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Category fluency in Croatian-speaking patients with first-episode psychosis 

with schizophrenia features/symptoms 

 

Despite extensive research, the picture of lexical-semantic deficits in schizophrenia remains to be illuminated. 

Furthermore, research in first-episode psychosis with schizophrenia features/symptoms is lacking. By using the 

verbal fluency paradigm, it has recently been proposed that lexical-semantic deficits in schizophrenia might be 

caused by increased neural noise, resulting in stronger competition during lexical selection. The study recruited 22 

first-episode psychosis (FEP) patients diagnosed with an acute schizophrenia-like psychotic disorder or acute 

polymorphic psychotic disorder with symptoms of schizophrenia according to ICD-10 criteria and 22 matched 

control subjects. Subjects were administered the category fluency task using two lexical-semantic categories: 

animals and trees. We hypothesized that (1) the patients would produce significantly fewer clustered words and 

significantly smaller clusters compared to control subjects and that (2) the patients would have a significantly higher 

switching score compared to control subjects. Our hypotheses were confirmed only in the animal fluency task, while 

no differences were observed in tree fluency. Our results indicate that there are disproportionate deficits in the 

animal and tree fluency tasks. FEP patients produced significantly fewer clustered words and significantly smaller 

clusters while also having a significantly higher switching score compared to HS in animal fluency, implying that 

FEP patients had difficulties in maintaining attention to a particular lexical-semantic subcategory. Furthermore, our 

results suggest that neural noise possibly depends on the automaticity of links between concepts in the given lexical-

semantic category. Our results also show that FEP patients display dysfunctional connectivity in the mental lexicon. 

                                                
* Corresponding author. 

Petar Gabrić, Clinical Linguistics, Institute for German Linguistics, Philipps University of Marburg, 

Pilgrimstein 16, 35032 Marburg, Germany 

E-mail address: petar.gabric@uni-marburg.de or petar.gabric1@gmail.com 



THIS IS A CORRECTED PROOF (UNEDITED). SADLY, WE ARE NOT ALLOWED TO 
PUBLICLY SHARE THE PUBLISHED VERSION. IF YOU WOULD LIKE THE PUBLISHED 
VERSION, PLEASE CONTACT THE AUTHORS. 

 

 

lexical-semantic processing, verbal fluency, schizophrenia, first-episode psychosis, lexical access 

 

 

1 Background 

 

Linguistic processing has recently become a valuable topic in studying schizophrenia which is 

unsurprising given that abnormal language use is seen as a clinical manifestation of thought 

disorder (Kuperberg and Caplan 2003: 444), especially formal thought disorder (Covington et al. 

2005: 86). However, the clinical picture of linguistic deficits in schizophrenia is not consistent 

across the population and it is likewise unclear if the deficits are due to specific deficits in the 

linguistic system or if they are a byproduct of impairments in other cognitive domains 

(Covington et al. 2005: 86). 

 

 

1.1. Lexical-semantic processing in schizophrenia 

 

Studies of linguistic deficits in schizophrenia have been primarily focused on lexical-semantic 

and pragmatic processing (Kuperberg and Caplan 2003: 449). Already Bleuler (1911: 10) 

believed that “unusual and often logically false” associations were at the basis of schizophrenia 

symptoms. These early assumptions have shaped the research on lexical-semantic deficits in 

schizophrenia, which has been particularly concentrated on the nature of loose associations in 

language production in schizophrenia. One of the major theories accounting for such 

impairments is the far-spreading activation theory (Spitzer 1997) which suggests a high 

competition during lexical selection between concepts that are loosely linked to the stimulus. 

Spitzer (1997) showed that patients with schizophrenia display a significant effect of indirect 

semantic priming in a lexical decision task with short stimulus-onset asynchronies, whereas 

healthy subjects (HS) do not. Recently, a similar hypothesis based on increased neural noise has 

been proposed by Berberian et al. (2016) using a verbal fluency paradigm. Nevertheless, the 

nature of lexical-semantic deficits in schizophrenia remains to be elucidated. 
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1.2. Category fluency as a measure of lexical-semantic processing 

 

Verbal fluency tests are commonly used in neuropsychological assessment, clinical practice and 

research. One of the most widely used verbal fluency paradigms is the category fluency which 

seeks of the subject to name as many members of a given lexical-semantic category (e.g. 

animals) in limited time (most often in one or two minutes) as possible. Studies using category 

fluency in pathological populations were mainly trying to determine whether the access to the 

mental lexicon has been damaged or whether there is deterioration or disorganization of the inner 

structure of the mental lexicon. However, the picture appears to be much more complex. 

