexical competition (LC) of each word type used by the present sample was searched 

through the University of South Florida Free Association Norms list (FAN; Nelson, McEvoy, 

& Schreiber, 1998). The FAN consists of 5,016 English words for which over 6,000 

participants provided free associations based on semantic linkages to cue words. Specifically, 

subsamples of approximately 149 participants (SD = 15) wrote down free associations in 

response to 100 to 120 words each. Each free association was considered a “near neighbor” 

of the cue word if two or more participants listed it. The number of near neighbors per cue in 

the FAN ranges from 1 (left) to 34 (field). For the purposes of the present study, raw scores 

were used to represent the level of semantic competition to which each word type was 

subject. 

Results 

Sample Characteristics 

 Participant information and speech characteristics are summarized in Table 1. The 

older adults in the sample were highly educated and reported relatively good health. Age 

differences in vocabulary, fluency, and working memory were consistent with those found in 

prior research (e.g., Kavé, 2005; Kavé et al., 2009; Troyer, Moscovitch, & Winocur, 1997; 

Salthouse, 1990; Schaie, 1994; Verhaeghen, 2003). However, younger adults’ poorer
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Table 1 

Participant Characteristics 

 

   Younger Adults        Older Adults   

    

(N = 60; 30 females) 

Pooled 65 – 75 

(N = 30; 15 females) 

76 – 86 

(N = 30; 15 females) 

Age
a,b,c,d

       19.33 (1.11)     74.75 (5.82)       69.63 (2.95)       79.87 (2.46) 

Education
a,b,c

       13.03 (0.96)     16.12 (2.78)       16.80 (2.27)       15.43 (3.10) 

Self-reported physical health
d
         1.27 (0.76)       1.27 (0.90)         1.03 (0.77)         1.50 (0.97) 

Vocabulary
a,b

       46.22 (7.74)     49.68 (10.21)       51.60 (8.95)       47.69 (11.17) 

Single-word retrieval
a,b,c

       51.53 (4.62)     54.41 (5.72)       54.27 (6.87)       54.55 (4.34) 

Semantic fluency
a,c

       57.08 (10.74)     52.07 (11.20)       53.87 (13.28)       50.21 (8.36) 

Phonemic fluency       19.98 (5.18)     20.15 (6.61)       20.93 (7.31)       19.34 (5.83) 

Working memory
a,c,d

       11.25 (2.24)     10.03 (2.20)       10.67 (2.26)         9.38 (1.97) 

Total words used
a,b

     284.93 (142.82)   380.43 (273.14)     430.67 (339.88)     330.20 (176.20) 

Speech rate (words/second)         2.02 (0.38)       1.92 (0.38)         1.92 (0.43)         1.92 (0.32) 
a
Significant difference between younger adults and older adults (pooled), p < .05 

b
Significant difference between younger adults and older adults (aged 65-75), p < .05 

c
Significant difference between younger adults and older adults (aged 76-86), p < .05 

d
Significant difference between older adults (aged 65-75) and older adults (aged 76-86), p < .05 



18 

 

 

 

performance on the Boston Naming Test of single-word production was inconsistent with 

previous research demonstrating a negative association between age and naming ability (e.g., 

Albert, Heller, & Milberg, 1988; Connor, Spiro, Obler, & Albert, 2004; Kavé et al., 2009). A 

follow-up analysis revealed that vocabulary partially mediated the association between age-

group membership and naming-test performance, accounting for 30% of the effect of age 

group, Sobel z = 1.93, p = .05. Nevertheless, age group remained a significant predictor of 

naming-test performance (p = .02) even after controlling for vocabulary. Correlations 

between cognitive variables are displayed in Table 2. 

 

Table 2 

Correlation between Measures 

 

  SWN SF PF Working Memory 

Vocabulary .46** .36**     .24**          .31** 

Single-Word Naming (SWN)  .27**     .11          .12 

Semantic Fluency (SF)       .48**          .45** 

Phonemic Fluency (PF)                .30** 

**p < .01 

 

Data Preparation 

 Because the present investigation concerns the use of words nested within focal 

objects and actions, nested within individual people, both as a function of word-level and 

individual-level characteristics, multi-level modeling (MLM) was used to test the hypotheses 

where analyses of variance were inadequate. Consequently, the dataset was arranged in a 

stacked fashion, with the number of rows of data in the entire dataset equal to the total 
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number of unique word types generated across all participants multiplied by the number of 

participants. Scores representing language functioning—namely vocabulary, word fluency, 

naming scores, and working memory—were standardized, and lexical fluency and semantic 

competition were grand-mean standardized to facilitate interpretation of effects. Variables 

with meaningful scales—namely word normativeness, number of words used to describe 

focal objects/actions, precision, and accuracy—were grand-mean centered. 

Normativeness of word selection. To test the hypothesis that older adults would be 

more likely than younger adults to produce non-normative descriptors, an initial analysis was 

conducted on those words produced by just 10% or less of the sample to describe a given 

focal object or action. Given Kavé and Nussbaum’s (2012) finding that Kavé and colleagues’ 

(2009) age differences in normativeness of word production were due to older adults’ 

relatively frequent references to tangential or irrelevant items, precautions were taken to 

exclude such references from the present analyses. First, two research assistants applied a 

binary code to each word type used by each participant for each of two phenomena—

tangential speech and references to absent items (e.g., “I don’t see any cars on the street.”)—

representing whether or not a particular word type was the product of tangential speech, 

including speculation about the time of day, weather, thoughts of the human subjects, and so 

forth, or used to identify the absence of a particular object from the picture. Inter-rater 

reliability was high (Cohen’s kappa = .96 for tangential speech, .93 for absence), and 

conflicts were resolved by the study’s author. As expected, older adults (M = 16.22 per 100 

words; SD = 12.29) produced more tangential speech than younger adults (M = 10.41 per 100 
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words; SD = 8.26), t(118) = 3.04, p = .003. No age difference in frequency of reference to 

absent items was found, t(118) = .78, p = .44. For each participant, each unique word type 

was assigned a value representing whether that word type was produced as tangential speech 

or as a reference to an absent item based on the first use of the word. Words positively 

identified as tangential speech or references to absent items were then temporarily removed 

from the dataset.
1
 

The number of non-normative words produced by each participant divided by the 

total number of words used by that participant to describe both pictures was submitted to a 

one-way ANCOVA, with participants’ vocabulary scores entered as a covariate (see Table 3, 

Model 1). As predicted, older adults (M = .10, SD = .03) produced unique words at a higher 

rate than younger adults (M = .09, SD = .03), although the difference was small. A second 

ANCOVA was run to determine whether performance on the naming test, semantic fluency, 

phonemic fluency, or working memory accounted for age differences. The effect of age 

group was reduced by 45%, to marginal significance with the addition of the individual-

differences variables (see Table 3, Model 2). However, only performance on the single-word 

naming test, which was positively associated with age, approached significance. This 

suggested that older adults’ tendency to produce more unique words than younger adults 

may have reflected their language expertise rather than a deficit. 

                                                 
1
 Because tangential speech was defined to include all speculation, even that which was relatively normative—

for instance, location (e.g., “They’re at the beach” or “It’s a city in South America”)—word types coded as 

either tangential speech or references to absent items were only excluded in the initial analyses. All subsequent 

analyses retained those word types. Nevertheless, the influence of tangential speech and references to absent 

items was limited in subsequent analyses. For instance, in the quality-of-word-production analyses, only words 

referring to focal objects/actions mentioned by over two thirds of the sample were used. In all other analyses, 

only words referring to focal objects/actions mentioned by at least one third of the sample were used. 
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Table 3 

Rate of Non-Normative Words Use  

 

  Model 1 Model 2 

Parameter df F Partial η
2
 df F Partial η

2
 

Intercept 1, 116  1105.19** .91 1, 111  1107.87** .91 

Age Group 1, 116       6.75* .06 1, 111        3.49
†
 .03 

Vocabulary 1, 116       1.41 .01 1, 111        0.01 .00 

Naming    1, 111        2.92
†
 .03 

Sem. Fluency    1, 111        0.37 .00 

Phon. Fluency    1, 111        0.63 .01 

Working Memory       1, 111        0.30 .01 
†
p < .10, *p < .05, **p < .01 

 

 

 The influence of age on rate of non-normative word production was also explored 

solely amongst the older adults in the sample. Specifically rate of non-normative word 

production was regressed by continuous age and vocabulary. Interestingly, age was 

negatively associated with production of non-normative words (see Table 4, see Model 1). A 

follow-up model, which included performance on the single-word naming test, phonemic 

fluency, semantic fluency, and working memory, revealed a stronger effect for age (see Table 

4, Model 2). Only performance on the Boston Naming Test approached significance as a 

predictor, but coupled with the non-significant negative effect for working memory, it 

suggested that the age-related decrease in non-normative words was driven by a decrease in 

access to more descriptive, albeit less normative, words. 
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Table 4 

Rate of Non-Normative Word Use by Oldest Participants (65-86 Years) 

 

Parameter Model 1  Model 2  

Age     -.28*    -.36* 

Vocabulary    -.01    -.03 

Naming        .30
†
 

Sem. Fluency       .01 

Phon. Fluency       .00 

Working Memory     -.20 

R
2
      .08      .19 

†
p < .10, *p < .05 

 

 

Quality of word selection. To determine how appropriate and accurate each of the 

descriptions provided by the participants were, a second sample of 24 younger (21-25 years 

old; 12 females) and 24 older adults (67-81; 12 females) from the community were asked to 

provide normative ratings of the precision and validity of a subset of the above word types. 

