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Normative Data for Phonemic and Semantic Verbal Fluency Test  

in the Adult French-Quebec Population and Validation Study in Alzheimer’s 

Disease and Depression 

 

Abstract 

 

Objective: Verbal fluency tasks are principally used to assess lexical access and have shown 

usefulness for differential diagnosis. The purpose of Study 1 was to provide normative data in 

the adult French-Quebec population (Canada) for semantic verbal fluency (animals), for two sets 

of phonemic verbal fluency (TNP and PFL), and for letter P alone (60 seconds per 

category/letter). The objectives of Study 2 were to establish the diagnostic and predictive validity 

of the present tasks and normative data in Alzheimer’s disease (AD) and major depressive 

episode (MDE). Method: The normative sample consisted of 932 participants aged 19 to 91 

years. Based on multiple linear regressions, equations to calculate Z-scores were provided. To 

assess validity, performance of 62 healthy participants was compared to 62 participants with AD 

and 41 with MDE aged over 50. Results: Age and education, but not gender, predicted 

performance on each verbal fluency task. Healthy adults aged 50 and younger had a better 

performance on semantic than phonemic verbal fluency. In comparison to MDE, AD participants 

had lower performance on animals and TNP, but not on letter P. Ninety percent of people with a 

Z-score ≤ -1.50 on semantic verbal fluency had AD and the global accuracy was 76.6%. Test-

retest reliability over one year was high for both animals (r = .711) and TNP (r = .790) in healthy 

older participants, but dropped for animals in people with AD (r = .493). Conclusions: These 

data will strengthen accurate detection of verbal fluency deficits in French-Quebec adults. 

 

Key words: Norms; Verbal Fluency; Alzheimer’s Disease; Depression; Diagnostic Validity.  

Word count: 7897 (including in the text authors’ names)  
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Introduction 

Verbal fluency tests are commonly used to assess lexical access from orthographic and phonemic 

networks (Henry, Crawford, & Phillips, 2004; Stolwyk, Bannirchelvam, Kraan, & Simpson, 

2015). During a verbal fluency test, the subject is required to generate as many words as possible 

within a limited amount of time. There are typically two types of verbal fluency tests, the 

phonemic condition where subjects must produce words beginning with a specific letter (e.g., 

letter P), and the semantic condition where subjects must generate words from a given category 

(e.g., animals). While both tasks impose comparable demands upon executive processes (Henry, 

Crawford, & Phillips, 2004), it is generally accepted that phonemic fluency is associated with the 

generation of a lexical strategy (sustained by executive functions) that guide the search of words 

in the mental lexicon (e.g., searching words starting with ‘pa’, then ‘pi’, etc. in a task requiring 

the production of words starting with ‘p’). In semantic verbal fluency tests, the activation of 

lexical representations is rather performed through an explicit semantic strategy that allows 

searching words corresponding to subcategories of concepts. Therefore, both tasks of verbal 

fluency require, at various levels, the integrity of lexical and semantic representations, as well as 

executive functions (Henry et al., 2004). A systematic review of fMRI studies of verbal fluency 

found that performance on phonemic and semantic verbal fluency depends partially on distinct 

neural circuits, with posterior regions of the left inferior frontal gyrus more involved in 

phonemic fluency, and increased activation of the more anterior regions of the frontal lobes and 

posterior regions of temporal cortex for semantic fluency (Birn et al., 2010; Costafreda et al., 

2006). 

Verbal fluency tasks have been demonstrated to be sensitive to a variety of 

neurocognitive conditions and are useful for differential diagnosis. It has been hypothesized that 

a larger deficit on semantic verbal fluency task generally reflects a degradation of the semantic 

store, an ineffective access mechanism to stored information, or disorganised/weak semantic 

associations (Henry et al., 2004; Tyburski, Sokolowski, Chec, Pelka-Wysiecka, & Samochowiec, 

2015). Prior studies reported that semantic verbal fluency may be more impaired than phonemic 

verbal fluency in older patients with Alzheimer’s disease (AD) (Henry et al., 2004), as well as in 

the presence of amnestic mild cognitive impairment (Lonie et al., 2009; Teng et al., 2013), 

semantic dementia (Laisney et al., 2009), and in adolescents and young adults with schizophrenia 
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(Henry & Crawford, 2005b; Szoke et al., 2008; Tyburski et al., 2015) or with ultra-high risk of 

psychosis (Magaud et al., 2010), although this profile can vary with aging and the prominence of 

negative versus positive symptoms (Tyburski et al., 2015). A meta-analysis showed that 

semantic verbal fluency can also be more deficient than phonemic verbal fluency in the context 

of Parkinson’s disease with or without dementia, although to a lesser extent than in AD (Henry 

& Crawford, 2004c). Moreover, regarding major depressive episode (MDE) (Henry & Crawford, 

2005a), obsessive compulsive disorder (Henry, 2006), multiple sclerosis (Henry & Beatty, 2006), 

and Huntington’s disease (Henry, Crawford, & Phillips, 2005), performance reported in meta-

analyses is often as deficient in semantic as in phonemic verbal fluency. In these four latter 

diseases, verbal fluency deficits would be explained mostly by a generalized cognitive 

impairment or slowness in processing speed rather than by a dysexecutive syndrome (Henry, 

2006; Henry & Crawford, 2005a; Henry et al., 2005). Besides, participants with focal frontal 

injuries (Henry & Crawford, 2004a) and traumatic brain injury (Henry & Crawford, 2004b) are 

also similarly impaired on tests of semantic and phonemic verbal fluency, but these deficits 

would be equally explained by both slowness of processing speed and by a dysexecutive 

syndrome. Moderate-to-severe traumatic brain injury is associated with more impairment on 

phonemic than semantic condition in adults younger than 40 years likely because of a diminished 

ability to organize the lexical search (i.e., words clustering by first letter or first sound) (Cralidis 

& Lundgren, 2014). 

Previous normative studies conducted in North America evaluated the impact of 

sociodemographic variables such as age, education, and gender on verbal fluency performance in 

adults. Most studies supported the contribution of education and age on both phonemic and 

semantic verbal fluency performance (Delis, Kaplan, & Kramer, 2001; Fine, Kramer, Lui, & 

Yaffe, 2012; Gladsjo et al., 1999; Ivnik, Malec, Smith, Tangalos, & Petersen, 1996; Loonstra, 

Tarlow, & Sellers, 2001; Lucas, Ivnik, Smith, Bohac, Tangalos, Graff-Radford, et al., 1998; 

Marcopulos, McLain, & Giuliano, 1997; Mitchell et al., 2013; Tombaugh, Kozak, & Rees, 1999; 

Troyer, 2000). More precisely, higher levels of education are associated with better fluency 

scores and younger individuals perform better than older individuals on verbal fluency tasks. 

However, these normative studies found negligible or no effect of gender on verbal fluency 

performance. Some studies also showed that language and cultural differences have an impact on 

verbal fluency scores and some hypotheses were raised to explain this discrepancy, such as 
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differences in sociocultural exposition to certain categories of concepts (Acevedo et al., 2000; 

Gladsjo et al., 1999; Rosselli et al., 2002; Steenhuis & Ostbye, 1995) or in the lexical frequency 

of words beginning with the given letter in a particular language (Loewenstein, Arguelles, 

Arguelles, & Linn-Fuentes, 1994). 

