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Abstract

The current study explored the picture naming performance of patients with Alzheimer’s disease 

(AD). First, we evaluated the utility of the Multilingual Naming Test (MINT; Gollan et al., 2011), 

which was designed to assess naming skills in speakers of multiple languages, for detecting 

naming impairments in monolingual AD and amnestic mild cognitive impairment (MCI). If the 

MINT were sensitive to linguistic impairment in AD, using it in clinical practice might have 

advantages over using tests exclusively designed for English monolinguals. We found that the 

MINT can be used with both monolinguals and bilinguals: A 32-item subset of the MINT is best 

for distinguishing monolingual patients from controls, while the full MINT is best for assessing 

degree of bilingualism and language dominance in bilinguals. We then investigated the cognitive 

mechanisms underlying naming impairment in AD. To this end, we explored which MINT item 

characteristics best predicted performance differences between monolingual patients and controls. 

We found that contextual diversity and imageability, but not word frequency (nor words’ number 

of senses), contributed unique variance to explaining naming impairments in AD. These findings 

suggest a semantic component to the naming impairment in AD (modulated by names’ semantic 

richness and network size).
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INTRODUCTION

Fourteen percent of people over age 71 in the United States have dementia (Alzheimer’s 

Association Report, 2008), and Hispanics are at increased risk (16.3%; Alzheimer’s 

Association Report, 2004). These numbers obviate a pressing need for standardized 

measures suited to a variety of different populations, and more research aimed at a better 

understanding of cognitive impairment in Alzheimer’s disease (AD). In this study, we report 
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an investigation of linguistic impairments in AD, and specifically of picture naming 

performance. We address two goals. On the practical side, we ask if a picture naming test 

designed to assess bilingualism (the Multilingual Naming Test, or MINT; Gollan, 

Weissberger, Runnqvist, Montoya, Cera, 2012) could be used to measure naming 

performance in AD. On the theoretical side, we examine which picture name characteristics 

best predict performance differences between patients and controls for each picture name, to 

shed light on the nature of linguistic impairments in AD.

Although the hallmark of early AD is memory impairment, language skills are also affected 

as the disease progresses. Picture naming can distinguish AD from other related diseases 

(Hodges, Salmon, & Butters, 1991) and is commonly administered in neuropsychological 

assessment (Lezak, Howieson, & Loring, 2004; Spreen & Strauss, 1991), although it does 

not add incremental diagnostic utility (see Testa et al., 2004). Since AD might affect 

language skills differentially in the two languages of bilinguals (e.g., Gollan, Salmon, 

Montoya, & Da Pena, 2010), picture naming is also useful in clinical settings as an objective 

measure of language dominance and degree of bilingualism (i.e., if bilinguals are about 

equally proficient in the two languages or proficient in one more than in the other).

One of the most frequently used picture naming tests is the Boston Naming Test (BNT; 

Kaplan, Goodglass, & Weintraub, 1983). However, this test was designed for monolingual 

English speakers and is not optimal for assessing the naming performance of monolinguals 

in other languages, or of multilinguals (e.g., Gollan, Fennema-Notestine, Montoya, & 

Jernigan, 2007; Kohnert, Hernandez, & Bates, 1998; Ransdell & Fischler, 1987; Roberts, 

Garcia, Desrochers, & Hernandez, 2002). This is because item difficulty in the BNT 

increases with item progression, but an item difficult in English may be easy in another 

language and vice versa (e.g., Allegri et al., 1997; Kohnert et al., 1998).

Recently, Gollan and colleagues introduced the MINT (Gollan et al., 2012), a picture-

naming test designed to assess degree of bilingualism and naming skills in speakers of 

multiple languages (Spanish, English, Mandarin, and Hebrew). Gollan et al. (2012) tested 

young and older healthy Spanish-English bilinguals with the MINT, and also with oral 

proficiency interviews, and demonstrated agreement between measures of language 

dominance and degree of bilingualism. Although performance on the MINT and the BNT 

was strongly correlated, the BNT underestimated Spanish proficiency, and did not 

accurately reflect degree of bilingualism and language dominance. Thus, the MINT seems 

more appropriate than the BNT for assessing bilingual language proficiency. However, the 

clinical utility of the MINT is currently unknown, and so we investigated this issue here.

