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Semantic memory disorganization linked to social functioning
in patients with schizophrenia
Ayumu Wada1,2,3, Chika Sumiyoshi1,4,5, Naoki Yoshimura2, Ryota Hashimoto 5, Junya Matsumoto 5, Andrew Stickley1, Yuji Yamada6,
Akiko Kikuchi7, Ryotaro Kubota6, Makoto Matsui2, Kana Nakachi8, Chinatsu Fujimaki8, Leona Adachi8, Risa Yamada1 and
Tomiki Sumiyoshi 1,8,9✉

Schizophrenia is characterized by language-related symptoms stemming from semantic memory disorganization, which often leads
to poor social functioning. Although numerous studies have attempted to elucidate the association between these symptoms and
social functioning, it remains unclear how individual differences in the degree of semantic memory disorganization are linked to
variations in social functioning scores. Here, we investigated this association by utilizing advanced automated scoring techniques to
quantify individual-specific semantic memory parameters from the category fluency test (CFT). Specifically, the similarity between
consecutive responses from the CFT was calculated using distributional representations, forming the basis for the semantic memory
organization parameters. Results showed that schizophrenia patients (n= 139) exhibited semantic memory disorganization
compared to healthy controls (n= 98). Generalized linear models analyzing social functioning within the schizophrenia group, as
measured by the Specific Levels of Functioning Scale, revealed that higher semantic memory parameters were associated with
better social functioning scores (β= 0.07, z= 4.90, p < 0.01). These findings suggest that social functioning is related to semantic
memory organization, thus providing a framework for the exploration of social functioning by assessing semantic memory
organization in patients with schizophrenia.
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INTRODUCTION
Language-related impairment, such as difficulty in speech
comprehension and semantic/grammatical coherence, is a key
symptom in schizophrenia1,2, which often results in poor social
functioning, including social engagement3–5, and consequently
leads to poor quality of life6. These language-related symptoms
have been suggested to be influenced by several cognitive
function domains, e.g., verbal fluency, executive function, and
semantic memory1. Therefore, refining the assessment of semantic
memory may help provide useful information to better predict
social/personal outcomes in patients with schizophrenia.
The verbal fluency tests (VFTs) are widely used as a measure of

cognitive function related to verbal abilities. Among the VFTs, the
letter fluency test (LFT) requires subjects to generate as many
words as possible beginning with a designated letter (e.g., “F”)
within a designated time (usually 1 min). On the other hand, the
category fluency test (CFT) requires participants to produce words
within a designated category (e.g., animals). Research has
indicated that scores on the VFTs, especially those on the CFT,
are significantly lower in schizophrenia patients7,8. This may be
related to the idea that poor performance on the CFT represents
semantic memory disorganization in patients with schizophrenia,
which is more pronounced compared with the case for the LFT9,10.
In light of this, the CFT has been specifically used to assess
semantic memory11–17. Moreover, semantic memory disorganiza-
tion has been identified as an intermediate cognitive phenotype
among patients with schizophrenia18.

So far, the number of words produced in the CFTs, a
conventional parameter of verbal fluency, has been associated
with social functioning and quality of life19–22, in addition to
negative symptoms23, alogia23–25, disorganization26, and delu-
sion25. In contrast, higher cognitive function, e.g., semantic
memory, as derived from CFT data, has rarely been explored in
relation to social functioning in patients with schizophrenia, in
spite of its association with psychiatric symptoms including
alogia23, formal thought disorder24,27, and delusion15. It is possible,
however, that semantic memory parameters, based on perfor-
mance on the CFT, may provide an indicator of patient
functionality, e.g., social functioning, and that these parameters
are more sensitive than simple word counts.
In terms of evaluating semantic memory disorganization using

CFT responses, previous studies have often focused on group-level
analyses13–16,23,27–30, in spite of the importance of identifying the
parameters of the semantic organization at an individual level.
Specifically, obtaining individual-level scores representing seman-
tic memory organization may facilitate the exploration of its
relationship with social functioning. The absence of such an
endeavor may be related to the fact that individual-level analyses
have traditionally been labor-intensive, requiring detailed manual
scoring that is time-consuming and prone to human errors31 due
partly to the lack of automated scoring methods, including text
mining technology. Moreover, the lack of such methods has
hampered objective and reliable individual-level analyses. To
address this deficit, in this study we will use text mining, referred
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to as text data mining, which is a process of extracting meaningful
information from natural language text by identifying patterns,
relationships, and contextual connotations32. More specifically, we
will apply advanced text-mining approaches to CFT responses,
thereby generating individual-level semantic memory scores.
Research on semantic memory measurement using the CFT has

been advanced by several investigators. The above-referenced
method by Troyer et al.11 has been refined by Kim et al.31 who
developed an automated scoring method to assess the switching
of sub-categories. The automated scoring method uses distribu-
tional representations to calculate the similarity between two
consecutive words based on the word2vec model33, with switch-
ing counted when the similarity between two consecutive words
falls below a predefined threshold31. Further, Ovando-Tellez
et al.34 developed a more efficient and clearer interpretation
method to assess semantic memory. Specifically, information on
various aspects of switching and clustering (e.g., the variety of
subclusters referenced by responses and the number of switches
between subclusters) was collected, and a principal component
analysis (PCA) was conducted. In this approach, the dimensionality
of the data was reduced by combining multiple metrics into fewer
composite variables, thereby enhancing the validity of the
analysis. As a result, two component scores were derived: the
switching component and the clustering component. In this study,
we utilized these automated and PCA methods to enhance the
efficiency and validity of semantic memory analysis.
The present study has two main objectives. First, to circumvent

the above problems, we sought to determine whether advanced
analysis, based on text mining approaches, would provide an
effective measure of semantic memory organization in individual
patients. Second, we explored the influence of semantic memory
deficits on social functioning. It is speculated that the organization
of semantic memory is associated with social functioning in
patients with schizophrenia.

