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A B S T R A C T   

In recent years, different natural language processing tools measured aspects related to narratives' structural, 
semantic, and emotional content. However, there is a need to better understand the limitations and effectiveness 
of speech elicitation protocols. The graph-theoretical analysis applied to short narratives reveals lower 
connectedness associated with negative symptoms even in the early stages of psychosis, but emotional topics 
seem more informative than others. We investigate the interaction between connectedness and emotional words 
with negative symptoms and educational level in participants with and without psychosis. For that purpose, we 
used a speech elicitation protocol based on three positive affective pictures and calculated the proportion of 
emotional words and connectedness measures in the first-episode psychosis (FEP) group (N: 24) and a control 
group (N: 33). First, we replicated the association between connectedness and negative symptoms (R2: 0.53, p: 
0.0049). Second, the more positive terms, the more connected the narrative was, exclusively under psychosis and 
in association with education, pointing to an interaction between symptoms and formal education. Negative 
symptoms were independently associated with connectedness, but not with emotional words, although the as
sociations with education were mutually dependent. Together, education and symptoms explained almost 70 % 
of connectedness variance (R2: 0.67, p < 0.0001), but not emotional expression. At this initial stage of psychosis, 
education seems to play an important role, diminishing the impact of negative symptoms on the narrative 
connectedness. Negative symptoms in FEP impact narrative connectedness in association with emotional 
expression, revealing aspects of social cognition through a short and innocuous protocol.   

1. Introduction 

Does it matter how we feel about telling a story? We communicate 
our feelings, ideas, and interpretations of the environment through 
language. Capturing this expression in a structural conversation in a 
therapeutic setting gives crucial information for mental health pro
fessionals since the initial descriptions of psychiatric disorders. Since the 
original description of psychosis from Kraepelin, there has been the 
assumption of thought disturbances present in different manifestations 
of psychosis (Holzman et al., 1986). Bleuler pointed out the variety of 
thought disorder manifestations in schizophrenia as a core phenome
non, and multiple efforts were done to use language output to get this 
phenomenological core (Andreasen, 1986; Johnston et al., 1986; Liddle 
et al., 2002). After the deinstitutionalization movements and the 

adoption of community-based and recovery-oriented services, the 
assessment of social functioning is vital in the case of psychosis (Bowie 
et al., 2011). The opportunity to identify aspects of social cognition 
linked to cognitive and/or emotional expression through narrative can 
help us understand the complex impairment experienced in the social 
life of those under psychosis, especially during the initial stages of the 
disorder (Green et al., 2015). 

Recently phenomenological investigations on formal thought disor
ders linked to psychosis have gained insights with the use of natural 
language processing tools (Bedi et al., 2015; Corcoran and Cecchi, 2020; 
Elvevåg et al., 2007; Hitczenko et al., 2021; Mota et al., 2012, 2014; 
Rezaii et al., 2019). Those computational approaches allow for higher 
precision to evaluate these language markers that were previously only 
described by trained professionals. An example is the use of graph 
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representation of word trajectories to measure structural aspects of 
narratives (Morgan et al., 2021; Mota et al., 2012, 2014, 2017; Pala
niyappan et al., 2019; Spencer et al., 2021). The strategy was inspired by 
the description of symptoms like a derailment or fragmented speech, 
which careens the notion of an expected word trajectory that is aberrant 
in individuals who experience psychotic symptoms. By representing 
each word in a narrative as a node and the spontaneous sequence by 
directed edges, it is possible to calculate connectedness measures (which 
reveals how the narrative links all the different words on a single con
nected component, linking the beginning to the end). Indeed, those 
participants that also had a schizophrenia diagnosis produced low 
connected narratives in chronic (Mota et al., 2012, 2014) and initial 
stages of psychosis (Morgan et al., 2021; Mota et al., 2017; Spencer et al., 
2021), even in different languages (Morgan et al., 2021; Palaniyappan 
et al., 2019; Spencer et al., 2021). In addition, connectedness signifi
cantly correlated with negative symptoms (Mota et al., 2014, 2017) and 
cognitive performance (Palaniyappan et al., 2019). The same aspects 
that change with cognitive decline increase in typical cognitive devel
opment, including the development of social cognitive basis such as the 
theory of mind abilities (Mota et al., 2016). The better the performance 
on IQ, theory of mind, reading acquisition (Mota et al., 2016), and 
verbal memory (Mota et al., 2020), the more connected the children's 
narratives are while telling a story based on a picture. Furthermore, 
educational level was the most important factor to explain the con
nectedness's variability in typical development, showing a slow dynamic 
that seems to change when a child starts to read and matures at the end 
of high school (Mota et al., 2018). Importantly, this effect of formal 
education on narratives was not observed in a psychotic sample, which 
suggests that psychotic symptoms could interact and play an important 
role in connectedness's variability (Mota et al., 2018). 