Theoretically, picture naming ability can also be used to gain insights into the nature of 

linguistic impairments in AD. Picture names vary on many characteristics, such as 

frequency of occurrence, or the ease with which they evoke a mental image (imageability). 

Thus, one can look into whether any of these characteristics successfully predicts naming 

accuracy differences between patients and controls for individual pictures. In other words, if 

it turned out that, for example, frequency successfully predicted patient-control differences, 

this would mean that these differences were smaller for high-frequency words than for low-

frequency words. Such analyses can shed light on the linguistic impairments in AD. For 
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example, a current debate in the field concerns whether naming deficits in AD are primarily 

caused by permanent loss of semantic knowledge (e.g., Hodges, Salmon, & Butters, 1992), 

or by difficulties with lexical access and retrieval with intact semantic knowledge (Balota & 

Duchek, 1991). If naming difficulties—and specifically differences in naming accuracy 

between patients and controls—are predicted by semantic properties of the objects to be 

named (such as imageability: Plaut & Shallice, 1993), this would provide evidence of 

semantic degradation in AD. Conversely, if naming deficits in AD are (also or only) 

predicted by aspects known to affect name retrieval (such as word frequency: Jescheniak & 

Levelt, 1994; Kittredge, Dell, Verkuilen, & Schwartz, 2008), this would provide evidence of 

a retrieval deficit.

Previous studies, however, have produced mixed evidence about the influence of picture 

name properties on naming in AD. In some studies, word frequency predicted naming 

success of patients with probable AD (together with age of acquisition and familiarity: 

Cuetos, Gonzalez-Nosti, & Martinez, 2005; Cuetos, Rosci, Laiacona, & Capitani, 2008; 

Kemmerer & Tranel, 2000; Kremin et al., 2001; but see Astell & Harley, 1998). However, in 

one study, frequency affected the performance of AD patients disproportionally relative to 

controls (Thompson-Schill, Gabrieli, & Fleischman, 1999), while in others this was not the 

case (Gale, Irvine, Laws, & Ferrissey, 2009; Kemmerer & Tranel, 2000). Some of the same 

studies that reported robust frequency effects found no influence of imageability on naming 

performance in AD (Astell & Harley, 1998; Cuetos et al., 2005, 2008).

THE PRESENT STUDY

The present study is a detailed exploration of the performance differences between AD 

patients and healthy controls, as indicated by a naming test (the MINT), which has not been 

used before in clinical settings. Our first goal was to establish to what extent the MINT 

could reflect the naming differences between monolinguals and bilinguals with probable AD 

and controls, as well as between patients with amnestic mild cognitive impairment (MCI) 

and controls, while at the same time assessing bilingual language characteristics. Using the 

MINT in clinical settings could have several benefits. First, it might help reduce the length 

of neuropsychological testing batteries for bilinguals by providing information both about 

possible disease effects and about bilinguals’ language profile. Second, if the MINT could 

also be used with monolingual English speakers, this might facilitate research by enabling 

comparisons across different populations and testing centers. Third, the MINT could 

potentially be used with monolingual speakers of languages other than English (specifically 

Spanish, Mandarin Chinese, and Hebrew), which makes its potential application broader 

than that of picture naming tests designed only for monolingual English speakers.

We predicted, however, that the full set of MINT items would be sub-optimal for detecting 

dementia-related naming deficits, as this goal would require items of different difficulty 

level than assessment of bilingualism. For assessing bilingual language proficiency, items of 

a broad range of difficulty are needed as low-proficiency bilinguals might not know very 

difficult items in their non-dominant language. In contrast, for detecting subtle naming 

deficits associated with the initial stages of AD, more difficult items are best as even 

impaired patients would be able to name medium-difficulty and easy items. Hence, we then 
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determined a subset of the full MINT comprised of those items that are optimally sensitive 

to naming deficits in AD.