METHODS
Participants
This study recruited two groups of participants: 239 patients with
schizophrenia and 98 healthy controls (HC). Of the initial 239
patients, 53 were excluded due to not having an actual diagnosis
of schizophrenia or because of withdrawal of consent. Addition-
ally, 47 patients were excluded due to missing data for the main
analysis, resulting in a final sample of 139 participants. The original
recruitment took place between December 2013 and July 2024,
targeting patients with schizophrenia within 5 years of onset who
visited the Early Detection and Intervention Center for Schizo-
phrenia (EDICS) at the National Center of Neurology and
Psychiatry in Tokyo, Japan. EDICS follows up with patients
annually to monitor their progress. All patients received a
diagnosis of schizophrenia based on the Diagnostic and Statistical
Manual of Mental Disorders, Fourth Edition35. Patients were
excluded if their physician determined that participation could
be detrimental to them. In contrast, we recruited 98 HC at
Fukushima University in Fukushima, Japan, between May 2000
and March 2005. The HC data that were used in this study were
collected as part of another study at Fukushima University. The HC
group consisted of individuals with no psychiatric diagnoses and
was recruited from vocational schools and universities.
The study design was approved by the Institutional Review

Board of the National Center of Neurology and Psychiatry
(Approval No. A 2023-1306), and written informed consent was
obtained from all participants. When the participant was a minor
(i.e., <20 years of age), written consent was obtained from a parent
or guardian, with additional written assent obtained from patients
aged 16–19 years. The use of HC data was approved by the
Research Ethics Committee of Fukushima University.

Premorbid IQ
The 25-item short version of the Japanese Adult Reading Test
(JART25)36 was used to estimate premorbid IQ. The JART25
measures the ability to read 25 kanji characters.

Psychiatric symptoms
The Brief Psychiatric Rating Scale (BPRS) is an 18-item scale used to
assess psychiatric symptoms37. This scale includes such domains
as somatic concern, anxiety, emotional withdrawal, conceptual
disorganization, feelings of guilt, tension, mannerisms and
posturing, grandiosity, depressive mood, hostility, suspiciousness,
hallucinatory behavior, motor retardation, uncooperativeness,
unusual thought content, blunted affect, excitement, and
disorientation. Each item is rated on a seven-point Likert scale,
ranging from 1 to 7, with higher scores indicating more severe
symptoms. The primary measure of this scale is the total score
from the 18 domains.

Cognitive function
Cognitive function was assessed using the Brief Assessment of
Cognition in Schizophrenia (BACS) Japanese version38,39. This
instrument evaluates six cognitive domains: verbal memory,
working memory, motor speed, attention and speed of informa-
tion processing, verbal fluency, and executive function. The verbal
fluency domain consists of two types of VFT: the CFT and the LFT.
In the CFT, participants are asked to generate as many words as
possible orally within 1 min, with “animal” as the category cue. The
LFT requires participants to generate as many words as possible
beginning with designated letters (i.e., “KA” and “TA”). The primary
measure of the BACS is a composite score calculated from the six
domains, with higher scores indicating better cognitive function-
ing. The composite score has high test-retest reliability in patients
with schizophrenia and healthy controls (intraclass correlations
>0.80)39.

Social functioning
An abbreviated version of the Japanese version of the Specific
Levels of Functioning Scale (SLOF), a 24-item instrument designed
to evaluate social functioning, was used in accordance with well-
established methodological practices from prior studies40,41. This
scale covers three domains: interpersonal relationships, activities,
and work. Ratings were obtained through interviews conducted
by trained clinicians, with input from both patients and caregivers.
Each item is scored on a five-point Likert scale, and higher scores
reflect better functioning. In this study, the primary measure was
the total score of the SLOF, i.e., the sum of its three domain scores
ranging from 24 to 120. This method is based on the
recommendation reported in previous studies40,41.

Calculation of semantic memory scores based on the CFT
The structure of semantic memory was quantified using data from
the CFT, following the method originally automated by Kim
et al.31, and later adapted to quantify semantic memory using the
method developed by Troyer et al.11. Specifically, the following
five indicators were measured.

● Number of produced words: Total count of unique words
produced within a 1-min timeframe.

● Rank of the first switch: Position of the first response where
the participant generated a second subcluster. In cases where
no switches occurred, the rank of the first switch was set
to zero.

● Number of subclusters: Number of distinct subclusters that the
responses reference.

● Number of switches: Number of occurrences where two
consecutive words refer to different subclusters.
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● Largest cluster size: The largest number of consecutive
responses that refer to a single subcluster.