Advances in language analysis and how to translate psycho- 
phenomenology into precise metrics have been developed, but the 
literature diverges in terms of speech elicitation protocols (Mota, 2021). 
Those advances have application purposes for the clinics, but there is a 
need to better understand the limitations and potentialities of each 
method, and to gain insight into basic knowledge on how those markers 
are associated with symptomatology, or environmental aspects that 
impact language (Stokes, 1997). Focusing on structural analysis based 
on graph theory, the narrative topic changes the associations between 
connectedness and symptomatology (Mota et al., 2014, 2017). Dream 
reports connectedness is negatively correlated with negative symptoms 
severity measured by PANSS negative subscale, but not in daily reports 
connectedness (Mota et al., 2014). Participants without a schizophrenia 
diagnosis produced more connected dream narratives compared to daily 
narratives, which did not happen in the schizophrenia group (that kept 
the same low connected narrative to report a dream or a daily event) 
(Mota et al., 2014). Contrasting narrative topics in terms of emotional 
load (positive/negative x neutral) or memory duration (short x long- 
term memories), emotional information on the narrative topic seems 
to contribute more to discriminating groups during the first-episode 
psychosis (Mota et al., 2017). In the emotional context, the partici
pants created stories based on affective pictures with extreme positive, 
negative or neutral valence (pictures extract from the International Af
fective Pictures Database (IAPS) database (Lang et al., 1993)); the 
discriminative results were also accessed by narratives from short and 
long-term autobiographical memories (such as the report from the 
previous day and the oldest memory the participant could recall at the 
moment). Using narrative connectedness to classify the groups, the 
dream reports were the most informative topic, followed by negative 
and positive picture reports (Mota et al., 2017). Still, for application 
purposes, it seems that emotional reports discriminate between the 
groups, being the negative image report more informative than the 
positive image narratives (Mota et al., 2017). The side effects of negative 
image exposure could be an important limitation for large-scale appli
cation in clinical settings. Could a positive image speech elicitation 
protocol replicate the same associations with symptomatology? If so, 

what is the relationship between emotional expression and connected
ness in the same narratives from individuals during a first-episode psy
chosis (FEP) or without psychosis? To conclude, what are the 
interactions between those language markers and symptomatology or 
educational level? We hypothesize that 1. A speech elicitation protocol 
based on positive affective images would be able to generate connect
edness measures that are associated with negative symptoms at the first- 
episode psychosis; 2. There would be different associations between 
emotional expression and connectedness in participants with and 
without psychosis exclusively with the stimulus's congruent emotion 
(positive), but not with the incongruent emotion (negative); and 3. 
Negative symptoms and educational level would interact with both 
connectedness and emotional expression differently in participants with 
and without psychosis. 

2. Methods 

2.1. Participants 

This study was approved by the Ethical Committee in UFRN (permit 
#742–116, and #3.613.186) and in UNIFESP (permit # 4.410.579). 
Participants from the FEP group (N = 24) were recruited at clinical 
settings during regular clinical appointments in their usual clinics 
(CAPS-Infantil in Natal, Brazil, or Proesq in São Paulo, Brazil). The 
protocol was explained, and informed consent was given by the partic
ipant and by a legal representative. Participants from the Control group 
(N = 33) were recruited at the university community by convenience, 
and they also gave informed consent. As inclusion criteria for the FEP 
group, the individuals were seeking treatment for psychotic symptoms 
for the first time (maximum duration of two years informed by the 
participant and legal representative), with diagnosis established ac
cording to diagnostic criteria of the Diagnostic and Statistical Manual of 
Mental Disorders (DSM V). As exclusion criteria for both groups, the 
participants should not present neurological symptoms or drug-related 
disorders. For the control group, an additional exclusion criterion was 
to not have psychiatric diagnoses or treatment for mental health issues. 

