
Semantic and phonetic similarity of verbal fluency responses in 
early-stage psychosis

Nancy B. Lundina, Michael N. Jonesb, Evan J. Myersc, Alan Breierd, Kyle S. Minore

aDepartment of Psychological and Brain Sciences and Program in Neuroscience, Indiana 
University, Bloomington, IN, USA; Department of Psychiatry and Behavioral Health, The Ohio 
State University, Columbus, OH, USA

bDepartment of Psychological and Brain Sciences and Cognitive Science Program, Indiana 
University, Bloomington, IN, USA

cDepartment of Psychology, Indiana University Purdue University Indianapolis, Indianapolis, IN, 
USA

dDepartment of Psychiatry, Indiana University School of Medicine, Indianapolis, IN, USA; 
Eskenazi Midtown Prevention and Recovery Center for Early Psychosis, Indianapolis, IN, USA

eDepartment of Psychology, Indiana University Purdue University Indianapolis, Indianapolis, IN, 
USA; Eskenazi Midtown Prevention and Recovery Center for Early Psychosis, Indianapolis, IN, 
USA

Abstract

Linguistic abnormalities can emerge early in the course of psychotic illness. Computational 

tools that quantify response similarity in standardized tasks such as the verbal fluency test 

could efficiently characterize the nature and functional correlates of these deficits. Participants 

with early-stage psychosis (n=20) and demographically matched controls without a psychiatric 

diagnosis (n=20) performed category and letter verbal fluency. Semantic similarity was measured 

via predicted context co-occurrence in a large text corpus using Word2Vec. Phonetic similarity 

was measured via edit distance using the VFClust tool. Responses were designated as clusters 

(related items) or switches (transitions to less related items) using similarity-based thresholds. 

Results revealed that participants with early-stage psychosis compared to controls had lower 

fluency scores, lower cluster-related semantic similarity, and fewer switches; mean cluster size and 
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phonetic similarity did not differ by group. Lower fluency semantic similarity was correlated with 

greater speech disorganization (Communication Disturbances Index), although more strongly in 

controls, and correlated with poorer social functioning (Global Functioning: Social), primarily in 

the psychosis group. Findings suggest that search for semantically related words may be impaired 

soon after psychosis onset. Future work is warranted to investigate the impact of language 

disturbances on social functioning over the course of psychotic illness.
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1. Introduction

The ability to think in a coherent, organized manner is critical for making decisions 

and communicating one’s needs to others. This fluidity of thought is often impaired in 

individuals experiencing psychosis, evidenced by disrupted speech patterns often referred 

to as formal thought disorder (Bleuler, 1911; Docherty, 2012). While thought disorder 

has historically been characterized using manual rating systems (e.g., Andreasen, 1986; 

Solovay et al., 1986), computational linguistic tools have the capacity to harness fine-

grained semantic information from speech with greater efficiency and reliability (Corcoran 

et al., 2020). Recent studies have demonstrated that automated tools can provide unique 

information compared to clinical rating scales of disorganization (Minor et al., 2019) and 

detect subtle speech disturbances which predict conversion to psychosis in individuals at 

high clinical risk (Bedi et al., 2015; Corcoran et al., 2018). However, these findings do 

not always replicate (Iter et al., 2018), and there is a great deal of variability in the 

analytic methods and speech prompts used (Hitczenko et al., 2021) More research is 

needed to characterize the nature of linguistic alterations early in the course of psychotic 

illness, particularly using automated tools and standardized laboratory tasks that are easy to 

administer such as the verbal fluency test (Holmlund et al., 2019).