Figure 1 shows the outline of the computation of the semantic
memory scores. Solely for the collection of the list of animal words,

we used both baseline and follow-up CFT responses (i.e., a total of
581 instances); however, for the multivariate analyses, we only
used 139 CFT responses from the baseline assessment after
excluding missing data.
Initially, to evaluate the structure of semantic memory,

preprocessing was conducted to exclude intrusion and repetition
errors and to standardize word notation. Intrusion errors were
defined as words belonging to categories other than the target
category (animals), while repetition errors referred to repeated
words. In the notation standardization process, words with the
same meaning were unified under a single notation.
Next, the threshold of switches, which marks the boundary

between semantic clusters, was calculated. The evaluation of
switches followed the method proposed by Kim et al.31.
Specifically, cosine similarity, which measures the similarity
between two vectors based on the cosine of the angle between
them, was used to determine the semantic relationship among
words with higher cosine similarity, indicating greater similarity.
The cosine similarity between two words’ vectors (WA, WB) in
n-dimensional space is calculated as follows:

Given vectorWA ¼
WA1

..

.

WAn

0
BB@

1
CCA;WB ¼

WB1

..

.

WBn

0
BB@

1
CCA 2 Rn;

The cosine of the angle, or cosine similarity, between the two
vectors is given by:

Cosine similarity WAWBð Þ ¼ WA;WBh i
WAj jj jjjWBjj

¼
Pn

j¼1
WAjWBjffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiPn

j¼1
WAj

2

q ffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiPn

j¼1
WBj

2

q

To calculate cosine similarity, word vector representations—
numerical vectors that capture the semantic meaning of words—
were derived from chiVe, a pre-trained Japanese word2vec
model33,42. This model was trained on a large-scale Japanese
web corpus consisting of approximately 100 million web pages,
allowing for accurate semantic comparisons between words. The
threshold for determining a switch was calculated by computing
the cosine similarity for all response words (430 words, forming
92,235 pairs). This threshold was chosen as it showed the
strongest correlation with traditional manual switch detection
methods31. Therefore, the median value of 0.235 was adopted
(Fig. 2). Figure 2 illustrates a histogram of cosine similarity values,
which provides a visual representation of the distribution of
semantic similarity between word pairs. This histogram is crucial
for understanding the thresholds used to define switches and
clusters in the CFT. A switch was defined as occurring when the
similarity between two consecutive words fell below this

Fig. 1 Process of calculating semantic component scores.

Fig. 2 Histogram showing the relative frequency of cosine similarity values. The distribution of cosine similarity values between all
response word pairs (430 words forming 92,235 pairs). The distribution peaks around median cosine similarity 0.235.
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threshold31, while a cluster was defined as a sequence of two or
more consecutive words with a similarity above the threshold.
Finally, based on these definitions of switches and clusters, the

five indicators were evaluated. An example of the evaluation of
these parameters is shown in Fig. 3. After scoring the structure of
semantic memory, each score was standardized.
Subsequently, PCA was performed using all of the indicators,

following the approach of Ovando-Tellez et al.34.

Statistics
A two-tailed t-test was conducted to examine group differences in
the semantic memory scores.
Multivariate analyses were conducted using four generalized

linear models (GLMs) to investigate the association between the
semantic memory scores (derived from the PCA) and the SLOF
total scores. A GLM was chosen because it can accommodate the
bounded nature of the SLOF scores, allowing more accurate
modeling within the scale’s limits. Independent variables included
in all four models were age, sex (female= 0, male= 1), education
(in years), and the PCA components. Since the SLOF score is a
bounded discrete variable, the dependent variable was trans-
formed to a scoring rate to ensure proper scaling, and a GLM with
a binomial distribution and a logit link function was utilized to
prevent scores from exceeding the upper limit. The goodness-of-
fit of the GLMs was evaluated using McFadden’s pseudo-R², which
is a commonly used metric for logistic regression models. As part
of additional exploratory work, we undertook three analyses to
examine factors influencing each SLOF domain (interpersonal
relationships, activities, and work). Pearson correlation analyses
were also performed to explore the associations between the
semantic memory scores and specific clinical traits (JART, BACS,
BPRS conceptual disorganization).
Results were considered statistically significant at p-values of

less than 0.05. All statistical analyses were performed with Python
version 3.11.7. As this study is exploratory in nature, no formal
power analysis was conducted to determine the sample size.

RESULTS
Demographic data
The demographic characteristics of the study participants are
presented in Table 1. In the schizophrenia group, the mean ± SD
age of the participants was 27.63 ± 9.26 [15 to 57] years, while the
average length of education was 13.98 ± 2.40 [9 to 21] years. In the
HC group, the mean ± SD age of the participants was 26.08 ± 10.23
[18 to 55] years, while the average length of education was
13.97 ± 1.68 [11 to 19] years. There were no significant differences
between the two groups in age (t= 1.21, p= 0.23) or education
(t= 0.04, p= 0.97).

Calculation of semantic memory scores based on the CFT
After quantifying the five indicators, we conducted a PCA of these
indicators. Consistent with previous research34, two factors with
eigenvalues explaining 77% of the variance were identified.
Specifically, the first component explained 45% of the variance,
and the second component explained 32% of the variance. The
component loadings are presented in Table 2. The first
component is characterized by the number of subclusters and
the number of switches, suggesting it may represent switching
between semantic subclusters. The second component is char-
acterized by the number of produced words, the rank of the first
switch, and the largest cluster size, indicating it likely reflects the
clustering of responses within semantic subclusters11. Therefore,
the first component score was defined as the switching
component score, and the second component score was defined
as the clustering component score. This interpretation is
consistent with prior research34, which also identified switching
and clustering as key cognitive processes underlying verbal
fluency performance. Each principal component score was
calculated as follows:

● Switching component score= 0.27 × number of produced
words+ (−0.11) × rank of the first switch+ 0.63 × number of
subclusters+ 0.62 × number of switches+ (−0.37) × largest
cluster size.

