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Abstract

Objectives: Naming difficulty is a common symptom of multiple age-related neurodegenerative disorders. As naming
difficulty increases with age, valid, up-to-date naming assessment tools are crucial for differentiating between
neurotypical changes in healthy aging and pathological naming difficulty. We aimed to develop and provide normative
data for complementary auditory description naming and visual naming tests for older adults. Furthermore, these
measures would include not only untimed accuracy, typically the sole naming performance measure, but also additional
scores that incorporate features characteristic of actual word finding difficulty. Methods: A normative sample of 407
healthy older adults, aged 56—100 years, were administered the Auditory Naming Test (ANT) and Visual Naming Test
(VNT), and other standardized measures. Results: Item analyses resulted in 36 stimuli for both tests. Age-stratified,
education-based normative data are provided for accuracy, response time, tip-of-the-tongue (i.e., delayed, yet accurate
responses plus correct responses following phonemic cueing), and multiple Summary Scores. Internal and test-retest
reliability coefficients were reasonable (.59-.84). Untimed accuracy scores were high across age groups, seemingly
reflecting stability of naming into late adulthood; however, time- and cue-based scores revealed reduced efficiency in
word retrieval with increasing age. Conclusions: These complementary auditory and visual naming test for older adults
improve upon the current standard by providing more sensitive performance measures and the addition of an auditory—
verbal component for assessing naming. Detection of subtle naming changes in healthy aging holds promise for
capturing symptomatic naming changes during the early stages of neurocognitive disorders involving expressive
language, potentially assisting in earlier diagnoses and more timely treatment.
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INTRODUCTION Farlow, 2013; Kempler & Goral, 2008; Vuorinen et al.,
2000). Thus, naming assessment is a core component of
neuropsychological assessment for adults in general, and
for older adults, in particular.

The ability to produce the correct words while speaking is a
critical human function that, under normal circumstances,
feels effortless to the speaker. Nevertheless, from time to
time, most healthy adults experience word finding difficulty
or “tip-of-the-tongue” (TOT) phenomena, in which a known Naming in Normal Aging
word that is ordinarily retrieved with ease is temporarily inac-
cessible. Whereas occasional word finding or “naming” dif-
ficulty is not cause for concern, more severe naming difficulty
is a hallmark, or at least a common symptom of several age-
related neurodegenerative disorders including Alzheimer’s
disease, primary progressive aphasia, frontotemporal demen-
tia, Lewy body disease, and vascular dementia (Ferris &

In contrast to most aspects of language that remain stable
throughout adulthood, there is some evidence of age-related
decline in naming. Although naming accuracy shows only
subtle, if any decline with increasing age (Burke et al.,
1988; Connor et al., 2004; Goodglass, 1980; Goulet et al.,
1994), some decrements have been identified as prolonged
response latency in naming of objects (Au et al., 1995;
Connor et al., 2004; Hadac et al.,, 2007; MacKay et al.,
xS L b s e PG 2002, acions (Au t al., 1995; Ramsay et al, 1999), and
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columbia.edu. Fax: 212.305.1450 declines are consistent with other established cognitive
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changes associated with normal aging, including reductions
in working memory, processing speed, episodic memory,
and executive functioning (e.g., (Harada et al, 2013;
Murman, 2015), and a virtually linear decline in processing
efficiency that begins in early adulthood (Salthouse, 2003,
2009, 2010). Thus, the availability of valid naming assess-
ment tools is crucial for differentiating normal changes asso-
ciated with healthy aging and pathological naming difficulty.

Modality-Specific Naming: Rationale

The Boston Naming Test (BNT) (Kaplan et al., 1983),
consisting of 60 line-drawn objects, is undoubtedly the most
frequently used measure of naming ability throughout the age
span. The BNT has had profound influence on the neuropsy-
chology of naming and has been a cornerstone in the assess-
ment of productive language across numerous neurological
disorders including stroke, epilepsy, dementia, and virtually
all aphasic syndromes. In addition to its clinical applications,
the BNT has been the most widely used measure of naming
across decades of neuropsychological and neuroscientific
investigations of brain and language. However, the BNT
was developed in the clinical context of aphasia, and although
visual object naming is sensitive to the anomic component of
these syndromes, visual naming assesses only one mode of
access into the semantic system.

In our early work with temporal lobe epilepsy (TLE)
patients, we observed that patients rarely complained of dif-
ficulty naming objects in their environment; rather, they com-
plained of difficulty retrieving words during everyday
discourse. We, and others, also observed clinically that some
patients who complained of word finding difficulty and dem-
onstrated such difficulty in conversation had unimpaired
scores on the BNT (personal communications; E. Strauss,
June, 1998; M.R. Trennery, September, 1999). Preliminary
work testing several auditory verbal word retrieval tasks
found auditory description naming to be the most sensitive
to left temporal, structural, and electrophysiological abnor-
malities that underlie left temporal lobe seizures
(Hamberger & Tamny, 1999). Moreover, subjective ratings
of word finding severity correlated with auditory naming,
but not visual naming performance (Bell et al., 2003;
Hamberger & Seidel, 2003). Considering all the above, we
reasoned that utilization of auditory naming together with vis-
ual naming assessment might provide valuable clinical infor-
mation, including the ability to directly compare auditory and
visual object naming performance. Hence, we developed the
Auditory Naming Test (ANT) and complementary Visual
Naming Test (VNT), based on a normative group of young-
to middle-aged adults (Hamberger & Seidel, 2003).

Coinciding with and subsequent to this initial work, converg-
ing evidence from studies involving cortical stimulation map-
ping (Hamberger et al., 2001; Malow et al., 1996), functional
neuroimaging (Bookheimer et al., 1998; Hamberger et al.,
2014; Tomaszewki-Farias et al., 2005), and electrocorticogra-
phy (Cervenka et al., 2013) has shown that naming based on
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visual object versus auditory—verbal cueing is supported by neu-
roanatomically distinct brain areas. Furthermore, auditory and
visual naming have been shown to be differentially affected
by lesion location (Hamberger & Seidel, 2009) and surgical
resection (Hamberger et al., 2010), collectively, supporting
the notion of distinct neural substrates underlying auditory
and visual naming, as well as the clinical utility of using both
measures for localization of dysfunction and characterization
of naming ability.

