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ABSTRACT 

It is often noted that there is an overall decrease in cognition, especially in verbal fluency 

among Schizophrenia patients. The research points out at different mechanisms which are 

semantic disorganization, poor executive functioning and compromised psychomotor speed 

of processing that could potentially cause the underperformance of the patients when 

compared to healthy participants. The current review aims to examine the underlying 

mechanisms involved in deficits of verbal fluency in Schizophrenia, using qualitative aspects 

of the verbal fluency task, namely clustering and switching. The results are ambiguous and 

further research is necessary because of the varying methods used in different studies, 

however, recent research supports that overall reduced psychomotor speed of processing 

might be one of the major causes. 

Keywords: Verbal Fluency, Clustering, Switching, Semantic Organization, Executive 
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erbal Fluency can be defined as an individual’s ability to generate as many words as 

possible in a given amount of time, usually measured within one minute. It is one of 

the crucial cognitive domains to understand language and organization of one’s 

thinking (Estes, 1974). Broca’s Area in the left hemisphere of the brain is massively 

involved in verbal fluency and damage to this region may cause poor performance. 

According to Frith (1992), participants perform a self-directed search through their inner 

lexicon to retrieve words that belong to a designated category or phoneme for appropriate 

output involving the task. It is suggested that word fluency also involves functions like 

inhibition of words that do not conform to the rules of the task (Anderson, Levi, & Jacobs, 

2003) and mental set switching (Rende, Ramsberger, & Miyake, 2002). 

 

Verbal fluency can be divided into phonemic, semantic, written and action fluency (Lezak et 

al., 2012). Phonemic fluency is associated with frontal lobe functioning (Coslett et al., 1991) 

where the participant generates words from a given letter. On the other hand, semantic 

fluency is associated with temporal lobe functioning (Troyer et al., 1998) where the 
participant generates a word from a category. The third kind of fluency, the action fluency, 

participants are instructed to tell as many different things as they can think of, that people do 
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and was developed by Piatt, Fields, Paolo, et al. (1999). And for written fluency, the 

Thurstone Word Fluency task is used involving the subjects to write as many words 

beginning with the letter S as they can in five minutes, and then write as many four-letter 

words beginning with C as they can in four minutes. However, the most common form of 
fluency studies is based on phonemic and semantic fluency. Laws et al. (2010) has shown 

that compared to semantic fluency, phonemic fluency generates lesser examples. Yet the 

speed of generating animal names declines faster over time than phonemic fluency in 

cognitively normal adults (Clark et al., 2009). 

 

According to Troyer et. al (1997) the qualitative aspects of verbal fluency are two, namely 

clustering and switching. According to them clustering refers to the generation of words 

within a particular subcategory in a fluency task. i.e., clusters of semantically related words 

for semantic fluency tasks, or clusters of phonemically related words for letter fluency tasks. 

On the other hand, switching refers to the generation of words from a new subcategory.  

 

The aim is to study the literature specific papers that use clustering and switching to 

understand the probable underlying mechanisms involved in deficits of verbal fluency 

among Schizophrenia. On the basis of research poor performance in verbal fluency has been 

associated with several cognitive functions such as semantic organization of information in 

the memory store, mental speed of processing and accessing and retrieval of information 

from the memory store, which is associated with executive functioning. Several studies have 

supported either one of the causes for poor task performance.  

 

REVIEW 

Searching Strategy 

In this systematic review studies were included if they involved (a) at least one objective 

measure of verbal fluency performance assessing one or more of the following domains: 

phonemic, semantic (b) measured the clustering and/or switching in verbal fluency. 

Exclusion criteria were (a) quantitative studies on verbal fluency, (b) studies that did not 

have a schizophrenia or schizoaffective adult patient study group, (c) studies not having a 

control group, (d) studies that were not available in English. Keywords or group of 

keywords used for the search include verbal fluency, clustering, switching, executive 

functioning, semantic memory and psychomotor speed (among people suffering from 

Schizophrenia) on online database platforms like Mendeley, PubMed and Google Scholar.  

