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Abstract

Verbal fluency tasks are frequently used in clinical neuropsychology. Clustering (the production of words within
semantic subcategories) and switching (the ability to shift between clusters) have been described as 2 components
underlying fluency performance. We compared the use of clustering and switching in schizophrenic patients and
healthy subjects. Seventy-eight schizophrenic subjects (DSM-IV criteria) and 64 control participants matched for
age and educational level were recruited. Negative, disorganized, and productive clinical dimensions were evaluated
using the SANS and SAPS scales. The number of words generated per semantic—phonemic cluster and the number
of switches were evaluated during 2 verbal fluency tasks (phonemic and semantic). In the healthy controls switching
and clustering were closely related to the total number of words generated in the verbal fluency tests. The role of the
2 components was partly dependent on the specific task. Switching was prevalent in formal fluency, while both
switching and clustering contributed to semantic fluency. In comparison to the healthy controls, the overall group of
schizophrenic patients showed a significant impairment of switching in the formal fluency task and of both

switching and clustering in the semantic fluency task, and both the negative and disorganized dimensions correlated
with verbal fluency performance, the number of switches during the phonemic fluency task, and the clustering

during semantic fluency taskJINS 1998,4, 539-546.)
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INTRODUCTION Frith, 1996). These impairments were explained in terms of
subnormal capacity to initiate willed action (Frith, 1992),
Verbal fluency tasks require persons to generate as MaNipaired semantic memory (McKay et al., 1996), and re-
words as possible beginning with a defined letter (formal oryyced access to semantic memory because of difficulties in
phonemic fluency), or instances of a category (semantic fluprganizing the search; that is, in generating semantic dimen-
ency), in the order the instances occur to them in a limitedsjgng (Allen et al., 1993). From a cognitive point of view,
amount of time (Spreen & Strauss, 1991). Several studiegerpa] fluency is considered a multifactorial task; the num-
of verbal fluency have indicated that schizophrenic patient$er of correct words generated does not fully capture the
produce fewer words than healthy individuals (Allen & Frith, gifferent aspects of the underlying processes. The first com-
1983; Crawford et al., 1993; Gruzelier et al., 1988; Kolb & ponent thought to be involved is called clustering. Seman-
Whishaw, 1983). According to the schizophrenic subtypeic fluency provides a good approach to this mechanism. In
poor performance has been linked to poverty and disorgasemantic fluency tasks, people first search for meaningful
nization, but not to hallucinations or delusion (Johnstone &semantic fields or subcategories which, when encountered,
cause clusters of related words to be made available for re-
) i __call (Gruenewald & Lockhead, 1980). Laine (1988) defined
Reprint requests to: P.H. Robert, Memory Center, Pavillon J, Hopital . .
Pasteur, 30 av. de la Voie Romaine, 06002 Nice, France. E-mail: 10627&')3.(:"mantlc conceptual clusters as two or more consecutive
1065@compuserve.com words, the meaning of which is either associated or shared.
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In a previous study (Robert et al., 1997), we observed &linical Evaluation

correlation between the number of semantic clusters and )

word production in 100 healthy participants, indicating thatThe Scale for the Assessment of Negative Symptoms
the better the individual organizes his search through théSANS) and the Scale for the Assessment of Positive Symp-
use of semantic clusters, the more words he is able to prd®MS (SAPS) were developed to explore the clinical and
duce. In the same study, schizophrenic patients showed infléural correlates of these symptoms in schizophrenia (An-
paired verbal fluency and generated a smaller number dfréasen, 1983, 1984). These scales are widely used through-
semantic clusters than the healthy controls. The generatiof!t the world in research and clinical practice. Since these
of words using phonemic clusters has also been studied ipublications, the authors have completed five studies using

Parkinson’s disease (Auriacombe et al., 1993; Bayles et alcorrelational and factorial analyses to examine the inter-
1993). relationships between positive and negative symptoms (An-

Another component callesivitching defined as the abil- dreasen et al., 1995; Andreasen & Grove, 1986; Andreasen

