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Abstract

Verbal fluency deficits are commonly observed in patients with schizophrenia. The role of
executive functions is still a topic of critical debate, although other neuropsychological do-
mains, e.g. attention, working memory and verbal intelligence, may also influence verbal
fluency task performance. Furthermore, some studies report semantic fluency dysfunctions
suggesting particular semantic access deficits, while others report regular patterns of ver-
bal fluency task performance, with better performance in semantic fluency as compared to
lexical fluency, suggesting general retrieval difficulties. In addition, formal thought disorder
symptomatology is often associated with reduced verbal fluency performance. To further
address these issues of verbal fluency deficits in schizophrenia, patients with schizophrenia
(n=50) as well as a healthy control group (n=36) were recruited and tested according to the
aforementioned neuropsychological parameters and both semantic and lexical fluency. Re-
sults indicate that executive dysfunctions are associated with verbal fluency performance
particularly in the lexical fluency domain. Furthermore, a strong relationship was found be-
tween sustained-attention deficits and both semantic and lexical fluency, indicating that
verbal fluency deficits in general are mainly driven by attention dysfunctions rather than ab-
errations in the executive domain. Results showed that patients with schizophrenia did not
perform differently for letter vs. semantic fluency. Furthermore, controlling for attention, the
results suggest that formal thought disorder symptomatology is unrelated to performance
on verbal fluency. Taken together, impaired attention drives the decreased performance in
verbal fluency tasks in patients with schizophrenia.
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1. Theoretical background

Deficits in verbal fluency performance are commonly observed in patients with
schizophrenia (Bokat & Goldberg, 2003; Henry & Crawford, 2005). The two
most common verbal fluency tasks are the semantic (or category) fluency task,
in which participants are asked to generate as many words as possible belong-
ing to a specific semantic category, and the lexical (or letter) fluency task, in
which participants are asked to generate as many words as possible belonging
to a specific initial letter or initial phoneme. Literal repetitions are not allowed
in either task, and word-stem repetitions and proper names are off limits in the
lexical fluency task. The given time window, which is between one and five min-
utes, varies among the different studies (Mitrushina, Boone, Razani & D’Elia,
2005; Raboutet, Sauzéon, Corsini, Rodrigues, Langevin & N’Kaoua, 2010). From
a neuropsychological perspective, verbal fluency “has been commonly viewed
as a component of executive function” (Mitrushina et al., 2005:202). However,
the particular role of executive functions - in this context it is often referred
to as “dysexecutive syndrome” (Thai, Andreassen & Bliksted, 2019) - on ver-
bal fluency task performance is still a topic of critical debate. Other cognitive
domains, such as attention, but also working memory and verbal intelligence,
may also influence task performance. On a linguistic level, verbal fluency in-
volves both efficient word retrieval processes and intact access to semantic or
orthographic representations (Shao, Janse, Visser & Meyer, 2014; Stielow, 2017).
With regard to patients with schizophrenia, semantic fluency dysfunctions were
reported (Bokat & Goldberg, 2003; Henry & Crawford, 2005), suggesting partic-
ular semantic access deficits. In this context, category switching and clustering
performance was found to be aberrant (Allen, Liddle & Frith, 1993; Elvevag,
Fisher, Gurd & Goldberg, 2002), supporting the view that semantic organization
within the lexicon is impaired. On the other hand, some patient studies also
report regular patterns of verbal fluency task performance, with better perfor-
mance in semantic fluency than in lexical fluency (Barrera, McKenna & Berrios,
2005; Docherty, Berenbaum & Kerns, 2011; Doughty & Done, 2009), suggesting
general retrieval difficulties. These differences may be driven by the presented
stimuli per se (large [e.g. ‘animals’] vs. small [e.g. ‘professions’] semantic or lex-
ical fields) as well as by the given time window. Other influencing factors are
associated with certain search strategies such as mental imagery (e.g. walking
through a zoo) and the presence of formal thought disorder symptomatology.
Formal thought disorder is used as a collective term to describe dysfunctions
in the formal production or perception of the patients’ language, e.g. persevera-
tion or derailment (Kircher et al., 2014; Nagels et al., 2016). Traditionally, a dis-
tinction has been made between positive and negative formal thought disorder
dimensions. Positive formal thought disorder is associated with disorganized
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language output, whereas negative formal thought disorder - often referred to
as alogia or poverty of speech - is associated with reduced speech and language
output. Verbal fluency deficits have been found in both negative (Joyce, Col-
linson & Crichton, 1996) and positive formal thought disorder (Goldberg, Aloia,
Gourovitch, Missar, Pickar & Weinberger, 1998). Docherty et al. (2011) showed
that negative formal thought disorder was related with poor controlled retrieval
on semantic fluency whereas positive formal thought disorder was related with
poor context processing on letter fluency. In contradiction, Egeland, Holmen,
Bang-Kittilsen, Bigseth and Engh (2018) reported that positive symptoms were
positively related to semantic fluency, suggesting “that this may be due to more
efficient spread of associations” (p. 38).

