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Applying network analysis to investigate the links between dimensional 

schizotypy and cognitive and affective empathy 

 

Abstract 

Background: Although impairment in empathy has been reported in schizophrenia 

spectrum disorders, little is known about the relationship between empathy and 

schizotypal traits. This study examines this relationship by applying network analysis 

to a large sample collected at 18-months follow-up in a longitudinal dataset. 

Methods: One thousand four hundred and eighty-six college students were recruited 

and completed a set of self-reported questionnaires on empathy, schizotypy, 

depression, anxiety and stress. Networks were constructed by taking the subscale 

scores of these measures as nodes and partial correlations between each pair of 

nodes as edges. Network Comparison Tests were performed to investigate the 

differences between individuals with high and low schizotypy.  

Results: Cognitive and affective empathy were strongly connected with negative 

schizotypy in the network. Physical and social anhedonia showed high centrality 

measured by strength, closeness and betweenness while anxiety and stress showed 

high expected influence. Predictability ranged from 22.4% (personal distress) to 

79.9% (anxiety) with an average of 54.4%. Compared with the low schizotypy group, 

the high schizotypy group showed higher global strength (S = 0.813, p < 0.05) and 

significant differences in network structure (M = 0.531, p < 0.001) and strength of 

edges connecting empathy with schizotypy (adjusted ps < 0.05). 

Limitations: Only self-rating scales were used, and disorganized schizotypy was not 

included. 

Conclusions: Our findings suggest that the cognitive and affective components of 

empathy and dimensions of schizotypy are closely related in the general population 

and their network interactions may play an important role in individuals with high 

schizotypy. 
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1. Introduction 

Empathy is a complex process that can be divided into at least two components: 

cognitive and affective empathy (Davis, 1983; Derntl et al., 2009; Reniers et al., 2011; 

Shamay-Tsoory et al., 2007). The cognitive component, likened to Theory of Mind 

(ToM), refers to an indiǀidƵal s͛ ability to infer oƚhers͛ mental states or feelings; 

whereas affective empathy refers to the vicarious emotional experience of others 

(Reniers et al., 2011). Deficits in mentalizing ability have been reported in several 

mental disorders including schizophrenia spectrum disorders and mood disorders 

(Cotter et al., 2018). Two recent meta-analyses on empathy impairment in patients 

with schizophrenia found poorer cognitive and affective empathy as measured by 

self-reported or performance-based assessments (Bonfils et al., 2017, 2016). Bora et 

al. (2013) also found that patients with first-episode psychosis showed severe deficits 

in mentalizing ability compared with healthy controls ;Cohen s͛ d = 1.0). Furthermore, 

individuals with ultra-high risk for psychosis (d = 0.45) and unaffected relatives (d = 

0.37) of schizophrenia patients also exhibited impaired mentalizing ability (Bora and 

Pantelis, 2013).  

Schizotypy is defined as a latent personality organization reflecting a putative 

liability for schizophrenia spectrum disorders (Meehl, 1962), which has been 

proposed as an approach to understand the development of psychosis (Kwapil and 

Barrantes-Vidal, 2015). Schizotypy consists of at least one positive (e.g., magical 

ideation, perceptual aberration) and one negative dimension (e.g., anhedonia) and 

its multidimensional structure has been validated recently in a cross-national study 

(Fonseca-Pedrero et al., 2018). Previous studies using neuropsychological and 

neuroimaging methods suggest that there are observable behavioural and brain 

changes associated with dimensional schizotypy (Nelson et al., 2013). As for empathy, 

a previous study using latent factor modelling to explore the association between 

dimensions of schizotypy and empathy found that negative schizotypy was negatively 

correlated with affective empathy (Bedwell et al., 2014). A recent study examining 
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empathy in individuals with high levels of schizotypy found that individuals with 

positive schizotypy showed poorer performance on emotional perspective taking 

tasks than those with negative schizotypy and healthy controls; while both 

individuals with negative and positive schizotypy underperformed on affective 

responsiveness tasks compared with healthy controls (Pflum and Gooding, 2018). 

Although a number of studies have reported that the negative dimension of 

schizotypy may be correlated with empathy, particularly affective empathy (Henry et 

al., 2008; Wang et al., 2015, 2013), knowledge on the associations between 

dimensional schizotypy and cognitive and affective components of empathy remains 

limited. Furthermore, negative schizotypy is commonly associated with more 

negative affect, e.g. depression and anxiety (Debbané et al., 2009; Rey et al., 2009) 

and depression is reported to be associated with deficits of empathy (Derntl et al., 

2012). In this study, we investigated how dimensional schizotypy, cognitive and 

affective components of empathy, and negative affect interact with each other using 

a network analysis.  