● Clustering component score= 0.67 × number of produced
words+ 0.45 × rank of the first switch+ 0.08 × number of

Fig. 3 Example of the semantic parameters. The figure illustrates an example of cosine similarity between adjacent words in a semantic
fluency sequence. The number of switches was counted when the similarity between two consecutive words fell below a predefined
threshold. Conversely, words were grouped within the same subcluster when the similarity between two consecutive words exceeded this
threshold. Following this method, five semantic memory parameters (number of produced words, rank of the first switch, number of
subclusters, number of switches, and largest cluster size) were calculated. Dashed line, threshold level of 0.235.
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subclusters+ 0.06 × number of switches+ 0.58 × largest
cluster size.

Comparisons of semantic memory scores between HC and
schizophrenia patients
The results of the t-test between the schizophrenia group and the
HC group are shown in Table 3. The scores for the rank of the first
switch, the largest cluster size, and the clustering component

score were significantly lower in the schizophrenia group
compared to the HC group (t= 2.14, p= 0.03; t= 2.05, p= 0.04;
t= 2.04, p= 0.04). Additionally, no significant differences were
found between the two groups in the other scores, i.e., the
number of produced words, the number of subclusters, the
number of switches, or the switching component score (t= 1.89,
p= 0.06; t=−1.41, p= 0.16; t=−1.74, p= 0.08; t=−1.48,
p= 0.14). Based on the above results, there was an asymmetry
in the relationship between the switching component score and
clustering component score across the two groups.

Generalized multiple linear regression analysis
Table 4 shows the results of the GLM analysis in the schizophrenia
group. The independent variables included in all four models were
age, sex (female= 0, male= 1), education (in years), and the PCA
components: the switching component score and the clustering
component score. The GLM, which was used to examine the total
SLOF score, had a pseudo-R2 of 0.29. The clustering component
score, but not the switching score, was significantly associated
with the SLOF score. The relevant statistical information is
provided in Table 4. Figure 4 presents the individual data points
illustrating the relationships between the social functioning (SLOF
total scores) vs. the switching component scores (left panel) and
clustering component scores (right panel).

Exploratory analysis: linking semantic memory scores to
clinical and social functioning
Additional analyses were conducted to examine factors influen-
cing each SLOF domain (i.e., interpersonal relationships, activities,
and work). The analysis examining the SLOF interpersonal
relationships score had a pseudo-R2 of 0.05. The clustering
component score was significantly associated with the SLOF score
(β= 0.05, p= 0.04, standardized β= 0.06). For the activities
domain, the pseudo-R2 was 0.54. Both the switching and
clustering component scores were significantly associated with
the SLOF score (β= 0.05, p= 0.02, standardized β= 0.09; β= 0.17,
p < 0.01, standardized β= 0.21). For the analysis of the SLOF work
skills domain, the pseudo-R2 was 0.11. There was no evidence that
the semantic memory component scores had an influence on the
work skills domain scores (data not shown).
Pearson correlation analyses revealed significant positive

correlations between the switching component score and BACS
score (r= 0.21, p= 0.01). On the other hand, the clustering
component score was significantly associated with both the JART
premorbid IQ (r= 0.21, p= 0.01) and BACS score (r= 0.32,
p < 0.01). No significant associations were found between the
BPRS conceptual disorganization score and either semantic
memory component score.

DISCUSSION
This study is the first to examine the association between
semantic memory organization and social functioning in patients
with schizophrenia. The results of the PCA using a data mining
approach is consistent with those in a previous study34. On the
other hand, the clustering score was lower in schizophrenia
patients. Importantly, the results from the GLM analysis showed
that the clustering component score of semantic memory was
associated with the SLOF total score.
The results of the PCA underscored the notion that there are

two distinct aspects of specific semantic memory parameters as
generated by the automated scoring of CFT data: a switching
component and a clustering component. These results are
consistent with those from previous research34, where similar
semantic memory scores contributed to defining the same PCA
component scores. Hence, both components were interpreted
similarly; the switching component represents transitions between

Table 2. Component loading scores of the semantic memory scores.

First PC Second PC

Parameters Switching Clustering

Number of produced words 0.27 0.67

Rank of the first switch −0.11 0.45

Number of subclusters 0.63 0.08

Number of switches 0.62 0.06

Largest cluster size −0.37 0.58

Proportion of Variance 0.45 0.32

Cumulative Proportion 0.45 0.77

PC principal component. Principal component analysis (PCA) was
performed on the five category fluency test parameters from 237
participants. Consistent with a previous study34, two components were
identified, with similar parameters exhibiting similar influences on their
corresponding components. The variance explained by each component is
also reported.

Table 1. Demographic and clinical profiles of the participants.