Regarding cognitive aging, two studies have shown better
identification of naming deficits associated with dementia
based on ANT performance relative to VNT or BNT perfor-
mance (Hirsch et al., 2016; Miller et al., 2010). Although
these findings suggest potential clinical utility of the ANT
in older individuals, these studies were limited by the absence
of age-appropriate normative data, and the use of stimuli that
might not be optimal in an older population (e.g., “a small
crease in the skin from aging,” “what an old man uses to walk
with”), as these might elicit emotional reactions that could
affect performance.

In this context, we also aimed to improve upon the current
standard of naming assessment, the BNT, with respect to perfor-
mance parameters and stimuli by addressing the following
factors:

1) Timing and phonemic cueing: Although delayed responding
and reliance on phonemic cueing represent classic manifesta-
tions of word finding difficulty (Goodglass et al., 1984),
untimed accuracy is the sole performance metric of the BNT
and other traditional naming tests (Benton & Hamsher,
1989; Kaplan et al., 1983). While the BNT includes phonemic
cueing, no normative data are provided for interpretation. We,
and others, have found that incorporating response latency and
reliance on phonemic cueing into the performance measures
increases the sensitivity of the assessment (Bell et al., 2003;
Hamberger et al., 2019; Hamberger & Seidel, 2003).

2) Vocabulary level: Although naming is dependent on vocabulary
knowledge, naming refers to the retrieval and production of words
from an established mental lexicon; a naming test should not be a
vocabulary test (Hamberger, 2015). BNT performance is influ-
enced significantly by education level and vocabulary knowledge
in both younger (Baron, 2004; Mitrushina et al., 2005; Randolph
et al, 1999; Roberts & Hamsher, 1984), and older adults
(Melikyan et al., 2019; Yochim et al., 2009), due, at least in part,
to inclusion of relatively uncommon items (e.g., yoke, abacus)
(Hawkins & Bender, 2002; Martielli & Blackburn, 2016;
Schmitter-Edgecombe et al., 2000). In selecting potential naming
test items, we chose target-item names with mid-range spoken
word frequency, as low-frequency items would elicit errors in
examinees with limited education and vocabulary due to lack
of familiarity, while high-frequency items would be named rap-
idly by virtually all, and therefore, lack sensitivity. Although likely
not possible to fully eliminate the influence of vocabulary, we
attempted to reduce its influence such that assessment would
reflect, principally, the integrity of cognitive processes that under-
lie targeted word retrieval.

3) Quality of visual stimuli. The BNT and other visual naming
tests, developed when digitized color photographs were not
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readily available and reproducible, are comprised of line draw-
ings, which can elicit errors due to misperception rather than
naming difficulty (e.g., “pretzel” perceived as snake)
(Martielli & Blackburn, 2016). We attempted to reduce the per-
ceptual component of the task using digitized color images.
Additionally, the use of color has been shown to mitigate the
influence of literacy on naming (Reis et al., 2006).

Building on knowledge and experience gained from the
ANT and VNT for younger adults and more recently, for chil-
dren (Hamberger & Seidel, 2003; Hamberger et al., 2018),
this normative study developed auditory and visual naming
tests for older adults, aged 56—100 years. Consistent with
other aging studies of naming, we expected reductions in per-
formance with increasing age. Considering the likely influ-
ence of education level, we hypothesized that both ANT
and VNT scores would correlate with education.
Accordingly, we anticipated that it would be necessary to
incorporate education level in the normative data.

METHODS

Participants

Participants were 407 healthy adults, aged 56-100 years, with
43-67 participants per 5-year age group (5660, 61-65, 66—
70, 71-75, 76-80, 81-85, and 86-90 years), and 20 individuals
aged 91-100 years, recruited via advertising at Columbia
University Medical Center, word of mouth, posted notices in
community centers in the New York metropolitan area, and inter-
net websites (www.researchmatch.org, www.volunteermatch.
org, Craigslist). All participants were required to be native
English speakers or to have learned English by age of 5 years
and been educated in English. Telephone pre-screening queried
prospective participants about their neurological, psychiatric,
and academic history. Individuals with a history of learning dis-
abilities, language problems, head injury, stroke, or other neuro-
logical disorders were excluded. Corrected-to-normal vision and
hearing were required for inclusion. All individuals were admin-
istered three screening measures; to screen for dementia or mild
cognitive impairment (Petersen et al., 1999), participants with
Mini Mental Status Exam (MMSE)<24, Mattis DRS-2 (Jurica
et al., 2001) score below 125 (Fields et al., 2010), or estimated
IQ (Wechsler, 2011) <70 were excluded (Brown et al., 2010).
This study was completed in accordance with the Helsinki
Declaration and was approved by the Institutional Review
Board at Columbia University Medical Center.

Selection and Screening of Stimuli

Auditory naming: We identified 19 descriptions from the ear-
lier, 50-item version that appeared most appropriate for use with
older adults (i.e., eliminating items such as “wrinkles” and
“cane”) (Hamberger & Seidel, 2003) and generated 41 new
potential descriptions. Descriptions were required to be present-
able within 4 s, with low likelihood that target words could be
named before the final word (e.g., “an object used for
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Auditory Naming Test (ANT) Visual Naming Test (VNT)

“The part of the arm that bends”

“The eating utensil used for slicing”

Fig. 1. Test item examples: select test items from the Older Adult
Auditory and Visual Naming Tests.

weighing”). Visual naming: None of the original 50 line draw-
ings were selected for potential use in the older adult VNT,
which would be comprised of digitized photographs. We
required pictured objects, selected from bigstockphoto.com,
to be “isolated” on a white background for visual uniformity
across items and to eliminate contextual cues, as degree of
context would be difficult to control across items (Fig. 1).