To ensure the validity of these ratings, an inclusion criterion was established requiring that 

raters score in the top 16
th

 percentile (one standard deviation above the standardized mean) 

on the WAIS-III Vocabulary Test (means for younger and older adults were 54.96 and 57.78, 

respectively). Given the large number of word types produced, ratings were only sought for 

word types used to describe focal objects/actions referenced by over two thirds (n > 80) of 

the sample. Furthermore, a multi-form design was used in which the focal objects/actions and 

their corresponding word types were divided into five sets, one of which was assessed by all 

raters. Raters were randomly assigned two of the remaining four sets (for a discussion of the 

multi-form design, see Graham, Taylor, Olchowski, & Cumsille, 2006).  
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Assessments were made while raters viewed the pictures sequentially on a computer 

screen with highlighted sections indicating focal objects/actions referenced by corresponding 

sets of word types. Precision and accuracy of each word type were evaluated on 10-point 

Likert scales (1 = very vague or very inaccurate and 10 = very specific or very accurate). 

Inter-rater reliability was high for both precision (intra-class correlation = .97) and accuracy 

(intra-class correlation = .93), reflecting strong agreement and little variability across raters 

of different ages. Mean precision (M = 6.21, SD = 1.60) and accuracy ratings (M = 6.32, SD 

= 2.27) were normally distributed and fairly independent of each other, r(262) = -.03, p = .58. 

To test the hypothesis that age differences would be found in the quality of words used, 

analyses were first aimed at determining whether older or younger adults disproportionately 

used low- or high-quality words. Specifically, four variables were generated by dividing the 

number of words used by each individual that were one standard deviation below the mean of 

precision and accuracy and one standard deviation above the mean by the total number of 

words used by that individual to describe those focal objects/actions for which quality ratings 

were collected. These were submitted to one-way ANCOVAs, with age group entered as the 

independent variable and participants’ vocabulary scores as covariates. Age differences were 

found in the use of low- and high-precision words as well as high-accuracy words (see Model 

1 of Tables 5, 6, and 8, respectively), but not in the use of low-accuracy words (see Model 1 

of Table 7). Consistent with the expertise hypothesis, older adults (M = .04, SD = .03) used 

low-precision words at a lower rate than younger adults (M = .07, SD = .04) and high-

precision words (M = .19, SD = .06) at a higher rate than younger adults (M = .15, SD = .05). 
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However, younger adults (M = .33, SD = .09) used high-accuracy words at a higher rate than 

older adults (M = .30, SD = .09), lending some support to the compensation hypothesis. 

 

 

Table 5 

Rate of Low-Precision Word Use 

 

  Model 1 Model 2 

Parameter df F Partial η
2
 df F Partial η

2
 

Intercept 1, 116   328.17** .74 1, 111  321.96** .74 

Age Group 1, 116     12.07** .09 1, 111    11.42** .09 

Vocabulary 1, 116       1.88 .02 1, 111      0.51 .01 

Naming   

 

1, 111      0.00 .00 

Sem. Fluency   

 

1, 111      2.39 .02 

Phon. Fluency   

 

1, 111      0.91 .01 

Working Memory       1, 111      0.02 .00 
**p < .01 

 

 

 

Table 6 

Rate of High-Precision Word Use 

 

  Model 1 Model 2 

Parameter Df F Partial η
2
 df F Partial η

2
 

Intercept 1, 116 1061.67** .90 1, 111 1091.97** .91 

Age Group 1, 116       8.12** .07 1, 111       6.96* .06 

Vocabulary 1, 116       0.14 .00 1, 111       0.23 .00 

Naming   

 

1, 111       2.73 .02 

Sem. Fluency   

 

1, 111       1.44 .01 

Phon. Fluency   

 

1, 111       4.34* .04 

Working Memory       1, 111       1.04 .01 

 *p < .05, **p < .01 
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Table 7 

Rate of Low-Accuracy Word Use 

 

Parameter df F Partial η
2
 

Intercept 1, 116    71.97** .38 

Age Group 1, 116      1.85 .02 

Vocabulary 1, 116      0.00 .00 

**p < .01 

 

 

Table 8 

Rate of High-Accuracy Word Use 

 

  Model 1 Model 2 

Parameter df F Partial η
2
 df F Partial η

2
 

Intercept 1, 116 1537.77** .93 1, 111 1513.84** .93 

Age Group 1, 116       4.16* .04 1, 111       1.53 .01 

Vocabulary 1, 116       2.72 .02 1, 111       0.96 .01 

Naming   

 

1, 111       1.27 .01 

Sem. Fluency   

 

1, 111       0.03 .00 

Phon. Fluency   

 

1, 111       2.30 .02 

Working Memory       1, 111       1.04 .01 
*p < .05, **p < .01 
 

 

 To determine whether any of the individual-differences variables accounted for age 

differences in the use of highly vague and specific words as well as highly accurate words, 

the rates of use of low- and high-precision and high-accuracy words were submitted to one-

way ANCOVAs, with age group set as the independent variable and vocabulary, naming-test 

performance, semantic fluency, phonemic fluency, and working memory entered as 

covariates. The effect of age was attenuated only in the model of high-accuracy word usage 
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(see Table 8, Model 2). However, in that model, none of the individual-differences variables 

were significant; hence, a true mediation was not found. Only the model of high-precision 

word usage produced a significant effect for an individual-differences variable, phonemic 

fluency (see Table 6, Model 2). Curiously, phonemic fluency was negatively associated with 

the use of precise words after accounting for age and the other individual differences. 

 The influence of age on the rate of production of low- and high quality words was 

also explored solely amongst the older adults in the sample. As with the normative analyses, 

the rate of production of low- and high- precision and accuracy words was regressed by 

continuous age and vocabulary. Age only approached significance as a predictor of usage of 

high-accuracy words, β = .25, p = .07. Absent evidence of significant age-related changes in 

the normativeness and quality of word production amongst the older adults in this sample, no 

further investigation of age differences in word production were pursued in that group solely. 

Association between normativeness and quality of word selection. To determine 

whether age differences in the quality of word choice accounted for older adults’ greater 

tendency to use non-normative words, a series of mediation analyses was conducted on the 

portion of the dataset for which quality ratings were available. Following Baron and Kenny’s 

(1986) four-step prescription, first the association between age and normativeness was re-

affirmed with the smaller dataset. This time, the rate at which each participant used words 

that were in turn used by 10% or less of the entire sample was regressed by age group and 

vocabulary. As found above, age was positively associated with the production of non-

normative words, β = .26, p = .006. Because the second step in the mediation analyses—
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demonstrating that age is associated with quality of word selection—had already been 

completed, the next step was to test the direct association between normativeness and quality 

of word selection. In partial support of the compensation account, the production of non-

normative words was positively associated with the production of low-precision, r(118) = 

.27, p = .003, and low-accuracy words, r(118) = .43, p < .001, and negatively associated with 

the production of high-accuracy words, r(118) = -.27, p = .003. Production of non-normative 

words was not associated with production of high-precision words, r(118) = .01, p = .90. 

The fourth and final step for testing mediation stipulated modeling normativeness as a 

function of age, precision, and accuracy to determine if the effect of age would be attenuated 

in the presence of the quality variables. Because only the production of low-precision and 

high-accuracy words were associated with both age and normativeness, only those variables 

were added to the model of normativeness in addition to age group and vocabulary. In that 

model, use of low-precision, β = .44, p < .001, and high-accuracy words, β = -.28, p = .001, 

were significant predictors of normativeness. However, age remained a significant predictor, 

β = .34, p < .001; in fact, its effect was increased by 32% following the addition of usage of 

low-precision and high-accuracy words to the model. Thus, quality of word selection did not 

account for age differences in the use of non-normative words. Instead, rates of production of 

low-precision and high-accuracy words acted as suppressors of the age effect. 