Clinicians working in French-speaking Quebec generally use four sets of normative data 

for verbal fluency tests. The first set includes a large sample with standardized normative data 

covering children and adults aged 8 to 89 years (Delis et al., 2001). Despite this, these normative 

data were derived from English U.S. population and do not control for the effect of education, 

which is a limitation. The three other sets of normative data are derived from French-Quebec 

individuals. However, normative sample sizes are small and presented in the form of means and 

standard deviations only (Béland & Lecours, 1990; Canadian Study of Health and Aging 

Working Group, 1994; Fontaine & Joubert, 2010), which could lead to limitations, notably for 

extreme values because of the lack of normal distribution. Other sets of normative data are 

available in French, but adapted to people of France (Antérion, Honore, Cougny, Grosmaitre, & 

Laurent, 2001; Giulioli et al., 2016; Godefroy, 2008; Lechevallier-Michel, Fabrigoule, Lafont, 

Letenneur, & Dartigues, 2004; Raoux, Le Goff, Auriacombe, Dartigues, & Amieva, 2010) and 

Belgium (Cardebat, Doyon, Puel, Goulet, & Joanette, 1990). Moreover, most of them are limited 

to elders (Antérion et al., 2001; Giulioli et al., 2016; Lechevallier-Michel et al., 2004; Raoux et 

al., 2010). Although Quebec French shares many linguistic features with French from France, 

Belgium or Switzerland, particularly in written language, there exist significant differences in 

spoken language, not only with regards to articulation and prosody, but also at the lexical level. 

The lexical differences particularly concern the frequency of words, a psycholinguistic parameter 

known to drastically influence the access to words in the mental lexicon (Desrochers & 

Bergeron, 2000). Therefore, the development of normative data adapted to a given population is 

of particular importance, especially in language-based tests such as verbal fluency. 

In regard of the limitations stated above, normative data were derived for verbal fluency 

tests, tailored for a large sample of French-speaking adult Quebecers (Study 1).  Moreover, in 

order to accurately discriminate between normal and pathological cognitive functioning in this 

population, we aimed to examine the diagnostic validity of these tests and the predictive validity 

of our normative data as well as the test-retest reliability over one year (Study 2). 

Page 6 of 42

URL: http://mc.manuscriptcentral.com/ntcn

The Clinical Neuropsychologist

1
2
3
4
5
6
7
8
9
10
11
12
13
14
15
16
17
18
19
20
21
22
23
24
25
26
27
28
29
30
31
32
33
34
35
36
37
38
39
40
41
42
43
44
45
46
47
48
49
50
51
52
53
54
55
56
57
58
59
60



For Peer Review
 O

nly

 

 

 

 

STUDY 1: NORMATIVE DATA 

The purpose of Study 1 was to provide normative data for two sets of phonemic verbal fluency 

tasks widely used in Quebec: TNP and PFL. Letters TNP were used in the Canadian Study of 

Health and Aging (1994) and the frequency of words beginning with PFL is similar to the 

frequency of words beginning with CFL, which are very often used in English (Benton, 

Hamsher, & Sivan, 1994; Lezak, Howieson, Bigler, & Tranel, 2012). Normative data are also 

presented for letter P alone in order to provide a brief screening of phonemic capacity that could 

be used in a busy clinical facility. This letter was chosen because it belongs to the two triads of 

letters, thus maximising the number of participants. For semantic verbal fluency, the selected 

category was that of animals, because it is the most common category used by Quebec clinicians. 

It is also a category that is thought to lead to the production of higher number of words compared 

to categories such as pieces of clothing. 

Method 

Participants 

Researchers across the province of Quebec (Canada) were invited to share anonymized data from 

French-speaking healthy volunteers whose mother tongue was French and who had completed 

verbal fluency tests as part of other research studies approved by local Research Ethics Boards. 

A little more than 78% of the Quebec population have French for mother tongue (Government of 

Quebec, 2016). Participants were recruited in Montreal (n = 595; 63.8%) and Quebec City 

(n = 337; 36.2%) areas. We had consent to use data presented in this article for secondary 

analyses, as stipulated in the information and consent documentation given to participants of the 

primary studies. 

All participants scored within normal range on the Mini-Mental State Examination 

(MMSE ≥ 26) (Folstein, Folstein, & McHugh, 1975), the Montreal Cognitive Assessment 

(MoCA ≥ 26) (Nasreddine et al., 2005) or the Dementia Rating Scale (Z-score adjusted for age 

and education higher than -1 standard deviation (SD) on the DRS-2) (Jurica, Leitten, & Mattis, 

2001; Lavoie et al., 2013; Lucas, Ivnik, Smith, Bohac, Tangalos, Kokmen, et al., 1998), 

indicating normal cognition. Participants had no significant depressive symptomatology based on 
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screening results from the Geriatric Depression Scale (GDS) (Yesavage, 1988), the Beck 

Depression Inventory second edition (BDI-II) (Beck, Steer, & Brown, 1996), or the Hamilton 

Depression Rating Scale (HDRS) (Hamilton, 1960, 1967). Cut-offs were ≤ 10 for the 30-item 

GDS, ≤ 1 for the 4-item GDS, ≤ 10 for the BDI-II, and ≤ 13 for the HDRS. All participants self-

reported good mental and physical health (i.e., no history of neurological disease, current 

untreated psychiatric illness, traumatic brain injury, and untreated medical condition that could 

interfere with cognitive performance). 

The initial sample was composed of 994 participants. For the clinical validation of the 

normative data, 62 were withdrawn (see Study 2). The final normative sample consisted of 932 

community-dwelling participants (593 women and 339 men), aged between 19 and 91 years 

(mean age = 63.0 years; SD = 15.9) and having between 3 and 23 years of formal education 

(mean education level = 14.6 years; SD = 3.8). Highly educated men and women of all ages  

were overrepresented in our sample compared with actual Quebec demographics (Institut de la 

statistique du Québec, 2006) (Table 1). Also, people aged 65 years and older were 

overrepresented in our sample (60.1% vs. 15.7% in Quebec) (Michaud & Francoeur, 2012), as 

well as women (63.6% vs. 50.3% in Quebec) (Government of Canada, 2015). 

Materials and procedure 

Verbatim instructions for phonemic and semantic verbal fluency are presented in Appendix. 

Participants were asked to tell as many words as possible that begin with a letter given by the 

examiner (T, N, P or P, F, L). The letters were given one after the other and there was no 

interference task between each letter. Participants could give words which have the same root, 

provided that they refer to distinct concepts such as ‘table – table’, ‘tablet – tablette’, 

‘blackboard – tableau’ (thus, for example, ‘snow – neige (noun)’, ‘snow – neiger (action verb)’ 

would only be credited one point because they do not refer to distinct concepts). Anglicisms 

were accepted (i.e., words that are typically borrowed from English into French such as ‘toaster’, 

‘peanut’ and ‘popcorn’). Set-loss errors were defined as followed: (1) proper names (people, 

place, company, holiday, planet); (2) morphologically inflected forms of a verb (e.g., ‘take – 

prendre’, ‘took – pris’), a noun (e.g., ‘prince – prince, masc. form and princess – princesse’, 

fem. form), or an adjective (e.g., ‘petit, masc. form – petite, fem. form’) previously given on the 
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trial; (3) non-words; (4) words not starting with the target letter. In the case of homophones (i.e., 

words with similar pronunciations) such as ‘pair and pare’ in English or ‘porc and port’ in 

French, the second response was scored as a repetition error unless the participant gave 

spontaneously the meaning of the two words or spelled both words. 

Phonemic verbal fluency was immediately followed by semantic verbal fluency 

(animals). Participants were told to name as many animals as they could, no matter what letter 

they start with. Semantic gender expressed by variants of animal nouns, as well as offspring 

names, were accepted, provided that they were expressed with completely different names (e.g., 

‘bull – taureau’, ‘cow – vache’, ‘veal – veau’ were all accepted), rather than by derivation 

process (e.g., in the following sequence, ‘lion’ only received one point: ‘lion – lion’, ‘lioness – 

lionne’, ‘lion cub – lionceau’). Subcategories labels ‘insect – insecte’, ‘bird – oiseau’, and ‘fish – 

poisson’ were accepted. However, if the participant gave for example the words ‘insect, 

dragonfly, and ladybug’, the two items belonging to the subcategory ‘insect’ should be each 

credited one point, but not the word ‘insect’, no matter whether the items follow or not the 

subcategory. If the examinee gave non-words or non-animals, these were considered as set-loss 

errors. 