For both the ANT and VNT, we selected and subsequently
screened target words that would be familiar (based on word fre-
quency) to most individuals. For the first screening, 12 healthy,
independent adults, aged 62-86 years (mean age: 73.3 * 8.6
years; mean years education: 14.6 + 3.3; gender: 7 women;
mean modified MMSE (mMMSE; (Stern et al., 1987):
532 + 1.9 (all >50/57)) were administered the descriptions
and pictures by a trained assistant. Based on accuracy and
response time (RT), we selected 50 stimuli each for the ANT
and VNT that best met criteria: 1) correct response from a mini-
mum of 11/12 subjects and 2) median RT<2 s.

Interim analyses were conducted on the 50 ANT and 50
VNT stimuli following data collection with 200 participants,
aged 56-90 years. Items showing poor name agreement (i.e.,
<90% same response) and median responses >2 s, resulted in
removal of 11 ANT and 8 VNT items. Additionally, six VNT
and three ANT items were eliminated due to 100% accuracy
and rapid scores (<2 s) by every participant (e.g., ANT:
towel, kitchen; VNT: bicycle, umbrella), as these items pro-
vided minimal variance. This process resulted in 36 stimuli
each for the ANT and VNT that best met these criteria: 1) cor-
rect response from >90% of subjects and 2) median RT < 2 s.
When target words were not named in 20 s or following a
phonemic cue, we asked participants if they knew the target
word. “Don’t know” responses were extremely infrequent
(<1%). Additionally, word frequencies, based on spoken
English, were obtained from http://subtlexus.lexique.org,
and a r test comparing mean word frequency for target
words between tasks (mean ANT: 11.2 + 13.3; mean
VNT: 14.7 % 22.0) indicated no significant difference
(#(70) = —.82, p = 0.41). Furthermore, there was no differ-
ence in the distributions of word frequency between tasks,
as assessed by the Kolmogorov—Smirnov test (p = 0.99).
Also, word frequency did not differ between living (ANT:
15 items; VNT: 18 items) and nonliving items (ANT: 21
items; VNT: 18 items) in either task (ANT: #34) = —.35,
p =.72; VNT: #(34) = —.15, p = .88). No target words were
repeated across tasks (to avoid priming effects), and no items
overlapped with BNT items. Appendix A lists ANT stimuli
and VNT item names.
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Table 1. Clinical performance measures

Performance

measure Operational definition

Description and interpretation

Number Correct Number of items named within 20 s

Confirms that patient possesses the necessary vocabulary to assist inter-

pretation of performance measures

TOT Sum of delayed (2-20 s) yet accurate and
cued responses

Summary Score (Number of items named <2 sec) — TOT
score

Represents inefficiency in word retrieval from the mental lexicon

Most efficient responses minus inefficient responses; captures multiple
aspects of performance (or: best performance with penalty for TOTs)

Procedure

All participants were administered the two naming tasks, the
two-subtest Wechsler Abbreviated Scale of Intelligence-1I
(WASI-II; Wechsler, 2011), the MMSE (Folstein et al.,
1975), Mattis DRS-2 (Jurica et al., 2001), and the BNT
(Kaplan et al., 1983). These scores and demographic informa-
tion were obtained to characterize the normative sample
(Table 2). Order of naming tasks was counterbalanced across
subjects. Standardized instructions were read aloud by a
trained examiner. For the ANT, timing via stopwatch began
when the examiner completed the final word of the descrip-
tion and terminated with the subject’s correct response. For
the VNT, timing began with picture presentation and termi-
nated with the participant’s correct response. Participants
were permitted a maximum of 20 s to provide a correct
response. When the participant provided an incorrect
response(s) before the time limit, the examiner queried,
“What else?” If the participant failed to provide the correct
response within the allotted 20 s, these trials were coded as
“incorrect,” and the examiner provided a phonemic cue
(e.g., “ha” for “hammer”), and allotted five additional sec-
onds for a correct response before initiating the next trial.

A subset of 49 participants was retested approximately 1
month after the initial testing for assessment of test—retest
reliability.

Performance Measures

Performance measures consisted of those used in the original
adult tests plus additional measures based on clinical experi-
ence and included in the recently published Children’s
Naming Tests (Hamberger et al., 2018). Original measures
include 1) Number Correct: sum of correct responses within
20's,2) mean RT, and 3) TOT: sum of items named accurately
in 2-20 s (“delayed responses”), plus items not named by
20 s, yet named accurately following a phonemic cue.
Both delayed and cued responses indicate that the word is
within the individual’s mental lexicon, yet additional time
or phonemic cueing was necessary for word retrieval. We
have also found utility in Rapid Responses, that is, items
named in <2 s, representing the absence of word finding dif-
ficulty, and an overall Summary Score that utilizes best per-
formance as its base (i.e., number of items named in <2 s),
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with a penalty for TOTs (i.e., subtracting delayed yet accurate
and cued accurate responses). Given manual timing, we use
2 s (rather than 1.5 (Goodglass et al., 1984)) to demarcate
automatic versus conscious processing, allowing for human
error and variability. TOT and Summary Scores have shown
clinical utility in lateralization and localization of dysfunction
(Hamberger & Seidel, 2003; Hamberger & Seidel, 2009;
Hamberger et al., 2018) and are easily calculated; therefore,
we recommend these for clinical use. We recommend
Number Correct to identify potential test validity issues such
as impoverished vocabulary or poor effort. These scores are
defined in Table 1. Normative data for all scores are presented
in Supplementary Tables.

Statistical analyses

All measures were assessed for normality via histogram plots of
the residuals. Homogeneity was assessed by ratios of the largest
to smallest variance for each performance variable. Due to
unequal sample sizes among age groups, we applied a
conservative ratio of 2:1 (Salkind, 2010). All performance var-
iables met assumptions for ANOVA except Number Correct
scores. For variables that met criteria, multivariate ANOV As
(MANOV As) assessed potential differences among age groups,
and repeated measures MANOV A assessed differences between
ANT and VNT performance. Scheffe’s post hoc tests assessed
group differences following significant age group effects. For
variables not meeting criteria for ANOVA, Kruskal-Wallis
H-test and pairwise comparisons assessed differences among
age groups and Friedman’s test assessed differences between
ANT and VNT performance. Effect sizes were based on the
value of partial eta squared (n%) for ANOVA and Epsilon
squared for Kruskal-Wallis (Okada, 2013).