A Network model assumes that symptoms and their interactions are the 

disorders themselves rather than reflections of the underlying common causes of 

mental disorders (Cramer et al., 2010). This novel approach takes psychological 

variables as nodes in a network and interactions between nodes as edges of the 

network. The key advantage of network analysis is that it allows for the examination 

of independent relationships between pairs of nodes while controlling for the effects 

of all other nodes in the network. Usually, to estimate a psychological network with 

continuous variables, partial correlations of each pair of nodes are calculated and the 

graphical Least Absolute Shrinkage and Selection Operator (LASSO) (Tibshirani, 1996) 

is applied to generate a sparse network with relatively strong connections. Hence, 

edges of an estimated network represent partial correlation coefficients between 

two nodes after controlling for the other nodes in the network (Epskamp et al., 2018). 

Furthermore, the importance of a node in the network could be assessed by 

measuring the centrality indices of the node, including betweenness, closeness and 

strength (Borsboom and Cramer, 2013). Betweenness and closeness are calculated 
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based on the shortest path length between nodes. Nodes with high betweenness 

means that they appear in the shortest paths between other nodes frequently, while 

high closeness indicates close connections with all the other nodes in the network. 

The strength of a node is calculated by summing the absolute weights of all the edges 

connected to the node, suggesting how influential the node is in the network. 

Expected Influence (EI) assesses ƚhe sƚrengƚh of a node s͛ inflƵence ǁiƚhin ƚhe 

network while accounting for the presence of negative edges (Robinaugh et al., 2016). 

In addition, the predictability of a node measures the degree to which a given node 

can be predicted by all remaining nodes in the network (Haslbeck & Fried, 2017). The 

network model is particularly useful in improving our understanding of mental 

disorders by investigating the interactions between clinical symptoms and 

non-clinical features (Guloksuz et al., 2017; Isvoranu et al., 2017). For example, Fried 

et al. (2016) performed a network analysis in more than 3,000 patients with 

depression and found that both DSM (Diagnostic and Statistical Manual of Mental 

Disorders) and non-DSM symptoms were among the most central nodes in the 

network, suggesting that researchers and clinicians should focus more on these 

central symptoms and their interactions in future studies, especially in the 

assessment of treatment outcomes. To date, only a few studies have examined the 

network structure of empathy using the Interpersonal Reactivity Index (IRI) (Briganti 

et al., 2018), or network structure of schizotypy using the Schizotypal Personality 

Questionnaire (Dodell-Feder et al., 2019; E. Fonseca-Pedrero et al., 2018; Eduardo 

Fonseca-Pedrero et al., 2018), the Wisconsin Schizotypy Scales (Christensen et al., 

2018), or the Oviedo Schizotypy Assessment Questionnaire (Fonseca-Pedrero et al., 

2020). However, little is known about the network interactions between dimensional 

schizotypy, cognitive and affective empathy and negative affect in one network. 

In this study, we performed network analysis using data collected at the most 

recent wave of an 18-month longitudinal follow-up study (Wang et al., 2018). Firstly, 

the network structure of the whole sample was estimated to examine the 

interactions of positive schizotypy (perceptual aberration and magical ideation), 

negative schizotypy (social anhedonia and physical anhedonia), cognitive empathy 
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(perspective taking and fantasy subscales of the IRI), affective empathy (personal 

distress and empathic concern subscales of the IRI) and negative affect (depression, 

anxiety and stress). We hypothesized that negative schizotypy (social and physical 

anhedonia) would show strong associations with empathy, especially with affective 

component of empathy, after controlling for the other variables in the network. In 

addition, the centrality indices, EI and predictability were calculated to identify the 

important nodes in the network. Similarly, we hypothesized that negative schizotypy 

and negative affect would be central nodes in the network based on their close 

relationships with other nodes reported in previous studies. Secondly, since there is 

significant gender bias in both empathy (Christov-Moore et al., 2014) and schizotypy 

(Eduardo Fonseca-Pedrero et al., 2018), the network structures for male and female 

participants were estimated separately and permutation tests were used to examine 

the invariance of network structure, global strength and edge-weights (van Borkulo 

et al., 2017). This comparison was used to examine whether the associations among 

dimensional schizotypy, cognitive and affective empathy and negative affect are 

similar for males and females. Lastly, we estimated and compared the networks 

between individuals with high and low levels of schizotypy. In our previous analysis 

we identified four latent classes with distinct trajectories in an 18-month follow-up 

study inclƵding ƚhe ͞low schiǌoƚǇpǇ͟ groƵp ;LCϭͿ͕ ƚhe ͞sƚable high schiǌoƚǇpǇ͟ groƵp 

;LCϯͿ͕ ƚhe ͞high reacƚiǀe schiǌoƚǇpǇ͟ groƵp ;LCϮͿ and ƚhe ͞loǁ reacƚiǀe schiǌoƚǇpǇ͟ 

group (LC4) (Wang et al., 2018). At the last follow-up, the latter three latent groups 

showed higher level of schizotypy than LC1. Hence, we merged these three groups 

into a high schizotypy group (LC234) and constructed networks for the low schizotypy 

(LC1) and high schizotypy (LC234) groups separately and compared their differences 

in network structure, global strength and edge-weights. According to the hysteresis 

principle of the network theory (Borsboom, 2017) and previous studies using 

network comparison (van Rooijen et al., 2019), we assumed that the high schizotypy 

group would show a network with higher global strength compared with the low 

schizotypy group since their relatively high levels of negative affect and lower scores 

in cognitive and affective empathy may result in more connections and/or stronger 
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correlations between nodes in the network.  