Schizophrenia Healthy controls

Mean (SD) Range Mean (SD) Range

N(male/female) 139 (63/76) 98 (58/40)

Age (years) 27.63 (9.26) 15, 57 26.08 (10.23) 18, 55

Education (years) 13.98 (2.40) 9, 21 13.97 (1.68) 11, 19

Onset (years) 26.09 (9.31) 13, 56

DUP (years) 0.5 (0.88) 0, 4.5

DOI (years) 1.56 (1.29) 0, 4.92

BPRS Total 41.54 (8.88) 19, 63

CFT score “animal
naming”

17.55(4.73) 3, 29 18.7(4.51) 9, 30

BACS composite
score

−1.65 (1.34) −6.88,
1.74

SLOF score

Interpersonal
relationship

19.73 (5.24) 11, 35

Activities 48.16 (6.52) 15, 55

Working skills 18.97 (5.16) 6, 30

Medication (mg/day)

CPZE 386.42 (331.04) 0, 1425

BPRE 0.55 (1.21) 0, 8

BZDE 4.2 (7.5) 0, 47.08

BACS Japanese version of the Brief Assessment of Cognition in
Schizophrenia, BPRE biperiden equivalence, BPRS Brief Psychiatric Rating
Scale, BZDE benzodiazepine equivalence, CFT category fluency task, CPZE
chlorpromazine equivalence, DUP duration of untreated psychosis, DOI
duration of illness, JART Japanese Adult Reading Test, LFT letter fluency
task, SD standard deviation, SLOF Specific Levels of Functioning Scale.
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semantic subclusters, while the clustering component reflects the
grouping of responses within semantic subclusters34. Also, given
that traditional methods define switching and clustering based on
the number of switches and mean cluster size11, it was expected
that switching and clustering would influence each other (i.e.,
larger clusters would result in fewer switches). A high score for the
rank of the first switch and the largest cluster size, both of which
strongly influence the clustering component score, was associated
with a low switching component score, as revealed by the results
from the PCA (Table 2).
The observed asymmetry between the switching and clustering

components across groups deserves some deeper theoretical
consideration. In line with the exploration-exploitation framework,
memory retrieval can be seen as a foraging-like process43,44.
Individuals first exploit a cluster of highly associated items until
their retrieval rate starts to decline44. Once the return from this
cluster diminishes, they switch to exploring a new cluster in search
of additional items44. In our study, participants who had a low
clustering component score may have compensated by switching
clusters more frequently, thereby sustaining their overall word
production.
The absence of significant differences in the number of

produced words between the patients and HC subjects, studied
here, was not consistent with the results of previous meta-
analyses7,8. This may be due to the characteristics of the research
setting. The EDICS is an advanced medical care center for early
schizophrenia; most participants had already received treatment
and were at the initial phase of the disease.
When including these PCA component scores, the comparison

of the semantic memory parameters between the HC subjects and

schizophrenia patients suggests that there is semantic memory
disorganization in the latter group. This is indicated by the lower
scores on some semantic memory parameters, namely, the rank of
the first switch, the size of the largest cluster, and the clustering
score. These findings confirm the importance of not only the
quantitative, but also the qualitative aspects of word production
when it comes to fully understanding the semantic network
disturbances associated with schizophrenia. Our data also
demonstrate the utility of PCA in examining semantic memory
organization.
Participants with lower semantic memory scores, particularly

those with lower clustering component scores, exhibited poorer
social functioning. Given that previous research has not exten-
sively explored the link between semantic memory and social
functioning, our findings are potentially of high importance. Such
an association suggests that a well-organized semantic memory
may be key to navigating and managing daily living activities in
patients with schizophrenia. In contrast, the switching component
was related only to the Activities domain, and did not exhibit a
broad influence across other social functioning domains. This
aligns with the notion that language-related symptoms in
schizophrenia, driven by semantic memory disorganization1, lead
to poor social functioning3–5. Since the study was cross-sectional,
further studies with a longitudinal design could help validate
whether semantic memory organization predicts changes in social
functioning over time.
An exploratory analysis was conducted to examine the

associations between the distinct aspects of semantic memory
and specific clinical traits. The results revealed that the switching
component score was significantly associated only with cognitive
function, while the clustering component score was correlated
with both premorbid IQ and cognitive function. In contrast,
conceptual disorganization measured by the BPRS did not show
significant associations with either aspect of semantic memory.
These findings suggest that the two aspects of semantic memory
may have different underlying mechanisms and should be treated
separately from conceptual disorganization in future research.
Based on the discussion so far, assessing higher cognitive

functions, particularly semantic memory as measured by the CFT,
may provide a novel approach to the estimation of social
functioning. As considerable effort is usually required to manage
patients, the CFT’s ability to feasibly assess semantic memory may
help estimate social functioning in clinical settings with time
constraints. While developing automated analysis systems may be
challenging, the availability of pre-trained word2vec models may
facilitate the creation and distribution of standardized analysis
tools for broader use in clinical practice. Further, if considerable
impairments of semantic networks are identified by the above
method, some treatments, such as Semantic Feature Analysis to

Table 3. Comparisons of semantic memory scores between healthy control and schizophrenia patients.

Schizophrenia Healthy controls

Mean (SD) Range Mean (SD) Range

Number of produced words 17.55(4.73) 3, 29 18.70(4.51) 9, 30

Rank of the first switch 6.24(4.78)* 0, 23 7.70(5.36) 0, 27

Number of subclusters 2.53(1.11) 1, 6 2.34(0.98) 1, 6

Number of switches 3.99(1.98) 1, 11 3.57(1.69) 1, 9

Largest cluster size 10.42(4.27)* 2, 23 11.55(4.00) 4, 26

Principal components

Switching component 0.12(1.60) −2.57, 4.87 −0.17(1.36) −2.73, 4.53

Clustering component −0.14(1.27)* −4.06, 3.89 0.20(1.25) −2.61, 5.01

SD standard deviation. The switching component and clustering component were used in the main regression analysis. *p < 0.05.