Sixty seconds were given for each letter and for the animal category. Responses were 

recorded verbatim. One point was allocated for each word given, except for repetition and set-

loss errors. Participants were not interrupted during the task. The instructions were repeated as 

many times as necessary if the participant lost set (i.e., if the participant began to say words not 

belonging to the target letter or category such as ‘potato – patate, pear – poire, plum – prune, 

banana – banane, grape – raisin’ in the case of words belonging to letter P) or forgot what he 

was supposed to be doing. 

Statistical Analyses 

All dependent variables were normally distributed in the three fluency tasks (i.e. TNP or PFL, P, 

and animals). To identify the confounders influencing performance, a linear multiple regression 

analysis was performed for each dependent variable with age, education, and gender as 

predictors. Because our participants performed better with PFL than with TNP (see results 

section), the type of triad (i.e. TNP or PFL) was also controlled for this dependent variable. 
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Age and education were entered in the analyses as continuous variables, while gender 

was coded 0 for men and 1 for women. The type of triad was coded 0 for TNP and 1 for PFL. 

Interactions between predictors were tested. None of the interactions were significant so they 

were not retained in the final models. 

Some patients may exhibit disproportionate impairment in semantic verbal fluency 

relative to phonemic verbal fluency, or vice versa. In order to highlight a significant difference 

between the two conditions, a contrast score was computed. This analysis was based on the same 

procedure described by Delis et al. (2001). First, the uncorrected raw scores for animals and 

TNP/PFL distributions were each converted into distributions of scaled scores. Second, in each 

participant the scaled scores for TNP were subtracted from the scaled scores for animals. Then, 

this distribution of scaled scores differences was again converted to a new distribution of scaled 

scores. Scaled scores are normally distributed and have a constant mean of 10 and a standard 

deviation of 3. A contrast Z-score corrected for age was then calculated from a linear regression 

(no significant effect of education). A Z-score under -1.65 (5
th

 percentile) highlights significantly 

more difficulties in the semantic condition, while a Z-score higher than 1.65 means lower 

performance in the phonemic condition over the semantic one. Paired t-tests were conducted to 

analyze the difference between the number of words generated in TNP/PFL vs animals 

conditions, in terms of scaled scores, produced for each of the age groups presented in Table 2. 

Visual and statistical analyses were conducted to verify the underlying assumptions of the 

regression models (normality of distributions and of residuals, homogeneity of variance, 

linearity, multicollinearity and outliers using common criteria) (Tabachnick & Fidell, 2013). All 

statistical analyses were performed using SPSS software (version 21.0) with the alpha level set 

at .05. 

Results 

Table 2 illustrates the distribution of participants in the normative sample according to 

demographic variables for each test and condition. The letters used in this study were not 

equivalent in terms of difficulty. Letter P is the one for which the largest number of words was 

generated (mean = 15.6, SD = 4.6), followed by letter F (mean = 14.2, SD = 4.8), T 

(mean = 13.8, SD = 4.1), L (mean = 11.0; SD = 4.5), and N (mean = 9.3, SD = 3.4). One should 
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note that these distributions are probably influenced by the number of words available in French 

(P = 12,616; T = 6,759; F = 5,890; L = 3,296; N = 2,163; New & Pallier, 2001). As letters were 

not equivalent in terms of difficulty, one might wonder whether the use of letter P reflects 

performance achieved by a participant when the triad is privileged. In fact, performance for letter 

P strongly correlated with performance for TNP (r = .866, p <.001) and PFL (r = .884, p <.001). 

In addition, 93.4% of participants who had a Z-score greater than or equal to -1.00 for letter P 

also had a Z-score greater than or equal to -1.00 for TNP or PFL. Moreover, the number of 

words generated with letter P was quite similar in both triads (means = 15.2 and 16.4 in the case 

of TNP and PFL, respectively), which indicates that the different position of letter P in the triads 

did not affect so much performance. 

Table 3 illustrates the regression coefficients and intercepts for each task condition. A 

larger number of words was generated for PFL letters (mean = 41.2; SD = 12.8) in comparison 

with TNP letters (mean = 38.2; SD = 9.9), t(744) = -3.297, p = .001, d = 0.27. This effect has 

been taken into account in regression analyses. 

Correlations were significant between phonemic verbal fluency (TNP or PFL) and 

education (r = .246; p < .001), age (r = -.182; p < .001), type of triad (i.e. TNP or PFL; r = .128; 

p < .001), but not gender (rpb = .037; p = .306). Correlations for letter P were similar to those for 

TNP/PFL: education (r = .220; p < .001), age (r = -.206; p < .001), and gender (rpb = .026; 

p = .433). With respect to semantic verbal fluency performance, correlations were significant 

with age (r = -.527; p < .001) and education (r = .350; p < .001), but not with gender (rpb = .003; 

p = .934). Since gender did not significantly correlate with any verbal fluency conditions, the 

effect of this variable was not taken into account in the regression equations. The variables that 

were the most strongly associated with dependent variables were included first in the regression 

models. 

The final model accounted for 10.5% of the variance of phonemic verbal fluency 

(TNP/PFL) and included education (∆R² = .061), age (∆R² = .015), and type of triad 

(∆R² = .030), R² = .105, F(3, 742) = 29.100, p < .001. The final model for letter P accounted for 

7.1% of the variance of performance (education: ∆R² = .048 and age: ∆R² = .022), R2
 = .071, 

F(2, 887) = 33.705, p < .001. The final model for semantic verbal fluency accounted for 32.4% 
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of the variance of performance (age: ∆R² = .282 and education: ∆R² = .042), R2
 = .324, F(2, 742), 

p < .001. 

Based on the results from the regression models, Table 4 reports equations to calculate Z-

scores for each verbal fluency task, according to sociodemographic variables. In order to ease 

calculation of Z-scores based on the regression formulas, a Microsoft Excel® spreadsheet 

containing automatic formulas has been prepared. The file can be downloaded from the website 

of the journal (see Supplemental online material) or by writing to the corresponding author of the 

manuscript. Table 5 reports normative equation to calculate the standardized difference between 

animals and TNP/PFL conditions (contrast measure). Age was a significant predictor of this 

contrast measure and accounted for 13.7% of the variance, F(1, 594) = 94.567, p < .001. Type of 

triad, gender, and education level were not significant predictors. 

When comparing distributions of scaled scores, we noticed that more words were 

generated for animals over TNP/PFL in individuals aged between 19 and 25 (p < .001, d = 1.57), 

and those aged from 26 to 50 (p < .001, d = 0.68). However, the facilitating effect of the 

semantic category for the younger adults was not found in all the other age groups presented in 

Table 2. Indeed, we found a trend for a better performance on TNP/PFL over animals in the 

group aged between 81 and 91 years (p = .100, d = 0.31). Similar results were found when we 

contrasted scaled scores for animals with letter P alone (p < .001, p = .008, and p = .075, for the 

three age ranges mentioned above, respectively). 

Discussion 

The main objective of Study 1 was to establish normative data for phonemic and semantic verbal 

fluency in a French-Quebec sample of adults aged 19 to 91 years. Linear multiple regressions 

were performed for each dependent variable with age, education, and gender as predictors. 

Results indicated that participants’ age and education level were independently associated with 

performance on both phonemic and semantic verbal fluency tasks. In both conditions, people 

with higher levels of education and those younger reached better fluency scores. Gender had no 

effect on performance in each condition. Overall, these results echoed those of previous 

normative studies conducted in North America (Delis et al., 2001; Fine et al., 2012; Gladsjo et 

al., 1999; Ivnik et al., 1996; Loonstra et al., 2001; Lucas, Ivnik, Smith, Bohac, Tangalos, Graff-
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Radford, et al., 1998; Marcopulos et al., 1997; Mitchell et al., 2013; Tombaugh et al., 1999; 

Troyer, 2000). As also pointed out by Barry et al. (2008), our results showed that letters are not 

equivalent in terms of difficulty, so we also controlled for the effect of the type of triad (i.e., TNP 

or PFL) in phonemic verbal fluency performance. 