 Because suppression effects often indicate moderation of the suppressed variable by 

the suppressor variable(s), additional analyses were undertaken to determine if younger and 

older adults’ non-normative words differed in terms of precision and accuracy. Multi-level 
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logistic modeling was used to model the dichotomous variable, word use, representing 

whether or not participants used words spoken by 10% or less of the sample, as a function of 

precision and accuracy ratings and participants’ age group. Because participants may have 

used non-normative words either as a substitute for more normative, albeit temporarily 

inaccessible, words or as more descriptive alternatives to the highly normative options, 

potential quadratic effects of precision and accuracy were tested. The number of words that 

participants dedicated toward describing the relevant focal object/action was grand-mean 

centered (volume) and entered along with participants’ vocabulary scores (vocab) as 

covariates (see Equation 1).
2
 

1) Level 1: Word Usehij = α0hij + α1hij(Precision) + α2hij(Precision x Precision) +  

 α3hij(Accuracy) + α4hij(Accuracy x Accuracy) + ehij 

Level 2: α0ij = β00j + β01j(Volume) + r0ij 

 α1ij = β10j 

 α2ij = β20j 

  α3ij = β30j 

  α4ij = β40j 

Level 3: β00j = γ000 + γ001(Age Group) + γ002(Vocab) + u00j 

 β01j = γ010 

 β10j = γ100 + γ101(Precision x Age Group)  

 β20j = γ200 + γ201(Precision x Precision x Age Group)  

                                                 
2
 Note that, in additional models, random effects were also entered for each of the Level-1 variables, but none of 

these models converged. 
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 β30j = γ300 + γ301(Accuracy x Age Group)  

 β40j = γ400 + γ401(Accuracy x Accuracy x Age Group)  

 The exponentiated intercept of the fully unconditional model (i.e., the model without 

predictors) indicated that the modeled ratio of non-normative words used to those not used 

was 0.0069, which somewhat approximated the true ratio of 0.0165 (see Table 9, Model 1). 

The full model with predictors revealed a significant positive effect of accuracy, indicating 

that, even amongst non-normative words, low-accuracy words were used more rarely than 

high-accuracy ones. The significant quadratic effect for accuracy similarly reflected that 

medium- and high-accuracy non-normative words were used more than low-accuracy ones. 

The quadratic effect was modified by an interaction with age group (see Figure 2). According 

to that, older adults were more likely than younger adults to produce low-, medium-, and 

high- accuracy non-normative words, ps < .05. However, the largest age contrast was found 

for high-accuracy words, which older adults were 2.27 times as likely as younger adults to 

produce. The significant quadratic effect for precision reflected that high-precision non-

normative words were produced less frequently than low- and medium-precision non-

normative words. This was qualified by a significant interaction with age group, which lent 

further evidence for older adults’ relative expert use of language (see Figure 3). According to 

that, older adults were 1.49 times as likely as younger adults to use medium-precision words, 

t(24,149) = 2.55, p = .01, and 1.61 times as likely to use high-precision words, t(24,149) = 

2.75, p < .01. 
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Table 9 

Use of Non-Normative Words as a Function of Quality of Word Selection and Age Group 

 

Parameter Model 1 Model 2 

 Fixed Effects 

     Intercept, γ000     -4.98** (0.08)      -5.60** (0.13) 

Level 1 (word-specific)   

     Precision, γ100        0.02 (0.03) 

     Precision x Precision, γ200       -0.04** (0.01) 

     Accuracy, γ300        0.18** (0.02) 

     Accuracy x Accuracy, γ400        0.02** (0.01) 

Level 2 (focal object-specific)   

     Length, γ010        0.12** (0.01) 

Level 3 (individual-specific)   

     Age Group, γ001       -0.40* (0.16) 

     Vocab, γ002       -0.12
†
 (0.07) 

Cross-Level Interaction   

     Precision x Age Group, γ101       -0.12** (0.04) 

     Precision x Precision x Age Group, γ201        0.05** (0.02) 

     Accuracy x Age Group, γ301       -0.04 (0.03) 

     Accuracy x Accuracy x Age Group, γ401       -0.06** (0.01) 

 Random Effects 

Interindividual differences (τ00)      0.30** (0.10)       0.08 (0.07) 

Intraindividual variability (ψ00)      1.82** (0.17)       2.74** (0.17) 

Between-word variability (σ
2
)      0.31** (0.00)       0.30** (0.00) 

Note. Unstandardized estimates and standard errors (in parentheses). ). Only words associated with focal 

objects/actions referenced by at least 36 participants (30% of the sample) were included in these analyses, as 

inclusion of less referenced focal objects/actions failed to yield converged models. 
†
p < .10, *p < .05, **p < .01 
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Figure 2 

Probability of producing non-normative words (i.e., words used by 10% or less of the 

sample) as a function of accuracy and age group. Error bars represent 95% confidence 

intervals.  

 

 

 

Figure 3 

Probability of producing non-normative words (i.e., words used by 10% or less of the 

sample) as a function of precision and age group. Error bars represent 95% confidence 

intervals. 
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Lexical frequency. An additional set of analyses was undertaken to determine 

whether participants, particularly older adults, were more likely to substitute words that were 

highly normative for a given context if those words are otherwise used infrequently in 

communication. Evidence of this would lend support to the basic tenet of the TDP and NST. 

Prior to testing this hypothesis, analyses were first aimed at determining whether 

generational differences in lexicons may account for age differences in available measures of 

lexical frequency. Although Kavé and colleagues (2009) did not find cohort differences with 

respect to younger and older adults’ perceptions of the frequency with which they used 

particular words, precautions were taken against the possibility that such cohort effects exist 

and contributed to age differences in the present sample. As described above, two indices of 

word frequency were used, the first (Balota et al., 2007) capturing relatively current 

frequency norms and the second (Kucera & Francis, 1967) reflecting norms dating to a time 

when the older adults in the sample were approximately the same age as the younger adults. 

To determine whether generational differences in lexicons would potentially account for age 

differences in the lexical frequency of words used, a three-level model was constructed in 

which word use was modeled as a function of the lexical-frequency scores (LF, standardized 

by each index), frequency index (HAL norms or Kucera-Francis index), age group, and the 

two- and three-way interactions between these variables. Volume and vocab were entered as 

control variables (see Equation 2).
3
  

                                                 
3
 To facilitate model convergence, random variance around the Level 1 intercept was held to π

2
/3, or 2.29, 

which is the default for logit-linked logistic models (for a discussion of this, see Hox, 2010). In additional 

models, random effects were entered for each of the Level-1 variables. However, none of these models 

converged. 
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2) Level 1: Word Usehij = α0hij + α1hij(LF) + α2hij(Index) + α3hij(LF x Index)  

Level 2: α0ij = β00j + β01j(Volume) + r0ij 

 α1ij = β10j 

  α2ij = β20j 

  α3ij = β30j 

Level 3: β00j = γ000 + γ001(Age Group) + γ002(Vocab) + u00j 

 β01j = γ010 

 β10j = γ100 + γ101(LF x Age Group)  

 β20j = γ200 + γ201(Index x Age Group)  

 β30j = γ300 + γ301(LF x Index x Age Group)  

The fully unconditional model intercept indicated that the modeled ratio of words 

used to those not was 0.05 (see Table 10, Model 1), which roughly corresponded to the actual 

ratio of 0.07. The results of the full model with predictors revealed a main effect for LF, 

indicating that participants were more likely to use words of high lexical frequency than 

those of low lexical frequency. This was qualified by a marginally significant interaction 

with index, which reflected a trend in which participants were more likely to use words 

deemed high frequency by the Kucera-Francis index than those deemed high frequency by 

the HAL norms, t(185,505) = 1.72, p = .09. Age group did interact with LF, indicating that 

younger adults were more likely to use high-frequency words than older adults, t(185,505) = 

3.19, p = .001, but the three-way interaction between age group, LF, and index was not 
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significant. Consequently, the more current Brown index was exclusively used as a measure 

of lexical frequency. 

 

Table 10 

Word Use as a Function of Lexical-Frequency Index, LF, and Age Group 

 

Parameter Model 1 Model 2 

 Fixed Effects 

     Intercept, γ000     -2.98** (0.04)      -3.60** (0.05) 

Level 1 (word-specific)   

     Index, γ100        0.00 (0.03) 

     LF, γ200        0.15** (0.02) 

     Index x LF, γ300        0.05
†
 (0.03) 

Level 2 (focal object-specific)   

     Volume, γ010        0.17** (0.00) 

Level 3 (individual-specific)   

     Age Group, γ001        0.10
†
 (0.06) 

     Vocab, γ002        0.10** (0.03) 

Cross-Level Interaction   

     Index x Age Group, γ101       -0.00 (0.04) 

     LF x Age Group, γ201        0.09** (0.03) 

     Index x LF x Age Group, γ301       -0.01 (0.04) 

 Random Effects 

Interindividual differences (τ00)      0.15** (0.03)       6.97** (0.96) 

Between-focal object/action variability (ψ00)      1.79** (0.06)       1.35** (0.05) 