2.2. Speech elicitation protocol (Fig. 1) 

All the participants answered a socioeconomic questionnaire. For 
those in the FEP group, clinical questions were also answered. After that, 
the participants were presented with three images of positive affective 
content (a baby, a dog, and a dessert), chosen from the IAPS database 
(Lang et al., 1993), on a computer screen. They were instructed to pay 
attention to each of the images for 15 s and then report a story based on 
the picture (one for each image). To ensure a minimal number of words 
to perform the analysis, each narrative had at least 30 s (Mota et al., 
2017). If the participant did not reach the minimum time, there was a 
request to keep talking with general stimuli such as “could you talk more 
about it?”. The interviewer explained this procedure previously to the 
participant. Part of the FEP sample (N = 18) also repeated the same 
protocol after the exposure of three negative images (a plane crash 
scene, a set of human bones in decomposition, a sick and skinny man in a 
hospital bed) and three neutral images (a truck, an umbrella, a boy 
showing a neutral facial expression), and those reports were used as 
controls for the analysis investigating the association between emotional 
expression and connectedness. The multilinear correlations using 
negative image reports were already described for this sample in a 
previous study (Mota et al., 2017). 

Participants from the FEP group were evaluated psychiatrically using 
the psychometric scale PANSS (Kay et al., 1987) composed of three 
subscales (positive, negative, and neutral). For analysis purposes, the 
present study focuses on the PANSS negative subscale. 
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2.3. Natural language analysis (Fig. 1) 

The narratives were recorded and fully transcribed. After that, two 
different computational language analyses were performed: first, the 
structural analysis using Speech Graphs software (Mota et al., 2014); 
second, the proportion of words using Linguistic Inquiry and Word 
Count (LIWC) (Pennebaker et al., 1999) with the Brazilian Portuguese 
Dictionary (Filho et al., 2013), both explained below. 

2.3.1. Graph analysis (connectedness) (Fig. 1A) 
Each word of the narrative was represented as a node, and the 

sequence between the words was represented by directed edges using 
the Speech Graphs software (Mota et al., 2014). From this, the total 
number of nodes in the most connected component (LCC) and the 
number of nodes in the most strongly connected component (LSC) were 
quantified. The LCC is defined as the largest graph component where 
each pair of nodes is linked somehow, and LSC is defined as the largest 
graph component where each pair of nodes is linked and mutually 
reachable (Mota et al., 2014). Then, each graph was compared to 1000 
random graphs generated with the same set of words and edges. The LCC 
and LSC z-scores between each original graph attribute (LCC or LSC) and 
the corresponding random graph distribution were calculated, 
composing measures of similarity with random connectivity (LCCz and 
LSCz) (Mota et al., 2017). For further details, please reference (Mota 
et al., 2014) and (Mota et al., 2017). 

To control for verbosity differences and ensure a minimum number 
of words to perform the analysis, we concatenated the three narratives 
and applied a moving windows analysis (Mota et al., 2014). We 
considered windows with a length of 30 words with a 3-word gap, which 
means that for the first 30 words we generated a graph, then jumped 
three words to again count 30 words and thus generate the next graph, 
and so on. The average graph attributes of all 30-word graphs for each 
oral narrative were calculated and used for statistical analysis. Although 
we controlled verbosity, graph attributes such as LCC and LSC have a 
close relationship with the number of nodes (here, different words, a 

proxy for lexical diversity, in a set of 30 words(Mota et al., 2018)). We 
verified the relationship between all graph attributes and their com
posites with Nodes (the number of nodes in the graph). To differentiate 
the contributions of connectedness independent from lexical diversity 
for those attributes with a close relationship with Nodes, we added 
Nodes as a confounding factor. 

2.3.2. Emotional analysis (Fig. 1B) 
The LIWC is software used to extract and analyze emotional, cogni

tive, and structural components present in speech (Pennebaker et al., 
2007). The software searches for a specific class of words defined by pre- 
established dictionaries already validated for the language. In the cur
rent study, it was used to quantify the proportion of words with positive 
and negative emotional contexts using the Brazilian Portuguese Dictio
nary (Balage Filho et al., 2013). 

2.4. Statistical analysis 

Statistical analyses were performed using Matlab software. 

2.4.1. Validation of speech elicitation protocol 
To replicate the validity of the speech elicitation protocol based on 

positive affective pictures, we performed a multilinear correlation 
considering all the four connectedness attributes (LCC, LSC, LCCz, LSCz) 
versus the total score on PANSS negative subscale. First, we verified if 
the data presented collinearity between the four attributes (condition 
index should be smaller than 10). Next, if the correlation was significant, 
we defined a disorganization index (DI) considering the coefficients for 
each connectedness attribute. Then, to verify the discriminative per
formance of this protocol, we used all the connectedness attributes or 
exclusively the DI as input to a Naïve Bayes classifier with cross- 
validation (10-fold) implemented with Weka software. We considered 
discriminative if the area under the ROC curve was higher than 0.75 
(Mota et al., 2017). 