Taken together, many domains seem to affect verbal fluency performance in
patients with schizophrenia. The purpose of the current investigation is to iden-
tify neuropsychological correlates underlying verbal fluency deficits in schizo-
phrenia and to examine semantic and lexical fluency performance in patients
with schizophrenia compared to healthy controls. In addition, it investigates
whether positive and negative formal thought disorders influence verbal fluency
performance.

2. Methods
2.1. Participants

This study included 50 in- and outpatients diagnosed with schizophrenia (F20.x;
12 females and 38 males; mean age 35.5 years, SD = 11.2) (ICD-10) aged be-
tween 19 and 60 years. In- and out-patients were recruited and interviewed at
the Department of Psychiatry and Psychotherapy, Philipps University Marburg.

A group of 36 age-matched healthy participants (22 females and 14 males;
mean age 36.6 years, SD = 11.3) aged between 18 and 59 years was recruited by
means of newspaper advertisements.

2.2. Procedure
Clinical Assessment Procedure

Positive formal thought disorder was measured using the Scale for the Assess-
ment of Positive Symptoms (SAPS) (Andreasen, 1984a). The dependent measure
was the subscale score for positive formal thought disorder (subscale IV).

Negative formal thought disorder was measured using the Scale for the As-
sessment of Negative Symptoms (SANS) (Andreasen, 1984b). The dependent
measure was the subscale score for alogia (subscale II).
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Verbal Fluency Assessment Procedure

Verbal fluency performance was assessed using semantic and lexical fluency
tasks (Aschenbrenner, Lange & Tucha, 2000). For the semantic fluency task, the
participants were instructed to generate as many words as possible beginning
with the semantic category animals within one minute. In the lexical fluency
task, the participants were instructed to generate as many words as possible be-
ginning with the letter p within one minute. The dependent measure for both
verbal fluency tasks was the number of correctly generated words, excluding
repetitions, and rule-breakings.

Neuropsychological Assessment Procedure

The participants’ executive functioning abilities were assessed using the Trail
Making Test (TMT), parts A and B (Reitan, 1958). In task A, the participants
were instructed to connect numbers in ascending order (e.g. 1-2-3). In task B,
the participants were instructed to connect numbers and letters alternately (e.g.
1-A-2-B). The participants were asked to finish task A and task B as quickly as
possible. The dependent measure was the difference in seconds between the du-
ration of parts A and B.

The D2 test of attention (Brickenkamp, 2002), a paper-and-pencil test, was
used to assess the participants’ sustained and selective attention processes. The
participants were asked to mark any letter d with two apostrophes (d”) and ne-
glect distractors similar to the target stimulus (e.g. d’). The dependent measure
was the raw score of the concentration performance parameter.