Table 4. Generalized multiple linear regression analysis with Specific
Levels of Functioning Scale total scores as independent variable.

95% CI of β

β SE z p 0.025 0.975

Intercept 1.00 0.11 9.58 <0.01 0.80 1.21

Age (years) 0.01 0.00 3.30 <0.01 0.00 0.01

Sex (male= 1, female= 0) 0.02 0.04 0.45 0.65 −0.05 0.09

Education (years) −0.02 0.01 −2.07 0.04 −0.03 0.00

Switching component score 0.01 0.01 1.08 0.28 −0.01 0.03

Clustering component score 0.07 0.02 4.90 <0.01 0.04 0.10

pseudo-R2= 0.29

CI confidence interval, SE standard error. The switching component score
and clustering component score were used as semantic parameters.
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enhance word retrieval45–47, may be effective in improving social
outcomes in patients with schizophrenia.
The limitations of this study should be acknowledged. First,

patient data were only collected from a single institution, which
may introduce sample bias, as most participants studied here had
already received treatment and were early-onset patients. This
may also limit the generalizability of the findings. Second, the test-
retest reliability of these scores was not examined, as this study
focused solely on the initial assessment of semantic memory
scores. Future research should aim to evaluate the stability of
these scores over time to further validate these measures. Third,
the generalizability of our analysis remains unclear due to the use
of a single category in this study (i.e., animals). It is uncertain
whether our analytical approach would yield consistent results
across different word categories. Finally, while automated
methods offer consistency and scalability, they require custom
programming due to the current lack of standardized analysis
tools, which, as noted above, may limit their applicability.

Conclusions
The results of this study suggest that semantic memory scores,
derived from utilizing a text mining approach, facilitate the
assessment of semantic memory and analysis of social functioning
in patients with schizophrenia. Prior to this study, assessing higher
cognitive functioning, such as semantic memory, was challenging due
to technical constraints. Thus, the use of text mining techniques, as
reported in the present study, may pave the way for the development
of automated methods (e.g., deep learning approaches) to further
refine semantic memory analysis. These endeavors should provide a
framework for the exploration of social functioning by assessing
semantic memory organization in patients with schizophrenia.

DATA AVAILABILITY
Not applicable.

Received: 15 November 2024; Accepted: 28 March 2025;

REFERENCES
1. DeLisi, L. E. Speech disorder in schizophrenia: review of the literature and

exploration of its relation to the uniquely human capacity for language. Schi-
zophr. Bull. 27, 481–496 (2001).

2. Covington, M. A. et al. Schizophrenia and the structure of language: the linguist’s
view. Schizophr. Res. 77, 85–98 (2005).

3. Bowie, C. R. & Harvey, P. D. Communication abnormalities predict functional
outcomes in chronic schizophrenia: differential associations with social and
adaptive functions. Schizophr. Res. 103, 240–247 (2008).

4. Muralidharan, A., Finch, A., Bowie, C. R. & Harvey, P. D. Thought, language, and
communication deficits and association with everyday functional outcomes
among community-dwelling middle-aged and older adults with schizophrenia.
Schizophr. Res. 196, 29–34 (2018).

5. Tan, E. J., Thomas, N. & Rossell, S. L. Speech disturbances and quality of life in
schizophrenia: differential impacts on functioning and life satisfaction. Compr.
Psychiatry 55, 693–698 (2014).

6. Fujino, H. et al. Predicting employment status and subjective quality of life in
patients with schizophrenia. Schizophr. Res. Cogn. 3, 20–25 (2016).

7. Tan, E. J., Neill, E., Tomlinson, K. & Rossell, S. L. Semantic memory impairment across
the schizophrenia continuum: a meta-analysis of category fluency performance.
Schizophr. Bull. Open https://doi.org/10.1093/schizbullopen/sgaa054 (2020).

8. Bokat, C. E. & Goldberg, T. E. Letter and category fluency in schizophrenic
patients: a meta-analysis. Schizophr. Res. 64, 73–78 (2003).

9. Feinstein, A., Goldberg, T. E., Nowlin, B. & Weinberger, D. R. Types and characteristics
of remote memory impairment in schizophrenia. Schizophr. Res. 30, 155–163 (1998).

10. Bozikas, V. P., Kosmidis, M. H. & Karavatos, A. Disproportionate impairment in
semantic verbal fluency in schizophrenia: differential deficit in clustering. Schi-
zophr. Res. 74, 51–59 (2005).

11. Troyer, A. K., Moscovitch, M. & Winocur, G. Clustering and switching as two
components of verbal fluency: evidence from younger and older healthy adults.
Neuropsychology 11, 138–146 (1997).

12. Troyer, A. K., Moscovitch, M., Winocur, G., Alexander, M. P. & Stuss, D. Clustering
and switching on verbal fluency: the effects of focal frontal- and temporal-lobe
lesions. Neuropsychologia 36, 499–504 (1998).

13. Sumiyoshi, C., Sumiyoshi, T., Roy, A., Jayathilake, K. & Meltzer, H. Y. Atypical
antipsychotic drugs and organization of long-term semantic memory: multi-
dimensional scaling and cluster analyses of category fluency performance in
schizophrenia. Int. J. Neuropsychopharmacol. 9, 677–683 (2006).

14. Sumiyoshi, C., Ertugrul, A., Yagcioglu, A. nil & Sumiyoshi, A. E. T. Semantic memory
deficits based on category fluency performance in schizophrenia: similar
impairment patterns of semantic organization across Turkish and Japanese
patients. Psychiatry Res. 167, 47–57 (2009).