ity to shift effectively from one subcategory to another, was& ©OISen, 1982; Arndt et al,,1991; Miller et al., 1993). A
recently proposed by Troyer et al. (1997). Studying 54 oldef€View of these studies suggests a convergence of the re-
and 41 younger healthy participants, these authors demoﬁ%“ts and indicates that, at a Qescrlptlve level, three dlmen—
strated that clustering and switching correlated equally witrSions rather than two are required to account for the relations
the number of words generated, whereas switching corré2Mng the symptoms of schizophrenia. The negative symp-
lated more strongly than clustering with the number of wordd©mMs remain robust but the positive symptoms subdivide
generated in phonemic fluency tests. This suggested that B0 two dimensions. Our current evaluation of clinical
mechanisms involved in formal and semantic fluency do nofYMPtoms follows the most recent analysis done in 1995.
have the same relative importance, and is consistent witiN€ first factor reflecting the negative symptom dimen-
studies indicating that multiple brain regions are involvedSion is composed of avolition, anhedonia, and affective flat-
in this task. Formal fluency would be more sensitive to fron-t€NiNg. The second factor reflecting the disorganization
tal lesions (Coslett et al., 1991; Milner, 1964; Perret, 1974)dimension is composed of inappropriate affect, thought dis-
while semantic fluency would be more sensitive to tempo_order, a!’ld bizarre be_hawo_r. Thg thlr_d factor reflecting the
ral lesions (Corcoran & Upton, 1993) although this patternPSychotic or productive dimension is composed of delu-
is not always obtained (Joanette & Goulet, 1986). sions and hallucinations.

This study was designed to compare the use of cluster-

ing and switching by schizophrenic patients and hea'thW\leuropsychological Assessment

controls.
The verbal fluency test measures spontaneous oral produc-
tion of words. Both semantic and phonemic fluency tasks
METHODS were administered. In the semantic fluency test, partici-
pants were instructed to generate words belonging to ani-
Research Participants mal and fruit classes. In the phonemic fluency test, subjects

were instructed to generate words beginning vaithndr,

Seventy-eight native-French-speaking psychiatric patientwith the exception of proper nouns and variants of the same
who met DSM-IV criteria (American Psychiatric Associa- word (e.g., the same word with different suffixes). In the
tion, 1994) for chronic schizophrenia were evaluated in thé=rench version (Cardebat et al., 1990), 2 min is allotted
memory center of the Nice University psychiatric depart-for each of the four trials (two semantic and two phone-
ment with their informed consent. Patients with an organicmic). The participants were recorded in order of utterance.
brain disorder, mental retardation, a history of severe headhe participants were not instructed on how to perform
trauma, or a history of alcohol or drug abuse—dependenctne search; in other words they were free to develop se-
were excluded from the study. None of the patients had hachantic or formal subcategories to organize their thinking
acute exacerbations during the previous month. Twelve paand to shift from one subcategory to another. As described
tients were drug-free, 47 were on neuroleptics and 19 werabove, a consideration of optimal fluency performance might
receiving a neuroleptic plus an anticholinergic agent. suggest the production of subcategories of semantically or

Sixty-two native-French-speaking healthy volunteersphonemically related words (semantic or phonemic clus-
matched with the schizophrenic population in terms of sexters) and, once a subcategory is exhausted, switching to
age, and educational level formed the control group. Maanother.
jor social-class-of-origin mismatches were excluded on the The following scores were obtained in the phonemic and
basis of an interview. All the participants were screenedsemantic fluency tests: (1) number of words produced, ex-
with a medical questionnaire and physical examination tccluding errors and repetitions (WP), (2) number of words
rule out previous neurological or psychiatric disease, sigfelated by cluster (RW), and (3) number of switches (WP
nificant head injury, and alcohol or drug abuse. All the RW + number of clusters).
patients on treatment had been on stable doses for at leastDetailed scoring rules for switching and clustering are
1 month. provided in the Appendix.
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Semantic clustering score RESULTS

In the semantic fluency task, clusters were defined as group$ each group the mean and standard deviation were calcu-
of contiguous words belonging to the same semantic subated for each continuous demographic, clinical, and neuro-
category, such afarm animals birds, fish andsea mam- psychological variable. The assumption of normality or
mals(semantic clusters). This is not required by instructionshomogeneity of variance was confirmed for each variable.
but provides an excellent means of finding out whether and In each group and each fluency task (Table 1), the total
how well participants organize their thinking. In an animal—-number of words generated correlated both with the num-
name verbal fluency test, the participant might say “henper of switches and with number of words related by clus-
dog, fly, whale, nightingale, snake, monkey,” all of which ters (RW). In the control group the total number of words
are semantically linked to the required animal category. Al-generated in the phonemic fluency task correlated more
ternatively, “hen, rooster, goose, fly, cockroach, black beestrongly with the number of switches, whereas in the se-
tle, pigeon, gull, nightingale, canary” are all semanticallymantic fluency task the correlation with RW was stronger.
related, but fall into three different subcategories; farm andn contrast, in the schizophrenic group, switching corre-
imals, insects, and birds. It is often possible to find a linklated more strongly than clustering with word production in
between two consecutive words, but it is difficult to know both the phonemic and semantic fluency tasks.