Furthermore, although verbal fluency is a linguistically context-free task, it is still unclear 

exactly which aspects of lexical-semantic processing are being observed. Therefore, further 

investigations are needed to clarify the nature of cognitive mechanisms involved in verbal 

fluency. 

Verbal fluency test results have long been interpreted almost exclusively using the total number 

of produced words. However, Troyer et al. (1997) developed a model proposing that subjects 

engaged in a verbal fluency task employ two cognitive mechanisms: clustering and switching. 

Troyer and colleagues observed that subjects tend to produce words in groups or clusters in 

which all words belong to the same lexical-semantic subcategory (e.g. birds) of the given 

category (e.g. animals). Switching relates to the change of the selected lexical-semantic 

subcategory of the given category which is held in attention. For example, if a subject names the 

following animals in the following order lion, tiger, fly, crocodile, alligator, snake, the 

researcher will note two clusters (wild cats and reptiles) and a switching score of three because 

the subject accessed and searched through three different lexical-semantic subcategories of the 

given category. Troyer and Moscovitch (2006: 144) propose that clustering is better described as 

an automatic process, while switching would be a more controlled process. 

 

 

1.3. Category fluency in schizophrenia and first-episode psychosis with schizophrenia 

features/symptoms 
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Studies of category fluency have consistently shown significantly less total words produced in 

patients with schizophrenia compared to HS (Berto and Galaverna 2016; Elvevåg et al. 2002; 

Joyce et al. 1996; Phillips et al. 2004). However, clustering and switching results have been 

variable. Robert et al. (1998) used the lexical-semantic categories animals and fruits in French-

speaking subjects and reported that schizophrenia patients had significantly fewer clustered 

words and a significantly smaller switching score. However, Robert et al. (1998) did not include 

the total number of words as a covariate in their statistical analyses. Interestingly, the total 

number of words and the number of clustered words were significantly negatively correlated 

with scales for the assessment of positive and negative symptoms. Bozikas et al. (2005) tested 

the categories animals, fruits and objects in Greek-speaking subjects. They note significant 

impairments in both mechanisms which, however, disappeared after controlling for the total 

number of words. Berberian et al. (2016) discovered in their study with Portuguese-speaking 

subjects significantly fewer clustered words and worse switching in schizophrenia patients, but 

the difference remained only in the number of clustered words after controlling for the total 

number of words. 

Berberian et al. (2016) further suggest that verbal fluency deficits in schizophrenia may be 

attributed to increased neural noise during lexical access. Neural noise can be described as the 

strong competition of units during lexical selection which are insufficiently inhibited, translating 

into a lower signal-to-noise ratio. Healthy populations are able to differentiate between the target 

and distractors, while schizophrenia patients are not. Berberian et al. (2016: 121) also point out 

that patients might be particularly susceptible to neural noise when more automatic retrieval 

processes are called for because more inter-conceptual links are activated. Interestingly, the same 

authors believe that automaticity of links in a particular lexical-semantic category determinedly 

facilitates verbal fluency performance. Thus it can also be assumed that different lexical-

semantic categories will show variable impairments in schizophrenia because the categories in 

the mental lexicon vary in the automaticity of their links and retrieval processes. The model 

hence predicts that schizophrenia patients will produce fewer clustered words and smaller 

clusters, and consequently fewer total words compared to HS. Furthermore, because the patients 

will have difficulties in maintaining attention to a particular lexical-semantic subcategory, the 

model supposes that they will produce more independent words and have a higher switching 
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score compared to HS. In light of this proposed model it is notable that general dysfunction in 

neural connectivity has already been reported in schizophrenia (Agcaoglu et al. 2017). Returning 

to the results of the studies, Bozikas et al. (2005) and Berberian et al. (2016) assumed that 

schizophrenia patients employed the same cognitive mechanisms as HS in solving the task. 

Additionally, Elvevåg et al. (2002) suggested that significantly worse overall scores in verbal 

fluency, despite the preservation of the two cognitive mechanisms, might be explained by 

general slowing of semantic processing in schizophrenia. 