Only age was a significant predictor of the contrast measure between animals and 

TNP/PFL scaled scores. A contrast score allows determining whether the semantic verbal 

fluency performance is significantly deficient in comparison to phonemic verbal fluency, or vice 

versa. It has been shown that people with AD may have a significantly lower performance on 

semantic verbal fluency than on phonemic verbal fluency when compared to cognitively healthy 

people (Henry et al., 2004). However, this finding does not represent a hard rule, since 

individuals with dementia exhibit sometimes equivalent levels of impairment in both conditions 

(Henry et al., 2004). Moreover, people with AD often show weak performance on phonemic 

verbal fluency, because executive deficits are also a feature of the cognitive deterioration in AD 

(Amieva, Phillips, Della Sala, & Henry, 2004). Our contrast measure could therefore be 

considered ‘normal’ because both conditions are much compromised. Thus, contrast measure 

must be interpreted with caution. One should note that a Z-score below -1.65 (5
th 

percentile) 

indicates significantly worse performance on semantic verbal fluency while a Z-score over 1.65 

instead indicates worse performance on phonemic verbal fluency. 

We found a facilitating effect of the semantic condition over phonemic conditions only in 

healthy participants aged 19 to 50 years and the opposite trend for adults over 80 years. We can 

argue that in human language development, the number of animals known by a person rises 

faster than the lexicon and synonyms for other types of words, but more rapidly reaches a peak in 

adulthood and slightly decline through aging. Indeed, in normal aging longitudinal and cross-

sectional studies found that semantic verbal fluency shows faster decline relative to phonemic 

verbal fluency and this pattern accelerates if AD shows up (Clark et al., 2009; Haugrud, Lanting, 

& Crossley, 2010). On the opposite, the lexicon for words in general and their synonyms seems 

to grow at least until the age of 70 (Hultsch, Hertzog, Dixon, & Small, 1999; Park et al., 2002; 

Park & Reuter-Lorenz, 2009). The faster decline found for semantic verbal fluency throughout 

aging probably explains why age remarkably explains greater variance of performance in this 

condition than phonemic fluency. According to Troyer, Moscovitch, and Winocur (1997), verbal 
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fluency performance depends on the search for appropriate words, the shift from one and other 

(i.e. switching, which would rely on frontal lobes) and the production of words within categories 

(i.e. clustering, which would rely on temporal lobes). While phonemic verbal fluency is 

correlated only with switching, semantic verbal fluency is correlated with both switching and 

clustering (Troyer et al., 1997). Thus, in regard to the differential age effect on the two fluency 

tasks, we could hypothesize that only the size of semantic clusters is slightly reduced in normal 

aging while in AD both the number of novel clusters and number of switches generated in the 

semantic verbal condition are reduced (Haugrud, Crossley, & Vrbancic, 2011). 

Strengths and Limitations 

Although the current study used an incidental sampling method, the normative data presented in 

this work were built from a large sample of adults and older adults living in the most populous 

areas of Quebec Province (Montreal and Quebec City). Clear rules have also been established for 

accepted or incorrect answers in order to strengthen inter-rater reliability in the case of 

reassessment. However, greater variability in scores may be present in subsamples comprised of 

younger adults and low educated people since they were relatively small. Results should be 

interpreted with caution for these groups. Moreover, our sample did not comprise people aged 92 

years and older. Thus, the application of regression formulas for people over this age should be 

interpreted with caution since it represents estimated scores. There were also few adults younger 

than 55 years old for the triad PFL compared to TNP or letter P. It might therefore be preferable 

to use the norms for TNP in adults younger than 55 years. Finally, the current sample was 

composed of more women than men, but since gender had not a significant effect on any task 

performance, the present results appear generalizable. 

The use of a single category, as opposed to an average of three (e.g., animals, fruits, and 

vegetables), might be expected to yield a less reliable fluency score. However, as Acevedo et al. 

(2000) showed, in comparison with fruits or vegetables categories, animal fluency is not affected 

by gender and is less affected by the language of the participant. Thus, animal fluency may be 

the best task option when only one category is to be sampled (Acevedo et al., 2000). 

The study used regression equations to calculate Z-scores for performance on verbal 

fluency tasks. This normative method has the advantage of better estimating the expected 
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performance of a participant given his personal characteristics, instead of discrete norms formed 

by creating arbitrary age groups. In the latter case, the relative standing of an individual can 

change dramatically as they move from one age category to the other (Crawford & Howell, 

1998). Furthermore, the basic statistical conditions for using regression-based norms were met in 

our large sample, providing confidence in the validity of our results. To illustrate the advantage 

of regression equations over means and standard deviations, let us imagine a 75-year-old-

participant with 19 years of education, who generated 23 words for the triad TNP, 9 for letter P, 

and 12 for the animals. First, based on the regression equations from Table 4, the patient’s Z-

scores would be -1.53, -1.59, and -1.67, respectively. These results appear to be indicative of 

impaired verbal fluency abilities (Z ≤ -1.50), no matter the condition. If the results of this 

participant were rather compared to normative data of the Canadian Study of Health and Aging 

(1994), his Z-scores would be -1.13 and -1.03 for TNP and animals, respectively (no data for 

letter P), a performance which, although weak, would be considered normal. The present data 

seem therefore to have a better sensitivity. In regards with cultural differences (e.g., French from 

Quebec vs France), we compared the same hypothetical patient’s Z-scores to those obtained with 

Raoux et al.’s (2010) normative data (percentiles). Using the latter normative data, although this 

75-year-old-participant would reach a similar performance for animals (Z = -1.65; 5
th

 percentile), 

his performance for letter P (no data for TNP) would be normal (Z = -0.67; 25
th

 percentile). 

These examples underline the importance of using culturally driven normative data, especially in 

language-based tests such as verbal fluency. 

The current normative data are advantageous since they take into account the effect of 

age and education level. However, since verbal fluency tasks do not only measure lexical access, 

it would have been interesting to control for the influence of other cognitive processes. Indeed, 

performance in verbal fluency is mediated by others cognitive processes in young and old 

healthy populations, such as speed of information processing (Elgamal, Roy, & Sharratt, 2011; 

Paula, Costa, Bertola, Miranda, & Malloy-Diniz, 2013; Stolwyk, Bannirchelvam, Kraan, & 

Simpson, 2015), executive functioning (e.g., organisation of information in terms of clusters of 

meaningfully related words, formulation of effective recall strategies) (Bolla, Lindgren, 

Bonaccorsy, & Bleecker, 1990; Paula et al., 2013), and working memory (Shao, Janse, Visser, & 

Meyer, 2014; Stolwyk et al., 2015), although their contribution vary with aging and by condition. 

Verbal intelligence and creativity have also been shown as mediators of verbal fluency 
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performance (Bolla et al., 1990; Hendrawan, 2013; Stolwyk et al., 2015), as well as better 

physical health which has been shown to slightly reduce the negative influence of low education 

on phonemic verbal fluency (Bergman & Almkvist, 2015). Future studies should then take into 

account the effect of those mediators, although these are not always available when data come 

from secondary analyses. French normative data for action verbal fluency could also be useful 

since they are thought to be more suitable to capture a deficit in executive functions than noun 

verbal fluency (Piatt, Fields, Paolo, & Troster, 2004). 

STUDY 2: DIAGNOSTIC VALIDITY, PREDICTIVE VALIDITY AND TEST-RETEST 

RELIABILITY  

In order to accurately discriminate between normal and pathological cognitive functioning, the 

aim of Study 2 was twofold: (1) to establish the diagnostic validity of verbal fluency tests and the 

predictive validity of our normative data (2) as well as the test-retest reliability. 

1-Diagnostic and predictive validity 

The diagnostic validity refers to the magnitude of the deficits that can be found in clinical 

populations on verbal fluency tests, by comparing their performance to those of healthy patients. 

The predictive validity is the usefulness of the test in classifying participants on a binary 

classifier system (e.g., healthy, not healthy) as its discrimination threshold is varied. 