whether or not the associations are generated through se-Word production (WP), the number of words related by
mantic clustering. To overcome this problem, associationglusters (RW) and the number of switches were analyzed
were considered as semantic clusters only when at least thr@dth two-way analysis of variance (ANOVA), with a
consecutive words were semantically related. The only exbetween-participants factor (group: schizophrenics and con-
ception to this rule was when two consecutive words werdrols) and a within-participants factor (condition: phone-
known to be associated in proverbs or the titles of well-mic fluency and semantic fluency). The interactions
known fables (e.gdog—catas in “raining cats and dogs,” or (Groupx Condition) were significant for WPH(1.138)=
crow—foxandwolf-lamb which are pairs of words occur- 6.61,p =.011] and RW F(1.138)= 20.15,p < .001] but
ring in fables by Jean de Lafontaine). not for the number of switche$[1.138)= 0.79,p = .374].
The individual comparisons that were significant in pust

hoc test with the Bonferroni correction are shown in
Table 2. In comparison with the control group, the schizo-
In the phonemic fluency task, clusters were defined as groupshrenics made a significant smaller number of switches in
of contiguous words that began with at least the same firgphonemic F(1.137)= 31.6, p < .001] and semantic
two letters (e.g.prick, prism,prison), and that differed only [F(1.137)= 46.29,p < .001] fluency tasks. RW was only
by a vowel sound (e.g.ise, 0se, puse), or were homo- significantly impaired in the semantic fluency task
phones (e.g., some, sum). In the case of contiguous hom¢F(1.138)= 37.56,p < .001].

phonic words, two words or more were sufficient to score a Table 3 shows the score difference according to verbal
formal cluster. All the words belonging to a semantic or pho-fluency condition (semantie phonemic) for WP, RW, and
nemic cluster are called related words (RW). Clusters werswitches. Clustering (RW) was more important in the se-
only scored if they were identified independently by two mantic task than in the phonemic task, both in the control
speech therapists trained in the analysis procedure. Neithgroup (paired test;t = 9.49;df = 59;p < .001) and in the
assessor was involved in the neuropsychological evaluatiorschizophrenic groupt € 4.62;df = 77;p < .001). In con-
trast, there was no significant difference in switching (hum-
ber of switches).

Interrelationships between clinical dimensions and ver-
Switches were calculated as the number of transitions bebal fluency parameters in the overall schizophrenic popu-
tween clusters, including single words, in the phonemic andation are shown in Table 4. Correlations were found between
semantic tests. Errors and repetitions were excluded in clusoth negative and disorganized dimension on one hand and
ter and switch scoring. verbal fluency performance (WP and the number of switches

Phonemic clustering score

Switching score

Table 1. Pearson correlation coefficients)(between switches and words related by cluster (RW) in controls and in
schizophrenics for phonemic and semantic fluency

Phonemic fluency Semantic fluency
Group Switches RW Switches RW
Controls (word production) Rk .32%* 53xr* BLrr*
Schizophrenics (word production) .86*** 37 .88x** T

#p < 01, **p < 001
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Table 2. Demographic characteristics and fluency performancesTable 4. Pearson correlation coefficients between SXANBSPS
(M andSD) for control and schizophrenic groups three clinical dimensions and verbal fluency performances in the
overall schizophrenic population

Controls Schizophrenics

Variable (N=162) (N=178) p Clinical dimensions  Negative  Productive  Disorganized
Age 31.9(7.6) 31.8(8.1) Phonemic fluency
Sex 17F745M 20F/58M Word production  —.321** .238 —.288*
Education level (years) 10.8 (3.1) 10.6 (3.1) Related words —.156 191 -.017
Phonemic fluency Switches —.244* .149 —.280*

Word production (WP) 40 (11.2) 29.1 (10.1) *** Semantic fluency

Related words (RW) 7.1 (6.5) 5.6 (6.5) Word production  —.291* .198 —.275*

Switches 34.7 (10.6) 25  (9.6) ***  Related words —.286* 113 —.362**
Semantic fluency Switches —.203 .196 -.129

Word production (WP)  47.4(7.8) 32.7 (10) rokk

Related words (RW) 18.9 (9.3) 10.3 (7.1) w*x *p < .05.**p < .0L.