Note. Unstandardized estimates and standard errors (in parentheses). Only words associated with focal 

objects/actions referenced by at least 36 participants (30% of the sample) were included in these analyses, as 

inclusion of less referenced focal objects/actions failed to yield converged models. On account of the low 

probability of Word Use = 1, the Laplace method of parameter estimation was used. 
†
p < .10, **p < .01 
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To test the hypothesis that people, particularly older adults, fail to produce highly 

normative words because they are used relatively infrequently in the English language, word 

use was modeled as a function of age group, LF, normativeness, and the two-way and three-

way interactions between the three. As with prior models, volume and vocab were entered as 

control variables (see Equation 3).
4
  

3) Level 1: Word Usehij = α0hij + α1hij(Normativeness) + α2hij(LF) +  

 α3hij(Normativeness x LF) + ehij 

Level 2: α0ij = β00j + β01j(Volume) + r0ij 

 α1ij = β10j 

  α2ij = β20j 

  α3ij = β30j 

Level 3: β00j = γ000 + γ001(Age Group) + γ001(Vocab) + u00j 

 β01j = γ010  

 β10j = γ100 + γ101(Normativeness x Age Group) 

 β20j = γ200 + γ201(LF x Age Group) 

 β30j = γ300 + γ301(Normativeness x LF x Age Group) 

 The fully conditional model intercept indicated that the mean ratio of words used to 

those not for young adults with mean vocabulary scores and mean words produced was 0.07 

(see Table 11, Model 1). A negative main effect of LF indicated that participants were more 

likely to produce low-frequency terms than high-frequency ones, which likely reflected the 

                                                 
4
 In additional models, random effects were entered for each of the Level-1 variables. However, none of these 

models converged. 
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fact that low-frequency terms were also deemed more precise, r(213) = -.20, p < .001. 

However, this was modified by normativeness. Contrary to prediction, participants were 1.04 

times as likely to use highly normative words (i.e., words used by 75% of the sample) of low 

lexical frequency (i.e., one standard deviation below the mean; for example, oriental) than 

 

Table 11 

Word Use as a Function of Word Normativeness, LF, and Age Group 

 

Parameter Model 1 Model 2 

 Fixed Effects 

     Intercept, γ000     -2.65** (0.04)     -0.62** (0.07) 

Level 1 (word-specific)   

     Normativeness
a
, γ100       8.85** (0.10) 

     LF, γ200      -0.15** (0.05) 

     Normativeness
a
 x LF, γ300      -0.36** (0.11) 

Level 2 (focal object-specific)   

     Length, γ010       0.20** (0.00) 

Level 3 (individual-specific)   

     Age Group, γ001       0.32** (0.10) 

     Vocab, γ002       0.13** (0.05) 

Cross-Level Interaction   

     Normativeness
a
 x Age Group, γ101       0.81** (0.14) 

     LF x Age Group, γ201       0.16* (0.07) 

     Normativeness
a
 x LF x Age Group, γ301       0.12 (0.17) 

 Random Effects 

Interindividual differences (τ00)      0.12** (0.02)      0.19** (0.03) 

Intraindividual variability (ψ00)      0.79** (0.03)      1.24** (0.04) 

Between-word variability (σ
2
)      0.70** (0.00)      0.50** (0.00) 

Note. Unstandardized estimates and standard errors (in parentheses). Only words associated with focal 

objects/actions referenced by at least 36 participants (30% of the sample) were included in these analyses, as 

inclusion of less referenced focal objects/actions failed to yield converged models.  

*p < .05, **p < .01 
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those of high lexical frequency (i.e., one standard deviation above the mean; for example, to 

come), t(88,584) = 2.69, p < .01. Lexical frequency was also moderated by age group, such 

that older adults were 1.22 times as likely to produce low-frequency words as high-frequency 

ones, t(88,584) = 3.05, p < .01, whereas no difference was found for younger adults, 

t(88,584) = -0.09, p = .93 (see Figure 4). The significant normativeness x age group 

interaction further reflected the previous finding that older adults produced less highly 

normative words than younger adults. Specifically, younger adults were 1.07 times as likely 

to produce highly normative words as older adults, t(88,584) = 4.13, p < .01. The predicted 

three-way interaction between age group, normativeness, and lexical frequency was not 

significant. 

 

 

Figure 4 

Probability of word use as a function of LF and age group. Error bars represent 95% 

confidence intervals. 
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 Lexical competition. To test the hypotheses that people, particularly older adults, 

may fail to produce highly normative words that are subject to relatively high levels of 

lexical competition, word use was modeled as a function of age group, normativeness, 

lexical competition (LC), and the two-way and three-way interactions between the three.
5
 As 

with prior models, volume and vocab were entered as control variables (see Equation 4).
6
  

4) Level 1: Word Usehij = α0hij + α1hij(Normativeness) + α2hij(LC) +  

 α3hij(Normativeness x LC) + ehij 

Level 2: α0ij = β00j + β01j(Volume) + r0ij 

 α1ij = β10j 

  α2ij = β20j 

  α3ij = β30j 

Level 3: β00j = γ000 + γ001(Age Group) + γ001(Vocab) + u00j 

 β01j = γ010  

 β10j = γ100 + γ101(Normativeness x Age Group) 

 β20j = γ200 + γ201(LC x Age Group) 

 β40j = γ300 + γ301(Normativeness x LC x Age Group) 

The fully unconditional model for this equation was identical to that developed for 

the lexical-frequency analysis, although missing LC data rendered slightly different random 

and fixed intercepts. The fully conditional model intercept indicated that the mean ratio of 

                                                 
5
 Note that the models testing the influence of lexical frequency and lexical competition on word usage were not 

combined given constraints on degrees of freedom at Level 1. For those models, the mean number of Level-1 

units (words) per Level-2 unit (focal object/action) was 11.90. 
6
 In additional models, random effects were entered for each of the Level-1 variables. However, none of these 

models converged 
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words used to those not used for young adults with mean vocabulary scores and mean words 

produced was 0.49 (see Table 12, Model 2). The positive main effect for LC indicated that 

words subject to high levels of competition were used more so than those subject to low 

levels of competition, even though the former were typically considered less precise than the 

latter, r(253) = .22, p < .01 . This was moderated by interactions with normativeness and age 

group. The first interaction revealed that, contrary to the hypothesis that participants would 

produce highly normative words subject to low levels of competition at a greater rate than 

they would highly normative words subject to high levels of competition, they were 1.10 

times as likely to use highly normative words subject to high levels of competition (i.e., one 

standard deviation above the mean of LC, for example, name) as those subject to low levels 

of competition (i.e., one standard deviation below the mean of LC, for example, close), 

t(62,811) = 7.26, p < .01. Participants were also 1.16 times as likely to use non-normative 

words subject to high levels of competition as those subject to low levels of competition, 

t(62,811) = 4.85, p < .01. The interaction between LC and age group indicated that older 

adults were 1.67 times as likely to use words subject to high levels of competition as those 

subject to low levels of competition, t(62,811) = 9.26, p < .01. Both two-way interactions 

were qualified by a three-way interaction between LC, normativeness, and age group (see 

Figure 5). Decomposition of this revealed that, contrary to prediction, older adults were 1.34 

times as likely to use non-normative words subject to a lot of competition as those subject to 

little competition, t(62,811) = 6.74, p < .01, and 1.09 times as likely to use highly normative 
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words subject to a lot of competition as those subject to a little competition, t(62,811) = 9.40, 

p < .01. Neither difference was significant amongst younger adults, ps > .30.  

 

Table 12 

Word Use as a Function of Word Normativeness, LC, and Age Group 

 

Parameter Model 1 Model 2 

 Fixed Effects 

     Intercept, γ000     -2.47** (0.04)     -0.71** (0.07) 

Level 1 (word-specific)   

     Normativeness
a
, γ100       8.94** (0.10) 

     LC, γ200       0.38** (0.04) 

     Normativeness
a
 x LC, γ300       0.93** (0.10) 

Level 2 (focal object-specific)   

     Length, γ010       0.21** (0.00) 

Level 3 (individual-specific)   

     Age Group, γ001       0.39** (0.10) 

     Vocab, γ002       0.13** (0.05) 

Cross-Level Interaction   

     Normativeness
a
 x Age Group, γ101       0.90** (0.15) 

     LC x Age Group, γ201      -0.35** (0.06) 

     Normativeness
a
 x LC x Age Group, γ301      -0.80** (0.15) 

 Random Effects 

Interindividual differences (τ00)      0.12** (0.02)      0.21** (0.04) 

Intraindividual variability (ψ00)      0.82** (0.04)      1.63** (0.06) 

Between-word variability (σ
2
)      0.68** (0.00)      0.48** (0.00) 

Note. Unstandardized estimates and standard errors (in parentheses). Only words associated with focal 

objects/actions referenced by at least 36 participants (30% of the sample) were included in these analyses, as 

inclusion of less referenced focal objects/actions failed to yield converged models.  