Our second goal was to investigate which picture name properties best predicted naming 

differences between monolingual patients and controls for each of the MINT items, to shed 

light on the underlying cause of naming deficits in AD. To this end, we performed linear 

regression analyses with the MINT item properties as independent variables, and accuracy 

differences between patients and controls for each item as the dependent variable. 

Specifically, we asked whether lexical frequency (Barry, Morrison, & Ellis, 1997; Oldfield 

& Wingfield, 1965), imageability (Coltheart, 1981; Ellis & Morrison, 1998), contextual 

diversity (Adelman, Brown, & Quesada, 2006), and number of senses (Fellbaum, 2005) 

would predict which MINT items produce the largest difference between patients and 

controls. We explored these specific variables for several reasons. First, given the mixed 

results in the literature, we wanted to know whether naming differences between patients 

and controls would be predicted by word frequency, which would point to a retrieval deficit 

in AD. Alternatively, naming differences might be predicted by imageability, which would 

point to deficits in semantic knowledge in AD. Indeed, imageability has not yet been found 

to have an influence on naming in AD (Astell & Harley, 1998; Cuetos et al., 2005, 2008). 

However, we consider that these studies do not provide conclusive evidence for the role of 

imageability because they tested a small number of patients (at most 12), focused on error 

types rather than accuracy (Astell & Harley, 1998), or included only highly imageable 

picture names (Cuetos et al., 2005: 6.19 to 7.00 on a 7-point scale), which might not have 

been sufficiently sensitive to the influence of this variable.

Contextual diversity is a measure of the number of different contexts in which a word 

occurs. We included contextual diversity in our analyses for the following reason. It has 

long been known that word frequency exerts an influence on both naming speed and naming 

accuracy, such that high-frequency words are named faster and more accurately than low-

frequency words (Jescheniak & Levelt, 1994; Kittredge et al., 2008; Oldfield & Wingfield, 

1965). However, it has recently been proposed (Adelman et al., 2006) that it is contextual 

diversity, not word frequency, that ultimately determines naming speed in young and elderly 

healthy adults. Here, we considered the possibility that contextual diversity and not 

frequency might also account for naming accuracy, and, specifically, the accuracy 

differences between patients and controls for individual picture names. If so, this would 

have implications about the nature of naming impairments in AD. Contextual diversity is a 

complex measure that reflects the range of concepts associated with a word’s semantic 

representation through contextual co-occurrence. Thus, if contextual diversity better predicts 

naming deficits than frequency, this would point to a greater importance of semantic 

networks than of simple frequency counts (“ignorant” of semantic representations) for 

patients’ performance.

Finally, we also included the number of senses (meanings) of MINT items as a predictor in 

our analyses because of a possible confound of this variable with contextual diversity: The 

more senses a word has, the more contexts it will occur in (e.g., hand can appear in a 

scientific context in its sense of “one of two sides of an issue”, in a card-playing context in 

its sense of “the cards held in a card game”, etc.). Additionally, number of senses might be 
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of interest here in its own right: Given its semantic character, its potential influence on AD 

patients’ naming performance might shed further light on the nature of patients’ linguistic 

deficit.