2. Materials and Methods 

2.1 Participants 

The present sample was derived from the sample of a study we published 

previously on the 18-month longitudinal trajectory of schizotypal traits (Wang et al., 

2018). The participating college students completed a 40-minute questionnaire 

session in a group at six-month intervals up to 18-months (four time points in total). 

Participants received monetary remuneration (about US$2 for each session) in return 

for completing the questionnaires. In this study, we only used data from the last time 

point where empathy measurements were available for the whole sample. Fifty-five 

participants were further excluded because of missing values in the empathy 

measure, resulting in a final valid sample of 1486 participants (574 males, 912 

females; mean age=20.2 years; SD=1.1) (see Table 1 for more details). Responders 

and non-responders did not differ in basic demographic information. This study was 

approved by the Ethics Committee of the Institute of Psychology, the Chinese 

Academy of Sciences. Written informed consent was obtained from all participants.  

2.2 Measures 

2.2.1 Empathy 

The Interpersonal Reactivity Index (IRI) (Davis, 1983) is a self-reported scale 

measuring empathy and consists of four subscales: Perspective Taking (PT), Fantasy 

(FA), Personal Distress (PD) and Empathic Concern (EC). The first two subscales tap 

into the cognitive component of empathy, while the last two subscales capture 

affective empathy. The Chinese version of the IRI consisting of 22 items has been 

shown to have good reliability and validity in both patients with schizophrenia and 

the general population (Zhang et al., 2010). The Cronbach's alpha coefficient for the 

whole scale was 0.76 in the current sample. 
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2.2.2 Schizotypy 

Schizotypy was measured using the Chapman Psychosis Proneness Scales, 

including the Physical Anhedonia Scale, the Revised Social Anhedonia Scale, the 

Magical Ideation Scale and the Perceptual Aberration Scale (Chapman et al., 1980, 

1978, 1976; Eckblad and Chapman, 1983). The Physical Anhedonia Scale was used to 

assess the inability to experience pleasure from typically pleasurable physical stimuli, 

while the Revised Social Anhedonia Scale was used to assess the inability to 

experience pleasure from social stimuli and social interactions. Both physical and 

social anhedonia scales were considered to measure the negative dimension of 

schizotypy, while the Magical Ideation Scale and the Perceptual Aberration Scale 

were considered to assess positive schizotypal traits (Kwapil et al., 2008). The Chinese 

versions of these four scales are psychometrically robust and have good reliability 

and validity (Chan et al., 2016, 2015).  

 

2.2.3 Depression, Anxiety and Stress 

The Depression Anxiety Stress Scale (DASS) (Lovibond and Lovibond, 1995) is a 

self-reported instrument designed to measure the negative emotional states of 

depression, anxiety and stress. The 21-item version of the DASS was used in this 

study to measure the severity of anxiety and depression symptoms. Participants were 

asked to use a four-point severity/frequency scale to rate the extent to which they 

had eǆperienced each sǇmpƚom oǀer ƚhe pasƚ ǁeek from ͚neǀerΖ ƚo ͚mosƚ of ƚhe ƚimeΖ͘ 

The Chinese version has been previously shown to have good internal consistency 

and validity (Wang et al., 2016). The Cronbach's alpha of the scale was 0.95 in this 

study. 

 

2.3 Statistical analysis 

2.3.1 Descriptive analysis 

The means, standard deviations and skewness of all measures, including the 
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Chapman scales and subscales of the IRI, and the DASS are reported in Table 1. Since 

gender effects have been commonly reported for both schizotypy and empathy, we 

examined the gender differences on all measures using independent samples t tests. 

Differences between latent groups of high and low schizotypy (LC1 vs. LC234) on all 

measures were also analyzed using independent samples t tests. SPSS v19.0 was used 

and the significance level was set at αരсര͘Ϭϱ͘ Cohen s͛ d was calculated for effect size. 

2.3.2 Network construction and centrality estimation 

We first estimated a network using the whole sample, taking the IRI-PT, IRI-FA, 

IRI-PD and IRI-EC subscale scores, the depression, anxiety and stress subscale scores 

of the DASS-21, as well as the social anhedonia (RSAS), physical anhedonia (RPAS), 

magical ideation (MIS) and perceptual aberration (PAS) scale scores of the Chapman 

scales as nodes of the network. The edges of the network were partial correlations 

between each pair of nodes after controlling for all the other variables in the network. 