*p < .05, **p < .01 
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Figure 5 

Probability of word use as a function of word normativeness, LC, and age group. Error bars 

represent 95% confidence intervals. 
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“white-ish”) to render an approximate meaning; repetitions of words or short phrases, 

suggesting some hesitation over what word/s should follow; and errors, representing cases in 

which participants started to say a word but stopped prior to the completion of that word (see 

Appendix B for coding instructions). Interrater reliability was high for each of the coding 

phenomena (Cohen’s kappas > .95). Additional coding was performed by two other research 

assistants on the original audio files to calculate how many non-word fillers (NWF, for 

example, “umm”) or pauses participants uttered in the course of speaking a string of words 

(see Appendix C for coding instructions). Interrater reliability was acceptable (intra-class 

correlation = .92 for NWF, .64 for pauses). Nevertheless, to limit spurious positive 

identifications of NWF or pauses, only cases in which both coders identified a pause, for 

example, were scored as positive for a pause. The dichotomous variable, deliberation, was 

created based on the presence of at least one of the above phenomena (1) or the absence of all 

of them (0) (see Table 13 for the distribution of deliberation phenomena across age groups). 

In all subsequent analyses, the deliberation value was based on whether participants 

deliberated in their first use of a particular word to describe a given focal object/action. 

Analyses were first conducted to identify any age differences in the lexical frequency 

and associative neighborhood density of words produced in the course of deliberation. 

Specifically, deliberation was modeled via multi-level logistic regression as a function of 

normativeness, LF, LC, and age group, as well as the two-way and three-way interactions 
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Table 13 

Distribution of Deliberation Phenomena Across Age Groups 

 

  Younger Adults   Older Adults   

    Pooled 65 - 75 76 - 86 

Deliberations (per 100 words)     26.15 (9.11)     29.02 (9.03)     27.97 (7.44)     30.08 (10.39) 

     Hedging (per 100 words)
a,c

       8.59 (6.02)     12.78 (8.79)     11.02 (7.61)     14.55 (9.64) 

     Uncertainty (per 100 words)       2.63 (2.32)       3.37 (2.77)       3.58 (2.74)       3.16 (2.84) 

     Approximations (per 100 words)
a,b

     16.03 (7.03)     13.71 (5.49)     13.48 (4.61)     13.95 (6.32) 

     Repetitions (per 100 words)       0.79 (1.36)       1.03 (1.40)       1.27 (1.59)       0.79 (1.14) 

     Errors (per 100 words)       3.15 (3.40)       3.06 (2.69)       3.74 (2.98)       2.39 (2.21) 

     NWF (per 100 words)
a,b,c

       2.46 (2.73)       4.13 (3.24)       4.38 (3.14)       3.89 (3.37) 

     Pauses (per 100 words)
c
       1.51 (1.76)       1.37 (2.36)       1.53 (2.86)       1.20 (1.76) 

 a
Significant difference between Younger Adults and Older Adults (pooled), p < .05 

b
Significant difference between Younger Adults and Older Adults (aged 65-75), p < .05 

c
Significant difference between Younger Adults and Older Adults (aged 76-86), p < .05 

d
Significant difference between Older Adults (aged 65-75) and Older Adults (aged 76-86), p < .05 

 

  



44 

 

 

 

between normativeness, age group, and the word-level variables.
7
 Volume and vocab were 

included as control variables. Because only words that each participant had used were 

modeled, degrees of freedom at Level 1 were limited (mean words per focal object/action = 

1.32). Thus, random variance associated with within-focal objects/actions differences was 

not taken into account, and volume was treated as a Level-1 variable (see Equation 5).
8
 

5) Level 1: Deliberationhi = α0hi + α1hi(Normativeness) + α2hi(LF) + α3hi(LC) + 

α4hi(Normativeness x LF) + α5hi(Normativeness x LC) + α6hi(Volume) + ehi 

Level 2: α0i = β00j+ β01(Age Group) + β02(Vocab) + r0i 

 α1i = β10 + β11(Normativeness x Age Group) + r1i 

  α2i = β20 + β21(LF x Age Group)  

  α3i = β30 + β31(LC x Age Group)  

  α4i = β40 + β41(Normativeness x LF x Age Group)  

  α5i = β50 + β51(Normativeness x LC x Age Group)  

  α6i = β60  

 The results of the fully unconditional and full model are presented in Table 14. The 

intercept for the fully unconditional model indicated that the modeled ratio of deliberation to 

non-deliberation was 0.28, which approximated the actual ratio of 0.42. The full model 

indicated that normativeness was negatively associated with deliberation, reflecting that  

                                                 
7
 Although the identification of age differences in the LF and LC of words produced via deliberate processes 

would more intuitively entail the modeling of LF and LC as a function of age group and deliberation, this was 

not an option because the values for LF and LC did not vary between individuals and therefore could not be 

used as the dependent variable. 
8
 The slope of normativeness was allowed to vary across individuals given significant variance in the null model 

and maximum fit evident by the residual log pseudo-log likelihood over other models. 
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Table 14 

Deliberation as a Function of Word Normativeness, LF, LC, and Age Group 

 

Parameter Model 1 Model 2 

 Fixed Effects 

     Intercept, γ000     -1.29** (0.05)     -1.94** (0.09) 

Level 1 (word-specific)   

     Normativeness
a
, γ100      -2.46** (0.21) 

     LF, γ200       0.28** (0.10) 

     AND, γ300       0.05 (0.07) 

     Normativeness
a
 x LF, γ400       1.02** (0.28) 

     Normativeness
a
 x AND, γ500      -0.25 (0.22) 

     Length, γ600       0.08** (0.01) 

Level 2 (individual-specific)   

     Age Group, γ001       0.18 (0.11) 

     Vocab, γ002      -0.12** (0.04) 

Cross-Level Interaction   

     Normativeness
a
 x Age Group, γ101       0.66* (0.30) 

     LF x Age Group, γ201      -0.40** (0.14) 

     AND x Age Group, γ301       0.24* (0.10) 

     Normativeness
a
 x LF x Age Group, γ401      -0.87* (0.40) 

     Normativeness
a
 x AND x Age Group, γ501       0.73* (0.31) 

 Random Effects 

Interindividual differences (τ00)  0.11** (0.04)   0.09** (0.03) 

Normativeness-Deliberation slope (τ11)  4.91** (0.88)      0.04 (0.20) 

Intraindividual variability (ψ00)      0.95** (0.02)      1.00** (0.02) 

 Note. Unstandardized estimates and standard errors (in parentheses). Only words associated with focal 

objects/actions referenced by at least 36 participants (30% of the sample) were included in these analyses, as 

inclusion of less referenced focal objects/actions failed to yield converged models.  

*p < .05, **p < .01 
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participants were more likely to produce non-normative words in the course of deliberating 

over word choice. The positive main effect for LF indicated that participants were more 

likely to produce words high in LF in the course of deliberation than those low in LF. Both 

effects were qualified by a significant interaction between the two, reflecting that participants 

were more likely to produce highly normative words that were high frequency as opposed to 

low frequency, t(5,192) = 2.03, p = .04. The normativeness x age group interaction revealed 

that, whereas older adults were 2.91 times as likely to produce non-normative words in the 

course of deliberation as highly normative words, t(5,192) = 11.73, p < .01, younger adults  

were just 2.14 times as likely to do so, t(5,192) = 8.57, p < .01. In support of TDP and NST, 

decomposition of the LF x age group interaction indicated that older adults were only 0.61 

times as likely as younger adults to produce low-frequency words in the course of  

deliberation, t(5,192) = -2.81, p < .01. No age difference in the production of high-frequency 

words was evident, t(5,192) = -1.54, p = .12. Decomposition of the LC x age group 

interaction similarly supported the LCH. According to that, older adults were just 0.70 times 

as likely as younger adults to produce words subject to high levels of lexical competition 

(i.e., with high AND), t(5,192) = -2.81, p < .01, although no age difference in the production 

of words subject to low levels of competition was observed, t(5,192) = -0.43, p = .67. Both 

two-way interactions were qualified by three-way interactions involving normativeness. 