The verbal fluency test is an efficient and widely administered task in clinical and research 

contexts in which participants are asked to name as many different items belonging to a 

particular category (e.g., animals, foods) or beginning with a particular letter (e.g., S) as 

possible within a fixed timeframe (e.g., 1 minute). Participants tend to produce semantically 

or phonetically related groupings of words in bursts over time, described as “clusteringˮ and 

“switchingˮ to new clusters (Bousfield and Sedgewick, 1944; Gruenewald and Lockhead, 

1980; Troyer et al., 1997). Letter fluency is typically more difficult for participants 

than category fluency, perhaps because category fluency resembles more common mental 

activities such as generating items for a grocery list (Shao et al., 2014). However, individuals 

with schizophrenia tend to exhibit greater impairments in category than letter fluency (Bokat 

and Goldberg, 2003), and this heightened semantic deficit is already present in first-episode 

psychosis (Mesholam- Gately et al., 2009). Further research is needed to understand the 

specific processes that underlie semantic functioning deficits at this early stage of illness.
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Studies have examined whether clustering and switching processes in verbal fluency are 

altered in schizophrenia compared to healthy controls using hand-coded categorization 

schemes (e.g., Troyer et al., 1997). These schemes provide a framework for grouping 

responses in particular types of category fluency data (e.g., animals) into common 

subcategories (e.g., pets, farm animals) and provide a set of rules for scoring phonetic 

clusters in letter fluency data, such as grouping words that start with the same sound. Many 

studies using these types of hand-coded methods have found fewer switches and similar 

cluster sizes in schizophrenia compared to controls (Elvevåg et al., 2002; Moore et al., 2006; 

Piras et al., 2019), while some have found fewer switches and cluster-related words (Bozikas 

et al., 2005; Robert et al., 1998), and still others have reported smaller cluster sizes with no 

difference in the number of switches (van Beilen et al., 2004). Given these mixed findings 

and the variety of ways that clustering has been measured, automated metrics of semantic 

and phonetic similarity could be leveraged to characterize linguistic search processes more 

efficiently in psychosis.

Advances in natural language processing have facilitated opportunities to quantify specific 

response patterns in verbal fluency performance to study psychopathology (Holmlund et al., 

2019). Automated methods can also be adapted to different cultures and languages more 

feasibly than manual coding methods (Kim et al., 2019). Tools such as VFClust (Ryan et 

al.,2013) can analyze the phonetic similarity between words, although this tool has rarely 

been applied in psychosis research. Semantic similarity between words can be measured 

efficiently and reliably with computational semantic models such as Latent Semantic 

Analysis (LSA; Landauer and Dumais, 1997) and Word2Vec (Mikolov et al., 2013). Models 

of this class provide indices of semantic coherence by training a learning algorithm on 

the co-occurrence of words within contexts across large text corpora. Studies have found 

reduced semantic coherence of category fluency responses in schizophrenia, particularly in 

individuals with disorganized speech, compared to non-psychiatric controls (Elvevåg et al., 

2007; Pauselli et al., 2018). While the measure of overall semantic coherence is informative, 

work examining the distinct “localˮ (i.e., finding related words) and “globalˮ (i.e., searching 

for a new set of words) phases of verbal fluency search (Hills et al., 2012; Lundin et al., 

2020; Troyer et al., 1997) raises the question of whether individuals with psychosis produce 

less semantically associated responses within clusters than controls, switch to new clusters 

that are more semantically distant from prior clusters than controls, or both.

Finally, research has yet to determine whether semantic search behavior during verbal 

fluency indexes speech organization more broadly in individuals with psychotic illness. 

Does one’s ability to retrieve semantically related words during a brief search task relate 

to the production of orderly discourse, or are these non-overlapping processes? Moreover, 

does semantic coherence in verbal fluency responses relate to better social functioning 

with family members and peers? Evidence suggests that individuals with schizophrenia 

and first-episode psychosis who exhibit more disorganized speech tend to experience 

modestly greater difficulties with social functioning (Marggraf et al., 2020; Oeztuerk et 

al., 2021; Roche et al., 2016), but associations between these variables and verbal fluency 

semantic search properties have rarely been explored. These relationships are particularly 

important to understand within the context of early-stage psychosis, as an efficient index 
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of communication disturbance prior to long-term functional impairment could inform 

assessment and early intervention.