Switches 34.1(7.3) 25.8 (6.8) bl
*** p < .001 (Bonferroni corrected significance level). theory there are two routes to action, one dependent on ex-

ternal factors, and one driven by internal goals and willed
intentions (Elliot & Sahakian, 1995). Schizophrenic pa-
in phonemic fluency; WP and the number of RW in seman-tients with negative symptoms should fail tests that require
tic fluency) on the other hand. them to generate actions based on an internal goal; this is
the case in the verbal fluency test, in which participants have
to initiate a search through items in long-term memory.
DISCUSSION Switching is related to the ability to disengage from a pre-
The aim of this study was to investigate the involvement ofvious word and to shift to a new word or a new subcategory.
clustering and switching in a verbal fluency task. In this way switching could be considered as an initiation
In the healthy participants, both clustering and switchingProcess which, when impaired, leads directly to a signifi-
correlated strongly with the total number of words gener-cant decrease in word production. The results in the healthy
ated, implying that optimal fluency requires a balance be-control group indicated that switching can be considered re-
tween these two variables. During the semantic fluency taskated to the frontal lobes. Firstly, switching correlated more
asinaprevious study (Robertetal., 1997), there was a strorgrongly than clustering with word production in the pho-
positive correlation between clustering and the number ofiemic fluency task, which is described to be specifically
words produced_ In the current Study, Switching also Correfe|ated to frontal functions (CTOWG, 1992; Micelietal., 1981)
lated strongly with the production of words. In the phonemicSecondly, switching, but not clustering, is impaired in con-
fluency task, switching was more important than clusteringditions of divided attention, in which the secondary task (se-
for optimal performance. These results are in agreement witguential finger tapping) is considered to interfere with
the conclusions of Troyer etal. (1997), that switching and clusfrontal-lobe functions (Moscovitch, 1992, 1994). Accord-
tering can be considered as dissociable components of flung to this hypothesis, the impairment of switching in the
ency performance. schizophrenic patients studied here is in keeping with the
The schizophrenic group differed from the healthy con-“frontal” impairments of schizophrenia (Shallice & Bur-
trols in several respects. First, the schizophrenic patients pr@ess, 1991a, 1991b).
duced a smaller number of switches than the controls. Frith The second difference between the schizophrenic and con-
(1987, 1992) proposed that the central impairment in schizotrol participants involved the clustering component, as per-

phrenia involves the initiation of actions. According to this formance in fluency tasks (especially semantic fluency) is
enhanced when clusters of meaningfully related words are

produced (Estes, 1974). Clustering is a strategy of organi-
zation situated in the areas of executive functions but which
also has privileged links with the lexical stock and semantic
memory. The results of this study indicate that schizophren-
ics generate fewer related words (reflecting the clustering
process) than healthy controls. This difficulty in using clus-

Table 3. Word production (WP), related words (RW) and
switches: Score differences between the semantic and the
phonemic fluency task

Controls Schizophrenics  tering has also been observed in Parkinson’s disease (Raskin
Score differences (N=162) (N=178) etal., 1992) and has been revealed by using the cueing tech-
Word production (WP) 74 36 nique, \INhIC'h cl:onsE,tsI fcl)f comparlrllg Wc(j)r_d przductlog durl;
Related words (RW) 118 47 ing a classical verbal fluency task and in a directed task.
Switches —06 08 During this last version, the participants had to generate as

many words as possible belonging to a specific category,
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and every 20 s the investigator provided a more specifimnderlying cognitive mechanisms, however, calls for com-
type of item within that category. ment. First, the schizophrenic patient’'s qualitative use of
Joyce et al. (1996) found that this procedure, external aidwitching and clustering was the same as the healthy con-
with clustering, improved semantic fluency in 80% of schizo-trol’s, but the quantitative performance was altered in the
phrenic patients. In addition to the clustering mechanism, ischizophrenic patients. It is important to identify the nature
is necessary to assess the functioning of semantic memorgf the failure, as the verbal fluency test is nonspecific, and
which refers to stored, impersonal information that in-a quantitative deficiency in this test is found in other con-
cludes, in particular, knowledge of words and their mean-ditions (Caine et al., 1984; Cassens et al., 1990; Franke
ings (Tulving, 1983). Several studies have shown thaktal., 1993; Hart et al., 1987; Speedie et al., 1990; Trichard,
semantic memory is affected in schizophrenia (Chen et al1995). Results of another study using the same methodol-
1994; Cutting & Murphy, 1988; McKay et al., 1996). We ogy (Lafont et al., in press) in 16 depressive patients and 11
did not assess this component here, as it has been showontrols indicates that, in a semantic fluency test, depressed
that semantic fluency performance is unrelated to perforindividuals are deficient in switching but not in clustering.
mance in the Boston Naming Test, suggesting that impaire@his suggests that deficient performance in a verbal fluency
verbal fluency in schizophrenia is not due to an impover-test is not always due to concomitant involvement of initi-
ished store of words but rather to a failure to access the s&tion and organization processes as in schizophrenia. Sec-
mantic store efficiently. ond, a knowledge of the use of these mechanisms is valuable
Table 3 indicates that clustering was significantly morefor individual patient management. Indeed, it is useful to
important during the semantic tasks than during the phoneevaluate, in a given patient, the respective importance of
mic tasks, in both the schizophrenic and control groups. Thishe deficiencies in the initiation and organization processes
could be due to a methodological problem corresponding tso as to adapt rehabilitation by focusing on the least altered
the difficulty of identifying phonemic strategies but also to function.
a structural aspect of the phonemic fluency task, which uses In summary, this study confirms that switching and clus-
the clustering strategy less but requires direct synergy beering in normal individuals are strongly related to the total
tween switching and the lexical stock. One could compareaumber of words generated during verbal fluency tasks, in-
this to searching differently for information in a dictionary dicating that they reflect important underlying cognitive pro-
and a catalogue of products classified by the type of articlecesses. The role of the two components is partly dependent
The fact that switching is the most clearly identifiable mech-on the specific fluency task. Switching is prevalent in pho-
anism in the formal fluency task does not necessarily meanemic fluency, while both switching and clustering partici-
that it is less important in the semantic fluency task, whichpate in semantic fluency. Close examination of clustering
requires the use of the two mechanisms, both separately arahd switching scores provides information on mental initi-
together. Indeed, closely alternating use of the two mechaation and organization. In comparison to healthy controls,
nisms implies more complex regulation than that resultingschizophrenic patients show an impairment of switching in
from automatic functioning of a single mechanism. Itis thusformal fluency and of both switching and clustering in se-
conceivable that the external initiation process is a more memantic fluency.
tally demanding task during the semantic fluency test. It is
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Appendix