A Gaussian graphical model was estimated using graphical Least Absolute Shrinkage 

and Selection Operator (LASSO) (Tibshirani, 1996) in combination with Extended 

Bayesian Information Criteria (EBIC) model selection (Foygel and Drton, 2010). The 

tuning parameter, set as 0.5 (Beard et al., 2016; Foygel and Drton, 2010; Isvoranu et 

al., 2017), was applied to shrink the partial correlation coefficients and set small ones 

to zero to obtain a stable and interpretable network. The placement of the nodes in 

the network was determined by the force-directed FruchtermanʹReingold algorithm 

(Fruchterman & Reingold, 1991). In addition, the importance of each node in the 

network was further investigated by examining centrality indices, including strength, 

betweenness and closeness of nodes, as well as predictability and EI. The 

standardized z scores of centrality indices were calculated. The ͞qgraph͟ and ͞mgm͟ 

packages (https://CRAN.R-project.org/package=qgraph) implemented in R statistical 

software (version 3.3.2, https://www.r-project.org/) were used for network 

construction, centrality calculation and visualization. 
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2.3.3 Network comparison between male and female participants 

In addition to estimating the network for the whole sample, we also estimated 

networks for male and female participants separately using a similar method as the 

network estimation of the whole sample. First, the invariance of network structure, 

global strength and edge-weights between the networks of male and female 

participants were tested using two-tailed permutation tests (10,000 times) (van 

Borkulo et al., 2017). The test for invariance of network structure depended on the 

value of the maximum difference between matrices consisting of all connection 

strengths. The global strength of networks, defined as the sum of the absolute 

connections of all pairs of nodes in the network was calculated and compared. False 

discovery rate (FDR) correction was adopted to address multiple comparisons of 

edge-weights, and adjusted p values were calculated using the Benjamini and 

Hochberg (1995) method implemented in R. Furthermore, it is known that unequal 

group sizes may bias the result of network comparison tests and in this case 

subsampling from the larger group was recommended (van Borkulo et al., 2017). In 

this study, the sample sizes of male (n=574) and female (n=912) participants were 

different. As such, we also randomly selected a subsample of 574 female participants 

for network comparison with male participants (with 1,000 permutations) and this 

subsampling and comparison procedure was repeated 100 times. Proportions of p < 

0.05 for the invariance tests of network structure and global strength were reported. 

The ͞Neƚǁork Comparison Tesƚ͟ package 

(https://CRAN.R-project.org/package=NetworkComparisonTest) implemented in R 

statistical software was used for the network comparisons. The significance threshold 

was set at p or adjusted p < 0.05. 

2.3.3 Network comparison between latent groups with high and low schizotypy 

In order to compare the network structures between latent groups with high and 

low schizotypy, we constructed separate networks for the two groups and carried out 

network comparison tests. Among the foƵr laƚenƚ groƵps͕ ƚhe ͞low schiǌoƚǇpǇ͟ groƵp 
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(LC1, n=1079) exhibited stable and low levels of schizotypal traits during follow-ups, 

ƚhe ͞sƚable high schiǌoƚǇpǇ͟ group (LC3, n=71) had persistently high levels of 

schizotypal traits during follow-ups, while ƚhe ͞high reacƚiǀe schiǌoƚǇpǇ͟ groƵp ;LCϮ͕ 

nсϭϯϲͿ and ƚhe ͞loǁ reacƚiǀe schiǌoƚǇpǇ͟ groƵp ;LCϰ͕ nсϮϬϬͿ exhibited rapid or slow 

increment of schizotypal traits during follow-ups, and all of the latter three groups 

showed higher levels of schizotypy at the last time point than LC1. Considering the 

limited sample size of these three latent groups for network analysis, we merged 

participants from LC2, LC3 and LC4 into a high schizotypy group (LC234, n=407) and 

constructed networks for the LC1 and LC234 groups separately. First, network 

comparison test was performed to examine the invariance of network structure, 

global strength and edge strength using two-tailed permutation tests (10,000 times). 

In addition, in order to minimize sample size bias, a randomly selected subsample of 

407 participants from the LC1 group was used for network comparison with the 

LC234 group (with 1,000 permutations). This subsampling and network comparison 

procedure was repeated 100 times and proportions of p < 0.05 for the invariance 

tests of network structure and global strength were reported. The ͞Neƚǁork 

Comparison Tesƚ͟ package 

(https://CRAN.R-project.org/package=NetworkComparisonTest) implemented in R 

statistical software was used. The significance threshold was set at p or adjusted p < 

0.05.  