The present study used automated tools Word2Vec and VFClust to characterize the 

semantic and phonetic similarity of words produced during verbal fluency tests in early 

psychosis. The first study aim was to test whether individuals with early-stage psychosis 

differ from healthy controls in automated metrics of category and letter verbal fluency 

performance. We hypothesized that individuals with early-stage psychosis compared to 

controls would produce fewer responses, with greater impairments in category than letter 

fluency (Mesholam- Gately et al., 2009). We also predicted that individuals with early-stage 

psychosis would produce fewer switches between clusters yet have similar cluster sizes 

(Elvevåg et al., 2002; Lundin et al., 2020; Moore et al., 2006; Piras et al., 2019). Regarding 

similarity, we predicted that early-stage psychosis participants would exhibit lower semantic 

similarity than controls (Elvevåg et al., 2007; Pauselli et al., 2018), particularly while 

searching within clusters, given recent findings of prolonged within-cluster search times 

in schizophrenia (Lundin et al., 2020). The second study aim was to test whether higher 

semantic similarity in category fluency responses was associated with greater speech 

organization and better social functioning in individuals with and without early-stage 

psychosis.

2. Methods

2.1 Participants

Early-stage psychosis participants (n=20) were recruited from a Midwestern outpatient 

early psychosis treatment center. They were adult outpatients with a primary diagnosis of 

schizophrenia, schizoaffective disorder, schizophreniform disorder, or psychotic disorder 

not otherwise specified within five years of illness onset, as assessed by the Structured 

Clinical Interview for DSM–IV–TR Disorders-Patient Edition (SCID-I/P; First et al., 2002). 

Other inclusion criteria were as follows: age 18–40, English fluency, no current substance 

dependence, no history of neurological illness or injury resulting in loss of consciousness 

>5 minutes, and verbal IQ>70. All early-stage psychosis participants were prescribed an 

oral antipsychotic and in nonacute phases of illness, with no change in medication or illness 

phase during the past month.

Healthy controls (n=20) were recruited from the community (e.g., flyers, local ads) and were 

matched with early-stage psychosis participants on sex and race. Inclusion criteria were the 

same as those for early-stage psychosis with the exception that current psychiatric diagnosis 

or reported history of psychotic symptoms was exclusionary. All participants underwent 

clinical assessment of psychotic symptoms with the Positive and Negative Syndrome Scale 

(PANSS; Kay et al., 1987). Study procedures were approved by local Institutional Review 

Boards, and all participants provided informed consent.

2.2 Verbal fluency tests

Verbal fluency tests were administered from the Brief Assessment of Cognition in 

Schizophrenia (BACS) neuropsychological battery (Keefe et al., 2004). In the category 
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fluency test, participants were instructed to verbally list as many different animals as they 

could in one minute. In the letter fluency tests, participants were asked to list as many 

different items as they could that began with the letters F and S, separately for one minute 

each. They were instructed not to list proper nouns or the same word with different endings 

(e.g., “lookˮ and “looking”).

2.3 Semantic similarity of category fluency responses

Category verbal fluency data were analyzed using the skip-gram Word2Vec model with 

negative sampling (Mikolov et al., 2013), which was trained on a Google News corpus 

containing three billion word tokens. Using Word2Vec, word tokens were treated as high- 

dimensional vector representations, and cosine-based similarity values were computed 

between these vectors based on learned predictions of the frequency of direct and indirect 

co-occurrence across contexts in the corpus. Thus, a higher cosine value between word 

tokens indicates greater predicted context co-occurrence and is used as a proxy for 

semantic similarity (e.g., “cat” and “dog” typically have higher cosine values than “cat” and 

“zebrafish”). A semantic similarity matrix of 676 animal names generated from Word2Vec 

used previously (Lundin et al., 2020) was applied to the participant responses, with cosine-

based similarity values ranging from 0 to 1. In the few instances in which animal responses 

were absent from the similarity matrix, replacement animals were used (e.g., “gold raven” 

was replaced with “raven”). Repeated responses were included in semantic analysis but not 

counted as correct responses (Troyer et al., 1997).