According to the LF x normativeness x age group interaction, age differences were only 

found in the production of highly normative low-frequency words, such that younger adults  
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Figure 6 

Probability of deliberation as a function of word normativeness, LF, and age group. Error 

bars represent 95% confidence intervals. 
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Figure 7 

Probability of deliberation as a function of word normativeness, LC, and age group. Error 

bars represent 95% confidence intervals. 
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variance within focal objects/actions severely restricted degrees of freedom at Level 1, that 

step was omitted (see Equation 6).
9
 

6) Level 1: Deliberationhi = α0hi + α1hi(Normativeness) + α2hi(Precision) +  

 α3hi(Accuracy) + α4hi(Normativeness x Precision) +  

 α5hi(Normativeness x Accuracy) + α6hi(Volume) + ehi 

Level 2: α0i = β00 + β01(Age Group) + β02(Vocab) + r0i 

 α1i = β10 + β11(Normativeness x Age Group) + r1i 

  α2i = β20 + β21(Precision x Age Group) + r2i 

  α3i = β30 + β31(Accuracy x Age Group) + r3i 

  α4i = β40 + β41(Normativeness x Precision x Age Group) + r4i 

  α5i = β50 + β51(Normativeness x Accuracy x Age Group) + r5i 

  α6i = β60  

The results of the fully unconditional model and full model with predictors are 

presented in Table 15. The positive main effect for precision suggested that participants were 

more likely to produce high-precision words in the course of deliberation than low-precision 

ones. However, the negative main effect for accuracy indicated that participants were also 

more likely to produce less accurate words in the course of deliberation. Both main effects 

were qualified by significant interactions with normativeness, revealing that the association 

between quality of word selection and deliberation was predominantly localized among 

highly normative words. The marginally significant accuracy x age group interaction  

                                                 
9
 Slopes for normativeness, accuracy, and normativeness*precision  were allowed to vary in this model as each 

of these were significant in the null model and provided a better fit than the model in which slopes were 

constrained according to the residual log pseudo-likelihood.  
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Table 15 

Deliberation as a Function of Word Normativeness, Quality of Word Selection, and Age 

Group 

 

Parameter Model 1 Model 2 

 Fixed Effects 

     Intercept, γ000     -0.51** (0.06)     -0.33 (0.22) 

Level 1 (word-specific)   

     Normativeness
a
, γ100      -0.09 (0.52) 

     Precision, γ200        0.25** (0.06) 

     Accuracy, γ300      -0.65** (0.09) 

     Normativeness x Precision, γ400        0.94** (0.19) 

     Normativeness x Accuracy, γ500      -0.84** (0.21) 

     Volume, γ600        0.05** (0.01) 

Level 2 (individual-specific)   

     Age Group, γ001      -0.31 (0.28) 

     Vocab, γ002      -0.09 (0.06) 

Cross-Level Interaction   

     Normativeness x Age Group, γ101      -0.13 (0.72) 

     Precision x Age Group, γ201      -0.04 (0.09) 

     Accuracy x Age Group, γ301        0.22
†
 (0.11) 

     Normativeness x Precision x Age Group, γ401      -0.43
†
 (0.26) 

     Normativeness x Accuracy x Age Group, γ501        0.20 (0.29) 

 Random Effects 

Interindividual differences (τ00)      0.09 (0.07)       0.07 (0.05) 

Normativeness-Deliberation slope (τ11)      3.05** (0.78)       0.02 (0.34) 

Accuracy-Deliberation slope (τ22)      0.14** (0.03)       0.00 (0.01) 

Normativeness x Precision-Deliberation slope (τ33)      0.44** (0.19)       0.07 (0.15) 

Intraindividual variability (ψ00)      0.85** (0.03)       1.08** (0.03) 

 Note. Unstandardized estimates and standard errors (in parentheses). Only words associated with focal 

objects/actions referenced by at least 36 participants (30% of the sample) were included in these analyses, as 

inclusion of less referenced focal objects/actions failed to yield converged models. 
†
p < .10, *p < .05, **p < .01 
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reflected a non-significant age difference in the production of low-accuracy words whereby 

older adults were 1.31 times as likely as younger adults to produce such words, t(2,707) = 

1.58, p = .11 (see Figure 8). The marginally significant three-way interaction between 

normativeness, precision, and age group indicated that older adults were 1.28 times as likely 

as younger adults to produce non-normative low-precision words, t(2,707) = 1.93, p < .05 

(see Figure 9). No other age differences were found. In sum, these findings suggest that, 

older adults’ failure to produce low-frequency words and words subject to high levels of 

lexical competition in deliberate word searches nullified, and to some extent reversed, their 

otherwise apparent advantage for producing high-precision words.  

 

 

Figure 8 

Probability of deliberation as a function of accuracy and age group. Error bars represent 

95% confidence intervals. 
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Figure 9 

Probability of deliberation as a function of word normativeness, precision, and age group. 

Error bars represent 95% confidence intervals. 

 

 

Discussion 

Previous research concerning the impact of aging on access to and use of verbal 

knowledge has generally conformed to one of two methodological thrusts: the first 

descriptive, the second experimental. The former, relying on naturalistic observations and 

self-report data, have provided evidence that older adults experience more frequent difficulty 

accessing their vocabulary (e.g., Burke et al., 1991; Schmitter-Edgecombe et al., 2000) yet 

generate richer language in normal discourse (Kavé et al., 2009; Kemper & Sumner, 2001). 

The latter, using rather artificial tests of word production, have either leant support or cast 

doubt on a number of specific mechanisms that may underlie older adults’ access difficulties 
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study was formulated to bridge these two bodies of research in order to provide descriptive 

data regarding how older adults might maximize their word knowledge to offset deficits of 

access, as well as to investigate the role that lexical frequency and competition—both 

identified as primary factors influencing word-retrieval errors in laboratory tests—play in 

verbal communication generated in an ecologically valid setting.  

As such, my first goal was to replicate and explicate Kavé and colleagues’ (2009) 

findings that older adults use more unique words than younger adults in connected speech in 

an English-speaking sample. Indeed, I found just that: older adults produced non-normative 

words at a higher rate than younger adults. Unlike Kavé and colleagues, whose follow-up 

study (Kavé & Nussbaum, 2012) attributed age differences to older adults’ tendency to 

introduce more irrelevant or tangential topics, I found that age differences persisted even 

after tangential speech was accounted for in the analyses. This difference in outcomes was 

likely due to the distinct ways in which the picture-description tasks were construed in the 

two studies. Whereas Kavé and colleagues (2009) asked their participants to “tell a story” 

describing the given pictures, the instructions in the present study were specifically written to 

avoid relational speech by asking participants to provide objective descriptions that would 

hold up under scrutiny when assessed for their informativeness. Indeed, this finding supports 

recent evidence that older adults are more likely to personally relate to pictures and text than 

younger adults unless otherwise constrained by task demands (Hess, Popham, Dennis, & 

Emery, 2012). 
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In the next step, I sought to determine whether older adults’ use of unique terms 

reflected either a) compensation for word-retrieval difficulties via the substitution of 

temporarily inaccessible words with somewhat inferior alternatives, or b) older adults’ 

greater command of the language, with the use of relatively superior, albeit esoteric, 

descriptors. In support of the latter hypothesis, older adults used more precise language than 

younger adults, indicating that older adults were able to demonstrate their relative mastery of 

the language in normal discourse, even after controlling for individual differences in 

vocabulary level. However, older adults were also less likely to produce highly accurate 

words than younger adults, indicating that some compromise was being made. The 

association between age and normativeness of words produced was not mediated by the 

quality of words produced; rather it was moderated by the accuracy and, to a lesser degree, 

precision of those words. This finding indicates that older adults’ language expertise did not 

entirely account for their relatively frequent use of unique words in discourse. After all, older 

adults were also more likely than younger adults to produce non-normative words that were 

inaccurate, a tendency that may have been driven by their difficulty with resolving deliberate 

word searches with appropriate targets.  

That older adults sacrificed accuracy rather than precision in those cases is interesting 

considering that, in other domains, older adults tend be more conservative than younger 

adults (e.g., Fortsmann et al., 2011; Rush, Panek, & Russell, 1986; Touron, Swaim, & 

Hertzog, 2007). One potential explanation for the present finding relates to the common 

practice of resolving tip-of-the-tongue errors by naming semantic affiliates (Brown, 1991). 
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Given older adults’ greater tendency to experience errors of word-retrieval, they should be 

more likely to engage in such an exercise, thereby generating words similar in precision to 

the desired target but low in accuracy. Indeed, older adults in the present sample hedged (i.e., 

produce multiple terms to describe one object or action) more frequently than younger adults. 

Of course, the tendency to engage in an extended word search may also reflect a high level of 

motivation, which is a likely attribute of the highly educated older adults in the present 

sample. Potentially, a less motivated sample would have been more content to settle for less 

precise, albeit more accurate, descriptors in the case of word-retrieval errors. Yet, there was 

no evidence that the older adults in the present sample deliberated over word choice any 

more so than the younger adults. Ultimately, whether motivation influences word search and 

selection is an empirical question and one that merits future investigation. 

Initial investigation of the prevailing neural-network accounts for aging-related errors 

of word production did not reveal why older adults might have failed to produce certain 

highly normative words. In fact, contrary to the TDP and NST, yet consistent with Kavé et 

al.’s (2009) findings, participants were more likely to produce highly normative words of low 

lexical frequency than those of high lexical frequency. Older adults were also more likely to 

produce words of low lexical frequency than those of high lexical frequency, although this 

may have reflected the fact that low-frequency words were also deemed more precise. 

Furthermore, counter to the LCH, older adults were less likely than younger adults to 

produce highly normative words that were subject to low levels of competition but were as 

proficient as the younger adults at producing terms subject to high levels of competition. 
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Although it is possible that older adults may actually be more likely to produce a word—just 

not a particular word—that has many semantic connections and therefore competitors than 

one that does not, that competition did not hinder older adults’ production of highly 

normative words defied expectation. These results likely reflect that, on a whole, word 

production in normal discourse, particularly for highly educated older adults with a mean age 

of 75, is not substantially constrained by loss of phonological network access or decreased 

ability to resolve lexical competition. As infrequent as errors of word production are even in 

old age, the influence of lexical frequency and competition on overall word production may 

be overshadowed by other factors, such as topic of speech, social context, and individuals’ 

unique lexicons. 