Studies on lexical-semantic processing in first-episode psychosis (FEP) with schizophrenia 

features/symptoms are lacking. Because FEP patients demonstrate worse results on 

neuropsychological assessments compared to HS in a similar degree as chronic schizophrenic 

patients, the onset of deficits is suggested to be before or immediately after the first psychotic 

episode (Mesholam-Gately et al. 2009). Research using category fluency has revealed that FEP 

patients systematically produce fewer total words compared to HS (Blessing et al. 2009; Chou et 

al. 2015; Nuyen et al. 2005). Giovannetti et al. (2003) is the only study we encountered that 

employed a clustering analysis. They demonstrated using animal fluency that patients produced 

significantly fewer clustered words compared to HS, but there were no differences in cluster size. 

In the same study, patients diagnosed with left medial temporal lobe epilepsy had significantly 

smaller clusters than HS. However, Giovannetti et al. (2003) did not include the total number of 

words produced as a covariate in their statistical analyses. Furthermore, a switching analysis was 

not reported. Therefore, further research on category fluency in FEP is needed. 

 

 

2 Aims and hypotheses 

 

The aim of this study was to investigate category fluency in Croatian-speaking FEP patients. The 

specific aim of the study was to explore whether category fluency deficits in FEP and by 

extension schizophrenia can be accounted for by the neural noise model of Berberian et al. 

(2016). Firstly, we hypothesized that FEP patients would have significantly fewer total words 

compared to HS. Secondly, we hypothesized that FEP patients would have significantly fewer 

clustered words and significantly smaller clusters compared to HS. Thirdly, we hypothesized that 
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FEP patients would produce significantly more independent words and have a significantly 

higher switching score compared to HS. 

 

 

3 Methodology 

 

3.1. Subjects 

 

The study recruited 29 patients diagnosed with an acute and transient psychotic disorder (F23) 

according to ICD-10 criteria from the University Psychiatric Hospital “Vrapče” of the University 

of Zagreb School of Medicine and 29 control subjects without prior histories of psychiatric and 

neurological disorders, matched with the patients in sex, age and handedness. Ethical approval 

for the study was obtained by the Ethical Committee of the University Psychiatric Hospital 

“Vrapče” (no. 23-305/8-18). All subjects signed an informed consent form. 

After the testing, four patients were excluded from analyses as they had already experienced 

another psychotic episode prior to the study. One patient whose first-episode psychosis onset was 

ten months before the testing was also excluded as were two patients whose clinical presentation 

did not show any symptoms of the schizophrenia-spectrum (diagnoses F23.0 and F23.8). Finally, 

22 patients were included in the study. The number of control subjects was further matched with 

the number of the patients, meaning that 22 control subjects were included in the analyses. 19 

patients were diagnosed with an acute schizophrenia-like psychotic disorder (F23.2) and three 

patients were diagnosed with an acute polymorphic psychotic disorder with symptoms of 

schizophrenia (F23.1). The average age of the patients was exactly 23 years (SD=4.24). 14 

patients were male. 21 patients self-reported being right-handed and only one patient reported 

being left-handed. Average time after the first episode was exactly one month (SD=1.51). 20 

patients had finished secondary education and two had finished higher education. All patients 

were receiving antipsychotic treatment. The average daily dose of antipsychotics expressed in 

chlorpromazine equivalents was 422.40 mg (SD=195.47). 15 patients were receiving 

concomitant psychopharmacological therapy. All patients who were receiving concomitant drugs 

were receiving benzodiazepines. Six patients were receiving anticholinergics. Finally, two 
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patients were receiving mood stabilizers, just as it was the case with antidepressants and 

hypnotics. 

 

 

3.2. Category fluency assessment 

 

Two category fluency tasks were administered using two lexical-semantic categories: animals 

(AF) and trees (TF). The subjects were told to name as many members of a given category in 60 

seconds as they could. The subjects’ words were audio recorded and subsequently transcribed for 

analyses. Six dependent variables were used in the analyses: total number of produced words, 

number of clustered words, number of clusters, number of independent words, switching score 

and cluster size. Clusters were defined as groups of at least two successive words belonging to 

the same lexical-semantic subcategory of the given category. Independent words were non-

clustered words. Switching score was calculated as NTOTAL WORDS - NCLUSTERED WORDS + 

NCLUSTERS (Berberian et al. 2016: 122). Cluster size was calculated as the ratio of the number of 

clustered words and number of clusters. 