Test—retest reliability was assessed via Pearson correla-
tions. For analysis of internal consistency, assessed via
Cronbach’s alpha with Spearman-Brown correction
(Nunnally & Bernstein, 1994) in which each item is treated
as a “case,” it was desirable to have a data point for every
response provided for each item, and for these data to have
areasonable extent of inherent variance. Thus, binary perfor-
mance variables (i.e., correct/incorrect, presence/absence of
TOT) were not well suited due to the severely restricted
range, and although RT was considered, the absence of RT
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Table 2. Normative group characteristics
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Mean age M/F FSIQ Education MMSE DRS
Age 56-60 years 58.0 (1.4) 30/30 101.9 (16.3) 152 (2.1) 29.0 (1.1) 139.6 (3.8)
73-136 10-20 26-30 130-144
Age 61-65 years 63.0 (1.4) 30/31 101.7 (14.0) 15.2 (1.8) 29.0 (1.2) 139.8 (3.2)
73-125 12-20 26-30 128-144
Age 66-70 years 67.8 (1.4) 31/36 106.6 (14.2) 14.9 (2.3) 29.0 (1.1) 139.7 (3.5)
74-134 10-20 26-30 128-144
Age 71-75 years 72.9 (1.4) 30/34 106.9 (18.6) 14.9 (2.6) 29.0 (1.0) 139.1 3.9)
72-152 11-21 27-30 127-144
Age 76-80 years 78.0 (1.4) 14/34 101.7 (15.6) 14.3 (2.6) 28.2 (1.3) 137.4 (5.5)
74-132 8-21 25-30 125-144
Age 81-85 years 83 (1.5) 11/32 105.6 (13.5) 15.7 (2.3) 28.6 (1.5) 137.5 (4.4)
80-136 12-20 25-30 129-144
Age 86-90 years 87.8 (1.4) 10/34 109.8 (18.4) 15.1 3.1) 28.6 (1.4) 135.8 (5.5)
79-140 8-21 24-30 122-143
Age 91-100 years 93.3 (2.2) 6/14 101.8 (20.0) 14.9 (3.2) 27.6 (2.1) 134.5 (6.8)
76-152 8-20 22-30 117-144

Mean, SD, Range. FSIQ, Full Scale IQ from WASI- II; MMSE, Mini Mental Status Examination, maximum score = 30; DRS, Dementia Rating Scale raw score;
education (years) based on highest level achieved. Note: Characteristics for 10-year age intervals are provided in Supplementary Table 1.

for items not named in 20 s reduced the dataset listwise.
Therefore, we coded responses from 1 to 4, defined as fol-
lows: 1 = correct word provided in less than 2 s, 2 = correct
word provided in 2-20 s, 3 = correct word provided follow-
ing phonemic cue, and 4 = no correct response provided. This
coded measure captured all possible response types and pro-
vided an adequate degree of variance. Validity was assessed
via Pearson correlations between ANT and VNT scores (i.e.,
Number Correct, TOT, Summary Score) with BNT scores.

RESULTS

For the overall sample, mean IQ was in the average range
(1046 *= 164) and mean years of education was
150 + 2.5 years. For naming performance, results of
MANOVA and Kruskal-Wallis H test revealed a significant
effect of age group for all ANT scores (Number Correct:
H(7)=493, p < .001; TOT: F(7,399)=28.16, p < .001;
Summary Score: F(7,399) =9.42, p < .001]. and VNT scores
(Number Correct: H(7)=66.5, p < .001; TOT: F(7,399)
=11.63, p < .001; Summary Score: F(7,399)=12.25,
p < .001]. However, results of post hoc comparisons indicated
no significant differences between adjacent age groups as fol-
lows (5660 and 61-65 years, 6670 and 71-75 years, 76—
80 and 81-85 years, and 86-90 and 91-100 years).
Therefore, we combined adjacent age groups into 10-year age
stratifications, with the oldest age group spanning 15 years
(i.e., 56-65, 66-75, 7685, and 86-100 years). As there were
no sex differences on any of the ANT or VNT scores (all
p > .14), normative data are combined for men and women.
Results of Pearson correlations reveal modest, yet signifi-
cant correlations between education level and naming perfor-
mance (ANT r’s =.26-.34, VNT r’s =.18-.22, BNT r=.37;
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all p < .001), and between WASI-II Vocabulary scores and
naming performance (ANT r’s = .48-.52, VNT r’'s =.31-.37,
BNT r = .61; all p < .001). Therefore, we organized the
normative naming data by education level, dichotomizing
participants based on whether they completed college (<15
years versus >16 years). This division split the group into
approximately equal subsamples: 196 versus 211 and is con-
sistent with that used in our 2003 normative study and other
established normative datasets (Heaton et al.,, 2004).
Demographic characteristics are shown in Table 2, and
normative naming data, presented as a function of age and
education level, are presented in Tables 3 and 4.

Inspection of Tables 3 and 4 and Fig. 2 suggest only subtle
influence of age and education for untimed accuracy scores
across tests, despite statistically significant effects of both age
(ANT Number Correct: H(3)=46.9, p < .001; VNT Number
Correct: H(3)=65.2, p < .001; BNT H(3)=32.2, p < .001)
and education level (ANT Number Correct: H(1)= 16.6,
p < .001; VNT Number Correct: H(1) =9.3, p = .002; BNT:
H(1)=35.2, p < .001). ANT and VNT TOT and Summary
Scores appear to show greater variably as a function of age
and education (Fig. 3). Accordingly, results of two-way (educa-
tion group by age group) MANOVA revealed main effects of
education (ANT TOT: F(1,399)=25.3, p < .001; ANT
Summary Score: F(1,399)=304, p < .001; VNT TOT:
F(1,399)=8.3, p < .004; VNT Summary Score:
F(1,399)=84, p < .004) and age group (ANT TOT:
F(3,399)=19.7, p < .001; ANT Summary Score:
F(3,399)=225, p < .001; VNT TOT: F(3,399)=25.1,
p < .001; VNT Summary Score: F(1,399)=26.5, p < .001).
This was modified by the interaction between these two varia-
bles for ANT (ANT TOT: F(3,399)=3.3, p = .02; ANT
Summary Score: F(3,399)=3.7, p = .01) but not VNT
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Table 3. Normative naming performance by age for individuals with <15 years of education: results of ANOVA and post hoc analyses