METHOD

Participants

Participants were tested on the MINT during their annual evaluation, which forms part of 

their participation in a longitudinal study of cognitive impairments in AD at the University 

of California, San Diego (UCSD) Alzheimer’s Disease Research Center (ADRC). Patients 

are recruited to the ADRC mostly via San Diego neurologists who refer patients with 

possible memory deficits to the center. We included 130 monolingual English speakers in 

our analyses: 68 with a diagnosis of probable AD, 18 with amnestic mild cognitive 

impairment (MCI), and 44 cognitively healthy controls. We also included 29 Spanish-

English bilinguals: 18 with probable AD and 11 cognitively healthy. There were no 

sampling differences between monolingual and bilingual participants. Diagnoses were made 

using criteria developed by the National Institute of Neurological and Communicative 

Disorders and Stroke (NINCDS) and the Alzheimer’s Disease and Related Disorders 

Association (ADRDA; McKhann et al., 1984). Twenty-six monolinguals and 5 bilinguals 

were in a mild stage of the disease (DRS scores between 115 and 137), 38 monolinguals and 

2 bilinguals were in a moderate stage (DRS scores between 95 and 123), and 4 monolinguals 

and 4 bilinguals were in a severe stage (DRS scores between 83 and 106). Participants with 

amnestic MCI were classified according to criteria developed by Petersen et al. (1999).

Table 1 summarizes the participants’ characteristics. Within each language group, patients 

were matched with the controls for age and education (anchored by degree level completed, 

e.g., 12 years for high school, 16 for a Bachelor’s degree, 18 for a Master’s degree; for t-

tests see Table 1). All bilinguals reported being exposed to Spanish from birth and were 

classified into language dominance groups using self-report.

The study procedures conformed to Federal guidelines for the protection of human subjects 

and were approved by the UCSD Institutional Review Board. Informed consent was 

obtained from cognitively intact controls and from patients and caregivers (usually the next 

of kin) before neuropsychological testing and after the procedures of the study had been 

fully explained.

Materials

The MINT (Gollan et al., 2012) consists of 68 black-and-white line drawings. Since the test 

was designed to assess both dominant and non-dominant language performance, it includes a 

greater proportion of medium-difficulty items than is typical for naming tests designed for 

monolinguals (e.g., the BNT; Kaplan et al., 1983). (For a list of MINT items, see Appendix. 

For a full description of the MINT item characteristics, see Table 2 and Gollan et al., 2012.) 

Participants were tested on a 30-item version of the BNT (for a full description, see Kaplan 

et al., 1983) as part of their annual neuropsychological evaluation at the ADRC.
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Procedure

Participants were tested either at the ADRC or in their homes by a proficient Spanish-

English bilingual psychometrist. They were instructed to name pictures first in their 

dominant language and then, for the bilingual group, in their non-dominant language. This 

was the first time these participants were tested on the MINT (whereas they had been tested 

on the BNT before as part of their annual examination in the ADRC longitudinal study). A 

30-item version of the BNT (odd items for English-dominant bilinguals in both languages, 

and a combination of odd and even items for Spanish-dominant bilinguals in both 

languages) was administered in the middle of a 2- to 3-hour neuropsychological battery, as 

part of the Uniform Data Set (UDS; Morris et al., 2006). The MINT was administered at the 

end of the battery (thus the BNT and the MINT were separated by approximately 1 hour). 

Naming trials for both tests were administered according to the standardized BNT 

instructions (testing was discontinued after six failed naming trials, which included semantic 

or phonetic cueing for pictures not named spontaneously). Naming accuracy was recorded 

during testing. Participant demographics and language history had been obtained on 

previous testing sessions.

Scoring and Data Analyses

Subject analyses—We calculated the proportion of pictures named correctly for each 

participant, including pictures named spontaneously and those requiring a semantic (but not 

a phonetic) cue. For bilinguals, we also calculated bilingual index scores and language 

dominance scores. Bilingual index scores were obtained by dividing the lower of the scores 

for the two languages by the higher score. Bilingual index scores (see also Gollan et al., 

2012) range from 0 to 1 and provide a measure of the extent to which knowledge of the two 

languages is balanced. For example, a bilingual who named 60 pictures in one language and 

only 30 in the other would obtain a bilingual index score of 0.5, indicating that they are a 

relatively unbalanced (50%) bilingual. In contrast, a bilingual who named the same number 

of pictures in both languages would have a bilingual index score of 1, indicating that they 

are completely balanced (100% bilingual). Language dominance measures were obtained by 

subtracting the Spanish from the English score (thus, a positive number indicates English 

dominance, and a negative number, Spanish dominance).