 

The studies were screened by reading through the entire article and choosing the work that 

involved different methods of measuring clustering and switching in verbal fluency among 

Schizophrenia patients. Information retrieved from eligible studies included study design, 

sample sizes of control and patient groups, measures used for group matching, cognitive 

assessments performed, type of analysis and significant findings. Due to the varying 

outcomes, the studies were separated into three groups namely semantic organization, 

executive functioning and psychomotor speed of processing.  

 

A total of 82 potentially relevant articles were identified. Duplicates were removed and the 

abstracts were then read to identify manuscripts that described studies looking at the 

qualitative aspects of verbal fluency in schizophrenia and met the inclusion and exclusion 

criteria. Of the 38 articles identified independently, 14 were included in this systematic 

review. 
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REVIEW 

Semantic Organization in Memory 

Out of the fourteen studies, two suggest that there is a semantic disorganization that leads to 

poor verbal fluency performance in Schizophrenia. Paulsen et al. (1996) worked on Collins 
and Loftus (1975) model that suggests semantic memory is organized as a complex network 

of associated concepts. They hypothesized that later onset of Schizophrenia had a more 

intact semantic network than early onset schizophrenia patients. They used 

Multidimensional scaling (MDS) (Young and Harris, 1993) which is a mathematical 

technique used to analyze proximity data to indicate the degree of similarity between two 

things, in other words clustering. Further they also used Pathfinder (PF) analysis 

(Schvaneveldt et al., 1990) which reduces large amounts of proximity data into interpretable 

forms making a matrix that could be analyzed as a semantic network of the participant. The 

matrix involves digits and greater the digit, farther the association of concepts and vice-

versa. The researchers assessed animal fluency tasks on 96 patients with schizophrenia and 

28 normal comparisons and found that there is disorganization in the semantic network 

among patients. They found that high conjunction frequency words were actually organized 

at farther proximity and low conjunction frequency words were organized at a closer 

proximity. Further, they also found that a category of organization frequency was different 

for both the groups. These made the researchers conclude that the semantic network is 

compromised in Schizophrenia. 

 

Using the similar method Vinogradov et al. (2002) conducted a study on 40 patients 

suffering from schizophrenia and 16 healthy controls with the aim to find what predicts the 

poor verbal fluency performance. They used animal category fluency tasks, along with the 

reaction time of participants on lexical decision-making tasks. They used Animal Similarity 

rating task and developed a matrix on Pathfinder links (Schvaneveldt et al., 1990) to 

understand semantic organization in the memory. They found that impaired verbal fluency 

performance in schizophrenia arises from processes involved in lexical retrieval and those 

associated with deficits in the organization of semantic memory. That is, they found a 

correlation between the reaction time in lexical decision-making tasks and the semantic 

organization matrix with semantic fluency tasks. They also suggest that the more the 

complexity of semantic networks increases; the greater it is difficult to retrieve the 

information. Their data is also supported by latent inhibition theory which says that when 

there is simultaneous activation of multiple nodes in a network, lateral inhibition reduces the 

competition among potential responses by providing feedback to nodes and enhancing the 

activation differences between items which aids in the retrieval of a single item for output. 

This implies that in schizophrenia the semantic network is large and complex but the latent 

inhibition reduces causing confusion and reduced performance. The authors conclude that 

there is general hampered cognition in Schizophrenia. 

 

Executive Functioning 

Role of executive functioning in Schizophrenia has been an area of research since Bleuler 

suggested cognition as one of the key identifying features of the disorder. Several 

conclusions were derived and with improvements in methods of studies more areas of 

executive functioning have been explored. 