Method 

Participants 

To establish the diagnostic validity of the test, data from 62 participants with probable 

Alzheimer’s disease (AD) and from 41 participants with a current major depressive episode 

(MDE) were compared to those of a subsample of 62 healthy participants, all aged 50 and over. 

To establish the predictive validity, data from the same group of 62 participants with 

probable AD and from the same group of 62 healthy participants were compared. The 

participants with AD and MDE all came from CH’s laboratory (from secondary data). 
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The subsample of healthy participants was randomly generated using the SPSS 

COMPUTE command, which selected a random sample among participants of Study 1 aged 50 

and over approaching the assigned value (n = 62) that was based on the number of subjects with 

AD. These 62 healthy people were not included in the normative data in Study 1. They were 

aged between 50 and 89 years and had between 3 and 20 years of formal education. One should 

note that these participants did not differ significantly from the normative sample aged 50 and 

over in terms of age (p = .956), education (p = .465), gender (p = .827), and raw score for 

semantic (p = .958) and phonemic verbal fluency (TNP or PFL; p = .697). 

Probable AD was determined by medical records and history (e.g., diagnosis of AD from 

a medical doctor and/or participants taking an approved pharmacological treatment for dementia 

[memantine, donepezil, galantamine, or rivastigmine]), consensus among clinicians according to 

current diagnostic criteria (McKhann et al., 2011), and results from a comprehensive 

neuropsychological assessment. The neuropsychological battery comprised tests of verbal (16-

item Free and Cued Recall; Dion et al., 2014; Van der Linden et al., 2004) and non-verbal (Rey–

Osterrieth or Taylor Complex Figure Tests; Osterrieth, 1994; Tremblay et al., 2015) episodic 

memory, language (Boston Naming Test; Kaplan, Goodglass, & Weintraub, 1983; Mack et al., 

1992), semantic memory (Pyramids and Palm Trees Test; Callahan et al., 2010; Howard & 

Patterson, 1992), visuoperceptual skills ((Rey–Osterrieth or the Taylor Complex Figure Tests; 

Osterrieth, 1994; Tremblay et al., 2015), Clock Drawing Test (Yamamoto et al., 2004), Size 

Match Task of the Birmingham Object Recognition Battery (Humphreys & Riddoch, 1993)), 

executive functions (D-KEFS Trail Making Test and Color-Word Interference Test; Delis, 

Kaplan, & Kramer, 2001), and working memory/attention (WAIS-III Letter-Number Sequencing 

and Digit Symbol-Coding (Wechsler, 1997). In accordance with McKhann et al. criteria (2011), 

AD participants had impairment (Z ≤ -1.50) in verbal and/or non-verbal total learning (encoding 

process) or total delayed recall (consolidation process) of recently learned information. There 

was also evidence of impairment in at least one other cognitive domain. The mean performance 

on DRS-2 was 122.9 (SD = 8.4; n = 51). All of them also had functional impairment as revealed 

by the Alzheimer’s Disease Cooperative Study / Activities of Daily Living scale, based on the 

information provided by the participant and an informant/caregiver (Galasko et al., 1997). AD 

diagnosis was not applied when there was evidence of a stroke temporally related to the onset or 
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worsening of cognitive impairment or prominent features of other dementias as those stated by 

McKhann et al. (2011). 

The inclusion and exclusion criteria for the diagnosis of MDE were those of the DSM-IV-

TR (American  Psychiatric  Association, 1994), using Structured Clinical Interview for DSM 

Disorders (SCID-I; Mood Episodes) (First, Spitzer, Gibbon, & Williams, 1997). The mean level 

of depressive symptoms as indicated by the GDS-30 was 18.3 (SD = 5.1). Participants with MDE 

had not a concurrent diagnosis of dementia (no functional impairment and absence of 

impairment in encoding and consolidation processes on verbal and non-verbal episodic tests). 

Sociodemographic data for these groups appear on Table 6. 

Materials and Procedure 

Verbal fluency tasks (TNP and animals) were administered to all subjects (AD, MDE, healthy 

subsample) using the same procedure and scoring method as in Study 1. 

Statistical Analyses 

Comparisons between AD, MDE, and healthy participants using one-way ANOVAs and chi-

squares were run for age, education, and gender. To establish the diagnostic validity, one-way 

ANCOVAs controlling for the effect of age and education were run for performances on each 

condition of verbal fluency. Bonferroni post-hoc analyses for ANOVA and ANCOVA were 

chosen in order to reduce error of type I. Cohen’s d effect sizes were calculated when possible 

(Cohen, 1988). Cohen’s d ranging from 0.20 to 0.50 indicate small effect of a factor on 

performance while Cohen’s d ranging from 0.50 to 0.80 and 0.80 and higher suggest moderate 

and large effects, respectively. All statistical analyses were performed using SPSS software 

(version 21.0) with the alpha level set at .05. 

To establish the predictive validity, we compared the 62 healthy and the 62 AD 

participants on different Z-scores for semantic verbal fluency in order to determine the better cut-

off for a deficient performance (-1.00, -1.50, -1.65, and -2.00 SD; Table 7). The semantic 

condition was chosen because the effect sizes of ANCOVA (partial eta squared; η2
) showed that 

the diagnostic effect was much greater for the semantic verbal fluency condition versus 

phonemic conditions (see results section). We preferred the comparison between healthy controls 

Page 18 of 42

URL: http://mc.manuscriptcentral.com/ntcn

The Clinical Neuropsychologist

1
2
3
4
5
6
7
8
9
10
11
12
13
14
15
16
17
18
19
20
21
22
23
24
25
26
27
28
29
30
31
32
33
34
35
36
37
38
39
40
41
42
43
44
45
46
47
48
49
50
51
52
53
54
55
56
57
58
59
60



For Peer Review
 O

nly

 

 

 

 

and AD participants over the one opposing healthy and MDE participants, because the effect size 

between performance of the first two groups was much larger (see results section) and because 

the diagnosis of MDE was not based on cognitive testing. 

Results 

Diagnostic validity 

Participants with AD had a significantly lower level of education in comparison to healthy 

participants and were significantly older than both MDE and healthy participants. Thus, 

ANCOVA controlling for the effect of age and level of education were used when comparing 

performance on verbal fluency tests between the three groups (Table 6). Despite this control for 

confounders, the effect of the diagnosis was significant on semantic verbal fluency performance, 

F(2, 162) = 43.962, p < .001, η2
 = .355, on letter P fluency, F(2, 156) = 13.026, p < .001, 

η2 = .145, and TNP fluency (no data for PFL), F(1, 101) = 5.096, p = .026, η2
 = .049. More 

specifically, when compared to healthy participants, post-hoc analyses revealed that participants 

with AD had lower performances on animals and letter P conditions. In comparison to MDE 

participants, those with AD also had lower performances on animals and TNP conditions, but not 

on letter P. Severity of depression as measured on GDS-30 was not significantly related to 

phonemic (r = -.051; p = .754) or semantic (r = -.111, p = .491) verbal fluency in participants 

with MDE. 

Predictive Validity  

In the identification of AD participants, a cut-off Z-score of -2.00 had the lowest sensitivity 

(35.5%) and accuracy (67.7%). However, a Z-score of -2.00 was perfect in terms of specificity 

(100%) and positive predictive value (PPV; 100%, meaning that all participants with a Z-score ≤ 

-2.00 had AD). On the other hand, less stringent Z-scores (e.g., -1.00 or -1.50) were more 

balanced in terms of accuracy (between 76.6% and 80.6%). Specificity remained very good 

(90.3% to 93.5%) and sensitivity, although lower than specificity, was much better (between 

59.7% and 71.0%) than with a cut-off set at -2.00 SD. Moreover, PPV remained good (between 

88.0% and 90.2%) (Table 7). 