SCORING RULES FOR CLUSTERING Clustering in Semantic Fluency
AND SWITCHING Clusters in semantic fluency trials consisted of the following:
Clustering in Phonemic Fluency 1. Atleast three successively produced words belonging to

Clusters in phonemic fluency trials consisted of succes- the same semantic subcategory, such as listed below.

sively produced words that shared any of the following pho-2. At least two successive words commonly used in prov-
nemic characteristics: erbs or in titles of well-known fables (e.glpg—cat as

. . o in “raining cats and dogs,” aerow—foxandwolf-lamb
1. First letters: at least three successive words beginning \yhich are pairs of words occurring in fables by Jean de

with the same two letters such gwrick, prism, prison.” Lafontaine).
2. Vowel soundat least two successive words that differed
only by a vowel sound, such asi$e, ose, ouse.” Semantic Subcategories in the Animal

3. Homophones: at least two successive words with the sama/ord Trial

oral shape but with different spellings, such as “some, _
" * Farm animals:

sum. .
Farmyard animals
Quadrupedes
Example of Phonemic Instance Generation Gallinaceae
and Scorlng Herd animals
“Paper, powerproduct profanation professionprogress  ° Aqlgigﬂf: animals:
pig, pillow, poison. Sea fish
. Coarse fish
* Word production (WP) 9 Sea mammals
e Semantic clusters 0 Shellfish
e Phonemic clusters 1 * Birds:
. Birds of prey
Related words (RW¥ 4 Pet birds
e Switches (WP- RW) + number of clusters- (9 — 4) + Sea birds
1=6. Migrating birds
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» Deer family:
Deer family animals of the forest
Deer family animals of the frozen north

* Insects:
Stinging insects
Skin parasites

* Reptiles:
Crocodiles

» Big game:
Monkeys
Mountain mammals
Gnawing animals
Ice floe animals
Equidae
Bovidae
Pets
Bears
Predators and prey
Game animals
Creeping animals
Pig family

Example of Animal Name Category Instance
Generation and Scoring

“Dog, cat, monkey,hen rooster, goose whale,fly, cock-
roach, black beetle snake,pigeon gull, nightingale ca-
nary.”

* Word production (WP) 15

* Semantic clusters 4

* Phonemic clusters 0
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* Related words (RW¥ 12

e Switches (WP— RW) + number of clusters= (15 —
12)+4=7

Semantic Subcategories for the Fruit
Category, Commonly Generated
Subcategories

 Dried fruit
* Red fruit
» Exotic fruit

o Citrus fruit

Example of Fruit Name Category Instance
Generation and Scoring

“Orange, lemon grapefruit banana, plum,
grape,date fig, almond peach, apricot,
pineapple, avocaddlackberry cherry,
strawberry”

» Word production (WP) 16
¢ Semantic clusters: 3
¢ Phonemic clusters 0

¢ Related words (RW¥ 9

Switches (WP- RW) + number of clusters: (16 — 9) +
3=10
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