In light of the above observation, a more focused analysis was undertaken to 

determine whether older adults were particularly susceptible to errors of word production 

during deliberate searches. That is, if the most desirable word for a given context was not 

initially produced in an automatic fashion, would older adults be less likely than younger 

adults to resolve their subsequent search with a low-frequency word or one that was subject 

to high levels of competition for activation? Indeed, this appeared to be the case. In 

particular, older adults were less likely than younger adults to resolve deliberation by 

producing highly normative words that were either low-frequency or subject to high levels of 

competition. Moreover, these word-production failures in deliberate speech appeared to 

result in older adults’ use of less accurate and precise language, the latter of which reversed 

the overall age advantage for more precise speech. This suggests that older adults were 
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compromising quality of communication on account of inability to access low-frequency and 

high-competition words. 

Although the TDP and LCH are not mutually exclusive, as empirically demonstrated 

here, both sit at the center of a debate regarding the validity of the inhibition-deficit 

hypothesis (IDH; Hasher & Zacks, 1988), which broadly purports that the decreased capacity 

to inhibit irrelevant information in old age detrimentally affects regulation of attention and 

working memory and consequently a host of other cognitive functions (Zacks & Hasher, 

1994), including language production. In one camp, proponents of IDH argue that older 

adults experience more TOTs because, for them, word production entails the resolution of 

competition between not only relevant targets but also irrelevant ones (Zacks & Hasher, 

1997). In another camp, proponents of TDP argue that there is no evidence that older adults 

weigh more lexical competitors than younger adults—in fact, older adults report fewer of 

such competitors (Burke, 1997; Burke et al., 1991; Cohen & Faulkner, 1986; Thornton & 

Light, 2006). Moreover, when older adults are provided with extraneous information, such as 

phonological (Burke et al., 2004; James & Burke, 2000) and, to a lesser extent, semantic cues 

(Meyer & Bock, 1992), they are more likely to resolve TOTs.  

The present findings neither refute nor support either line of argumentation. For one, 

the mechanism by which lexical competition is believed to influence word production 

according to IDH is different from that specified in this study. Specifically, whereas IDH 

proposes that older adults’ inability to filter out irrelevant information leads to competition 

between a greater number of targets, LCH, as forwarded by Levelt and colleagues (1999) and 
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tested here, suggests that increased noise in old age renders greater uncertainty in the 

outcome of lexical competition. Consequently, lexical competition was operationalized in the 

current study using an index that varied between words, but not between individuals. That is, 

it was assumed that there were no age differences in the number of targets in competition for 

activation. Of course, it is possible that older adults have more available targets in 

competition for activation in a given moment, particularly in light of age-related increases in 

vocabulary. Nevertheless, even if such differences existed in the current sample, as would be 

suggested by IDH, presumably these would have been distributed at random across words 

and would not have influenced the present results.  

It is also highly likely that the context or content of communication is a determinant 

of the number of words in competition to describe a particular concept. Generally speaking, 

as more context is provided, there are fewer words that can be appropriately applied to a 

given concept. Because the FAN norms were generated from context-free semantic 

associations, they may not correspond well to the specific contexts in which words were used 

in the present study. Nevertheless, even if there was low correspondence between the number 

of associates listed in the FAN index and the number generated in this study, this would not 

explain why the present age differences were found. Thus, absent an alternative explanation 

for the present results, they likely suggest that, given an identical number of targets in 

competition, older adults are less likely to choose a particular one via a deliberate search 

process than younger adults.  
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The present results also lend further support to TDP and NST in a unique way: via the 

analysis of connected speech. Until now, evidence for TDP and NST has been limited to 

either self-report data (e.g., Burke et al., 1991) or laboratory studies (e.g., Taylor & Burke, 

2002), which have typically used single-word naming tests to induce TOTs. What this study 

demonstrated beyond those is that, even though lexical frequency may place constraints on 

older adults’ ability to communicate in the context of deliberately generated speech, it does 

not appear to restrict older adults’ overall communication. In fact, older adults were more 

likely than younger adults to use low-frequency words, and their word selections were 

deemed more accurate and precise than those of younger adults, even after controlling for 

individual differences in vocabulary level.  

Another interesting finding from this study was that the word-production deficits 

evident in deliberate speech were not reflected in the Boston Naming Test scores. Even after 

controlling for vocabulary, which partially accounted for a positive relationship between age 

and naming-test performance, older adults performed better than younger adults on the 

naming test. This may be because context-free single-word naming is a distinct process from 

fluid word production in connected speech. Theoretically, the former should be more 

sensitive to age-related changes than the latter. After all, given maintenance of semantic 

network integrity in old age, older adults should be able to maximize the contextual content 

available in connected speech, yet not available in the Boston Naming Test, to aid in word 

production. That said, the Boston Naming Test simply may not be a suitably powerful 

instrument to reliably detect age differences in word production. One reason for this could be 
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that the test is outdated. Indeed, many of the younger adults in the sample admitted that they 

did not know the names for some of the items. Thus, cohort differences in vocabulary content 

rather than accessibility issues may have accounted for the age differences observed here. In 

any case, exploration of additional updated items for the Boston Naming Test is likely 

warranted. 

As informative as these findings are, there were several limitations to the study that 

bear mention. First, the older adults in the sample were significantly more educated than the 

younger adults. Although vocabulary level was controlled for in all analyses, thereby 

minimizing age disparities in education level, and all of the younger adults were on track to 

achieve the same mean level of education as the older adults within a few years, the potential 

exists that aging-related processes influence word production amongst highly educated older 

adults and more modestly educated older adults in a qualitatively distinct way. For instance, 

if highly educated older adults are more likely to maximize their vocabulary in 

communication, they may be more likely than less educated older adults to retain access to 

nearly all of their vocabulary in old age. Further investigation is certainly warranted to 

determine whether this is so. Nevertheless, substantial deficits in deliberate word production 

were observed amongst the older adults in the sample despite their high level of education. 

A second limitation concerned the identification of focal objects/actions. Ideally this 

would have been achieved in a more systematic way, with a clear set of instructions guiding 

the assignment of words to focal objects/actions. Moreover, demonstrating agreement 

between two or more coders would have further validated the process. However, with over 
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10,000 words to assign ultimately to 895 distinct focal objects and actions, that process was 

deemed too arduous. In any case, the task was undertaken with the utmost concern for 

consistency and objectivity. Besides, with no way to identify the age of speakers, any 

inconsistencies in the coding of focal objects/actions should have been distributed evenly 

across participants of both age groups, leading to no significant bias in the results. 

A third limitation was that the indices used to measure lexical frequency and 

competition were less than ideal for the vocabulary produced in reference to the two pictures. 

Specifically, there were a lot of missing data, presumably biased against low-frequency 

words subject to little lexical competition. The use of norms also entailed the assumption that 

individual differences in the distribution of lexical frequency and competition were random 

and relatively non-systematic. Even in light of these flaws, the present indices were still 

adequate to confirm my predictions. 

In sum, this study intriguingly captures some of the countervailing shifts in age-

related knowledge and momentary access to that knowledge. On the one hand, older adults 

were generally able to maximize their expertise with language, producing a greater number 

of high-precision and high-accuracy words than younger adults as well as a lower number of 

low-precision words. On the other hand, they were more susceptible to word-production 

errors when engaging in deliberative speech, which, as identified here, was nearly a third of 

the time. To a certain extent, these results mimic findings from the domains of decision-

making (e.g., Lau & Redlawsk, 2006; Riggle & Johnson, 1996), information processing (e.g., 

Jennings & Jacoby, 1993; Mutter & Pliske, 1994), and memory (e.g., Craik & McDowd, 
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1987; Light, Prull, La Voie, & Healy, 2000), in which older adults are found to excel in 

automatically mediated processes yet demonstrate age-related deficits in deliberative ones. 

Of course, many questions remain. Whereas the present study utilized a nomothetic approach 

toward investigating age differences in the management of word knowledge, future research 

would benefit from incorporating an idiographic approach. For instance, such studies could 

potentially focus on how individuals differentially draw upon their available vocabulary, why 

and in which contexts they might do so, and whether these factors are associated with unique 

trajectories of retained access in old age.  
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Appendix A: Picture Prompts 

 

 
 

“Beach” (IAPS; Bradley & Lang, 2007) 

 

 
 

“Europe” (Bradley & Lang, 2007) 
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Appendix B. Text Coding Manual 

 

Instructions for coding: Each coder will apply a binary code (‘0’ or ‘1’) to each line of text 

shaded in white (as opposed to blue) according to the specific instructions provided below. 