2-Test-retest reliability 
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The test-retest reliability is the variation in measurements taken by one instrument under the 

same conditions in a given period of time. This measure is useful for differential diagnosis 

between healthy subjects and people with a neurodegenerative disorder. While healthy people 

are supposed to maintain a relatively stable performance over time, those with AD are expected 

to decline. 

Method 

Participants 

Fifty-eight healthy subjects from the normative sample (CH’s laboratory) and 22 participants 

with AD who did the test twice were included. AD participants had this diagnosis both at time 1 

and time 2. Healthy and AD participants were respectively aged of 71.1 (SD = 8.7) and 75.9 (SD 

= 6.6) years and had a mean education level of 14.5 (SD = 4.3) and 11.7 (SD = 3.4) years, 

respectively. The sample comprised 63.8% (n = 37) healthy women and 77.2% (n = 17) of 

women with AD. 

Materials and Procedure 

Healthy subjects and AD participants completed a second time the fluency tests using the TNP 

and animals conditions, approximately 12 months after the first assessment (mean = 13.5 

months; SD = 1.6). Performance of the 58 healthy controls remained within normal range at the 

second assessment time on all the neuropsychological tests. Verbal fluency tasks were 

administered using the same procedure and scoring method as in Study 1. 

Statistical Analyses 

Pearson’s correlations were derived between performance achieved during the first and the 

second administration time of each task. 

Results 

In the healthy sample, the test-retest reliability was high for both tasks, with correlations ranging 

from 0.711 (animals; p < .001) to 0.790 (TNP; p < .001). Performance for animals was stable 

between the first (mean = 17.9; SD = 4.5; range = 6-28) and the second (17.4; SD = 5.0; range = 
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6-29) assessment one year later (p = .335; d = 0.09), but slightly decreased for TNP between the 

first (mean = 36.7; SD = 10.1; range = 14-62) and the second (mean = 35.0; SD = 10.5; range = 

17-58) assessment, although the decrease was small in terms of raw scores and effect size (p = 

.047; d = 0.17). The test-retest reliability in AD was high for phonemic verbal fluency (r = .743; 

p < .001), but decreased for semantic verbal fluency (r = .493; p = .020). The decrease in number 

of words between the first (mean = 12.1; SD = 4.0; range = 6-21) and the second (mean = 10.6; 

SD = 4.0; range = 2-17) administration was not statistically significant for animals, but was 

between small to moderate in terms of effect size (p = .086; d = 0.39). This decrease in number 

of animal words did not significantly correlate with the difference observed on the total DRS-2 

score between the two measurement times (r = -.176; p = .446). However, there was a trend for 

significance when the decline for animals was compared with the decline on the Pyramids and 

Palm Trees Test (PPTT; Howard & Patterson, 1992), a test of semantic memory, although only 

half of AD participants had this measure available (r = .549; p = .080). 

Discussion 

The aim of Study 2 was twofold:  (1) to establish the diagnostic validity of verbal fluency tests 

and the predictive validity of our normative data (2) as well as the test-retest reliability. 

Diagnostic validity 

After controlling for the effect of age and education, we found that the effect size of the 

diagnosis was larger on semantic verbal fluency than on phonemic verbal fluency, with AD 

participants having the worst performance. Although a deficit in semantic verbal fluency 

performance can be found in MDE (Henry & Crawford, 2005a), a massive deficit on semantic 

verbal fluency should lead the clinician to consider the hypothesis of AD in the case of an older 

patient (Henry et al., 2004). The utility of this test is even greater since early failure of the 

semantic memory system has been found in amnestic mild cognitive impairment (MCI) (Lonie et 

al., 2009). Indeed, the 9 year longitudinal PAQUID study showed that decline of semantic verbal 

fluency in MCI participants that will progress towards AD was steeper and more regular than 

that of a test of long-term visual episodic memory (Amieva et al., 2005).  In short, semantic 

verbal fluency test proves to be interesting to highlight the deterioration of semantic stock, and 

often with a better sensitivity in comparison to an object-naming test, because the latter test 
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provides more support to the lexical search process through visual stimulus information, thus 

possibly enhancing performance (Henry et al., 2004). 

In regard to MDE, we found similar results that in Henry et al.’s (2005) meta-analysis, 

that is to say, a performance below that of healthy controls on both verbal fluency tasks but 

generally better than AD on semantic verbal fluency. Prior study found that in MDE, verbal 

fluency deficits are more explained by a generalized cognitive impairment or slowness in 

processing speed than by a dysexecutive syndrome deficits (Henry & Crawford, 2005a). 

Predictive Validity 

We aimed to determine the predictive validity of the normative data for semantic verbal fluency, 

since a deficit in this condition is known to be frequently associated with AD. A Z-score of -2.00 

and lower led to a perfect PPV, meaning that all participants in our sample with such a Z-score 

(or lower) for animal fluency had AD. However, using a Z-score of -2.00 came with a high rate 

of false negatives (64.5%), meaning that many people with AD are not identified as having AD if 

only using semantic verbal fluency. Less stringent Z-scores (e.g., -1.00 for mild deficit and -1.50 

for significant deficit) should be preferred because they offer good specificity (90.3% to 93.5%) 

and better sensitivity (between 59.7% and 71.0%), without compromising that much PPV (88.0% 

to 90.2%). Nevertheless, this task should be used in conjunction with tasks belonging to other 

cognitive domains, which offer a better ratio between sensitivity and specificity and reduce rate 

of false negatives (Belleville, Fouquet, Duchesne, Collins, & Hudon, 2014). 

Test-Retest Reliability 

Although performance slightly decreased in phonemic verbal fluency for healthy participants, the 

test-retest reliability was high for both verbal fluency tasks one year later. As such, on the whole, 

phonemic and semantic verbal fluency are two tasks relatively stable over time and useful to 

highlight cognitive decline. Indeed, participants with AD who were also assessed twice 

decreased on semantic, but not on phonemic verbal fluency, probably because of the 

deterioration of their semantic memory and lower activation of concepts (Henry et al., 2004). 

Indeed, as evidenced in the results section we found a trend for significance between the decline 
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observed on semantic verbal fluency and the one measured on a test of semantic memory 

(PPTT). 

Strengths and Limitations 

The main limitation of Study 2 is that it did not control for the effect of the severity of cognitive 

decline, because different cognitive screening tests were administered (MoCA, MMSE or DRS-

2). Although scores on MoCA can be converted into MMSE scores (Saczynski et al., 2015), 

many participants only had a DRS-2 score. Nonetheless, all AD participants except one assessed 

twice were administered the DRS-2 and the difference on the total score between the two 

measurement times did not significantly correlate with the decrease in number of words 

produced for semantic verbal fluency. Similarly, in a review of the literature (Henry et al., 2004), 

dementia severity measured by a global screening was not significantly related to the relative 

magnitude of deficits upon phonemic and semantic fluency. Therefore, semantic fluency seems 

to capture a deficit different than the one measured with a global screening test like the DRS-2. 

Presenting the overall performance of these subgroups gave an overview of the extent of the 

expected deficits and could help the clinician to guide diagnosis. Moreover, to our knowledge, 

there are not yet any studies to report sensitivity and specificity for various clinical cut-offs on 

fluency tasks. In the current study, we provide diagnostic validity for Z-scores of -1.00, -1.50, -

1.65 and -2.00. This is of particular relevance for clinical neuropsychologists depending on 

whether they wish to focus on sensitivity or specificity. In regards to test-retest reliability in 

healthy subjects, although other studies reported similar data (Lezak et al., 2012; Strauss, 

Sherman, & Spreen, 2006, for a review), they used different letters (FAS, CFL) than those used 

in the current study. Test-retest reliability for semantic verbal fluency was reported in two 

studies only (Bird, Papadopoulou, Ricciardelli, Rossor, & Cipolotti, 2004; Clark et al., 2009), 

one of them using a very short length (one month) between both assessments. 