56-65 66-75 76— 85 86-100
n=>55 n=69 n=43 n=28
Mean (SD) Mean (SD) Mean (SD) Mean (SD)
Age group (years) Range Range Range Range n?
c b b 1
ANT Number Correct 34.9(1.7) 34.7 (1.8)2 33.2(3.2) 31.4(4.7) 125
28 — 36 27 - 36 26 — 36 21 -36
ANT TOT 4.4(3.0)f 5.2 (3.7)f 6.0 4.1)f 9.3(4.3)* 140
0-11 0-13 0-16 3-20
ANT Summary Score 26.5(6.5) 24.9(8.2)f 22.6 (9.5)f 14.7 (10.6) 155
12 - 36 5-36 1-36 —-11-29
VNT Number Correct 35.5(0.9)¢ 35.7 (0.6)° 35.0(1.4) 34.5 (1.6)° .163!
31-36 33 -36 28 — 36 30 -36
VNT TOT 2.8(2.6)° 2.9 (2.9)° 5.2(3.9)¢ 6.4 (5.1)° 129
0-9 0-12 0-20 1-19
VNT Summary Score 30.0(5.4)¢ 30.0(5.9)¢ 25.2(8.3)¢ 22.4(10.6)° 133
18 — 36 12 - 36 -7 -36 -2-34

TOT, number of tip-of-the-tongue responses; Summary Score: (number of items named <2 sec) — (TOT score); superscript letters denote significant difference
from listed age groups at p < .05.

2 # all other groups;

b £ Age 56-65 years;

¢ # Age 56-65 years, Age 6675 years;

d £ Age 56-65 years, Age 66-75 years, Age 76-86 years;

¢ # Age 76-85 years, Age 86—100 years;

f+ Age 86-100 years;

& No significant difference from other groups;

" 2= partial eta squared,

! epsilon squared.

Note: 1) Normative data for additional performance scores (RT, <2 sec, >2 sec, Phonemic cue, Summary Scores-2) are available in Supplementary Table.

Table 4. Normative naming performance by age for individuals with >16 years of education: results of ANOVA and post hoc analyses

56 — 65 66 — 75 76 — 85 86 — 100
n=066 n=062 n=48 n=236
Mean (SD) Mean (SD) Mean (SD) Mean (SD)
Age group Range Range Range Range n?
c e b b
ANT Number Correct 354 (1.1) 35.7(0.7) 34.7 (1.9) 34.3 (2.6) 2541
30 -36 31-36 24 - 36 22 -36
ANT TOT 3.3 (2.8)° 3.2 (3.0)° 5.7 (3.4) 5.6 3.1)° 117
0-11 0-19 0-16 0-13
ANT Summary Score 29.1(5.8)° 29.3(6.2)° 23.7(7.3)° 23.8(7.5)° 129
13 -36 -2-36 4-36 -1-36
VNT Number Correct 35.9(0.3)° 35.9(0.2)¢ 35.2(1.8)° 34.8(1.5)° 368!
34 -36 35-36 24 - 36 30 -36
VNT TOT 1.9(2.0)° 2.12.2)° 4.3(3.6)° 5.2(3.8)¢ 178
0-8 0-11 0-16 1-17
VNT Summary Score 32.0(4.1)° 31.7(4.5)° 26.9(7.9)¢° 24.9(7.8)° 192
20 - 36 13 -36 -2-36 2-34

TOT, number of Tip-of-the-tongue responses; Summary Score: (number of items named <2 sec) — (TOT score); superscript letters denote significant difference
from listed age groups at p < .05.

2 # All other groups;

b £ Age 56-65 years;

¢ # Age 56-65 years, Age 66-75 years;

d'£ Age 56-65 years, Age 66-75 years, Age 76-86 years;

¢ # Age 76-85 years, Age 86—100 years;

f # Age 86100 years;

£ No significant difference from other groups;

" 2= partial eta squared,

! epsilon squared.

Note: 1) Normative data for additional performance scores (RT, <2 sec, >2 sec, Phonemic cue, Summary Scores-2) are available in Supplementary Table.
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Fig. 2. Untimed accuracy as a function of age and education: left: Auditory Naming Number Correct; middle: Visual Naming Number
Correct; right: Boston Naming Test Number Correct.

TOT Scores
(Higher score = poorer performance)
Auditory Naming Test Visual Naming Test
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Summary Scores
(Higher score = better performance)
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Fig. 3. Auditory and visual naming performance as a function of age and education: upper left: Auditory Naming Tip-of-the-Tongue Scores;
upper right: Visual Naming Tip-of-the-Tongue Scores; upper left: Auditory Naming Summary Scores; lower right: Visual Naming Summary
Scores.

scores (VNT TOT: F(3,399) = .06, p =.98; VNT Summary ~ ANT versus VNT Performance

Score: F(1,399) = .07, p = .97). Performance differences Comparison of ANT and VNT performance revealed stronger

freliied ;0 aﬁi W;Ithm the ttwczl.(;;lucatlonbgrtoups, detailed in VNT performance across all age groups in both education
ables 5and %, show greater ditterences between age groups groups: (education-15 years: Number Correct: x*(1) =48.00,

i(é; rt;rsne— and cue-based scores relative to Number Correct p < 001; TOT: F(1,191)=41.41, p < .001; Summary Score:
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Table 5. Test—retest correlations

ANT Number ANT ANT ANT Summary VNT Number VNT VNT VNT Summary
Correct RT TOT Score Correct RT TOT Score
r .64 .65 .70 75 46 77 .59 .76
p-Value <.001 <.001 <.001 <.001 <.001 <.001 <.001 <.001

RT, mean response time; TOT, number of tip-of-the-tongue responses; Summary Score: (number of correct responses <2 s — number of TOT responses).