The participants’ working memory was assessed using the digit span back-
wards task taken from the Wechsler Memory Scale (WMS) (Wechsler, 1987). In
the backwards task, the participants were instructed to memorize and reproduce
a sequence of digits in the reverse order. The dependent measure was the raw
score of the digit span backwards task.

The MWT-B (Lehrl, 1989), a multiple-choice vocabulary test, was used to as-
sess the participants’ verbal intelligence. The participants were asked to identify
the correct written word from a list including distractors similar to the target
word. The dependent measure was the raw score of all 37 correctly identified
words.

All participants completed all tests with the following exceptions. One patient
with schizophrenia failed to complete the TMT, and one patient with schizo-
phrenia failed to complete the digit span backwards task.
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2.3. Data Analysis

The Statistical Package for Social Sciences (SPSS 25) software package was used
to perform all analyses. Dependent measures from the TMT, the D2 test, the
digit span backwards task, and the MWT-B were subjected to unpaired t-tests.
A Spearman’s correlation was computed between (a) the number of correctly
generated words in both semantic and lexical fluency tasks, and (b) the depen-
dent measures from the TMT, the D2 test, the digit span backwards task, and the
MWT-B as well as for the SAPS (subscale IV) and SANS (subscale II) subscale
scores. Whenever neuropsychological test performance was correlated with the
SAPS and SANS subscale scores, the effect of neuropsychological test perfor-
mance on other correlations was examined by performing partial correlation
coefficients. Semantic and lexical fluency data were analyzed with two-factor
analyses of variance (the factors group and condition) with repeated measures on
the second factor.

3. Results
3.1. Neuropsychological correlates underlying verbal fluency deficits

As shown in Table 1, the dependent measures of all neuropsychological assess-
ments (the difference score in seconds for the TMT, the raw score of the con-
centration performance parameter for the D2 test, the raw score of the digit
span backwards task, and the raw score of all correctly identified words on the
MWT-B) revealed statistically significant differences, indicating that the group
of patients performed significantly worse in all neuropsychological assessments
in comparison to the control group.

Table 1. Results of the neuropsychological assessments for patients with schizophrenia (PwS)
and healthy controls (HC).

PwS HC
TMT 60.9 (34.3) 29.0(15.3) t(70.51) =-5.78;
p <.001
D2 test 111.1 (36.8) 166.3 (38.0) t(84) =6.77; p < .001
Digit span backwards 55(1.6) 7.8 (2.0) t(83) =5.76; p <.001
MWT-B 27.5(5.6) 31.7 (2.8) 1(75.96) = 4.65;
p <.001

Note. Standard deviation is given in brackets. Additionally, the results of unpaired t-tests are given
in the right column. For the TMT, higher difference scores indicate poorer performance.

No evidence for a relationship between executive functions (r, = -.253, p =.079),
working memory task performance (r, = .106, p = .468) and verbal intelligence
(r, =.250, p = .080) and semantic fluency task performance was observed. Per-
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formance on executive functions (r, = -.322, p = .024), working memory task
performance (r, = .343, p =.016) and verbal intelligence (r, = .287, p = .043) were
significantly correlated with the number of correctly generated words only in
the lexical fluency task. A strong relationship was found between sustained-at-
tention deficits and both dimensions, semantic (r, = .443, p = .001) and lexical
fluency (r = .403, p =.004).

3.2. Verbal fluency performance in patients with schizophrenia

Regarding the number of correctly generated words (see Figure 1), an ANOVA
revealed a main effect of task (F[1, 84] = 335.56, p < .001) and group (F[1, 84] =
16.28, p <.001), showing that the group of controls generated significantly more
correct words than the group of patients and that both groups generated signifi-
cantly more correct words in semantic fluency than in lexical fluency. There was
no interaction effect between task and group (F[1, 84] = 1.96, p = .166).

s0d- - oo __ XK _ _ _ __ ___ _________] M Pws
Il HC

Correctly generated words

Semantic Fluency Lexical Fluency

Figure 1. Graphs showing performance on both semantic and lexical fluency (mean number
of correctly generated words) of the group of patients with schizophrenia (PwS)
and the group of healthy controls (HC).