Conclusion 

This paper describes two studies that aimed to establish normative data for a large sample of 

French-speaking adult Quebecers (Study 1) and to establish the diagnostic/predictive validity of 

the tasks and of the present normative data in AD and MDE (Study 2). Results showed that these 
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tests are sensitive to pathological conditions such as AD and MDE and can be used to help in 

differential diagnosis. 

In the current sample, healthy, AD, and MDE participants generated more words starting 

with letter P in comparison with other letters under study. Letter P makes it possible to maximize 

the potential of a participant while offering a wider range of performance. This letter also allows 

the detection of the pathology (AD and MDE when compared to healthy elders). However, our 

results showed that letter P did not discriminate performance between AD and MDE while using 

a triad (e.g., TNP) helped to make this distinction. As such, although letter P alone could be 

useful in a busy clinical facility or when time is restricted, using a triad with letters of different 

levels of difficulty has probably a better specificity than using only letter P. 
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Appendix - Instructions for phonemic and semantic verbal fluency tasks 
 

 

English 

 

Verbatim instructions for phonemic verbal fluency: I will say a letter of the alphabet to you. At my signal, I 

would like you to tell me as many words as possible that begin with that letter, as fast as you can. None of the words 

can be proper names such as names of people, places, companies, holidays, or planets. In addition, you cannot use a 

similar word referring to the same concept by changing only the ending. For example, if you say ‘secret’, you cannot 

also say ‘secretly’. Do you have any question? You have 60 seconds per letter before I tell you to stop. The first 

letter is [T or P]. Go ahead! 

 

Verbatim instructions for semantic verbal fluency: Now, I want you to give me as many names of animals as you 

can, no matter the letter they start with, as fast as you can. You cannot give me two animals by changing only the 

ending such as ‘lion’ and ‘lioness’. You have 60 seconds before I tell you to stop. Go ahead! 

 

[If the subject stops before 60 seconds, encourage him/her to continue.] 

 

Français 
 

Consigne fluence verbale phonologique: Je vais vous dire une lettre de l’alphabet. À mon signal, je voudrais que 
vous me disiez le plus de mots possible qui commencent par cette lettre, aussi vite que vous le pouvez. Toutefois, 
vous ne pouvez pas dire de noms propres (noms de personnes, de lieux, de compagnies, de fêtes, ou de planètes). De 
plus, vous ne pouvez pas me donner deux mots référant à un concept similaire en changeant seulement la fin. Par 
exemple, si vous dites «soir», vous ne pouvez pas aussi me dire «soirée».  De même, si vous me dites « sérieux », 
vous ne pouvez pas aussi me dire «sérieuse». Avez-vous des questions? Je vous laisse 60 secondes par lettre. La 
première lettre est [T ou P]. Allez-y! 
 

Consigne fluence verbale sémantique: Maintenant, je veux que vous me disiez le plus de noms d’animaux que vous 
pouvez, peu importe la lettre par laquelle ils commencent, aussi vite que possible. Vous ne pouvez pas me donner 
deux animaux en changeant seulement la fin comme «chat» et «chatte». Vous avez 60 secondes. Allez-y! 
 

[Si le sujet cesse de nommer des mots avant la fin du délai de 60 secondes, encouragez-le à continuer.]  
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Table 1. Highest education level reached (% of the population) in the present sample compared 

to actual Quebec demographics 

 

 

 

 

.  

 

 Present sample Quebec demographics 

 Education 

Age 
No high-school 

diploma 

At least  

high-school 

diploma 

No high-school 

diploma 

At least  

high-school 

diploma 
     

25-34 
0.02 

 

(n = 1/54) 

99.98 
 

(n = 53/54) 

11.9 
 

(n = 113 275/955 530) 

88.1 
 

(n = 842 255/955 530) 

35-44 
0 

 

(n = 0/7) 

100 
 

(n = 7/7) 

13.7 
 

(n = 152 985/1 115 275) 

86.3 
 

(n = 962 290/1 115 275) 

45-54 
10.6 

 

(n = 5/47) 

89.4 
 

(n = 42/47) 

18.5 
 

(n = 226 720/1 224 400) 

81.5 
 

(n= 997 680/1 224 400) 

55-64 
0.09 

 

(n = 18/208) 

99.91 
 

(n = 190/208) 

24.6 
 

(n = 232 140/943 590) 

75.4 
 

(n = 711 450/ 943 590) 

65-74 
21.4 

 

(n = 78/364) 

78.6 
 

(n = 286/364) 

42.0 
 

(n = 240 385/572 265) 

58.0 
 

(n = 331 880/572 265) 

≥ 75 
36.7 

 

(n = 69/188) 

63.3 
 

(n = 119/188) 

54.7 
 

(n = 234 515/428 625) 

45.3 
 

(n = 194 110/428 625) 
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Table 2. Distribution of participants in the normative sample by task condition 

 

 

Characteristics N (%) 

 
TNP or PFL 

(n = 746) 
TNP 

(n = 470) 
PFL 

(n = 276) 
P 

(n = 890) 
Animals 

(n = 745) 

Age      

   19-25 58 (7.8) 52 (11.1) 6 (2.2) 60 (6.7) 54 (7.2) 
   26-50 52 (7.0) 37 (7.9) 15 (5.4) 66 (7.4) 50 (6.7) 
   51-55 44 (5.9) 41 (8.7) 3 (1.1) 50 (5.6) 46 (6.2) 
   56-60 82 (11.0) 52 (11.1) 30 (10.9) 87 (9.8) 77 (10.3) 
   61-65 126 (16.9) 59 (12.6) 67 (24.3) 140 (15.7) 118 (15.8) 
   66-70 165 (22.1) 93 (19.8) 72 (26.1) 188 (21.1) 145 (19.5) 
   71-75 103 (13.8) 60 (12.8) 43 (15.6) 145 (16.3) 130 (17.4) 
   76-80 82 (11.0) 52 (11.1) 30 (10.9) 99 (11.1) 78 (10.5) 
   81-91 34 (4.6) 24 (5.1) 10 (3.6) 55 (6.2) 47 (6.3) 
 

Gender (men/women) 
 

270/476 

(36.2/63.8) 

 

145/325 
(30.9/69.1) 

 

125/151 
(45.3/54.7) 

 

329/561 
(37.0/63.0) 

 

277/468 
(37.2/62.8) 

 

Education 
     

   Elementary (3-7 years) 24 (3.2) 17 (3.6) 7 (2.5) 40 (4.5) 31 (4.2) 
   High-School (8-12 years) 185 (24.8) 103 (21.9) 82 (29.7) 234 (26.3) 185 (24.8) 
   College (13-14 years) 136 (18.2) 86 (18.3) 50 (18.1) 157 (17.6) 129 (17.3) 
   University undergraduate  

   (15-17 years) 
214 (28.7) 129 (27.4) 85 (30.8) 250 (28.1) 215 (28.9) 

   University graduate  

   (18-19 years) 
116 (15.5) 81 (17.2) 35 (12.7) 133 (14.9) 113 (15.2) 

   University postgraduate  

   (20-23 years) 
71 (9.5) 54 (11.5) 17 (6.2) 76 (8.5) 72 (9.7) 
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Table 3. Coefficients for linear multiple regression analyses for TNP or PFL, letter P, and 

animals 

Variable B β t p 

     

TNP or PFL (n = 746)
 a     

   Triad 4.035 0.175 4.959 <.001 
   Age -0.103 -0.150 -4.145 <.001 
   Education 0.677 0.226 6.271 <.001 
     

Letter P (n = 890)
 b     

   Age -0.044 -0.156 -4.616 <.001 
   Education 0.210 0.175 5.170 <.001 
     

Category animals (n = 745)
 c     

   Age -0.158 -0.472 -15.016 <.001 
   Education 0.303 0.214 6.799 <.001 

 
 

a
 Intercept = 34.087; Square root of the mean square residual = 10.576. 

b
 Intercept = 15.321; Square root of the mean square residual = 4.418. 

c
 Intercept = 25.505; Square root of the mean square residual = 4.428.  
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Table 4. Normative equations to calculate corrected Z-scores for age and education for verbal 

fluency, by condition 

 

Note. Age: participant’s age (continuous variable; between 19 and 91); Education: years of education (continuous 

variable; between 3 and 23); Triad (TNP = 0; PFL = 1). 
Equation denominators corresponded to residual standard deviations of each models. 
  