 

A study conducted by Allen et al. (1993) involved 20 patients, 10 matched healthy controls 

and 9 depressed controls performing categorical verbal fluency. The procedure included 

three consecutive trials or three trials conducted at an interval of one week. Each trial was 

for three minutes. They also studied patients with negative and positive symptoms. They 
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suggested the retrieval will be less for former and inappropriate for latter. The results 

showed there was poor clustering and a high number of inappropriate words in 

Schizophrenia as compared to healthy or depressed patients. Also, patients with negative 

symptoms produce significantly lower numbers of words. They found that Schizophrenia 
showed fewer generations of words but were highly varied. This shows that the semantic 

store and the word pool is intact and poor performance is because of poor retrieval. 

 

Robert et al. (1997) conducted a study in which the efficacy of clustering in verbal 

categorical fluency was investigated. They found that Schizophrenia participants had fewer 

clusters and less word generation. They explained that this could be because of a defect in 

self-initiation of semantic categorization in schizophrenia rather than poor store of words. 

Further, they conducted a follow up study and found that in comparison to healthy controls, 

schizophrenic patients show an impairment of switching in phonemic fluency and of both 

switching and clustering in semantic fluency, which they attribute to poor executive 

functioning, essentially poor initiation.  

 

Another study had similar conclusions. Using clustering and association index to measure 

semantic store, Giovannetti et al. (2003) conducted a study that tested left temporal lobe 

epilepsy patients, first episodic schizophrenia patients and healthy participants on animal 

naming tasks. They hypothesised that if the performance is poor in schizophrenia and 

epilepsy patients as compared to controls then the semantic store is compromised in 

Schizophrenia, however if it is not, there could be other reasons that verbal fluency 

performance is poor in schizophrenia. They used association index and clustering to analyze 

the fluency data and found that the although Schizophrenia and epilepsy patients produced 

less responses, it cannot be attributed to semantic knowledge deficits since the association 

index that is the strength of the semantic association, was similar for Schizophrenia and 

epilepsy patients. Furthermore, the researchers also found that the schizophrenia patients had 

more perseveration errors, that is the inability to switch, than epilepsy and control groups. 

This is also supported by Gruenewald and Lockhead’s (1980) model which states that it is 

the executive component that is compromised in schizophrenia. The possible explanation 

behind few responses could be that the participants were stuck on a single or few semantic 

subcategories which prevented them from generating more responses. This could also be 

interpreted as poor initiation. 

 

Lafont et al. (1998) studied semantic fluency and found that switching scores were 

significantly lower in schizophrenia as well as depressive participants than in their 

respective controls. In the sentence arrangement task, only the schizophrenia patients had 

errors. They concluded that initiation is impaired, but supervision is preserved in depression, 

whereas both initiation and self-monitoring are impaired in schizophrenia. Moore et al. 

(2006) studied the quantitative aspects of verbal fluency in the middle aged and older 

schizophrenia population. They studied the psychiatric symptoms with the verbal fluency 

task on 163 schizophrenia and 92 healthy participants and found that older and middle-aged 

schizophrenia patients performed poorly in fluency task. They also observed that patients 

had poor switching ability than clustering and low but significance was shown between the 

relationship of negative symptoms of schizophrenia and poor performance in verbal fluency. 

They concluded that the possible cause for poor switching could be deficits in executive 

functioning, essentially lack of self-monitoring.  

 

Unsworth et al. in 2011 studied various components and their respective roles in 

determining performance in fluency tasks using latent variable analysis. three major 
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conclusions were drawn. Firstly, semantic and letter fluency tasks measure the same set of 

processes. Secondly, although both switching and clustering were related to the total number 

of items generated at a latent level, switching was more related to the total number of items 

generated than was clustering. Thirdly, working memory capacity is associated with 
generated cues and monitoring responses based on strategy. Further automatic associative 

links like vocabulary also enhances the performance. 