F(1,191)=5947, p < .001; education-16 years: Number
Correct: ¥*(1)=28.40, p < .001; TOT F(1,208)=23.35,
p < .001; Summary Score F(1,208)= 27.81, p < .001), with
no interaction between modality and age group in either educa-
tion group.

Reliability and Validity

Internal consistency, assessed via Cronbach’s alpha with
Spearman—Brown correction, was 0.83 for the ANT and 0.84
for the VNT, overall, reflecting a reasonable level of internal
consistency. For test—retest reliability assessment, 49 partici-
pants (31 women), with proportionate representation across
age groups (aged 5665 years, n = 18; aged 66-75 years, n
=15; aged 76-85 years, n=10; aged 86-100 years, n = 0),
were retested approximately 1 month after their initial testing
(mean days: 33.7 + 4.5). There were no significant differences
in IQ, education, or MMSE scores between those retested (mean
1Q: 105.4 + 15.0; education: 15.2 + 2.2; MMSE: 289 + 1.1)
and not retested (mean IQ: 104.5 + 16.4; p = .72; education:
15.0 + 2.4, p = .61; MMSE: 28.7 + 1.3, p = .21). Test-retest
correlations (Table 5), which ranged from .46 to .76, were lowest
for VNT Number Correct, which has a severely restricted range
in healthy adults, and highest for Summary Scores, which we
consider the most comprehensive clinical measure, and least
susceptible to restricted range (both p < .001). Validity coeffi-
cients assessing relations with BNT performance were
r = 59-78 for ANT performance and r = .56-.59 for VNT
performance.

DISCUSSION

Considering the prevalence of age-related conditions that
affect expressive language, measures that provide rigorous
assessment of naming in older adults are essential to clinical
care and research involving neurocognitive disorders in this
population. The naming tests developed here provide a prom-
ising update to the assessment of naming for older adults.
Drawing from recent advances in the neuropsychology and
cognitive neuroscience of naming, this normative study
developed complementary auditory and visual naming tests
for adults, aged 56—100 years. Our results showed age-related
decrements in auditory and visual naming performance
across the older adult age span. These changes, although sta-
tistically significant, were relatively subtle for untimed accu-
racy, whereas age effects were robust for time- and cue-based
measures, underscoring the value of normative data for these
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more sensitive scores. With no naming differences related to
sex, results were combined for men and women. However,
due to a significant influence of education, normative data
are stratified by both age and education level.

These measures advance naming assessment in older
adults by 1) adding the auditory verbal modality to the clinical
assessment of naming, which, historically, has been largely
limited to visual object naming, 2) using target words that
are highly likely to be within the working vocabulary of most
healthy older adults, and 3) providing age-stratified and edu-
cation referenced normative data, not only for traditional,
untimed accuracy, but also for performance measures that
capture delays in responding and reliance on phonemic cue-
ing, that is, features that reflect efficiency of word retrieval
from the mental lexicon. These measures showed sensitivity
to age-related changes in healthy elders, increasing the like-
lihood of detecting subtle difficulties in naming at earlier
stages of a degenerative process, and of potentially identify-
ing features or patterns of naming performance associated
with particular dementia subtypes.

Aging and Naming

While receptive language skills remain stable with increasing
age (Burke et al., 1991) and verbal knowledge has even been
found to expand across the adult lifespan (Burke & Shafto,
2008; Verhaeghen, 2003), productive language skills have
been shown to decline with age. Relative to younger adults,
older adults’ natural speech is characterized by simpler lan-
guage, more vague terms, and empty pauses, and most rel-
evant here, more frequent instances of TOT (Burke et al.,
1991; Burke & Shafto, 2008; Kemper & Sumner, 2001), as
we found in this study. The neural underpinnings of increased
TOTs in older adults found here and reported by others are
not entirely clear; although aging is associated with wide-
spread changes in gray and white matter volume, the relation
between the extent of neural change and cognitive perfor-
mance is not straightforward. Neuroimaging studies of suc-
cessful word retrieval and TOTs in younger and older
adults show similar levels of increased activity in inferior
frontal, left anterior insula, and anterior cingulate; however,
older adults show weaker activation during TOT occurrences
(Shafto et al., 2010). Unfortunately, the age difference, evi-
dent during TOT states, occurs “after the fact,” that is, well
after the time window of impairment that led to the TOT state.
On the other hand, if we consider that naming failures likely
reflect reduced efficiency in retrieval or production (i.e.,
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rather than information loss), a better explanation might be
found in studies of resting-state fMRI (Geerligs, Maurits,
et al., 2014; Geerligs, Renken, et al., 2014; Meunier et al.,
2009) which show, in young adults, modularly organized,
brain-wide networks, with highly integrated local networks
and weak connectivity between networks (Meunier et al.,
2009). By contrast, older adults show reductions in integra-
tion within networks, and increased connectivity between
networks, possibly reflecting both decrements in within-net-
work efficiency, and less effective attempts to compensate via
recruitment of other brain areas (Meunier et al., 2014). These
changes in integration and connectivity might underlie our
observed age-related declines in auditory and visual naming
and are consistent with the linear reduction in processing
efficiency in other cognitive domains (Salthouse, 2003,
2009, 2010).