3.3. Influence of formal thought disorder on verbal fluency

The SAPS subscale score for positive formal thought disorder was not signifi-
cantly correlated with the number of correctly generated words neither in the
semantic (r, = .079, p = .584) nor in the lexical fluency task (r = .102, p = .482).
The SANS subscale score for negative formal thought disorder was significantly
correlated with the number of correctly generated words in the semantic fluency
task (r, = -.420, p = .002) but not in the lexical fluency task (r, = -.251, p =.079).

Positive formal thought disorder was not significantly correlated with se-
lective and sustained attention (r, = -.198, p = .168) whereas negative formal
thought disorder was significantly correlated with selective and sustained at-
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tention (r, = -.352, p = .012). No significant correlations between positive and
negative formal thought disorder and executive functions, working memory
and verbal intelligence were found. A partial correlation was then computed
between subscale scores for negative formal thought disorder and performance
on semantic (r = -.152, p = .296) and lexical fluency (r = -.145, p = .321), con-
trolling for attention.

4, Discussion

The aim of the present study was to identify neuropsychological correlates under-
lying verbal fluency deficits in schizophrenia. The results indicate that executive
dysfunctions are associated with verbal fluency performance particularly in the
lexical fluency domain. Furthermore, a strong relationship was found between
sustained-attention deficits and both semantic and lexical fluency, indicating
that verbal fluency deficits in general are mainly driven by sustained-attention
dysfunctions rather than aberrations in the executive domains. Furthermore, the
current study showed that patients with schizophrenia did not perform differ-
ently comparing the relation of letter and semantic fluency. Previous research
had reported distinctly different findings, with studies reporting disproportion-
ate impairment on semantic fluency tasks and arguing for semantic rather than
executive difficulties (Bokat & Goldberg, 2003; Henry & Crawford, 2005) and
others reporting a normal pattern of verbal fluency task performance, with bet-
ter performance on semantic fluency than on lexical fluency, arguing for general
retrieval difficulties (Barrera et al., 2005; Docherty et al., 2011; Doughty & Done,
2009). These reported differences may be driven by the variety of the presented
stimuli as well as the presence of formal thought disorder symptomatology. Pre-
vious studies found verbal fluency deficits in both negative (Joyce et al., 1996) and
positive formal thought disorder (Goldberg et al., 1998), as well as contradicting
results, showing that positive symptoms were positively related to semantic flu-
ency (Egeland et al., 2018). Correlation analysis in the current study showed that
only negative formal thought disorder — often referred to as alogia or poverty of
speech — was adversely related with performance on semantic fluency. However,
controlling for attention, the results suggest that negative formal thought disor-
der are unrelated to performance on verbal fluency. In line with aforementioned
results, impaired attention drives the decreased performance in verbal fluency
tasks in patients with schizophrenia. However, it should be noted that it is chal-
lenging to determine tasks that properly test complex cognitive processes. This
issue requires future research using additional assessments before definitive con-
clusions can be made. Additionally, traditional diagnostic procedures of verbal
fluency output analyze responses with respect to the number of correctly gener-
ated words only. To identify the underlying problem of limited output in verbal
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fluency in schizophrenia, it might be beneficial to use additional procedures to
analyze word generation performance such as clustering and switching compo-
nent scores (Bozikas, Kosmidis & Karavatos, 2005; Egeland et al., 2018; Robert et
al., 1998) as well as temporal parameters (Docherty et al., 2011).

Limitations

Although this study provided detailed descriptions of a variety of factors, the
neuropsychological deficits found in schizophrenia vary depending on addi-
tional factors, such as on the effect of age, the effect of the duration and phase
of the illness, and the effects of medication. Additionally, there are a variety of
factors affecting cognition even in healthy control participants, such as the effect
of physical activity as well as the effect of possible use of alcohol or drugs, that
were not analyzed in the participants.
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