 

Other researchers have suggested that it is the inappropriate spread of activation in the 

semantic storage that leads to poor performance. A preliminary study conducted by Moelter 

et al. (2001) used cluster analysis and multidimensional scaling technique to understand the 

semantic organization in schizophrenia patients. They found that there is increase in 

switching for the patients and reduced output from one category, which could be caused by 

inappropriate spread of activation in the semantic system which is attributed to poor 

executive functioning. Another method used by Sung et al. (2012) was a singular value 

decomposition method, multi- dimensional scaling system (MDS), to study the organization 

of information in patients. They found that participants performed poorly in the number of 

words generated and they attributed this to functional impairment of lexical retrieval from 

semantic stores. They suggest that if the semantic store was compromised then the words 

generated by patients should be comparable to the normal group, assuming retrieval was 

intact. However, results showed the words generated were not comparable. Hence, 

concluding that there is poor activation of semantic storage. 

 

Berberian et al. (2016) hypothesised that insufficient executive capacity may cause reduced 

semantic function. Their results showed that the number of words generated by 

schizophrenia patients were less than the participants, however when clustering and 

switching was studied, both the groups had same strategy for word generation. The 

researchers suggested that it is the signal to noise ratio that might cause poor performance in 

fluency. Meaning, because of automatisation of words from a category, the spread of 

activation to associated words would increase the noise. And more cognitive capacity is 

required to reduce the noise and focus on the signal. Further they also suggested that due to 

working memory deficits, the patients might have poor cue focus, which could disrupt the 

retrieval process. They found that semantic fluency impairment may be attributed to an 

inability to distinguish target signal from competing noise and to maintain cues for 

production of memory probes, which comes under executive functioning. 

 

In total, various subcategories of executive functioning might have a role in determining the 

performance of verbal fluency. 

 

Psychomotor Speed 

A study conducted by Elvevag et al. (2002) had a self-assessed clustering technique where 

participants themselves sorted words produced by them in a cluster. They aimed to study the 

pattern of responses in schizophrenia measuring the time taken within the cluster and 

between the clusters. The results showed that participants generate fewer words, clusters and 

return to clusters. They theorized that patients categorize items in roughly the same manner 

and have access to as many semantic categories as controls. This led them to conclude that 

there is a general slowness along with sub-optimal organizational strategies in semantic 

networks. 

 

Another study conducted by Ragland et al. (2008) aimed at understanding areas involved in 

retrieval and switching in semantic fluency in Schizophrenia. They did an MRI study and 
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found that the patients have an increased prefrontal cortical activity. This could be explained 

by the inverted-U physiological inefficiency model (Callicott et al., 2003), which postulates 

that patients have reduced levels of activation when poorly performing a task that exceeds 

their capacity and increased levels of activation when accurately performing a task that is at 
their capacity. Hence the slow-paced verbal fluency was not a demanding task and hence 

increased activation in the prefrontal cortex was seen. Their results suggested that there is an 

overall decrease in psychomotor speed. Further imaging found out that when there is 

effortful retrieval there is increased inactivation of areas in Schizophrenia patients and when 

it is automatic there is not much of difference between the controls and patients. 

 

A research conducted by Beilen et al. in 2004 concluded verbal fluency in healthy 

participants can be correlated with memory and executive functioning, whereas for patients 

suffering from schizophrenia it is correlated with psychomotor speed. The aim of the study 

was to understand what verbal fluency measures in Schizophrenia. They hypothesised that 

three cognitive domains namely executive function, memory and psychomotor speed are 

involved in verbal fluency. The results showed that during the fluency test, patients formed 

as many clusters as healthy participants and switched as often between clusters they did, but 

they generated fewer words per cluster. They explained that because of slowing in the 

processes like coordination of the retrieval of words from cluster the switching cluster sizes 

will be smaller while the number of clusters and the number of switches remains the same. 

Their conclusion supports disconnection theory by Friston and Frith (1995) which suggests 

decrease in fluency can be attributed to disconnection of the frontal from temporal lobe. 

 

DISCUSSION 

Previous literature has shown that patients suffering from Schizophrenia perform poorly in 

verbal fluency. This systematic review identified 14 manuscripts that studied clustering and 

switching to investigate the cognitive mechanisms underlying verbal fluency in 

Schizophrenia. 