Items analysis—For each of the MINT items, we calculated the proportion of patients and 

controls who correctly named this item, and a difference score (e.g., if .80 of the patients and 

1.00 of the controls produced the name for butterfly, the difference score for this item would 

be .20). Because we had a relatively small number of bilinguals, and because bilingualism 

could introduce additional mechanisms underlying naming deficits in AD, we excluded 

bilinguals from these analyses. We then performed regression analyses with the difference 

scores as the dependent variable, and log frequency, log contextual diversity, number of 

senses, and imageability of the MINT items, as predictor variables. Since imageability 

values were missing for 13 MINT items, we first performed analyses without including this 

variable. We report the variance explained when each variable was entered alone in a model, 

as well as the unique variance explained by each variable (the additional variance explained 

when a variable was entered in the second step of a hierarchical regression model, with all 
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other variables entered in the first step). When calculating logarithm fits, we increased all 

counts by 1, to avoid problems from zero counts.

Item characteristics were obtained from the following sources. Frequency and contextual 

diversity values were extracted from the SUBTLEXus corpus (Brysbaert & New, 2009; 

http://expsy.ugent.be/subtlexus/), a corpus of American film subtitles consisting of 51 

million words. We chose this corpus because it is more recent and better accounts for 

reaction times and accuracy rates than the traditionally used Kucera & Francis and Celex 

corpora. Number of senses counts were obtained from WordNet (Fellbaum, 2005), a lexical 

database of English consisting of 155,287 words organized into sets of cognitive synonyms 

(synsets) and containing a total of 206,941 word-sense pairs. Imageability ratings were 

obtained from N-Watch (Davis, 2005). They consist of combined ratings from the Bristol 

Norms (Stadthagen-Gonzalez & Davis, 2006), for which each of 1526 words was rated for 

Age of Acquisition, Familiarity, and Imageability by 20 undergraduates from the University 

of Bristol; and ratings from the MRC database (Coltheart, 1981), which in turn were formed 

by merging three smaller databases (Gilhooly & Logie, 1980; Paivio, Yuille, & Madigan, 

1968; Toglia & Battig, 1978) and provide measures of imageability for 4334 words.

RESULTS

Subjects analysis

Full MINT—Table 3a reports the scores on all tests of the three groups of monolingual 

participants (AD, MCI, controls), and pairwise comparisons between groups. On the full 

MINT, there was a significant difference between the scores of patients with probable AD 

and controls, but not between the scores of MCI patients and controls. Table 3b reports the 

scores on all tests of bilingual patients with probable AD and controls broken down by test 

language (dominant, non-dominant), and pairwise comparisons between groups. On the full 

MINT, there was a significant difference between patients and controls in the dominant, but 

not in the non-dominant language.

In sum, the MINT seems sensitive to naming impairments in monolinguals with probable 

AD (but not MCI), and bilinguals with probable AD when tested in their dominant language. 

An examination of Table 3 further indicates that the difference between patients and controls 

was larger for BNT scores than for MINT scores, as we predicted given that the MINT 

contains more easy and medium-difficulty items than the BNT. However, note that the 

majority of our participants had been tested with the BNT on multiple occasions (as part of 

the longitudinal study at the ADRC), whereas this was the first time they were tested with 

the MINT. Patients and controls may be differentially affected by prior testing sessions. For 

example, controls may be more likely to subsequently learn items they were not able to 

name on a particular testing session, and this would artificially inflate group differences. 

Therefore, we caution against a direct comparison of performance on the two tests in the 

present study.