Aging, Education, and Naming

Despite efforts to reduce the influence of education, correla-
tions between education and performance were significant,
resulting in education-based organization of the normative
data. It is, however, possible that the influence of education
on performance is not directly attributable to word knowledge
of the test stimuli. As noted, lack of familiarity with target
words was extremely rare. Rather, education and vocabulary
might serve as proxies for the functional integrity of the men-
tal lexicon, that is, not only breadth but also efficiency by
which words are stored and retrieved. The correlation
between education and cognitive performance in older adults
has been framed within “cognitive reserve theory,” which
suggests that environmental enrichment promotes an increase
in synapses and vascularization, resulting in better perfor-
mance (Speisman et al., 2013; Stern, 2012). An alternative,
yet not mutually exclusive position points to the association
between education and health (Albert, 1995), whereby less
educated individuals tend to have greater exposure to risks
(e.g., occupational exposure, unhealthy habits), which might
adversely affect cognition over time (Murphy et al., 2016).
Taken together, the influence of education on naming in older
adults likely reflects the combination of breadth and quality
of the individual’s working vocabulary and brain health,
which affects the efficiency by which information is retrieved
and produced.

Neural Correlates of Auditory and Visual Naming

Prior to phonological word access, both pictured objects and
auditory descriptions elicit a set of dynamic processes begin-
ning with the accumulation of sensory information. It is well
established that visual object recognition engages the visual
“ventral stream,” a processing pathway extending from
occipital cortex to the temporal lobe (Haxby et al., 2001),
and more recent, multivariate neuroimaging methods have
shown distinct distributed patterns of brain activation in this
same region associated with different object categories
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(Grootswagers et al., 2017). On the other hand, auditory
description naming requires receptive verbal processing, en-
gaging the left superior, posterior temporal region (Alsop
et al.,, 1996; Boatman et al., 1995; Vigneau et al., 2000).
Although the syntactic structure of ANT descriptions is not
particularly complex, syntactic processing of spoken lan-
guage is required, likely engaging left middle temporal and
inferior frontal cortex (Tyler, Cheung, Devereux, & Clarke,
2013). Additionally, the information provided by the descrip-
tions, while distinctive, requires identification based on
somewhat limited information, suggesting that the ANT
might be more dependent than the VNT on frontally mediated
executive mechanisms.

While most of the work on neural correlates of naming come
from neuroimaging studies of visual object naming, investiga-
tions of both visual and auditory naming together, using electro-
cortical stimulation, electrocorticography, and other techniques
focusing on the left temporal region provide additional insights.
Cortical mapping studies have shown that anterior temporal
stimulation tends to disrupt auditory naming, but not visual nam-
ing, whereas stimulation in the posterior temporal—parietal
region tends to disrupt both visual naming and auditory naming
or, at some posterior sites, visual naming only (Hamberger et al.,
2001; Hamberger et al., 2007). Similarly, electrocorticography
in refractory epilepsy patients has shown anatomical distinctions
in high gamma activity associated with auditory naming and vis-
ual object naming (Cervenka et al., 2013). Consistent with these
invasive studies, behavioral work has shown that patients with
posterior temporal abnormalities perform more poorly on visual
naming compared to auditory naming — intimating neurocogni-
tive specificity rather than merely task difficulty — with the
reverse task-related asymmetry (auditory naming poorer than
visual naming) found for patients with abnormalities in the ante-
rior temporal region (Hamberger & Seidel, 2009). Moreover,
these modality-related anatomical distinctions are not limited
to clinical samples, as functional neuroimaging in healthy young
adults has also shown both overlapping and task-specific areas
involved in auditory versus visual naming (Hamberger et al.,
2014; Tomaszewki-Farias et al., 2005). Taken together, results
from cortical stimulation, electrophysiological, neuroimaging,
and behavioral studies suggest that while difficulty level might
differ between tasks, auditory and visual naming probe different
aspects of word retrieval that draw on distinct neural substrates
and cognitive mechanisms.

Normal Aging versus Pathological Changes in
Naming

Analysis of both traditional naming scores (i.e., naming accu-
racy within 20 s) and time- and cue-based measures suggest
that naming begins to decline during one’s mid-70s.
However, age-related differences were more readily apparent
in both ANT and VNT TOT and Summary Scores than in
untimed accuracy scores. Thus, TOT and Summary Scores
might better capture symptomatic changes in naming effi-
ciency during the early stages of neurocognitive disorders
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involving expressive language. As noted, other investigators
have reported, relative to the BNT, better identification of
both vascular and Alzheimer’s dementia using the ANT
developed for younger adults (Hirsch et al., 2016; Miller
etal., 2010). While these studies show promise for the clinical
utility of the ANT, it is hoped that the availability of the age-
appropriate ANT and VNT developed and standardized here
will reliably distinguish between normal versus pathological
changes in naming associated with age-related neurodegener-
ative conditions.

Practical considerations

From a practical standpoint, it might seem that it would have
been sufficient to merely extend the normative sample for the
already established 2003, “younger adult” ANT and VNT.
With nearly two decades of experience with these original
tests, including considerable feedback from users, we opted
to update and improve the stimuli with the goal of providing
more effective and efficient measures. Improvements
included 1) the use of spoken rather than written word
frequencies for target words, 2) shorter tests, as we found with
both the younger adult (Hamberger & Seidel, 2003) and more
recent children’s tests (Hamberger et al., 2018), that 36 items
provided sufficient sensitivity, 3) use of digitized photo-
graphs rather than line drawings, and 4) exclusion of items
that might evoke negative emotional reactions in an older
population. Finally, language is culturally based; culture is
potentially cohort-sensitive and, language and culture change
over time. Accordingly, it could be argued that the 2003 tests
for aged 1655 years are due for revision. Fortunately, these
efforts are underway.

Performance Measures

To assess the efficiency of targeted word retrieval, we uti-
lized several performance measures that capture RT and reli-
ance on phonemic cueing. These include mean TOT and
Summary Scores that combine rapid, accurate responses,
and TOTs. As mean RT is cumbersome to calculate and
could potentially be skewed by a few outliers, for clinical
use, we recommend the more readily calculated scores that
have been shown to provide robust and reliable measures of
naming. Specifically, in “young” adults with unilateral TLE,
we found the TOT score to be particularly sensitive to left
(dominant) temporal lobe dysfunction (Hamberger &
Seidel, 2003), and in children, both TOT and Summary
Scores have shown sensitivity to left hemisphere, and in par-
ticular, left temporal dysfunction (Hamberger et al., 2018).
As it is not yet known which measures will be most sensitive
to dysfunction in older adults, we provide age-stratified,
education-based normative data for multiple scores in sim-
ple and combined forms (Supplementary Tables).