Fig. 1. Speech elicitation protocol and analysis. The participants were instructed to observe an image for 15 s and they were requested to narrate a story based on 
that image for at least 30 s without seeing the image. The interview was recorded and transcribed and the text was analyzed. A) Graph analysis: each word is 
represented as a node and the spontaneous sequence of words is represented by directed edges. Connectedness is assessed by the number of nodes on the largest 
connected component (for this example, LCC = 17), in the largest strongly connected component (LSC = 20), and the comparison of both metrics with a distribution 
of 1000 thousand random graphs designed with the same words in a shuffled order (LCCz = 1.37, and LSCz = 3.52). B) Emotional analysis: positive (in red) and 
negative (in blue) emotional words are identified after comparing them to a standard dictionary. The proportion of positive and negative emotional words is 
calculated considering the number of words in the narrative (for this example, Positive emotions = 5 %, and Negative emotions = 5 %). Further details in Methods. 
(For interpretation of the references to colour in this figure legend, the reader is referred to the web version of this article.) 
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2.4.2. Association between connectedness and emotional analysis 
Spearman correlations were used to investigate the association be

tween each connectedness attribute (LCC, LSC, LCCz, LSCz) and the 
proportion of positive and negative emotional words in the FEP and 
control groups participants' narrative, with and without adjustment for 
years of education or the severity of negative symptoms measured by 
PANSS. For these analyses, the significance level was corrected by using 
the Bonferroni test for 8 comparisons (α = 0.0063). As a control, we 
performed the same analysis using negative and neutral image reports 
collected from a small part of the FEP group. 

2.4.3. Interaction between connectedness and emotional analysis and 
symptomatology and education 

To evaluate the interactions between language markers and factors 
such as negative symptoms and education in the FEP group, we con
ducted two levels of correlation analysis. We considered the DI and the 
proportion of positive emotional words in the narrative as language 
markers. 

First, we considered both language markers in interaction with 
negative symptoms, and with education separately. For that, we con
ducted a pair of Spearman correlations with and without adjustment for 
the third factor. Then, we considered both factors (negative symptoms 
and education) as predictors of an isolated language marker (positive 
emotional expression or disorganization index). For that purpose, we 
used a multilinear correlation. 

3. Results 

Demographic and clinical data from FEP and Control groups are 
presented in Table 1. There were important demographic differences 
between the groups. Participants from the FEP group had a higher 
proportion of men (62 % versus 36 % respectively), fewer years of age 
(18 versus 28 mean years old), and education (8 versus 15 years of 
formal education). These differences jeopardize direct comparisons be
tween groups, so we followed the investigations inside each group. 

3.1. Validation of speech elicitation protocol 

To verify if the speech elicitation protocol based on positive affective 
pictures narratives would be able to reproduce the association with 
negative symptoms measured by the PANSS negative subscale, we per
formed a multilinear correlation between the four connectedness attri
butes and the total score of the PANSS negative subscale. Collinearity 
between connectedness attributes was controlled (condition index of 
LCC: 1; LSC: 1.36; LCCz: 2.82, LSCz: 8.65). The association between 
negative symptoms and connectedness was replicated (R2 = 0.53, p =
0.0049, Fig. 2), with connectedness explaining 53 % of PANSS negative 
variance. This allows for the definition of a disorganization index (we 
weighted each connectedness attribute by the correlation coefficient 
with negative symptoms): 

DI=36.86+LCC* (− 0.87)+LSC* (− 0.04)+LCCz* (− 0.01)+LSCz* (1.21)

Years of education and total score on the PANSS negative subscale 
were not correlated (Rho = − 0.26, p = 0.2159). The correlation between 
DI and negative symptoms kept the significance after adjusting for years 

of education (Rho = 0.54, p = 0.0072). 
Using the four connectedness attributes as input to a machine 

learning algorithm (Naïve Bayes classifier), connectedness discriminates 
FEP from the Control group with AUC = 0.803. Using DI as input, we 
obtained AUC = 0.78. Although discriminative, it is important to point 
out the limitation of comparing both groups as mentioned before. 