32-item MINT—To improve the potential clinical utility of the MINT, we compared the 

naming scores of patients with probable AD to those of monolingual controls, to select the 

32 MINT items which produced the largest differences between patients and controls (see 
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Appendix). As predicted, these items tended to be more difficult MINT items. We then 

tested the utility of this 32-item subset by comparing naming scores of monolinguals with 

MCI to controls, and bilinguals with probable AD to controls in both languages. The 32-

item subset produced a significant difference between monolinguals with MCI and controls, 

and between bilinguals with probable AD and controls in the dominant, but not in the non-

dominant language (see Tables 3a and 3b). Thus, the 32-item MINT subset captured larger 

differences between these groups than the full MINT (and none of the tests reflected a 

difference between patients and controls in the non-dominant language).

Bilingual index scores and language dominance—Having selected a 32-item subset 

of the MINT that is more sensitive to naming impairments than the full MINT, we then 

asked whether this same subset could be useful for assessing the bilingual language profile. 

For this purpose, we compared language dominance and bilingual index scores derived from 

the 32-item MINT, the full MINT, and self-rated proficiency in each language (see Figure 1; 

BNT scores are included for completeness). We hypothesized, however, that different items 

would be needed to capture naming impairments and language profile, and, thus, that the full 

MINT would be better suited to the latter goal than the 32-item MINT.

This hypothesis was confirmed. Bilingual index scores (Figure 1a) indicated that the 32-item 

MINT underestimated the degree of bilingualism of both patients with probable AD and 

controls relative to self-ratings [AD: t(9)1 =2.34, p <.05; normal controls (NC): t(18) =2.98, 

p <.01] and the full MINT [AD: t(9) =8.23, p <.001; NC: t(18) =7.40, p <.001]. Conversely, 

bilingual index scores for the full MINT and self-ratings agreed with one another for both 

patients and controls [both ts <1, both ps >.50] (and both of these were previously found to 

agree with an objective measure of language proficiency, oral proficiency interviews: Gollan 

et al., 2012). Also in accord with Gollan et al., the BNT, like the 32-item MINT, seemed to 

underestimate degree of bilingualism (see Figure 1a).

Language dominance scores (Figure 1b) indicated that the 32-item MINT (as well as the 

BNT) presented controls, but not patients with probable AD, as slightly more English-

dominant than self-ratings [AD: t <1; NC: t(17) =2.00, p =.06], while the full MINT agreed 

with self-ratings for both groups [AD: t <1; NC: t(17) =1.43, p =.17]. The 32-item MINT 

and the full MINT did not differ from each other for either patients or controls [AD: t <1; 

NC: t(17) =1.64, p =.12].

Items analysis: predicting naming deficits in AD—Having shown that the MINT is 

sensitive to naming differences between AD patients and controls, we next investigated 

which MINT item characteristics best explained these differences. The results of the 

regression analyses are reported in Table 4 and Figure 2, and the correlations between the 

different characteristics, in Table 5. All four variables were highly robust predictors of 

naming deficits when entered alone. However, when entered together, only contextual 

diversity (for all 68 items) and contextual diversity and imageability (for 55 items) were 

significant predictors of the magnitude of the difference between patients and controls in 

naming scores. Interestingly, when contextual diversity was entered as a predictor, the effect 

1MINT scores in the non-dominant language were missing for one AD participant.
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of frequency was only marginally significant or not significant, and actually went in the 

opposite direction (bigger differences between patients and controls for higher-frequency 

words). We discuss these findings below.

DISCUSSION

In this study, we examined the naming performance of individuals with probable AD 

relative to healthy controls on a picture naming test (the MINT), originally designed to 

assess naming skills and degree of bilingualism in speakers of multiple languages. Our first 

goal was to evaluate the potential clinical utility of this test. We found that the full MINT 

captured differences between AD patients and controls, but not between MCI patients and 

controls. A specially selected 32-item subset of the MINT, on the other hand, successfully 

captured performance differences between all patient and control groups (note that neither of 

the tests distinguished between bilingual patients and controls in their non-dominant 

language, in accord with Gollan et al., 2010). As we predicted, however, the 32-item MINT 

was less accurate than the full MINT in assessing bilingual language characteristics. This is 

because the 32-item MINT comprises many of the most difficult items from the MINT (see 

Appendix), which are optimal for distinguishing patients from controls but not for accurately 

assessing degree of bilingualism.