 

There are several theories that explain the mechanism for a successful verbal fluency task. 

Bousfield and Sedgewick (1944) suggested that in verbal fluency retrieval of information is 

done by a two-stage cyclical search process. In the first stage, it is assumed that participants 

search for categories, and then in the second stage participants search for specific items 

within each category. Thus, this two-stage search model predicts that participants should 

generate clusters or bursts of items that are highly similar and there should be distinct breaks 

between them. 

 

Further research has added other components to the two-stage search framework in order to 

account for various experimental and individual differences effects. For instance, Rosen and 

Engle (1997) suggested a four components theory. First stage is activation spread from the 

cue to related items. Second stage is monitoring generated items to prevent errors (especially 

repetitions). Third stage is suppression of previously recalled items, and the fourth stage is 

self-generation of category cues to access new items. Rosen and Engle suggested that these 

retrieval components reflect the dynamic interplay between effortful and automatic search 

components as represented by frontal and medial temporal lobe structures. This framework 

advocates for the importance of processes like components monitoring and suppression 

(Perret, 1974). 

 

Yet another model proposed by Troyer et al. (1997) estimated that verbal fluency 

performance relies on two components, clustering and switching. Troyer et al. suggested that 
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clustering relies on medial temporal lobe structures thought to be important for word 

storage, whereas switching relies on frontal lobe structures thought to be important for 

strategic search (e.g., Moscovitch, 1992). According to researchers (Troyer et al., 1997; 

Moelter et al., 2001), clustering represents a fairly automatic process, whereas switching 
between clusters represents a more effortful strategic search process. Several studies have 

been conducted using these qualitative aspects of verbal fluency. 

 

Inappropriate semantic organization was identified as one of the several mechanisms which 

may contribute to reduced performance in verbal fluency other studies have also identified 

similar results; however, they were excluded since they did not examine qualitative 

components of schizophrenia. These studies found that there is a reduction in the size of 

lexicon in patients as compared to the normal population (Chen et al. 2000). In Chen et al. 

(2000) study one of the drawbacks was they didn’t measure the onset of Schizophrenia. To 

address the issue Phillips et al. (2004) studied fluency in early onset schizophrenia. They 

found that semantic fluency is impaired but phonemic and design fluency is intact in early-

onset schizophrenia. Further the researcher also showed that unlike many studies which 

claim negative symptoms as a cause of verbal fluency deficit, they showed that even though 

50% of the patients had negative symptoms, they still didn’t perform poorly in fluency tasks. 

However, because the semantic fluency was heavily compromised, the authors suggest that 

semantic fluency deficits could be used as a biomarker since it can be measured from the 

earliest stage of Schizophrenia. Yet another meta-analysis conducted by Henry and 

Crawford (2005) advocated more towards compromising semantic stores via reduced 

lexicon size and disorganisation and loose associations within the semantic store. They also 

found evidence of poor executive functioning however, they suggest that executive 

dysfunction in schizophrenia may have been overestimated. 

 

For executive functioning, different researchers have theorized different causes for poor 

performance in verbal fluency. Firstly, poor retrieval (Allen et al., 1993). This was also 

supported by Joyce at al. (1996), who studied cueing among the participants. The 

researchers found that when the schizophrenia participants were given cues, their semantic 

fluency was drastically improved. These findings made the researchers conclude that 

impaired verbal fluency in schizophrenia is not secondary to an impoverished store of words 

but is a failure to access semantic stores efficiently. Elvevag et al. (2001) studied their word 

pool and found that there was no difference in the word pool of patients when compared to 

participants. This finding made them conclude that it is the accessibility to the word pool by 

the patients that is compromised in Schizophrenia and not semantic disintegration. Secondly, 

poor initiation (Robert et al., 1997; Giovannetti et al., 2003). Thirdly, compromised self-

monitoring (Lafont et al.,1998; Moore et al., 2006; Unsworth et al., 2011), fourthly 

inappropriate spread of activation (Giovannetti et al., 1997; Moelter et al., 2001; Sung et al., 

2012) and fifthly, inability to distinguish between target and noise (Berberian et al., 2016).  