 

 

3.3. Statistical analyses 

 

Statistical analyses were conducted using SPSS. Normality of distribution was tested using the 

Shapiro-Wilk test. The paired samples Student t-test was used for comparison between the two 

fluency tasks within groups together with the nonparametric Wilcoxon signed-rank test. For 

group comparisons an analysis of covariance (ANCOVA) was carried out with the total number 

of words used as a covariate. Repeated measures ANOVA was used to test the effect of the given 

lexical-semantic category. Correlation analysis and the Pearson chi-square test were used for 

independent variables. Where the assumptions for the Pearson chi-square test were not met, 

Likelihood Ratio was reported. 

 

 

4 Results 
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4.1. Healthy subjects 

 

There were no significant correlations between age and any of the category fluency variables. 

A comparison between the two category fluency performances revealed that the HS produced 

significantly more total words, correct words, clusters and clustered words as well as larger 

clusters in AF compared to TF. Furthermore, the switching score was significantly higher in AF. 

There were no significant differences between the two tasks in the number of independent words. 

 

 

Table 1. Comparison between the two category fluency tasks in HS. For the Student t-test, the 

effect size is given by Cohen’s d. For the Wilcoxon, the test effect size is given by the matched 

rank biserial correlation. 

 

 

4.2. Patients 

 

Number of months after the first psychotic episode was significantly negatively correlated with 

the daily antipsychotic dose (r=-0.585, n=22, p=.004). In AF only age was significantly 
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negatively correlated with total words (r=-0.508, n=22, p=.016), correct words (r=-0.515, n=22, 

p=.014) and switching score (r=-0.451, n=22, p=.035). 

Comparison between the two category fluency performances revealed that the patients performed 

significantly better in AF compared to TF as seen in all the measured variables. Patients 

produced significantly more total words, correct words, clusters and clustered words as well as 

larger clusters in AF compared to TF, just as it was in HS. Patients produced significantly more 

independent words in AF as opposed to TF, whereas there were no differences in HS. 

 

 

Table 2. Comparison between the two category fluency tasks in the patient group. 

 

 

4.3. Group comparisons 

 

In AF FEP patients produced significantly fewer total words, correct words, clusters and 

clustered words compared to HS. FEP patients further produced significantly smaller clusters. 

However, no significant differences between the two groups were observed in the number of 

independent words and switching score. After controlling for the number of total words, the 

difference in the number of clusters disappeared while the difference in the switching score 
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proved to be significant. Because 57.50% of words that the patients produced were counted as 

switches, and in the HS group this rate was at 44.50%, this suggests that FEP patients produced 

more switches compared to HS, when we control for the total number of words produced. No 

other changes emerged in the results. 

 

 

Table 3. Group comparisons in AF. 

a Total words, correct words and the switching score were calculated by inserting age as a 

covariate due to the aforementioned significant correlations. 

 

In TF FEP patients produced significantly fewer correct words, clusters and clustered words 

compared to HS. The patients also had a significantly lower switching score. No significant 

differences between the groups were found in cluster size and the number of independent words, 

with the p-value being marginally insignificant for the number of independent words. After the 

analysis of covariance had been conducted, all significant differences disappeared. 
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Table 4. Group comparisons in TF. 

 

Because the results appeared disproportionate across the two fluency tasks, we conducted 

Repeated measures ANOVA on the fluency variables. There was a significant effect of the 

lexical-semantic category on the total number of words (controlling for age, F1,41=10.04, p=.003, 

η2=0.183), number of correct words (F1,42=137.43, p<.001, η2=0.751), number of clusters 

(F1,42=70.43, p<.001, η2=0.625), number of clustered words (F1,42=112.67, p<.001, η2=0.688) 

and switching score (F1,41=6.90, p=012, η2=0.134). A significant interaction between group and 

task was found only in the number of clustered words (F1,42=9.17, p=.004, η2=0.056), while 

cluster size was marginally insignificant (F1,42=3.47, p=.070, η2=0.077). 