The second goal of this study was to shed more light on the nature of naming deficits in AD. 

For this purpose, we explored which of several MINT item characteristics (frequency, 

imageability, contextual diversity, number of senses) best predicted differences in naming 

scores between monolinguals with AD and controls. We found that the extent of naming 

impairment was significantly predicted by each of these factors alone, but, when analyzed 

together, only by contextual diversity and imageability, but not by number of senses or 

frequency. Specifically, consistently with the findings of Adelman et al. (2006), when 

controlling for frequency, contextual diversity had explanatory power, but when controlling 

for contextual diversity, frequency had no explanatory power, or had an inhibitory effect. 

Additionally, we showed that the contextual diversity effects we observed were not an 

artifact of words’ number of senses.

These results highlight the importance of meaning for object naming success in AD. Names 

of high contextual diversity (which elicited smaller differences between patients and 

controls) might be associated with a larger number of concepts, through their contextual co-

occurrence, than items with names of low contextual diversity. Arguably, through their 

associations with other concepts, high contextual diversity items would have more subtle 

aspects of meaning and, hence, more semantic features. Likewise, high imageability items 

(which also elicited smaller differences between patients and controls) are the ones evoking 

a mental image with greater ease; hence, they would have conceptual representations with 

more semantic features than low imageability items (since more semantic features would 

make a mental image more defined). Importantly, contextual diversity and imageability 

accounted for different portions of the variance of naming deficits, perhaps because they 

entail different kinds of semantic information: relational, in the case of contextual diversity, 

and experientially grounded, in the case of imageability.
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Our results support the proposal that naming deficits in AD arise because of damage to the 

integrity of semantic memory (Hodges et al., 1992; Salmon, Heindel, & Lange, 1999), 

insofar as we found an influence on patients’ naming success of variables associated with 

semantic information (contextual diversity and imageability) but not of a variable associated 

with retrieval (frequency) in the presence of the other variables. Indeed, our findings might 

also be compatible with a retrieval deficit account (Balota & Duchek, 1991; Balota et al., 

1999; see also Nebes, 1989). According to such a view, words of high contextual diversity, 

whose conceptual representations are linked to a large number of concepts (e.g., door) could 

be retrieved through many different routes (by accessing any of those words whose concepts 

are linked to the concept for that word, e.g., house, car, restaurant, etc). What our analyses 

suggest, however, is that the existence of semantic networks (and, therefore, alternative 

access routes) is more important than the sheer number of “semantically ignorant” frequency 

counts for naming success in AD.

In any case, it is important to note that contextual diversity effects have not been studied 

extensively in the context of language production or naming impairments in AD. Thus, the 

locus of processing at which contextual diversity might affect naming performance is not 

known. What we have shown here is that the measure traditionally associated with lexical 

retrieval in models of language production (frequency) does not retain its explanatory power 

when entered in a regression together with a variable that captures the number of different 

types of circumstances that surround a word’s occurrence (contextual diversity). We suggest 

that these effects are probably better construed as stemming from a semantic than from a 

retrieval deficit, but additional research is needed to support this conclusion. Importantly, 

without controlling for contextual diversity, naming performance deficits in AD were 

predicted by both frequency and imageability (see Figure 2)—and both of these variables 

explain unique variance when entered together in a hierarchical regression model (without 

contextual diversity). Thus, although we suggest that a deficit to the semantic system is an 

important factor contributing to AD naming impairments, such impairments are likely 

caused by a host of different factors, and are unlikely to be captured by a unidimensional 

explanation.