 

Another cognitive mechanism underlying verbal fluency, which could have caused deficits 

in verbal fluency, is psychomotor speed of processing. Psychomotor speed has been focused 

only recently by the researchers. A study conducted by Brebion et al. (1998) focused on the 

relationship between memory impairments and speed of processing in patients suffering 

from schizophrenia. They studied variables like recall, recognition, working memory span 

and encoding efficiency alongside the speed of processing. The results suggested that 

processing speed is a better predictor of memory and encoding as compared to working 

memory and schizophrenia patients showed more deficits in recall and recognition than 

normal participants. A follow up study by Brébion et al. (2018) found that decreased 
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processing speed, but not decreased working memory span, accounted for the verbal fluency 

deficit in patients. Among recent researchers conducted in 2020, Osborne et al. suggest that 

psychomotor slowing should be considered as a biomarker for Schizophrenia. Their view 

explains that psychomotor slowing reflects genetic vulnerability, as well as it is sensitive to 
disease processes and the pathophysiology of these illnesses. Furthermore, cognitive 

processes such as planning and response selection are particularly affected.  

 

One of the major theories under the school of thought that Schizophrenia is a 

Neurodevelopmental disorder is cognitive dysmetria. It suggests that in Schizophrenia there 

is a disruption in the fluid coordination of mental activities which is a hallmark of the 

disorder. Several studies have shown that the onset of the disorder plays a major role in its 

effect on the functionality of the patient and the treatment efficacy. This theory is supported 

by evidence that shows premorbid indicators of dysfunction prior to the onset and the 

presence of structural and functional anomalies in the first episode schizophrenia patients. 

The review of the studies, backed by cognitive dysmetria theory, show that there is a general 

psychomotor slowing, irrespective of the type symptom manifested. However, this is not the 

only cause of poor verbal fluency in Schizophrenia. Using clustering and switching, 

exploration on the executive functioning and semantic organization is also needed. 

 

LIMITATION AND CONCLUSION 

Some studies like Paulsen et al. (1996), Vinogradov et al. (2002) and Giovannetti et al. 

(2003) tested only semantic fluency. Both semantic and phonemic fluency in Schizophrenia 

should be tested, since both use different regions of the brain (Troyer et al., 1997) and 

although both involve the same cognitive mechanisms for output, it happens at different 

intensities (Unsworth et al., 2011). Also, some studies like Robert et al. (1998), Unsworth et 

al. (2011), Moelter et al. (2001) and others did not use a uniform clustering and switching 

method to measure performance in verbal fluency. Sung et al. (2012) and Sumiyoshi et al. 

(2018) use Multidimensional scaling system to generate a semantic network of participants. 

However, this method itself has two major drawbacks. Firstly, only the most frequent 20 

words can be selected for analysis. This is because lower frequency words generate missing 

values in the matrix that generates errors in analysis. And secondly, the word order causes 

distortion in visual representation of semantic networks. 

 

The limitation of this review is that it does not address the cognitive deficits along with the 

latency of the disorder. As Phillips et al. (2004) mentioned in their study the onset of 

Schizophrenia would also affect the extent of cognitive deficit. Another limitation is that this 

review does not address the positive and negative symptoms. As Addington et al. (1991) 

have shown that cognitive deficits vary depending upon the kind of symptoms the patient's 

show. 

 

Understanding semantic network, psychomotor speed of processing and the facets of 

executive functioning involved in verbal fluency will provide a glimpse of cognitive 

mechanism deficits in Schizophrenia. With the clarity of what domains are compromised, a 

relatively accurate treatment plan and rehabilitation program could be implemented for 

better functionality, good recovery and quality of life. 
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