 

 

5 Discussion 

 

As anticipated our results show that FEP patients demonstrate a deficit in animal fluency, as 

previous research has shown in both FEP (Giovannetti et al. 2003; Pauselli et al. 2018) and 

chronic schizophrenia (Berberian et al. 2016; Chen et al. 2000; Paulsen et al. 1996; Phillips et al. 
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2004; van Beilen et al. 2004), but also e.g. in patients with ultra high risk for psychosis (Becker 

et al. 2010). Our results suggest that the animal fluency deficits in schizophrenia originate no 

later than during the first month after the first psychotic episode. When combined with the results 

of Becker et al. (2010) it is probable that animal fluency deficits originate even before the first 

episode. In the tree fluency task, a fluency task which we did not encounter in previous studies, 

no significant differences were observed between FEP patients and HS after controlling for the 

total number of words. Thus, our results suggest that FEP patients exhibit disproportionate 

deficits in the two fluency categories. Although no differences between the groups were 

observed in TF after covariance analysis, in the raw data significant differences were discovered 

in all variables apart from cluster size and the number of independent words. Hence, some TF 

deficits are extant in FEP, but they do not seem related to the clustering and switching 

mechanisms of category fluency (e.g. Troyer et al. 1997). Moreover, the fact that FEP patients 

were not impaired in the number of clusters in both categories and that their switching score was 

significantly higher than in HS in AF and not significantly different in TF, it can be assumed that 

both HS and FEP patients were employing the clustering and switching mechanisms, with 

patients being less efficient. This supports the results of previous research (Berberian et al. 2016; 

Bozikas et al. 2005). 

Our results tentatively support the hypothesis of neural noise in verbal fluency proposed by 

Berberian et al. (2016). According to the model, our results would suggest in general that there 

was significant neural noise in the patient group in the lexical-semantic category animals, but not 

in trees. As predicted by the model, our results propose that in animal fluency FEP patients, and 

by extension schizophrenia patients, would not be able to thoroughly search through a particular 

lexical-semantic subcategory and that they would quickly pass on to the next. While this does not 

necessarily impede the clustering mechanism, as only two words were needed to build a cluster 

in our study, it considerably restricts its size. Accordingly, FEP patients had significantly fewer 

clustered words and significantly smaller clusters in AF compared to HS. Secondly, because 

schizophrenia and presumably FEP patients have difficulties with continuing their search 

through a particular subcategory, it can be expected that they will produce switches more often 

compared to HS. This proposition is supported by our results. FEP patients had a significantly 

higher switching score in AF after controlling for the total number of words. 
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Finally, our results support the notion that more pronounced category fluency deficits in FEP and 

schizophrenia are expected when automatic retrieval processes are called for. Since both groups 

produced significantly more total words, clusters and clustered words in AF compared to TF, we 

can assume that compared to the category trees the category animals contains significantly more 

inter-conceptual links, some of which had likely been automatized, i.e. hard-wired. This suggests 

that the category animals might rely on more automatic retrieval processes compared to trees. 

Our results indicate that FEP patients predominantly show a deficit in clustering, and because 

more automatized categories make greater use of clustering during category fluency, poorer 

results in a category like animals would therefore be expected. Additionally, significant 

interaction between group and fluency task in the number of clustered words indicates 

disproportionate clustering deficits in AF and TF. Nevertheless, because there were no 

differences in the number of clusters between groups in AF, we can assume that at least some 

functional lexical-semantic connectivity is extant in this category. These results show that the 

picture of category fluency deficits, but also lexical-semantic deficits in general, in FEP is a 

complex one. Further research which will include more lexical-semantic categories is needed to 

clarify the nature of these deficits. 

 

 

6 Conclusion 

 

The present study recruited 22 patients diagnosed with either F23.1 or F23.2 according to ICD-

10 criteria and 22 matched control subjects. We administered category fluency using the lexical-

semantic categories animals and trees. Firstly, our results show that FEP patients display 

disproportionate deficits in animal and tree category fluency. No differences in tree fluency were 

observed after controlling for the total number of words produced. Secondly, our results suggest 

that animal fluency deficits are present in FEP at least until the end of the first month after the 

first psychotic episode. Thirdly, we show that the neural noise model proposed by Berberian et 

al. (2016) can explain animal fluency deficits in FEP and by extension schizophrenia. FEP 

patients produced significantly fewer clustered words and significantly smaller clusters while 

also having a significantly higher switching score compared to HS in animal fluency, implying 

that FEP patients had difficulties in maintaining attention to a particular lexical-semantic 
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subcategory. Finally, our results suggest that neural noise possibly depends on the automaticity 

of links between concepts in the given lexical-semantic category. Our results mainly support an 

animal fluency clustering deficit in FEP even though we showed that both groups employed the 

clustering mechanism whereby the patients were less effective. We conclude that FEP patients 

display dysfunctional connectivity in the mental lexicon. 
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