To verify the stability of the speech markers as psychosis progress at 
this initial stage, we performed additional Spearman correlations be
tween speech markers (positive emotions, and connectedness attributes 
isolated or combined in the DI) and disorder duration (measured in days 
after psychosis onset). Neither positive emotions, nor connectedness 
attributes were associated with disorder duration (Psychosis onset x 
Positive emotions, DI, LCC, LSC, LCCz, and LSCz: Rho − 0.23, 0.12, 
− 0.03, − 0.19, − 0.16, 0.31, respectively; all p values were higher than 
0.2), which seems to indicate a stability of those measures at this initial 
stage. 

3.2. Association between connectedness and emotional analysis 

As both groups presented demographic and clinical differences, we 
conducted Spearman's correlations analysis between connectedness at
tributes and the proportion of positive and negative emotional words in 
each group, controlling for multiple comparisons (Bonferroni correction 
for 8 comparisons). The proportion of positive emotional words posi
tively correlated with LCC and LSC exclusively in the FEP group (Fig. 3A, 
Table 2). Neither connectedness attributes correlated with negative 
emotional words in both groups (Fig. 3A, B, Table 2), nor with any 

Table 1 
Demographic and clinical information on FEP and Control groups. The proportion of gender distribution (% of males) is indicated, as well as the mean and standard 
deviation (SD) of Age (years old), Education (years of education), Chlorpromazine equivalent dose in use (mg/day), Disease duration (days) and PANSS negative 
subscale (points).  

Group Gender Age Education AP equivalent dose Disease duration PANSS Negative subscale 

(% male) Mean SD Mean SD Mean SD Mean SD Mean SD 

FEP (N = 24)  62.50 %  18.33  7.35  7.92  4.02  123.11  119.80  336.61  292.94  19.25  7.23 
Control (N = 33)  36.36 %  27.91  8.57  15.00  3.35  ...  ...  ...  ...  ...  ...  

Fig. 2. Validation of speech elicitation protocol based on positive affective 
pictures. Multilinear correlation between connectedness attributes and total 
PANSS negative subscale. R square and p-value are indicated in the title. The 
sum of constant and connectedness attributes weighted by the correlation co
efficients define the Disorganization Index (DI = 36.86 + LCC * (− 0.87) + LSC 
* (− 0.04) + LCCz * (− 0.01) + LSCz * (1.21)). 
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Fig. 3. Spearman correlation between each connectedness attribute and the proportion of positive and negative emotional words in the narratives. Spearman’s Rho 
mapped on the colormap, and significant correlations are indicated in white * (after Bonferroni correction for 8 comparisons, p < 0.0063). A) Correlation in FEP 
group; B) Correlations in Control group; C) Adjusted correlations for years of education (FEP group); D) Adjusted correlations for years of education (Control group) 
and E) Adjusted correlations for total score PANSS negative subscale (FEP group). F) Scatter plot showing a Spearman correlation between the proportion of positive 
words inside the LSC and DI (disorganization index). Rho and p values at the title. Statistical results from subplots A to E are presented in Table 2. 
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emotional word in the Control group (Fig. 3B, Table 2). Also, there was 
no significant correlation between connectedness and emotional 
expression using negative or neutral image reports (Table 2). 

To verify the effect of education or negative symptomatology on the 
association between emotional expression and connectedness, we per
formed a partial Spearman's correlation adjusted for years of education 
or the total score of the PANSS negative subscale. For the FEP group, the 
correlations of the proportion of positive emotional words with LCC and 
LSC lost significance after being adjusted for years of education (Fig. 3C, 
Table 2), suggesting an important role of education in these associations, 
with no effects on the Control group (Fig. 3D, Table 2). The adjustment 
for negative symptoms revealed a smaller effect, losing the significance 
of the association between LSC and positive emotional expression, but 
keeping the significant association between LCC and positive emotional 
words (Fig. 3E, Table 2). 

As there was a positive association between LCC and LSC in the FEP 
group, we calculated how many nodes representing positive emotions 
participated in the set of nodes inside the LCC and LSC. We isolated the 
set of nodes (words) inside the LCC and the LSC and estimated how 
many positive emotional words fall inside both. Then, we calculated the 
proportion of emotional words inside each component considering the 
number of positive words in the narrative. A major part of positive 
emotional words fit inside the LCC (on average, 75 % ± 20 %, maximum 
of 100 % and a minimum of 39 %) and LSC (on average, 66 % ± 21 %, 
maximum of 100 % and a minimum of 39 %). Also, the more positive 
emotions inside the LSC, the “more organized” was the narrative, and 
the smaller the DI (Rho = − 0.66, p = 0.0392, Fig. 3F). There was no 
association between positive emotions inside the LCC and the DI (Rho =
− 0.22, p = 0.5436). 