2.3.4 Network stability and accuracy 

We calculated the stability of each estimated network, including the accuracy of 

edges and centrality stability according to a tutorial paper published by Epskamp, 

Borsboom and Fried (2016). First, the accuracy of edge-weights was estimated by 

drawing non-parametric bootstrapped Confidence Intervals (CIs) with 10 000 

permutations. Narrow bootstrapped CIs denoted low sampling variability in 

edge-weights, indicating that an accurate network was estimated. Then, we 

investigated the stability of the centrality indices using case-dropping subset 
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bootstrap to assess how well the order of centralities was retained in different 

portions of data. The CS-coefficient was used to quantify this stability, which was the 

maximum drop in proportions to retain a correlation of 0.7 in at least 95% of the 

sample. It has been suggested that the CS-coefficient should not be below 0.25 and 

preferably above 0.5 in order to make a network stable and interpretable. Thirdly, we 

conducted bootstrapped difference tests between edge-weights and centrality 

indices of the nodes to test whether these differed significantly from each other. The 

͞bootnet͟ package (https://CRAN.R-project.org/package=bootnet) implemented in R 

statistical software was used to estimate the network stability.  

3. Results 

3.1 Network estimation for whole sample 

We estimated a regularized network including cognitive and affective empathy, 

dimensional schizotypy and negative affect, as shown in Figure 1. The internal 

connections of each scale were strong and showed communities of nodes especially 

for the DASS and the Chapman scales. At the same time, we observed significant 

negative connections between IRI-EC and social anhedonia, and between 

IRI-FA/IRI-PT and physical anhedonia. These negative links indicated that affective 

empathy was negatively correlated with social anhedonia after controlling for other 

variables in the network, while cognitive empathy was negatively correlated with 

physical anhedonia. 

3.2 Network inference 

The standardized centrality indices and EI of each node are shown in Figure 1. 

Physical anhedonia and anxiety showed high strength, indicating strong connections 

with other nodes in the network. Physical anhedonia and social anhedonia showed 

high closeness, indicating short mean distance to other nodes; and high betweenness, 

indicating these nodes may function as bridges connecting different parts of the 

network. Anxiety and stress measured by the DASS showed high EI in the network, 
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indicating that negative affect were the most influential nodes when taking the 

negative edges into account. The predictability of nodes ranged from 22.4% (IRI-PD) 

to 79.9% (DASS anxiety) with a mean predictability of 54.4%. 

Insert Table 1 and Figure 1 About Here 

3.3 Network comparisons between male and female participants 

Independent sample t tests showed a significant gender effect on schizotypy, 

empathy, and scores on the depression and anxiety subscales of the DASS (see Table 

1). Compared with female participants, male participants showed higher levels of 

schizotypy, including social anhedonia, physical anhedonia, magical ideation and 

perceptual aberration; and lower scores on all subscales of the IRI and more severe 

depressive and anxiety symptoms measured by the DASS.  

The regularized networks for male and female participants are shown in Figure 2. 

The test for invariance of network structure showed significant difference between 

network structures of male and female participants (M = 0.175, p = 0.016); and the 

invariance test of global strength revealed a marginally significant difference 

between networks of male and female participants (S = 0.701, p =0.051; global 

strength for males͛ network is 5.52 and 4.82 for females͛ network). Regarding 

invariance of edge strengths, no significant difference was found after FDR correction. 

Repeated subsampling (100 times) from female participants revealed that the 

difference in network structure and global strength was significant in 51% and 20% of 

the invariance tests respectively. These findings indicated that the global strengths 

and edge strengths of networks for male and female participants were comparable.  

Insert Figure 2 About Here 

3.4 Network comparisons between high and low schizotypy groups 

The descriptive information for the low schizotypy group (LC1) and the high 

schizotypy group (LC234) are shown in Table 2. Significant differences in most of the 

measures were found, indicating that the high schizotypy group not only showed 
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higher levels of schizotypal traits, but also had poorer empathy and higher levels of 

depression, anxiety and stress compared with the low schizotypy group.  

The regularized networks estimated for the two groups are shown in Figure 3. 

The network comparison tests showed significant difference in network structure (M 

= 0.531, p < 0.001) and global strength (S = 0.813; p = 0.028; global strength for the 

LC1 group network was 4.35, and 5.16 for the LC234 group network), indicating that 

the LC234 group showed stronger connections across the whole network compared 

with the LC1 group. In addition, significant differences in edge strengths were 

observed after FDR correction, including IRI-PD ʹ RPAS (p < 0.05), IRI-PD ʹ MIS (p < 

0.05), IRI-PD ʹ IRI-PT (p < 0.001), IRI-FA ʹ RPAS (p < 0.05), IRI-FA ʹ MIS (p < 0.05), 

RSAS ʹ RPAS (p < 0.05), MIS ʹ PAS (p < 0.001), RPAS ʹ MIS (p < 0.05), and RPAS ʹ DASS 

Stress (p < 0.001). Network comparisons based on repeated subsampling (100 times) 

from the LC1 group revealed that the difference was significant in 100% and 67% of 

invariance tests of network structure and global strength respectively. 

Insert Figure 3 About Here 

3.5 Network stability and accuracy 

Stability analysis of the estimated network for the whole sample showed 

relatively narrow bootstrapped CIs, suggesting reliable and accurate edge-weights. 