Semantic clusters and switches were designated using the similarity drop model, in which 

a relative drop in pairwise semantic similarity values in the participants’ response stream is 

designated as a switch (Hills et al., 2012). In particular, if the similarity between words A 
and B is represented by S(A, B) and the participant produces consecutive words A, B, C, 
D, a switch is designated after response B if S(A, B) > S(B, C) and S(B, C) < S(C, D). 
Mean cluster size was computed for each participant as the average number of responses 

in each cluster including the first cluster response. Switches were counted as the number 

of transitions to new clusters, not including the first response produced. Fluency score was 

calculated as the total number of unique animal responses produced. Pairwise similarity 

values were averaged separately for cluster and switch responses. Of note, the experimenter 

handwriting for the first two responses of one participant could not be deciphered. To 

prioritize data inclusion, similarity analysis for this participant started at the third response, 

and the first two responses were included in the fluency score total as they were marked as 

correct at the time of the study.

2.4 Phonetic similarity of letter fluency responses

Letter verbal fluency data were analyzed using VFClust version 0.1.1 (Ryan et al., 

2013) with Python 2.7. VFClust assesses phonetic similarity by first using a modified 

version of the CMU Pronouncing Dictionary (version cmudict.0.7a) to convert verbal 

fluency responses into phonetic representations. Next, the “edit distance” method assigns 

similarity values equal to 1 minus the Levenshtein distance (Levenshtein, 1966) between 

two consecutive responses, normalized to the length of the longer response.1 Similarity 

values range from 0 to 1, with higher values indicating greater phonetic similarity, or fewer 
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conversions needed to convert the response from one to the other (e.g., “seen” and “screen” 

are more phonetically similar than “seen” and “shirt”). Repeated responses were included in 

phonetic similarity analysis but not counted as correct responses.

Phonetic clusters (“chains” in VFClust) were designated as non-overlapping groupings of 

consecutive words whose pairwise similarity exceeds an empirically validated threshold 

(F:0.333; S: 0.286). Mean chain size was computed as the average of the number of 

responses within a chain including the first chain response and including singletons (chains 

of length 1). Switch count was defined as the sum of the number of transitions to new 

chains and singletons, not including the first response produced. Fluency score was counted 

as the total number of unique responses, excluding exact repetitions, stem repetitions (e.g., 

“traveled” not counted if “travel” was said), and phonemic errors (e.g., “center” generated 

for S fluency). Pairwise phonetic similarity values for chain and switch responses were 

averaged separately for analysis.

2.5 Speech organization

Speech samples were obtained of participants discussing neutrally valenced memories that 

focused on either their daily routine or place of residence for two minutes while speaking 

into a head-mounted microphone (see Minor et al., 2016 for further detail). Disorganized 

speech was measured in the transcribed speech samples using the Communication 

Disturbances Index (CDI; Docherty et al., 1996), a validated, behaviorally based instrument 

that identifies specific instances of disorganization from natural speech via a summary score 

(number of disorganized segments / total words X 100) (Cohen et al., 2014; Merrill et al., 

2017). Because the score is generated as a ratio of instances per 100 words, it accounts 

for differences in the amount of speech generated by participants. Instances of disorganized 

speech are counted if the intended meaning of a word or phrase is unclear and if the lack 

of clarity impairs understanding of the larger communication. CDI scores can be sensitive 

to lower levels of disorganization than clinician observations alone, allowing for more direct 

comparisons with healthy controls and demonstrating sensitivity for distinguishing healthy 

controls and unaffected biological relatives of individuals with schizophrenia (Docherty et 

al., 1998). The last author and a trained graduate student blind to group membership rated 

the speech samples and discussed discrepancies in weekly consensus meetings (interrater 

reliability on 30 randomly selected narratives rated prior to consensus meeting: r=0.84).

2.6 Social functioning

Social functioning was measured in all participants using the Global Functioning (GF): 

Social scale (Cornblatt et al., 2007), a clinician-administered interview. The GF: Social 

assesses age-appropriate social contact with friends, family members, and intimate 

relationships. Functioning is rated on a 10-point scale, with higher scores indicating superior 

functioning and lower scores indicating social dysfunction. The GF: Social has previously 

shown high interrater reliability and good construct validity in clinical high risk (Cornblatt et 

al., 2007) and early-stage psychosis (Piskulic et al., 2011) samples.