3.3. Interaction between connectedness and emotional analysis and 
symptomatology and education 

As we found a complex interaction between connectedness and 
emotional expression in the FEP group (exclusively with the stimulus 
congruent emotion, or the positive valence) with a complex interaction 
with negative symptoms and education, we investigated the mediation 
effects of negative symptoms or years of education in the association 
between positive emotion expression and the disorganization index 
separately (Fig. 4A and B, Table 3). 

We verified that the association between DI and negative symptoms 
kept the significance after adjusting for emotional expression, suggest
ing independence of this association with emotional expression. There 
was no direct association between emotional expression and symptom
atology. The negative association between DI and positive emotional 
expression lost significance after adjusting for negative symptoms 
severity. These results suggest a direct, independent, and strong asso
ciation of DI, with negative symptoms, and an indirect mediation of 
negative symptoms in the association between DI and emotional 
expression (Fig. 4A, Table 3). 

On the other hand, we verified a negative association between 
educational level and DI. This association lost significance after 
adjusting for emotional expression. Also, the more years of education, 
the more emotional expression (the association lost significance after 
adjusting for DI). In addition, the already reported association between 
DI and emotional expression lost significance after adjusting for years of 
education. These results suggest an interdependent association between 
education, emotional expression, and DI based on connectedness 
(Fig. 4B, Table 3). 

For the analysis of the effect of both factors (education and negative 
symptoms) in each language marker (DI and emotional expression), we 
performed multilinear correlations of education and symptomatology 
with DI or the proportion of positive emotional words. There was a 
significant correlation with DI (R2 = 0.67, p < 0.0001, Fig. 4C). Both 
education and symptomatology explained 67 % of DI variance, with 
educational level presenting a slightly larger coefficient (− 0.53) Ta
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compared to negative symptoms (0.41), with coefficients in opposite 
direction (the fewer years of education combined with more severe 
negative symptoms, the more disorganized the narrative) (Fig. 4C, 
Table 3). There was no correlation between both factors (education and 
negative symptoms) and emotional expression (Fig. 4D, Table 3). 

3.4. Understanding the contribution of lexical diversity (Nodes) to 
connectedness 

The DI has a major contribution to LCC (coefficient: − 0.87), a graph 
attribute closely associated with Nodes in graph theory. As Nodes mean 

different words in a word graph, this factor could be interpreted as a 
proxy of lexical diversity (Mota et al., 2018). As lexical diversity in
creases, LCC increases mostly if different words are not added to 
completely separated components. This relationship is not so direct for 
LSC and is even less clear for the comparison with random graphs (LCCz 
and LSCz, also with an important contribution to the DI (coefficient: 
1.21). To verify the contributions of lexical diversity to understand the 
relationship between the variation of each graph attribute, we con
ducted Spearman correlations with the DI and all the graph attributes, 
and adjustments to the correlations with negative symptoms and 
education. 

Fig. 4. Interactions between connectedness and emotional expression with negative symptoms and years of education in the FEP group. Significant correlations 
(considering both factors, education and negative symptoms, with a Bonferroni correction for multiple comparisons, p < 0.0250) A) Spearman’s correlation between 
disorganization index and proportion of positive emotional words with PANSS negative subscale. Each pair of correlations was adjusted by the third factor as 
indicated. Significant correlations (Bonferroni corrected for multiple comparisons, p < 0.0250) are indicated by the full line in red (for positive Rho) and blue (for 
negative Rho). No significant correlations are indicated by a dashed line. Detailed Rho and p-values are displayed in Table 3. B) Spearman’s correlation between 
disorganization index and proportion of positive emotional words with PANSS negative subscale. Each pair of correlations was adjusted by the third factor as 
indicated. Significant correlations are indicated by the full line in red (for positive Rho) and blue (for negative Rho). No significant correlations are indicated by a 
dashed line. Detailed Rho and p-values are displayed in Table 3. C) Multilinear correlation between years of education plus PANSS negative subscale with disor
ganization index. Coefficients are indicated in the y label; R square and p-value are indicated in the title. D) Multilinear correlation between years of education plus 
PANSS negative subscale with the proportion of positive emotional words. Coefficients are indicated in the y label; R square and p-value are indicated in the title. (For 
interpretation of the references to colour in this figure legend, the reader is referred to the web version of this article.) 
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There was an important association between DI and Nodes 
(Spearman correlation Rho = − 0.75, p < 0.0001, Pearson correlation R 
= − 0.83, p < 0.0001, R2 = 0.69), which means that the more connected 
the narrative, the higher the lexical diversity, with Nodes explaining 69 
% of the variance in DI. In isolation, the association with Nodes was 
stronger for LCC (Rho = 0.82, p < 0.0001), followed by LSC (Rho =
0.62, p = 0.0011), but LCCz and LSCz were not associated with Nodes 
(Rho = 0.09 and − 0.03, p > 0.05). 