15. Paulsen, J. S. et al. Impairment of the semantic network in schizophrenia. Psy-
chiatry Res. 63, 109–121 (1996).

16. Sumiyoshi, C. et al. Semantic structure in schizophrenia as assessed by the
category fluency test: Effect of verbal intelligence and age of onset. Psychiatry
Res. 105, 187–199 (2001).

17. Cabana, Á, Valle-Lisboa, J. C., Elvevåg, B. & Mizraji, E. Detecting order–disorder
transitions in discourse: implications for schizophrenia. Schizophr. Res. 131,
157–164 (2011).

18. Nicodemus, K. K. et al. Category fluency, latent semantic analysis and schizo-
phrenia: a candidate gene approach. Cortex 55, 182–191 (2014).

19. Cowman, M. et al. Cognitive predictors of social and occupational functioning in
early psychosis: a systematic review and meta-analysis of cross-sectional and
longitudinal data. Schizophr. Bull. 47, 1243–1253 (2021).

20. Lipkovich, I. A. et al. Relationships among neurocognition, symptoms and functioning
in patients with schizophrenia: a path-analytic approach for associations at baseline
and following 24 weeks of antipsychotic drug therapy. BMC Psychiatry 9, 44 (2009).

β = 0.01 

p = 0.28 
β = 0.07 

p < 0.01 

Fig. 4 Associations between scores on the Specific Levels of Functioning Scale Japanese version vs. those on the switching component (left
panel) or clustering component (right panel).

A. Wada et al.

7

Published in partnership with the Schizophrenia International Research Society Schizophrenia (2025)    61 

https://doi.org/10.1093/schizbullopen/sgaa054


21. Velligan, D. I. et al. The functional significance of symptomatology and cognitive
function in schizophrenia. Schizophr. Res. 25, 21–31 (1997).

22. Lundin, N. B. et al. Semantic search in psychosis: modeling local exploitation and
global exploration. Schizophr. Bull. Open 1, sgaa011 (2020).

23. Sumiyoshi, C. et al. Disorganization of semantic memory underlies alogia in
schizophrenia: an analysis of verbal fluency performance in Japanese subjects.
Schizophr. Res. 74, 91–100 (2005).

24. Docherty, A. R., Berenbaum, H. & Kerns, J. G. Alogia and formal thought disorder:
differential patterns of verbal fluency task performance. J. Psychiatr. Res. 45,
1352–1357 (2011).

25. Rossell, S. L. Category fluency performance in patients with schizophrenia and bipolar
disorder: the influence of affective categories. Schizophr. Res. 82, 135–138 (2006).

26. Laws, K. R., Patel, D. D. & Tyson, P. J. Awareness of everyday executive difficulties
precede overt executive dysfunction in schizotypal subjects. Psychiatry Res. 160,
8–14 (2008).

27. Elvevåg, B., Foltz, P. W., Weinberger, D. R. & Goldberg, T. E. Quantifying inco-
herence in speech: an automated methodology and novel application to schi-
zophrenia. Schizophr. Res. 93, 304–316 (2007).

28. Sumiyoshi, C. et al. Semantic memory organization in Japanese patients with
schizophrenia examined with category fluency. Front. Psychiatry 9, 87 (2018).

29. Sumiyoshi, C. et al. Facilitative effects of transcranial direct current stimulation on
semantic memory examined by text-mining analysis in patients with schizo-
phrenia. Front. Neurol. 12, 583027 (2021).

30. Goñi, J. et al. The semantic organization of the animal category: evidence from
semantic verbal fluency and network theory. Cogn. Process. 12, 183–196 (2011).

31. Kim, N., Kim, J.-H., Wolters, M. K., MacPherson, S. E. & Park, J. C. Automatic scoring
of semantic fluency. Front. Psychol. 10, 1020 (2019).

32. Kumar, L. & Bhatia, P. Text mining: concepts, process and applications. J. Glob.
Res. Comput. Sci. 4, 36–39 (2013).

33. Mikolov, T., Chen, K., Corrado, G. & Dean, J. Efficient estimation of word repre-
sentations in vector space. arXiv preprint arXiv:1301.3781 (2013).

34. Ovando-Tellez, M. et al. An investigation of the cognitive and neural correlates of
semantic memory search related to creative ability. Commun. Biol. 5, 604 (2022).

35. American Psychiatric Association. Diagnostic and Statistical Manual of Mental
Disorders 4th edn (DSM-IV) (American Psychiatric Association, 1994).

36. Matsuoka, K., Uno, M., Kasai, K., Koyama, K. & Kim, Y. Estimation of premorbid IQ
in individuals with Alzheimer’s disease using Japanese ideographic script (Kanji)
compound words: Japanese version of National Adult Reading Test. Psychiatry
Clin. Neurosci. 60, 332–339 (2006).

37. Overall, J. E. & Gorham, D. R. The brief psychiatric rating scale. Psychol. Rep. 10,
799–812 (1962).

38. Kaneda, Y. et al. Brief assessment of cognition in schizophrenia: validation of the
Japanese version. Psychiatry Clin. Neurosci. 61, 602–609 (2007).

39. Keefe, R. S. et al. The brief assessment of cognition in schizophrenia: reliability,
sensitivity, and comparison with a standard neurocognitive battery. Schizophr.
Res 68, 283–297 (2004).