 

Determination of Whether Descriptors Apply to Objects Depicted in the Pictures 

 

Tangential Speech: This refers in general to mention of highly subjective and/or abstract 

characteristics of the pictures, such as guesses or speculation about time, temperature, season, 

and geographical location; as well as age, motivation, and mood of persons depicted in any 

of the pictures. Tangential Speech also refers to guesses or assertions about things that are 

about to happen and things that happened in the past. However, it does not apply to broad 

descriptive statements (e.g., “it’s a beautiful city”, “it’s a narrow street”), even though they 

are relatively subjective (primarily because it would be hard to draw a line between 

subjective and objective when it comes to descriptors like “dingy” and “tall”). Tangential 

speech will also refer to instances in which participants go on tangents, making references to 

things not really depicted in the pictures. 

 

1. In the example below, “European” is coded as being positive for Tangent because 

there is no way to know in what country the depicted city lies. Thus, this is just a 

guess. Note, however, that it is certain that the city lies within a country, so “country” 

is not coded with a ‘1’. 

Code? Text Tangent 

N: It looks like a   

W: city 0 

N: in (ah) kind of in a    

W: European 1 

W: country 0 

2. In the second example below, the speaker hazards a guess about the future, thus 

speculating about an unknowable event or characteristic of the picture. 

Code? Text Tangent 

N: It looks like it’s    

W: about to rain 1 

3. Tangential speech will also apply to cases in which people go off on tangents, 

remarking on what the pictures remind them of (e.g., “it reminds me of Italy”, “it 

looks like a beach in North Carolina”), what they would do in a similar position (e.g., 

“this is a place where you could find good food”, “I would go shopping here), or 

some possible sub-text to what is depicted in the picture (e.g., “It looks like they’re 

sharing a good story or joke”. In the example below, the speaker does the latter, 

mentioning something that is not depicted in the picture, the “parents” and the 

“house”. Because the participant is extrapolating, these are coded as Tangential 

Speech.  
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Code? Text Tangent 

N: their    

W: parents 1 

N: might be back at the   

W: house 1 

 

Absence: This refers only to cases in which participants refer to what is absent from the 

depicted scenes (for instance, when participants say, “I don’t see any ___” or “there are 

no___”.)  

 

1. In the example below, “(not) concrete” is coded as a case of Absence. 

Code? Text Absence 

N: it's (not) necessarily   

W: (not) concrete 1 

2. Absence generally does not refer to properties (i.e., adjectives) that are absent. In the 

example below, “not very crowded” should not be counted as a case of Absence. This 

is primarily because the likelihood that more than one person would describe a bus, 

for example, as “not very big” is much greater than the likelihood that more than one 

person would say that the same bus “is not a truck”. 

Code? Text Absence 

N: it's    

W: not very crowded 0 

 

Coding of Deliberation over Word Choice 

 

Hedging: Hedging refers to speakers’ use of multiple terms to describe a single object or 

concept. (Thus, a speaker can figuratively hedge his/her bet by providing multiple terms, one 

of which may a good fit.) In these cases, do not code the first term in a series as hedging, but 

code all subsequent terms. Note that cases of Hedging are usually evident by the use of “or” 

(e.g., “It looks orange or maybe yellow”) or no conjunction at all (e.g., “It is blue blue-

grey”). By contrast, it rarely will involve the use of “and” (e.g., “It is white and orange”).  

 

1. In the example below, the fourth line would be coded as positive for hedging because, 

after an initial term, “train”, is produced, a second alternate term, “trolley car” is 

introduced. This suggests that the speaker was unsatisfied with the initial term and 

deliberately sought out a better one. 

Code? Text Hedging 

N:   

it looks like 

a  

 W: train 0 

N:   or maybe a 
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W: trolley car 1 

2. In this case, “stone” and “cobblestone” would be coded for the presence of hedging, 

because “not really concrete” is introduced as the original term (although note that 

this would be coded as Absent). Thus, “stone” and “cobblestone” represent new, 

deliberately produced entries. 

Code? Text Hedging 

N: the   

W: streets 0 

N: are made of  

 

W: 

not really 

concrete 0 

N: it’s 

 W: stone 1 

W: cobblestone 1 

 

Uncertainty: This refers to the use of modifying language that indicates lack of certainty 

about the speaker’s own choice of words. For example, this may include the use of “maybe”, 

“perhaps”, “almost”, “what looks like”, “seems to be”, “what appear to be”, “I guess”, “kind 

of”, “probably”, etc. This code will apply to the complete set of words referring to an object 

(i.e., noun/s + adjective/s) or action (i.e., verb/s + adverb/s) that follows the phrase of 

uncertainty. 

 

1. In the example below, both the second and fourth lines would be coded for having 

uncertainty on account of the “looks like” and “maybe”, respectively. Not also that 

the use of an alternative term in the fourth line also makes that line a case of hedging. 

Code? Text Hedging Uncertainty 

N: it looks like a      

W: Train 0 1 

N: or maybe a     

W: trolley car 1 1 

 

Approximations: This refers to the manipulation of words to convey that they merely 

approximate what may be the most appropriate term. For instance, adding –esque, -ian, -like,  

-type, and -ish to words renders them approximations. Note that adding -an to make 

American a descriptor, for instance, does not count as an Approximation because “American” 

is a word that already exists. 

 

1. In the example below, both the second and third lines would be coded as containing 

approximations. Note also that those lines would also be coded for showing 

uncertainty, and the third line would be additionally coded for the presence of 

hedging. 



78 

 

 

 

Code? Text Hedging Uncertainty Approx. 

N: it appears to be     

 W: bluish 0 1 1 

W: bluish-whitish 1 1 1 

 

Repetitions: This refers to repeated use of words or phrases within a short span, reflecting 

some hesitation over choice of words. 

 

1. In the example below, the participant repeats “wearing”. Thus, the second occasion of 

“wearing” is coded for Repetition. 

 

Code? Text Hedging Uncertainty Approx. Repetition 

N: both are         

W: wearing 0 0 0 0 

N: like both are         

W: wearing 0 0 0 1 

2. Note that Repetitions can also apply to cases in which the speaker repeats a 

preposition, article, etc. prior to using a descriptor. For instance, in the example 

below, “sandy path” is coded as positive for Repetition because the preceding article, 

“the”, is repeated. The same would be true if a speaker said, “it looks like they are 

walking down down the sandy path”.  Note that in some cases, participants may 

throw in filler phrases between the repetition (e.g., “I see a train well what looks like 

a train…”). These should still be counted as repetition, because the participant 

appears to be deliberating over the use of the word “train”. However, these cases 

should be differentiated from those cases in which a term is repeated only because the 

participant is making repeated reference to that object (e.g., “I see a train it looks like 

the train is coming up…”). Also, note that the entire set of words used to describe 

objects (i.e., noun/s + adjective/s; here, “sandy” and “path”) or actions (i.e., verb/s + 

adverb/s) following a repetition are coded as positive for that Repetition. 

Code? Text Hedging Uncertainty Approx. Repetition 

N: 

it looks like they 

are         

W: walking down 0 0 0 0 

N: the the         

W: sandy 0 0 0 1 

W: path 0 0 0 1 

 

Errors: This refers to the presence of an error or incomplete word prior to the utterance of a 

word. In such cases, it is evident that the speaker meant to say one word and hesitated before 

saying that word or choosing to say another word. As with Repetitions, participants may utter 
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an error well before the subsequent object or action, but if that object or action is clearly what 

would have come in the place of the error, code these as Errors.  

 

1. Here, there is an incomplete word preceding the word “young”. Thus, the second line 

would be coded as having an error. 

Code? Text Hedging Uncertainty Approx. Repetition Error 

N: There is a y/           

W: young 0 0 0 

 

1 

W: girl 0 0 0 

 

0 

2. In the example below, “coming up” is coded as positive for an Error because in the 

previous line, it is fairly evident that the participant made in error in attempting to 

describe what the two women are doing. 

Code? Text Hedging Uncertainty Approx. Repetition Error 

N: There are           

W: two 0 0 0 0 0 

W: women 0 0 0 0 0 

N: 

who seem to 

be w/ it looks 

like they are           

W: coming up 0 1 0 0 1 

N: a           

W: hilly 0 0 0 0 0 

W: street 0 0 0 0 0 

 

  



80 

 

 

 

Appendix C. Audio Coding Manual 

 

Use of non-word filler: This refers to the utterance of a non-word (e.g., “umm”, “ahh”) as a 

segue between two words. Type in the number of such fillers used in a given line. The 

subsequent word is always coded for the presence of the non-word filler. 

1. In this example, the last two lines are coded because the non-word filler appears 

directly before the words “is” and “gesturing”.  

      
  

Pausing: This refers to the presence of a pause in the course of discourse. As with the above 

coding, you will indicate the number of pauses used in a given line of text. Given different 

rates of speech, no fixed interval will be used to define pauses at this time. 

Text Filler

I see 0

two 0

women 0

one (uh) is 1

(umm) gesturing 1
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