Although both connectedness and lexical diversity are strongly 
associated, there was no association between Nodes and negative 
symptoms (Rho = − 0.33, p = 0.1189), and neither the association with 
DI nor symptoms lost significance after adjustment by Nodes (Rho =
0.53, p = 0.0088). On the other hand, Nodes were associated with the 
level of education (Rho = 0.59, p = 0.0024), and the correlation be
tween DI and education lost significance after adjustment by Nodes 
(Rho = − 0.29, p = 0.1734). 

4. Discussion 

The speech elicitation protocol based on positive affective pictures 
replicated the association between connectedness and negative symp
toms. The more severe the negative symptoms, the less connected were 
the narratives. Furthermore, connectedness explained more than half of 
negative symptomatology variance (53 %). This agrees with previous 
work that shows a higher discriminative performance of emotional re
ports such as dreams or stories based on negative pictures (Mota et al., 
2014, 2017). Although it did not reach the discriminative levels of 
dreams and negative image reports (accuracy levels higher than 90 %) 
(Mota et al., 2014, 2017), it adds an important application benefit as it 
does not expose the patient to images that could cause psychological 
discomfort or do not require the patient to recall a dream. Importantly to 
mention, at this initial stage, none of the speech markers considered 
were associated with the duration of psychotic symptoms, which seems 
to indicate stability at this stage, but only longitudinal studies with re
petitive assessments should be conclusive. 

As predicted, we verified that connectedness was associated with 
positive emotional expression (congruent to the stimulus), but not with 
negative emotional expression. Also, a major part of emotional words 
were nodes inside the LCC and LSC, and the more positive emotional 
nodes inside the LSC, the smaller the DI (or the more “organized” was 
the narrative). This suggests a link between narrative connectedness and 
social cognition in FEP (as the participant should recognize this 
emotional information in the stimulus and create a narrative that ex
presses it, linking emotion recognition/expression and cognitive abili
ties to infer people's thoughts (Green et al., 2015))). Connectedness in 
storytelling narratives was also positively correlated with the theory of 
mind performance in typical children in a school setting (Mota et al., 
2016). This was not true when using reports from negative and neutral 
images, which suggests that negative valence stimuli have different ef
fects on language and thoughts compared to positive stimuli. To 
recognize positive emotions in the stimuli and express them in a 

narrative could be more socially adaptative, but this could not be the 
case for negative emotions. 

To deepen this comprehension, it is important to investigate the 
interaction between both language markers and negative symptom
atology, in contrast to educational level. On one hand, connectedness is 
closely and independently linked to negative symptoms, keeping the 
significance even after adjustments for years of formal education or 
emotional expression. Positive emotional expression, on the other hand, 
does not directly associate with symptoms, only indirectly through 
connectedness. Together with the negative result in the Control group, 
we conclude that connectedness is associated with different factors, 
under different circumstances. Without psychosis, it varies according to 
the developmental phases (following a slow dynamic that seems to 
mature at the end of high school (Mota et al., 2018)). After that, this 
pattern stabilizes until regular cognitive decline which is expected in 
typical aging (Malcorra et al., 2021), an effect that could be mitigated by 
reading and writing habits (Malcorra et al., 2022). During adolescence 
or early adult life, social cognition that supports spontaneous emotional 
expression plays an important role, but the emergence of negative 
symptoms impacts this developmental trajectory, mediating an associ
ation between both aspects. Such a statement evidences the complex 
interplay of cognitive and emotional markers expressed in spontaneous 
narratives, being both aspects important to speech production, already 
evidenced in association with poor social functioning under schizotypy 
(Marggraf et al., 2019). 