The CS-coefficient for strength (CS (cor=0.7) = 0.75) and edge-weights (CS (cor=0.7) = 

0.75) were larger than 0.5, suggesting that the centrality indices were stable. The 

stability of the estimated networks for the LC1 and LC234 groups were examined 

separately. The bootstrapped CIs and CS-coefficient (LC1: CS (cor=0.7) for 

edge-weights was 0.75, for strength was 0.75; LC234: CS (cor=0.7), for edge-weights 

was 0.75, and for strength was 0.44) suggested accurate edges and relatively stable 

centrality indices in both networks. The stability of the estimated networks for male 

and female participants was also examined. The bootstrapped CIs and CS-coefficient 

(male: CS (cor=0.7) for edge-weights was 0.75, for strength was 0.67; female: CS 

(cor=0.7) for edge-weights was 0.75, and for strength was 0.75) suggested accurate 
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edges and stable centrality indices in the network. (See Supplementary Material for 

more details of the stability analysis). 

 

4. Discussion 

In this study, we examined the network interactions of cognitive and affective 

empathy, dimensional schizotypy and negative affect in a large sample of college 

students using a novel network approach. Taking all variables as nodes and partial 

correlations as edges between each pair of nodes, the estimated regularized network 

in the whole sample showed direct negative relationships between 

cognitive/affective empathy and negative schizotypy, specifically physical and social 

anhedonia, which is independent from the other variables in the network. Centrality 

analysis suggested that physical anhedonia and social anhedonia were important 

nodes with high centrality in the network, while negative affect showed high EI in the 

network when taking the negative edges into account. The effect of gender on 

network invariance was investigated. Although significant differences in self-reported 

measures were found when we compared male and female participants, network 

comparison between male and female participants with repeated subsampling 

showed that the proportions of significant results were relatively low (20% for global 

strength and 51% for network structure). Most importantly, we compared the 

networks of a stable low schizotypy (LC1) group and a high schizotypy group (LC234) 

and found significant differences in network structure, global strength and 

edge-weights, indicating that the high schizotypy group had a more strongly 

connected network than the low schizotypy group. Significantly different 

edge-weights were observed in connections among cognitive empathy, positive 

schizotypy and IRI personal distress subscale scores, as well as the connection 

between negative and positive schizotypy. 

Our findings of significant correlations between negative schizotypy and 

empathy are consistent with previous studies (Henry et al., 2008; Wang et al., 2015, 
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2013). Bedwell and colleagues (2014) used both the Schizotypal Personality 

Questionnaire and the Chapman scales to measure schizotypy and the Reading the 

Mind in the Eyes Test and the IRI to measure empathy. Using structural equation 

modelling, they found a negative relationship between the negative factor of 

schizotypy and empathy, but no significant relationship between empathy and other 

factors of schizotypy. Another study also reported no significant difference in 

empathy and theory of mind ability between individuals with high scores of magical 

ideation and controls (Canli et al., 2015). Hence, almost all previous studies suggest 

that the negative dimension of schizotypy appears to have an exclusive and clear 

relationship with empathy. In this study, the centrality analysis of the network in the 

whole sample also indicated that negative schizotypy is the most important node in 

the network, suggesting that changes in anhedonia may have significant effects on 

other nodes in the network, such as empathy.  

In terms of the gender effect, we found significant differences between male 

and female participants on scores of empathy, anhedonia and negative affect based 

on independent samples t tests, which is consistent with previous studies 

(Christov-Moore et al., 2014; Eduardo Fonseca-Pedrero et al., 2018; Wang et al., 

2016). When we compared the networks estimated for male and female participants, 

the invariance of both the global strength and edge strengths was non-significant. 

Although the invariance of network structure was significant, the repeated 

subsampling from female participants further indicated that in network comparisons 

with equal sample sizes, significant differences were only found in 20% of the 

invariance tests of global strength and 51% of the invariance tests of the network 

structure. These findings together indicate that although female participants had 

higher levels of empathy, lower levels of schizotypal traits and negative affect than 

male participants in general, male and female participants showed comparable 

network structure and similar patterns of pairwise interactions among empathy, 

schizotypy and negative affect.  

 Another interesting finding in the present study concerns the network 

comparison between the high schizotypy (LC234) and low schizotypy (LC1) groups, 
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identified by latent class analysis in a previously published study (Wang et al., 2018). 