Finally, the ANT and VNT simulate the different contexts
in which word retrieval occurs in day-to-day living. At times,
we name objects in our visual environment (e.g., “Please pass
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the pepper.”), while, at others, we produce words following a
speaker’s auditory verbal message (e.g., “What can I add for
flavor?” “Pepper”). Auditory naming and visual naming rely
on task-specific cognitive mechanisms that are supported by
distinct neuroanatomical areas. As such, thorough assessment
of naming requires assessment of both auditory and visual
naming.

Limitations

Although we attempted to recruit comparable sample sizes
across age groups with balanced representation of men and
woman across the age span, recruitment of the oldest individ-
uals, particularly men, was challenging. Additionally,
although education level was consistent across age groups
and included a wide range, the overall level of education
could be considered somewhat high, as most participants
completed high school and some college. Due to the signifi-
cant correlation between education and naming performance,
we dichotomized the data by education level. Ideally, a
normative study would allow for more fine-grained stratifica-
tion; however, the sample size was limited to some extent by
resource constraints. As our sample was confined to healthy
older adults, we were unable to assess validity with respect to
a clinical sample, and therefore, compared ANT and VNT
performance with that of the traditional standard, the BNT.
With the completion of these measures, future work in our
laboratory will aim to investigate clinical validity with rel-
evant neurological patients. Additionally, semantic and per-
ceptual features can influence object recognition and naming.
Although beyond the scope of this study, future investiga-
tions could assess the clinical significance of features, includ-
ing category crowding (Gerlach, 2017), semantic and
structural similarity (Dickerson & Humphreys; Lloyd-Jones
& Humphreys, 1997), and visual features (Humphreys
et al., 1988) of test items. Finally, we note that the ANT
and VNT, like other verbal measures, are culturally bound,
and therefore, intended for use with individuals raised and
educated in the US. or similar cultural environment. We rec-
ommend caution in interpreting test performance in bilingual
individuals, as we have found bilingualism to be associated
with weaker naming performance, despite unimpaired
expressive vocabulary (Gooding et al., 2018).

Closing Comments

Naming is integral to neuropsychological assessment, par-
ticularly in the context of aging. Traditional measures, such
as the BNT, laid the groundwork for that foundation, bringing
to light expressive language symptoms associated with age-
related neurological disorders. Building on this foundation,
the auditory and visual naming tasks developed here incorpo-
rate the knowledge gained from research in the neuropsychol-
ogy and neuroscience of naming over the past several
decades. The tests are psychometrically sound, demonstrat-
ing a reasonable level of internal and test-retest reliability
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for clinical application. With converging evidence from var-
ied methodologies of distinct neurocognitive systems sup-
porting auditory and visual naming, the ANT and VNT
enable more comprehensive, and more fine-tuned assessment
of naming. Further, incorporating clinical features of word
finding difficulty into performance measures holds promise,
not only of earlier detection of clinical changes associated
with neurodegenerative disorders, but also of identifying dis-
ease-specific features that might assist in the differential diag-
noses of degenerative processes. We hope and expect that
utilization of these measures in both clinical and research set-
tings will improve clinical assessment and facilitate advance-
ments in our understanding of word retrieval in aging and
age-related disorders.

SUPPLEMENTARY MATERIAL

To view supplementary material for this article, please visit
https://doi.org/10.1017/S1355617721000552
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VISUAL NAMING TEST ITEMS

Description Target word Item

1. What falls from trees in autumn LEAVES 1. LADDER

2. Where you go to borrow books LIBRARY 2. BUTTERFLY
3. The object used for weighing SCALE 3. SHIRT

4. A kind of boat that travels under water SUBMARINE 4. ROSE

5. A thin tube used to sip a drink STRAW 5. DONUT

6. The person who writes a book AUTHOR 6. RAKE

7. What swimmers wear to protect their eyes GOGGLES 7. PINEAPPLE
8. The part of the arm that bends ELBOW 8. TOASTER

9. An instrument you beat with sticks DRUM 9. PUMPKIN
10. The person who flies a plane PILOT 10. LAMP

11. A permanent ink drawing on someone’s skin TATTOO 11. STARFISH
12. A place with sand along a shore BEACH 12. BROCCOLI
13. The eating utensil used for slicing KNIFE 13. TIGER

14. What you wear to protect clothing when cooking APRON 14. CORN

15. The part of the tree that grows underground ROOT 15. HAMBURGER
16. An animal with prickly quills PORCUPINE 16. BINOCULARS
17. The vegetable that makes your ears tear ONION 17. CUPCAKE
18. It makes a shrilling noise on a police car SIREN 18. SKUNK

19. The body part a lobster uses for grabbing CLAW 19. RULER

20. The under-surface of a shoe SOLE 20. CHAIN

21. The parts of a flower that are often colorful PETALS 21. POPCORN
22. The stand an artist uses EASEL 22. SQUIRREL
23. A small flying bug that leaves an itchy bite MOSQUITO 23. CELERY
24. The list of foods served at a restaurant MENU 24. CRAYON
25. It’s used to look at the stars TELESCOPE 25. ZIPPER

26. The imaginary animal that breathes fire DRAGON 26. FAN

27. The greenery that makes up a lawn GRASS 27. DRESS

28. The hard outside part of a turtle SHELL 28. PEPPER

29. What smoke comes out of on a roof CHIMNEY 29. RACCOON
30. The Antarctic bird with a black and white coat PENGUIN 30. NECKLACE
31. The object used for shaving RAZOR 31. STRAWBERRY
32. An outdoor lunch on a blanket PICNIC 32. HORSE

33. What you plant to grow flowers SEED 33. LEMON

34. The fruit used to make wine GRAPES 34. TENT

35. The hard outside edges of bread CRUST 35. GOAT

36. What you wrap around your neck to keep warm SCARF 36. TOMATO

! Detailed administration instructions, test stimuli, and record forms can be obtained from hambergerlab @ gmail.com.
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