Our interpretation of the items analyses reported here seems to conflict with the proposal of 

Gollan et al. (2010) that the dominant language might be more sensitive to cognitive decline 

in AD than the non-dominant language because it has richer semantic representations than 

the non-dominant language. Here, however, we suggested that words with richer semantic 

representations (in monolingual speakers) seem to be less affected by the disease.

One way to reconcile the two studies would be to assume that, although the bilinguals in 

Gollan et al. (and the present study) could name relatively few pictures in their non-

dominant language, the names they did know in this language were richly and robustly 

represented (more so than some rarely used words from the dominant language). This might 

be for various reasons, for example, because the relatively “easy” (frequent and familiar) 

words they know in the non-dominant language are used in diverse contexts, and hence are 

associated with many concepts. Also, assuming that words in the two languages have 

common (core) semantic representations (De Bot, 1992; Green, 1986, 1998; Poulisse & 

Bongaerts, 1994), the easy non-dominant-language words might “inherit” robust 
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representations from the dominant language. These explanations are consistent with the 

performance of the highly proficient bilinguals in Costa et al. (2012), who showed a similar 

deterioration of both languages. However, due to the relative paucity of studies speaking to 

this issue, these accounts are at present fully speculative. The study by Gollan et al. (2010) is 

to date the only one to examine how AD affects the two languages of non-balanced 

bilinguals, and additional work is needed to confirm the pattern of dual language decline for 

such bilinguals.

The results of the current study demonstrate the potential power inherent in tools for 

collecting measures of performance which are aimed at speakers of more than one language. 

Evaluating the potential use of a multilingual test with monolinguals also allowed us to draw 

broader conclusions about the nature of cognitive impairment in Alzheimer’s disease.
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Fig. 1. 
(a) Bilingual index scores derived from self-ratings, the full MINT, the 32-item MINT and 

the BNT. (b) Language dominance scores derived from self-ratings, the full MINT, the 32-

item MINT and the BNT. MINT =Multilingual Naming Test; BNT =Boston Naming Test.
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Fig. 2. 
Correlations between the accuracy differences (in proportions) between AD patients and 

controls for each of the MINT items, and the word frequency (a), contextual diversity (b), 

number of senses (c) and imageability (d) of the items. AD – patients with probable 

Alzheimer’s disease; NC – normal controls.
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Table 4

Results of multiple regression analyses for the difference in naming performance between patients with 

probable AD and controls

Variable β t R2 ΔR2(%)

All items

 Log Freq −.598 −6.06*** .357

 Log CD −.645 −6.86*** .416

 No. Senses −.413 −3.68*** .170

 Log Freq unique .914 1.95† .453 3.2

 Log CD unique −1.49 −3.18** “ 8.6

 No. Senses unique −.097 −.875 “ 0.6

55 items

 Imageability −.543 −4.71*** .295

 Imageability unique −.372 −3.77*** .608 11.2

Note. Log Freq, Log CD, No. senses, and Imageability rows report the variance explained when each variable was entered alone in a regression 
model. “Unique” rows report the additional variance explained when a variable was entered in the second step of a hierarchical regression model, 
with all other variables entered in the first step.

†
p <1;

**
p <.01;

***
p <.001.
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Table 5

Pearson bivariate correlations between the different MINT item characteristics

Log Freq Log CD No. Senses

Log CD .98 (p <.001)1

No. Senses .55 (p <.001) .55 (p <.001)

Imageability .16 (p =.25) .25 (p =.07) .11 (p =.43)

1
The high correlation between log frequency and log contextual diversity should not pose a problem for such analyses. First, in instances of high 

collinearity, estimated coefficients are unbiased, only subject to higher error. This reduces power but does not inflate Type I error rates. 
Furthermore, Adelman et al. (2006) showed that, when holding log contextual diversity constant, there was little or no effect of log frequency on 
lexical decision and picture naming reaction times, while holding log frequency constant evidenced a consistent facilitatory effect. In the present 
study, we were not able to carry out such analyses due to the relatively small number of MINT items (68).
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