Four different latent groups with distinct trajectories were identified and we merged 

three of them into a high schizotypy group (LC234) since they all showed higher 

levels of schizotypy at the last time point. The high schizotypy group displayed poorer 

cognitive empathy, affective empathy and more severe depression, anxiety and stress 

compared with the low schizotypy (LC1) group. Network comparison revealed that 

the network of the high schizotypy group had greater global strength compared with 

the network of low schizotypy group. This finding is consistent with previous studies 

suggesting that individuals with more severe clinical symptoms would exhibit a more 

strongly connected network than individuals with mild clinical symptoms or 

individuals with subclinical symptoms in the general population (van Rooijen et al., 

2018; Wigman et al., 2015). According to the hysteresis principle of network theory 

(Borsboom, 2017), if a symptom arises in a network that may influence other 

symptoms connected with it, then a set of closely connected symptoms may interact 

with each other and more symptoms may arise, resulting in a stronger connected 

network. In our case, compared with low schizotypy group, the high schizotypy group 

exhibited stronger connections among positive schizotypy, negative schizotypy and 

negative affect (including connections between magical ideation and perceptual 

aberration, between physical anhedonia and social anhedonia, and between physical 

anhedonia and magical ideation), suggesting that both positive and negative 

dimensions of schizotypy in this group might cause a spreading interaction of nodes 

in the network. At the same time, higher levels of negative schizotypy were 

associated with lower empathy, specifically affective and cognitive components of 

empathy which were closely linked with each other. This in turn, may enhance the 

feedback loop between negative schizotypy and empathy. The different network 

structures in the high schizotypy group in our study suggests that the interactions 

between negative schizotypy, positive schizotypy, empathy and negative affect may 

be feedback loops that play an important role in the changes of empathy in the high 

schizotypy group.  

  Our study has several limitations. First, disorganized schizotypy was considered 
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as one dimension of schizotypy but not included in this study. Negative schizotypy 

was limited to anhedonia and other facets such as constricted affect was not included. 

Secondly, schizotypy, empathy and negative affect were measured by self-reported 

scales. As such, our results might have been biased by social desirability and recall 

bias. Recently, behavioural paradigms that capture different components of empathy, 

such as the Empathy Accuracy (Ripoll et al., 2013) and the Multidimensional 

Assessment of Empathic Ability (Derntl et al., 2010) have been developed. Future 

studies could make use of these novel paradigms to verify our findings. Thirdly, 

although good stability and edge-weight accuracy of the estimated network was 

noted in the whole sample, the network estimated for the latent groups may not be 

as stable because of the relatively small sample size. We have therefore merged 

three latent groups into a high schizotypy group in this study for network comparison 

tests after taking into consideration the sample size issue and hence we ignored the 

specific trajectories of each latent group during follow-ups. As there are concerns 

regarding the replicability and generalizability of network models (Forbes et al., 2017; 

Borsboom et al., 2017), future studies should replicate our findings and the inclusion 

of clinical samples may help to further elucidate the relationship between schizotypal 

traits and empathy. Lastly, the significant difference in network structure and 

edge-weights between the high and low schizotypy groups suggests that schizotypy 

may serve as a moderator in the network. Hence, a newly developed method such as 

the ͞Moderaƚed Neƚǁork Model͟ ;Haslbeck eƚ al͕͘ ϮϬϭϵͿ ǁhich eǆƚends ƚhe pairǁise 

network model to a moderated network model could be used in the future. 

 To our knowledge, this is the first study to investigate the relationship among 

cognitive and affective components of empathy, positive and negative dimensions of 

schizotypy and negative affect using the network model. Our results suggest that the 

negative dimension of schizotypy may be directly related to cognitive and affective 

empathy, which is independent from other variables in the network, such as positive 

schizotypy and negative affect. Furthermore, individuals with high levels of 

schizotypal traits exhibited a more strongly connected network than those with low 

levels of schizotypal traits and connections between negative schizotypy and 
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empathy may play an important role in the network. These findings provide evidence 

for a link between psychotic-like experiences and empathy and may have 

implications for early intervention and clinical practice. 
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Figure Legends 

Figure 1. Estimated regularized network structure of empathy, schizotypy and 
depression, anxiety and stress in the whole sample (left) and the centrality indices 
of nodes in the network (right). The green edges indicate positive partial correlations 
and edges in red indicates negative partial correlations. Thicker lines represent 
stronger connections. The blue ring around each node represents its predictability 
values. Centrality indices and Expected Influence are shown as standardized z-scores. 
RSAS: Chinese Version of Revised Social Anhedonia Scale; RPAS: Chinese Version of 
Physical Anhedonia Scale; MIS: Chinese Version of Magical Ideation Scale; PAS: 
Chinese Version of Perceptual Aberration Scale; IRI: Interpersonal Reactivity Index; PT: 
Perspective Taking; FA: Fantasy; EC: Empathic Concern; PD: Personal Distress; DASS: 
Depression Anxiety Stress Scale-21item. 

Figure 2. Estimated regularized networks in male (left, n=574) and female (right, 
n=912) participants. The green edges indicate positive partial correlations and edges 
in red indicate negative partial correlations. Thicker lines represent stronger 
connections. The blue ring around each node represents its predictability values. 
RSAS: Chinese Version of Revised Social Anhedonia Scale; RPAS: Chinese Version of 
Physical Anhedonia Scale; MIS: Chinese Version of Magical Ideation Scale; PAS: 
Chinese Version of Perceptual Aberration Scale; IRI: Interpersonal Reactivity Index; PT: 
Perspective Taking; FA: Fantasy; EC: Empathic Concern; PD: Personal Distress; DASS: 
Depression Anxiety Stress Scale-21item. 
 

