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a b s t r a c t

Generative semantic verbal fluency (SVF) tests show early and disproportionate decline

relative to other abilities in individuals developing Alzheimer’s disease. Optimal perfor-

mance on SVF tests depends on the efficiency of using clustered organization of seman-

tically related items and the ability to switch between clusters. Traditional approaches to

clustering and switching have relied on manual determination of clusters. We evaluated a

novel automated computational linguistic approach for quantifying clustering behavior.

Our approach is based on Latent Semantic Analysis (LSA) for computing strength of se-

mantic relatedness between pairs of words produced in response to SVF test. The mean

size of semantic clusters (MCS) and semantic chains (MChS) are calculated based on

pairwise relatedness values between words. We evaluated the predictive validity of these

measures on a set of 239 participants in the Nun Study, a longitudinal study of aging. All

were cognitively intact at baseline assessment, measured with the Consortium to Establish

a Registry for Alzheimer’s Disease (CERAD) battery, and were followed in 18-month waves

for up to 20 years. The onset of either dementia or memory impairment were used as

outcomes in Cox proportional hazards models adjusted for age and education and

censored at follow-up waves 5 (6.3 years) and 13 (16.96 years). Higher MCS was associated

with 38% reduction in dementia risk at wave 5 and 26% reduction at wave 13, but not with

the onset of memory impairment. Higher [þ1 standard deviation (SD)] MChS was associ-

ated with 39% dementia risk reduction at wave 5 but not wave 13, and association with

memory impairment was not significant. Higher traditional SVF scores were associated

with 22e29% memory impairment and 35e40% dementia risk reduction. SVF scores were

not correlated with either MCS or MChS. Our study suggests that an automated approach to

measuring clustering behavior can be used to estimate dementia risk in cognitively normal

individuals.
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1. Introduction

Tests of phonemic and semantic verbal fluency (SVF) are

widely used in the assessment of individuals with memory

complaints and in the clinical diagnosis of Alzheimer’s dis-

ease (AD). Patients are asked to generate as many words as

they can either starting with a certain letter of the alphabet

(phonemic fluency) or belonging to a certain semantic cate-

gory (semantic fluency). The performance on the SVF test is

typically measured by counting the number of correct words

spoken by the patient in 1 min. Although individual perfor-

mance on both the phonemic and semantic fluency tests is

impaired in individuals with AD, semantic performance is

significantlymore affected than phonemic early in the disease

course. Deficits evident on SVF have been shown to be sensi-

tive and specific in differentiating between healthy controls

and patients with AD (Canning et al., 2004) and have been

found to be predictive of the development of AD in peoplewith

memory complaints prior to a clinical diagnosis (Fagundo

et al., 2008), as well as progression of healthy individuals to

mild cognitive impairment (MCI) and dementia (Loewenstein

et al., 2012). In addition to clinical use, these relatively sim-

ple to administer tests of verbal fluency have been used

extensively as part of standard neuropsychological test bat-

teries to study cognitive effects of dementia (Gorno-Tempini

et al., 2004; Hodges et al., 2004; Knopman et al., 2008; Libon

et al., 2007). In particular, SVF deficits have been widely re-

ported in patients with various stages of AD and MCI (Chan

et al., 2001; Ober et al., 1986; Rosen, 1980; Troyer et al.,

1998a, 1998b) and often show early and disproportionate

decline relative to other language, attention, and executive

abilities [see Lezak (2004) and Henry et al. (2004), for review].

Originally proposed by Troyer et al. (1997), additional

qualitative metrics that examine the degree to which SVF re-

sponses are organized into groups of semantically related

words (semantic clusters) and the frequency of transitions

between these groups (switches) have also been extensively

studied. Successful overall performance on the SVF test de-

pends to a large extent on how well semantic information is

organized into conceptually related clusters and whether one

is able to use an efficient strategy that accesses these clusters

during the test (Estes, 1974; Hodges and Patterson, 1995; Laine,

1988). The size of semantic clusters and the efficiency of

switching from one cluster (after it has been exhausted) to

another have been found to have different neuroanatomical

correlates (Rich et al., 1999; Troyer, 2000; Troyer et al., 1997).

Semantic cluster size was found to be associated with the left

temporal lobe, whereas the processing associated with

switching was associated more with the function of the

frontal lobe. These studies suggested that cluster size and the

amount of switching between clustersmay index the strength

of associations in the patient’s lexical-semantic networks.

Studies of clustering and switching in AD also found

smaller and fewer clusters produced on this task by people

clinically diagnosed with AD (Ober et al., 1986; Rosen, 1980;

Troster et al., 1998; Troyer et al., 1998a, 1998b) and signifi-

cantly fewer switches (Raoux et al., 2008) than by healthy

controls. The latter finding is not surprising as the number of

switches in a time-limited task such as the SVF test is likely to

be highly correlated with the total number of words produced

on the test. This is particularly true of approaches such as the

original Troyer et al. (1997)methodology inwhich singlewords

unrelated to adjacent words are counted as clusters of zero

size. This approach results in discounting these “singleton”

clusters in the computation of themean cluster size (MCS) but

not the number of switches for any given SVF sample. When

participants tend to produce small clusters, and a switch is

defined as a transition between any two clusters (even those

consisting of a singleword), the number of switches is likely to

be highly correlatedwith the total number of words produced,

and thus not very informative. An alternative measure that

normalizes the rawnumber of switches by the total number of

words produced was proposed but was not found to add

meaningful information (Troster et al., 1998).

Subsequent studies that examined clustering and switch-

ing performance in less impaired individuals with memory

complaints (e.g., MCI) consistently found significant differ-

ences between healthy controls and MCI participants on the

traditional SVF score and switching, but not so with cluster

size. For example, Raoux et al. (2008) examined a set of 153

participants including 51 incident cases of AD at 2 and 5 years

prior to diagnosis. Significant cross-sectional differences be-

tween controls and the incident AD cases were found at all

three time points in the traditional SVF score and the number

of switches, but no difference was found inMCS. In contrast, a

recent study by Price et al. (2012) examined a group of 33

amnestic MCI participants matched on age, education and IQ

with 33 healthy controls, and found significant differences in

both the traditional SVF score and MCS measures. Both of

these studies calculated the cluster sizes according to Troyer

et al. (1997) guidelines with one major difference, however.

Rosen’s study excluded repetitions from the calculation of

cluster sizes, whereas Price’s study followed Troyer’s meth-

odologymore strictly and included all repetitions and errors in

computation of clusters. It is unclear at this point if the in-

clusion/exclusion of repetitions in cluster size determination

is responsible for the inconsistency in the results and con-

clusions; however, this is a good example where the qualita-

tive nature of the methodology is a problem that we are

attempting to address with automation in the present study.

All prior studies of clustering and switching in relation to

dementia have relied on subjective assessments of semantic

similarity between at least two (Rich et al., 1999; Troyer et al.,

1997, 1998a, 1998b) or three (Laine, 1988) adjacent words to

define clusters. For example, the qualitative assessment pro-

posed by Troyer et al. (1997) relies on manual determination if

adjacent words belong to a top-level subcategory (e.g.,

zoological categories, human use, and living environment)

with furthermore fine-grained subcategorizations (e.g., living

environment category composed of African, Australian,

Arctic/Far North, Farm, North American and Water Animals).

In addition to their subjectivity, these manual approaches are

time consuming and are difficult to implement and stan-

dardize, which may be responsible for some of the conflicting

results obtained with these methods. Automated, computer-

ized approaches to the assessment of clustering and switch-

ing behavior may help address some of the issues with

qualitative approaches.
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