1Of note, the VFClust code was modified to remove the steps of (1) rejecting words not included in the English Open Word List and 
(2) combining instances of stem repetitions into one response.
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2.7 Data analysis

Data analyses and plotting were conducted using SPSS (IBM SPSS Statistics, Version 

27.0) and R statistical software package version 4.0.2 (R Core Team, 2020) in the RStudio 

environment version 1.3.1073 (RStudio Team, 2020). All tests were considered significant 

at a threshold of p<.05. First, independent samples t-tests were conducted between early-

stage psychosis and control groups on total unique responses produced in each fluency 

task, switch count, mean cluster or chain size, cluster-related similarity, and switch-related 

similarity. For variables with non-normal distributions, group differences were verified with 

non-parametric Mann-Whitney U Tests. Next, non-parametric Spearman correlations were 

conducted collapsed across and separately within diagnostic groups to test the strength of 

the associations between verbal fluency semantic similarity and (1) CDI score and (2) GF: 

Social scores.

3. Results

3.1 Automated verbal fluency measures

Early-stage psychosis and healthy control participants were well-matched on age, sex, and 

race/ethnicity, but differed by education level (Table 1; Minor et al., 2016). Visualizations 

of selected participants’ verbal fluency response trajectories over the course of category and 

letter tasks are shown in Figures 1–2. In preliminary analyses between F and S letter fluency 

variables, total unique responses (r=0.72, p<.001) and switch count (r=0.48, p=.002) were 

significantly correlated between tasks, yet mean chain size was not significantly correlated 

using Spearman’s rho (ρ=0.21, p=.189). Therefore, F and S fluency variables were examined 

separately.

Participants with early-stage psychosis produced fewer correct responses than healthy 

controls in all verbal fluency tasks (Table 2). While both groups produced more correct 

responses in category than letter fluency, differences between controls and early-stage 

psychosis groups were larger for category than letter fluency tasks (Figure 3). The number 

of repeated responses across participants ranged from 0 to 3 for category and letter tasks and 

did not significantly differ between diagnostic groups.

The early-stage psychosis group compared to the control group switched less frequently 

during both category and letter fluency tasks; however, groups had similar average semantic 

and phonetic cluster or chain sizes and did not differ in the percentage of responses 

designated as switches (Table 2). Early-stage psychosis participants had reduced mean 

cluster-related semantic similarity than control participants (Figure 4). Diagnostic groups did 

not significantly differ from one another in mean cluster-related phonetic similarity or mean 

switch-related semantic or phonetic similarity. A follow-up linear regression confirmed that 

the early-stage psychosis group still exhibited lower within-cluster similarity than controls 

when fluency score was included as a predictor (β=−0.04, t(37)=−2.44, p=.02). This finding 

also remained significant when repeated responses were excluded from semantic analysis 

(t(38)=−2.94, p=.006).
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3.2 Verbal fluency semantic similarity, disorganized speech, and social functioning

In the full sample, greater mean verbal fluency cluster- and switch-related semantic 

similarity values were significantly correlated with lower levels of speech disorganization 

as measured by CDI score (Table 3; Figure 5). Correlations with CDI score were in the same 

negative direction for both groups but were stronger in the control group. Greater verbal 

fluency cluster-related semantic similarity was also correlated with higher GF: Social score 

in the full sample, but this relationship was driven by the early-stage psychosis group.