Figure 3. Estimated regularized networks for low schizotypy group (LC1) (left, 
n=1079) and high schizotypy group (LC234) (right, n=407). The green edges indicate 
positive correlations and edges in red indicate negative correlations. Thicker lines 
represent stronger connections. Numbers on lines showed the absolute values of 
regularized partial correlation coefficients. The blue ring around each node 
represents its predictability values. RSAS: Chinese Version of Revised Social 
Anhedonia Scale; RPAS: Chinese Version of Physical Anhedonia Scale; MIS: Chinese 
Version of Magical Ideation Scale; PAS: Chinese Version of Perceptual Aberration 
Scale; IRI: Interpersonal Reactivity Index; PT: Perspective Taking; FA: Fantasy; EC: 
Empathic Concern; PD: Personal Distress; DASS: Depression Anxiety Stress 
Scale-21item. 
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Tables 

Table 1. Descriptive analysis in the whole sample and gender effect 

Note. CSAS: Chinese Version of Revised Social Anhedonia Scale; CPAS: Chinese Version of Physical 
Anhedonia Scale; MIS: Chinese Version of Magical Ideation Scale; PAS: Chinese Version of Perceptual 
Aberration Scale; IRI: Interpersonal Reactivity Index; PT: Perspective Taking; FA: Fantasy; EC: Empathic 
Concern; PD: Personal Distress; DASS: Depression Anxiety Stress Scale-21item. Independent sample t 
tests were performed for the gender effects. 

 
whole sample 

(n=1486) 
male female gender effect 

(n=574) (n=912) 
 

 
mean S.D. skewness mean S.D. mean S.D. (t͕ Cohen͛s d) 

CSAS 8.90 6.35 0.782 10.67 6.90 7.78 5.70 8.39***,0.46 

CPAS 13.91 9.79 0.731 16.26 11.24 12.43 8.44 7.01***,0.39 

MIS 10.19 5.15 0.787 11.01 5.52 9.67 4.83 4.79***,0.26 

PAS 6.37 7.25 1.866 8.49 8.71 5.04 5.77 8.40***,0.48 

IRI_PT 3.44 0.69 -0.619 3.29 0.73 3.53 0.66 -6.44***, -0.35 

IRI_FA 3.44 0.57 0.057 3.27 0.52 3.54 0.57 -9.25***, -0.48 

IRI_EC 3.55 0.53 -0.056 3.42 0.50 3.63 0.53 -7.77***, -0.41 

IRI_PD 2.71 0.72 -0.267 2.55 0.69 2.81 0.72 -7.03***, -0.37 

DASS_Depression 2.24 3.30 1.95 2.87 3.97 1.84 2.73 5.43***, 0.31 

DASS_Anxiety 2.81 3.41 1.58 3.21 3.91 2.56 3.02 3.41**, 0.19 

DASS_Stress 3.44 3.70 1.18 3.61 3.89 3.34 3.58 1.36, 0.07 
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Table 2. Differences between latent groups of high and low schizotypy 

 
LC1 LC234 Group effect 

(n=1079) (n=407) 
 

 
mean S.D. mean S.D. (t, Cohen͛s d) 

CSAS 6.04 3.87 16.48 5.30 36.26***, -1.65 

CPAS 9.39 5.87 25.90 7.80 38.76***, -1.69 

MIS 8.45 3.87 14.78 5.30 21.98***, -1.23 

PAS 3.27 2.75 14.59 8.87 25.28***, -1.56 

IRI_PT 3.61  0.59  3.00  0.75  -14.60***, 0.87 

IRI_FA 3.56  0.53  3.11  0.52  -14.35***, 0.78 

IRI_EC 3.70  0.48  3.14  0.42  -21.88***, 1.05 

IRI_PD 2.67  0.71  2.83  0.73  3.81***, -0.22 

DASS_Depression 1.28 2.05 4.79 4.44 15.34***, -1.06 

DASS_Anxiety 1.91 2.39 5.19 4.42 14.18***, -0.96 

DASS_Stress 2.69 3.12 5.46 4.32 11.82***, -0.75 

Note. CSAS: Chinese Version of Revised Social Anhedonia Scale; CPAS: Chinese Version of Physical 
Anhedonia Scale; MIS: Chinese Version of Magical Ideation Scale; PAS: Chinese Version of Perceptual 
Aberration Scale; IRI: Interpersonal Reactivity Index; PT: Perspective Taking; FA: Fantasy; EC: Empathic 
Concern; PD: Personal Distress; DASS: Depression Anxiety Stress Scale-21item.   
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