40. Sumiyoshi, T. et al. Cognitive insight and functional outcome in schizophrenia; a
multi-center collaborative study with the specific level of functioning
scale–Japanese version. Schizophr. Res. Cogn. 6, 9–14 (2016).

41. Sabbag, S. et al. Assessing everyday functioning in schizophrenia: not all infor-
mants seem equally informative. Schizophr. Res. 131, 250–255 (2011).

42. Manabe, H. et al Fukusu ryudo no bunkatsu kekka ni motozuku nihongo
tango bunsan hyogen (Japanese Word Embeddings Based on Multi-
Granularity Segmentation). In Proc. 25th Annual Meeting of the Association
for Natural Language Processing (NLP2019), NLP2019-P8-5 (Gengo Shori
Gakkai, 2019) (in Japan).

43. Hills, T. T., Jones, M. N. & Todd, P. M. Optimal foraging in semantic memory.
Psychol. Rev. 119, 431–440 (2012).

44. Hills, T. T., Todd, P. M. & Jones, M. N. Foraging in semantic fields: how we search
through memory. Top. Cogn. Sci. 7, 513–534 (2015).

45. Maddy, K. M., Capilouto, G. J. & McComas, K. L. The effectiveness of semantic
feature analysis: an evidence-based systematic review. Ann. Phys. Rehabil. Med.
57, 254–267 (2014).

46. Lowell, S., Beeson, P. M. & Holland, A. L. The efficacy of a semantic cueing
procedure on naming performance of adults with aphasia. Am. J. Speech-Lang.
Pathol. 4, 109–114 (1995).

47. Boyle, M. & Coelho, C. A. Application of semantic feature analysis as a treatment
for aphasic dysnomia. Am. J. Speech-Lang. Pathol. 4, 94–98 (1995).

ACKNOWLEDGEMENTS
The authors are grateful to Drs Kazuyoshi Takeda, Yoshie Omachi, Satoru Ikezawa,
and Kazuyuki Nakagome for recruiting the participants. This study was supported by
the Intramural Research Grant (5-3, 6-1) for Neurological and Psychiatric Disorders of
the National Center of Neurology and Psychiatry, and AMED Grant (JP24dk0307114)
to T.S., as well as the Intramural Research Grant (25-7) for Neurological and Psychiatric
Disorders of the National Center of Neurology and Psychiatry to N.Y. C.S. received
funding from the Japan Society for the Promotion of Science (JSPS) KAKENHI Grant
Number JP20K03433.

AUTHOR CONTRIBUTIONS
A.W.: Data curation, formal analysis, investigation, methodology, resources, visualiza-
tion, writing—original draft, writing—review & editing. C.S.: Conceptualization of the
study, methodology, supervision, writing—original draft, writing—review & editing.
R.Y.: Writing—original draft, writing—review & editing. Y.Y., R.H., J.M., A.K., and R.K.:
Writing—review & editing. M.M., K.N., C.F., and L.A.: Resources. A.S.: Methodology,
writing—original draft, writing—review & editing. N.Y.: Writing—original draft,
writing—review & editing. T.S.: Conceptualization of the study, methodology,
supervision, writing—original draft, writing—review & editing, and funding
acquisition.

COMPETING INTERESTS
The authors declare no competing interests.

ADDITIONAL INFORMATION
Correspondence and requests for materials should be addressed to
Tomiki Sumiyoshi.

Reprints and permission information is available at http://www.nature.com/
reprints

Publisher’s note Springer Nature remains neutral with regard to jurisdictional claims
in published maps and institutional affiliations.

Open Access This article is licensed under a Creative Commons
Attribution-NonCommercial-NoDerivatives 4.0 International License,

which permits any non-commercial use, sharing, distribution and reproduction in any
medium or format, as long as you give appropriate credit to the original author(s) and
the source, provide a link to the Creative Commons licence, and indicate if youmodified
the licensed material. You do not have permission under this licence to share adapted
material derived from this article or parts of it. The images or other third partymaterial in
this article are included in the article’s Creative Commons licence, unless indicated
otherwise in a credit line to the material. If material is not included in the article’s
Creative Commons licence and your intended use is not permitted by statutory
regulation or exceeds the permitted use, you will need to obtain permission directly
from the copyright holder. To view a copy of this licence, visit http://
creativecommons.org/licenses/by-nc-nd/4.0/.

© The Author(s) 2025

A. Wada et al.

8

Schizophrenia (2025)    61 Published in partnership with the Schizophrenia International Research Society

http://www.nature.com/reprints
http://www.nature.com/reprints
http://creativecommons.org/licenses/by-nc-nd/4.0/
http://creativecommons.org/licenses/by-nc-nd/4.0/

	Semantic memory disorganization linked to social functioning in patients with schizophrenia
	Introduction
	Methods
	Participants
	Premorbid IQ
	Psychiatric symptoms
	Cognitive function
	Social functioning
	Calculation of semantic memory scores based on the CFT
	Statistics

	Results
	Demographic data
	Calculation of semantic memory scores based on the CFT
	Comparisons of semantic memory scores between HC and schizophrenia patients
	Generalized multiple linear regression analysis
	Exploratory analysis: linking semantic memory scores to clinical and social functioning

	Discussion
	Conclusions

	DATA AVAILABILITY
	References
	Acknowledgements
	Author Contributions
	Competing Interests
	ADDITIONAL INFORMATION