4. Discussion

This study characterized responses from an early psychosis sample on verbal fluency 

tests using automated semantic (Word2Vec; Mikolov et al., 2013) and phonetic (VFClust; 

Ryan et al., 2013) similarity analysis. Findings demonstrated that individuals with early-

stage psychosis produced clusters of related animal responses that were less semantically 

associated than those of non-psychiatric controls. Additionally, higher semantic similarity 

of verbal fluency responses in the full participant sample was correlated with lower speech 

disorganization, although more strongly within the control group, as well as correlated with 

higher social functioning, primarily in the psychosis group. Findings suggest that alterations 

in semantic memory processes may begin early in the course of psychotic illness (Bedi et 

al., 2015; Corcoran et al., 2018), and that the capacity to produce semantically similar words 

relates in part to the production of organized speech as well as the quantity and quality of 

interpersonal relationships. These results contribute to the broader literature illustrating the 

value of applying computational methods to linguistic data to index fine-grained components 

of generating coherent speech in individuals with psychosis (Hitczenko et al., 2021).

Theories of disorganized semantic memory representations and/or retrieval processes in 

psychotic disorders (Kuperberg, 2010) have led to the hypothesis that verbal fluency 

semantic clusters are smaller compared to normative populations; however, evidence 

supporting this hypothesis has not been frequently reported. As in the present work, studies 

have often found individuals with psychotic disorders produce fewer switches between 

clusters but exhibit clusters of similar average size to controls (Elvevåg et al., 2002; Lundin 

et al., 2020; Moore et al., 2006; Piras et al., 2019; but see van Beilen et al., 2004). The 

nuanced measure of semantic similarity was more informative than cluster size, as there was 

specifically lower similarity between responses while searching within clusters but not while 

switching in the early-stage psychosis group compared to controls. This broadly aligns with 

our past study finding prolonged within- cluster search time in schizophrenia (Lundin et 

al., 2020), again pointing to alterations in the search for semantically associated concepts. 

However, this past study showed intact local search cue salience from a cognitive foraging 

model, suggesting comparable within-cluster similarity between the groups, in contrast 

with the current results. Given that timing information was not available for the present 

data, future studies should investigate whether lower within-cluster similarity and/or longer 

within-cluster search times replicate in early and later-stage psychosis.

This study replicated prior findings of greater impairment in category fluency compared 

to letter fluency in early-stage psychosis (Mesholam-Gately et al., 2009). Category and 

letter fluency recruit overlapping cognitive processes such as processing speed and executive 
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functioning (Shao et al., 2014; Unsworth et al., 2011). They also recruit distinct processes, 

as category fluency performance benefits more from the generation of semantic associations, 

whereas letter fluency performance benefits more from usage of phonetic cues (Shao et 

al., 2014; Troyer et al., 1997). This study used VFClust to analyze phonetic similarity as a 

novel application in an early psychosis population and demonstrated comparable phonetic 

similarity of responses between diagnostic groups. Usage of automated phonetic analysis is 

less time- intensive and error-prone than manual scoring methods and in this case provided 

information as to which linguistic processes are intact in early psychosis. Overall, findings 

support a partially selective impairment in finding semantically related concepts in psychosis

—rather than a more generalized deficit in memory search.

This study also revealed associations between generation of semantically related verbal 

fluency responses, organization of free speech, and social functioning. Past work has shown 

that more disordered speech relates to poorer social functioning in psychosis (Marggraf 

et al., 2020; Oeztuerk et al., 2021; Roche et al., 2016), but the relationship between 

social functioning and semantic relatedness of verbal fluency responses is rarely examined. 

The present findings indicated that poorer clinician-rated social functioning modestly 

correlated with lower cluster- related semantic similarity of fluency responses, and that this 

relationship was driven by the early-stage psychosis group. Further work in larger samples is 

needed to investigate how various neurocognitive and communication-related functions may 

explain this relationship. Interestingly, lower verbal fluency response semantic similarity 

significantly correlated with greater disorganized speech, but this relationship was stronger 

in the control than psychosis group, despite the lower variability of CDI scores in controls. 

This finding suggests that in normative functioning, the retrieval of semantic associations 

in memory relates to the production of organized speech. The weaker relationship in the 

clinical sample was unexpected. This may suggest that disrupted verbal fluency performance 

and disorganized speech index unique facets of psychosis-related linguistic disturbances. 