Variable n Corrected Z-score for age and education 

 

TNP or PFL 
 

746 
 

Raw score – (34.087 + (-0.103*Age) + (0.677*Education) + (4.035*Triad)) / 10.576 
Letter P 890 Raw score – (15.321 + (-0.044*Age) + (0.210*Education)) / 4.418 
Animals 

Category  
745 Raw score – (25.505 + (-0.158*Age) + (0.303*Education)) / 4.428 

Page 37 of 42

URL: http://mc.manuscriptcentral.com/ntcn

The Clinical Neuropsychologist

1
2
3
4
5
6
7
8
9
10
11
12
13
14
15
16
17
18
19
20
21
22
23
24
25
26
27
28
29
30
31
32
33
34
35
36
37
38
39
40
41
42
43
44
45
46
47
48
49
50
51
52
53
54
55
56
57
58
59
60



For Peer Review
 O

nly

 

 

 

 

Table 5. Normative equation to calculate standardised difference between animals and TNP/PFL 

conditions (contrast measure; n = 596) 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 
Note.   

Step 1. From raw scores, find equivalent uncorrected SS for animals and TNP or PFL in Table 5. 

Step 2. Calculate difference between SS animals and SS TNP or PFL. 

Step 3. Find in Table 4 the corresponding uncorrected SS to difference calculated in step 2. 

Step 4. Calculate the corrected for age contrast Z-score from equation in Table 5. 

 

Age: participant’s age (continuous variable; between 19 and 91). 

Equation denominator corresponded to residual standard deviations of the model. 

  

Uncorrected 

scaled score (SS) 

Animals 

(raw score) 

TNP or PFL 

(raw score) 

SS Animals – SS 

TNP or PFL 

Uncorrected 

scaled score (SS) 

1 - - - 1 

2 0-6 0-11 ≤ -8 2 

3 7-8 12-14 -7 3 

4 9-10 15-18 -6 4 

5 11-12 19-22 -5 5 

6 13 23-26 -4 6 

7 14-15 27-30 -3 7 

8 16-17 31-33 -2 8 

9 18-19 34-37 -1 9 

10 20-21 38-41 0-1 10 

11 22 42-44 2 11 

12 23-24 45-48 3 12 

13 25-26 49-52 4 13 

14 27-28 53-56 5 14 

15 29 57-59 6 15 

16 30-31 60-63 7 16 

17 32-33 64-67 8 17 

18 34-35 68-70 9 18 

19 ≥ 36 ≥ 71 ≥ 10 19 

n 745 746 596 n 

Corrected for age contrast Z-score  =  

Uncorrected SS corresponding to SS difference between semantic and phonemic conditions – 

(14.127 + (-0.068*Age)) / 2.784 
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Table 6. Comparison of participants with Alzheimer’s disease, major depressive episode, and 

healthy controls aged 50 and over on sociodemographic and verbal fluency data 
 

Characteristics 
AD 

(n = 62) 
MDE 

(n = 41) 
Healthy 
(n = 62) 

p  
Effect size (Cohen’s d) 

AD vs H AD vs MDE MDE vs H 

        

Sociodemographic        

Age, mean (SD) 76.8 (5.8) 69.9 (9.6) 70.4 (6.7) <.001
a 1.01* 0.90* 0.06 

Education, mean (SD) 11.8 (4.0) 13.4 (3.9) 14.4 (4.1) .001
a 0.66* 0.41 0.25 

Female, n (%) 42 (67.7) 31 (75.6) 39 (62.9) .401
b - - - 

        

Verbal fluency        

Semantic fluency raw scores 

(animals), mean (SD) 
10.0 (3.8) 15.4 (4.6) 18.9 (4.3) <.001

c 2.17* 1.31* 0.78* 

Phonemic fluency raw scores 

(letter P), mean (SD) 
9.5 (3.5) 12.1 (4.6) 14.6 (4.4) <.001

c 1.30* 0.65 0.57* 

Phonemic fluency raw scores 

(TNP), mean (SD) 
23.6 (8.6) 31.1 (11.1) - .026

c - 0.76 - 

 

Note.  
AD = Alzheimer’s disease; MDE = Major Depressive Episode; H = Healthy 
Cohen’s d: 0.20 to 0.50 = small effect; 0.50 to 0.80 = moderate effect; 0.80 and higher = large effect (Cohen, 1988). 
a
 One-way ANOVA; 

b
 Chi-square; 

c 
ANCOVA controlling for effect of age and education 

* = significant Bonferroni post-hoc analysis for one-way ANOVA and one-way ANCOVA. 
Missing data for letter P were 4 for healthy participants and 2 in MDE. 
Healthy participants completed TNP or PFL, preventing us from comparing the three groups of participants. 
Performance on cognitive screening is not reported because different tests were administered (MoCA, MMSE or 

DRS-2). 
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Table 7. Comparison of sensitivity and specificity for the cut-off scores (Z-scores) of -1.00, -

1.50, -1.65, and -2.00 for 62 participants with Alzheimer’s disease and 62 healthy controls aged 

50 and over for semantic verbal fluency (animals) 

 

Cut-off 
score 

Sensitivity 
(%) 

Specificity 
(%) 

Accuracy 
(%) 

False 
positive  

(%) 

False 
negative 

(%) 

PPV 
(%) 

NPV 
(%) 

        

Z = -1.00 
71.0 

 

(n = 44/62) 

90.3 
 

(n = 56/62) 

80.6 
 

(n = 100/124) 

9.7 
 

(n = 6/62) 

29.0 
 

(n = 18/62) 

88.0 
 

(n = 44/50) 

75.7 
 

(n = 56/74) 

Z = -1.50 
59.7 

 

(n = 37/62) 

93.5 
 

(n = 58/62) 

76.6 
 

(n = 95/124) 

6.5 
 

(n = 4/62) 

40.3 
 

(n = 25/62) 

90.2 
 

(n = 37/41) 

69.9 
 

(n = 58/83) 

Z = -1.65 
54.8 

 

(n = 34/62) 

95.2 
 

(n = 59/62) 

75.0 
 

(n = 93/124) 

4.8 
 

(n = 3/62) 

45.2 
 

(n = 28/62) 

91.9 
 

(n = 34/37) 

67.8 
 

(n = 59/87) 

Z = -2.00 
35.5 

 

(n = 22/62) 

100 
 

(n = 62/62) 

67.7 
 

(n = 84/124) 

0 
 

(n = 0/62) 

64.5 
 

(n = 40/62) 

100 
 

(n = 22/22) 

60.8 
 

(n = 62/102) 

 

Note.  
Sensitivity measures the percentage of participants who are correctly identified as having Alzheimer’s disease, 

among those with Alzheimer’s disease (i.e., true positives). 
Specificity measures the percentage of participants who are correctly identified as not having Alzheimer’s disease 

(i.e., healthy), among those healthy (i.e., true negatives). 
Accuracy measures the percentage of participants who are correctly identified as having Alzheimer’s disease and 

those who are healthy (i.e., true positives and true negatives). 
False positive measures the percentage of participants who are incorrectly identified as having Alzheimer’s disease. 
False negative measures the percentage of participants who are incorrectly identified as not having Alzheimer’s 

disease. 
Positive predictive value (PPV) measures the percentage of participants who are correctly identified as having 

Alzheimer’s disease, among those with a deficit on semantic verbal fluency. 
Negative predictive value (NPV) measures the percentage of participants who are correctly identified as not having 

Alzheimer’s disease (i.e. healthy), among those with preserved semantic verbal fluency performance. 
Z-scores of -1.00, -1.50, -1.65, and -2.00 correspond approximately to percentiles of 15, 7, 5, and 2, respectively. 
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