This complex interaction claims to a better understanding of formal 
education in this scenario. Although the associations between education 
and connectedness reveal an interdependent correlation with emotional 
expression, the effect size is slightly higher than in the correlation with 
symptoms, as the coefficient in the multilinear correlation is higher. 
Almost the same strength, but in opposite directions, education seems to 
diminish the effect of negative symptoms under the narrative connect
edness. The interaction of both factors with emotional expression was 
not verified, which suggests that the impact of both factors on the 
disorganization index precedes the impact on emotional expression. 
Also, lexical diversity (linked to vocabulary and stimulated by formal 
education) was an important mediator for the association between DI 
and education, but not with negative symptoms. We interpreted that 
lexical diversity was an important factor in connectedness variance led 
by education, but there are other aspects of connectedness that explain 
the strong association with symptoms. Elucidate these mechanisms is 
helpful to plan interventions that could mitigate the effects of symp
tomatology on language (and social behavior mediated by language). 

These results express how crucial formal education is to keep an 
emotionally rich and well-organized narrative during the first-episode 
psychosis. In contrast with previous data which failed to find an asso
ciation between education and connectedness in psychosis (Mota et al., 
2018), the developmental stage of the individual at this early stage of 
psychosis could constitute a different context to the cognition. It is 
possible that during earlier stages there is more opportunity to deal with 
these cognitive deficits, and formal education seems to allow for a richer 
social environmental context. 

Although we had gained insights into cognitive interactions of 
symptoms and education under the narrative connectedness and 
emotional expression, the study presents limitations. The FEP and 
Control groups were not paired, which allows us to characterize asso
ciations in different contexts, but jeopardizes the direct comparison 
between the groups. Another important issue is the small sample of both 
groups, which impacts representativeness to generalize the results. The 
small sample size was especially a limitation for the analysis of negative 
and neutral stimuli, so larger studies comparing stimuli should be 
encouraged. Taking into consideration these limitations, it is important 
to design an inclusive and harmonized data collection in a representa
tive sample, as well as investigate if it would be possible to replicate the 
results. Other measurements based not only on transcriptions but also on 
acoustic signals and facial expressions could help us understand 

Table 3 
Statistical results of Spearman’s correlation on the FEP group between disor
ganization index (DI) and proportion of positive emotional words (%Positive) 
with PANSS negative subscale (Symptoms) and with years of education (Edu
cation). Each pair of correlations was analyzed with and without adjustment for 
the third factor.  

Language markers x Not Adjusted Adjusted Adjusted for 

Symptoms or education Rho p Rho p 

DI x Symptoms  0.58  0.0031  0.50  0.0155 %Positive 
%Positive x Symptoms  − 0.34  0.1055  − 0.03  0.8999 DI 
DI x %Positive  − 0.55  0.0050  − 0.47  0.0251 Symptoms 
DI x Education  − 0.60  0.0019  − 0.46  0.0262 %Positive 
%Positive x Education  0.47  0.0198  0.21  0.3371 DI 
DI x %Positive  − 0.55  0.0050  − 0.38  0.0715 Education  
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communication in-depth. Initiatives such as Discourse in psychosis 
(discourseinpsychosis.org) could allow us the opportunity to keep this 
investigation, and to understand the developmental perspective under 
both typical and atypical contexts. Narratives could be analyzed by 
different computational strategies in clinics, with complementarities 
(Morgan et al., 2021), but before that, we need to understand how each 
measure is associated with psychopathological phenomena and the 
mechanisms behind those associations (Hitczenko et al., 2021). 

5. Conclusion 

The protocol is short (the application time lasts around 5 to 10 min) 
and efficient, tested in clinical settings. As the analysis is not based on 
linguistics corpora, neither relies on the semantic content, it is from the 
definition invariant to language (Corcoran, 2021). It reveals naturalistic 
aspects linked directly with negative symptoms in the early stages of 
psychosis, also with protective factors such as education. Although 
promising, it still needs to be tested on a large scale on the most inclusive 
basis possible (Hitczenko et al., 2021; Mota, 2021; Palaniyappan, 2021) 
to understand confounding factors associated with social and de
mographic characteristics. Considering community-based and recovery- 
oriented practices such as those adopted in Brazil (Mota et al., 2022), 
computational tools accessible for different realities aligned with short 
and non-invasive speech elicitation protocols can help us the more 
precise follow-up to track psychosocial rehabilitation (Bowie et al., 
2011). 
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