Alternatively, future studies are encouraged to test whether fluency response patterns relate 

more strongly to free speech organization at deeper levels of semantic cohesion using 

automated tools such as Coh-Metrix (McNamara et al., 2014).

The present findings should be interpreted within the context of the study’s limitations. 

One limitation relates to the automated methods used to designate clusters and switches. 

The similarity drop model (Hills et al., 2012) applied to continuous corpus-based semantic 

similarity values likely performs better than hand-coded categorization schemes at capturing 

a variety of dimensions on which animals are similar as well as individual differences in 

response production (e.g., one participant listing various dog breeds vs. another listing pets 

including “dog”). This algorithm is limited though in that it may designate a switch for 

a relatively small drop in similarity where a cluster designation may fit better. This being 

said, follow-up analyses coding the present clusters and switches using the widely used 

Troyer norms (Troyer et al., 1997) showed a correspondence of 70% on average with the 

designations from the similarity drop model, indicating that the current method performed 

similarly to existing studies. A related limitation is that the distinct switching designation 

methods used for category and letter fluency data make it difficult to compare search 

behavior between the tasks. Future verbal fluency switching models could incorporate 

weighted parameters of both semantic and phonetic similarity and comparable data-driven 
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thresholds to achieve a more comprehensive understanding of the linguistic features of 

memory retrieval. A final limitation is the small sample size of each diagnostic group; future 

studies are needed to verify the present results in larger participant samples.

Overall, this study demonstrated altered search for semantically related words in early- 

stage psychosis using automated linguistic analysis and provided preliminary evidence for 

associations between verbal fluency search, speech organization, and social functioning. 

Future studies are warranted to directly compare these variables between individuals 

in a clinical high- risk state, early-stage psychosis, and long-term psychosis to better 

understand the potential impact of linguistic disturbances on social functioning over the 

course of illness. Future work is also encouraged to further automate the analysis of verbal 

fluency responses using computerized speech-to-text transcription and response onset time 

designation tools (Holmlund et al., 2019) to more efficiently examine patterns of semantic 

and phonetic search in individuals across the psychotic spectrum.
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Highlights

• Speech abnormalities are evident in those with early-stage psychosis (EP)

• EP participants had greater response deficits in category than letter verbal 

fluency

• Semantic similarity was lower in EP than controls yet phonetic similarity was 

intact

• Fluency semantic similarity was linked to speech organization and social 

functioning
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Figure 1. 
Category verbal fluency responses from selected example participants with corresponding 

Word2Vec semantic similarity values and similarity drop cluster or switch designations. HC 

= healthy control participant; EP = participant with early-stage psychosis.
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Figure 2. 
Letter verbal fluency responses from selected example participants with corresponding 

VFClust phonetic similarity values and cluster or switch designations. HC = healthy control 

participant; EP = participant with early-stage psychosis. Responses “for” and “four” were 

differentiated by verbal clarification by the participant (e.g., “four the number”).
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Figure 3. 
Boxplots of the total number of correct responses produced in healthy control (HC) and 

early-stage psychosis (EP) groups in category and letter verbal fluency tasks. MD = mean 

difference; d = Cohen’s d (standardized mean difference).

**p < .01; ***p < .001
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Figure 4. 
Boxplots of the mean semantic similarity of category verbal fluency responses and mean 

phonetic similarity of letter fluency responses, averaged across cluster-related and switch- 

related responses. HC = healthy control group; EP = early-stage psychosis group.

**p < .01
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Figure 5. 
Scatter plots in early-stage psychosis (EP) and healthy control (HC) participants showing the 

correlations between category verbal fluency test (VFT) semantic similarity for cluster- and 

switch-related responses and: (1) Top: Communication Disturbances Index (CDI) scores and 

(2) Bottom: Global Functioning (GF): Social scores.
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Table 1.

Sample characteristics

Variable Healthy controls Early-stage psychosis t or χ2

n 20 20 --

Age (years) 23.65 (5.58) 24.85 (4.53) −0.747

Sex (F/M) 3/17 4/16 0.173

Race (AA/C/M) 12/7/1 13/6/1 0.117

Hispanic or Latino (yes/no) 1/19 2/18 0.36

Education level (HS/SC/BD) 3/13/4 12/6/2 8.65*

PANSS positive total score 8.2 (1.28) 11.55 (4.77) −3.03**

PANSS negative total score 8.45 (2.14) 14.5 (6.03) −4.23***

GF: Social score 7.85 (1.35) 4.85 (1.9) 5.76***

CDI score 0.57 (0.33)
1.48 (1.23)

+ −3.13**

Sex, race, ethnicity, and education level are frequency values. Remaining values are presented as mean (standard deviation). Sex: F = female; M = 
male; Race: AA = African American or Black; C = Caucasian; M = Multiracial; Education level: HS = high school diploma or lower; SC = some 
college or associate degree; BD = bachelor’s degree or higher; PANSS = Positive and Negative Syndrome Scale; GF-Social = Global Functioning: 
Social scale; CDI = Communication Disturbances Index.

+
Missing value for one participant.

*
p < .05

**
p < .01

***
p < .001
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Table 2.

Computational measures of verbal fluency test behavior

Variable Healthy controls Early-stage psychosis t d

VFT score

 Animals 26.15 (5.7) 16.95 (5.08) 5.39*** 1.7

 Letter F 14.7 (3.89) 11.4 (2.96) 3.02** 0.95

 Letter S 17.2 (4.2) 12.1 (3.99) 3.94*** 1.25

Percentage switches

 Animals 28.59 (5.41) 29.22 (6.14) −0.34 0.11

 Letter F 55.84 (17.61) 52.96 (20.11) 0.48 0.15

 Letter S 52.83 (17.43) 50.08 (15.86) 0.52 0.16

Switch count

 Animals 7.4 (2.19) 4.75 (1.8) 4.18*** 1.32

 Letter F 7.7 (2.87) 5.7 (2.03) 2.55* 0.81

 Letter S 8.3 (2.64) 6 (2.97) 2.59* 0.82

Mean cluster or chain size

 Animals 3.27 (0.55) 3.05 (0.49) 1.32 0.42

 Letter F
+ 1.8 (0.57) 1.96 (1.06) −0.6 0.19

 Letter S 1.93 (0.61) 1.82 (0.37) 0.66 0.21

Mean cluster-related similarity

 Animals 0.52 (0.04) 0.48 (0.05) 2.95** 0.93

 Letter F 0.48 (0.09) 0.45 (0.07) 0.94 0.3

 Letter S 0.47 (0.06) 0.49 (0.08) −0.6 0.19

Mean switch-related similarity

 Animals 0.35 (0.05) 0.33 (0.05) 1.24 0.39

 Letter F 0.21 (0.02) 0.21 (0.02) 0.83 0.27

 Letter S
+ 0.18 (0.04) 0.19 (0.06) −0.69 0.22

Values are presented as mean (standard deviation). VFT score = total number of correct responses in the verbal fluency test; d = Cohen’s d effect 
size. Similarity values are Word2Vec semantic similarity (animal VFT) and VFClust phonetic similarity (F and S VFT).

+
Variables had non-normal distributions; group differences remained non-significant when using Mann Whitney U tests.

*
p < .05

**
p < .01

***
p < .001
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Table 3.

Correlations between verbal fluency response semantic similarity, speech disorganization, and social 

functioning

CDI Score GF: Social Score

Group n Correlation Group n Correlation

VFT cluster-related All 39 −0.54*** All 40 0.43**

semantic similarity HC 20 −0.45* HC 20 0.04

EP 19 −0.25 EP 20 0.36

VFT switch-related All 39 −0.46** All 40 0.28

semantic similarity HC 20 −0.61** HC 20 0.01

EP 19 −0.16 EP 20 0.38

Correlations are Spearman’s rho. HC = healthy control group; EP = early-stage psychosis group; VFT = verbal fluency test; GF-Social = Global 
Functioning: Social scale; CDI = Communication Disturbances Index.

*
p < .05

**
p < .01

***
p < .001
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