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Adolescents who face social distress in real life are often accompanied
by interaction anxiousness. To avoid direct social activities, they prefer to
indulge in social networks to satisfy their psychological needs for interpersonal
communication. Sina Weibo, China’s leading social media platform, has a
markedly young user base. It provides a rich sample of adolescents with
interaction anxiousness and conditions for real-time monitoring. In this study,
various word categories, such as perception of spatial distance and positional
relationships, morality, and emotion, showed a significant relationship with
interaction anxiousness. Furthermore, prediction models were established
based on the original Weibo data of 839 active Sina Weibo users through
a variety of machine learning algorithms to predict the scores of users’
interaction anxiousness. The results showed that the performance of the
prediction model established by the fully connected neural network was
the best, and both criterion validity and split-half reliability were good
(reriterionvalidity = 0-30, rsplit—halfreliability = 0.76). This study confirms the
validity of the prediction model of interaction anxiousness based on social
media behavior data, provides a feasible solution to examine adolescents’
interaction anxiousness, and provides a scientific basis for more targeted
mental health interventions.

KEYWORDS

interaction anxiousness, mental health, machine learning, non-invasive identification,
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Introduction

Interpersonal communication is a unique and necessary daily psychological need
of human beings as social animals (1, 2). From the perspective of real-life experience,
good interpersonal communication is of great significance in shaping mental health
(3-6). As the cost of socializing gradually decreases, the opportunities for interpersonal
communication are increasing day by day. Nevertheless, many individuals in such
situations suffer from interaction anxiousness, which damages their social ability and
threatens their mental health (7).

As a common form of anxiety, interaction anxiousness refers to the emotional
reaction and avoidance behavior of strong anxiety, excessive fear, nervousness, and
even fear of one or more interpersonal situations. It is characterized by an intense
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fear of communicating face-to-face with others and negative
evaluations from others in social situations (8-10). Interaction
anxiousness has a high incidence and long duration and is more
common in adolescence (11-13). Additionally, cross-cultural
research shows that young people in Asia are more prone
to interaction anxiousness (9). Interaction anxiousness will
not only affect an adolescents psychosocial adaption to
real society but also induce a series of internalizing and
externalizing problems (14). More seriously, it might induce
social anxiety disorder, which adversely affects many aspects
of adolescents’ actual lives and even their mental health and
achievements in adulthood (15, 16). Therefore, real-time and
long-term monitoring of an adolescent’s interaction anxiousness
is conducive to maintaining the harmony and stability of
his/her interpersonal communication status, the effectiveness
and pertinence of psychological intervention at a micro level,
and of significant importance for adjusting policies related to
caring for adolescents promptly at a macro level.

At present, the traditional methods of measuring interaction
anxiousness mostly revolve around self-reported inventories.
There is a certain lag in real-time and long-term monitoring,
and it is difficult to obtain timely responses from participants
(17, 18). In addition, adolescents with interaction anxiousness
are mostly in a youth rebellion period, and they tend to have a
low degree of cooperation with strong resistance. The traditional
method relies on active participation, so it is difficult to carry out
the evaluation of interaction anxiousness and even brings extra
burdens for participants (19).

As a leading social media platform in China, Sina Weibo
provides a large sample of adolescents (20). With the rise of
interdisciplinary research, many studies have confirmed the
feasibility, accuracy, and reliability of identifying individual
psychological characteristics based on social media behavior
data, such as emotions and attitudes (21-23), personality (24),
and mental health status (25). Online social media, a new
platform to offer online interaction and communication, reduces
the level of self-exposure and provides more communication
opportunities for people with interaction anxiousness who
are afraid of face-to-face communication with others (26).
Individuals who face social distress in real life will rely
more on online social media to meet their psychological
needs for interpersonal communication (27, 28). In addition,
individuals with interaction anxiousness tend to show more
authentic selves online compared to offline interpersonal
interactions (29, 30).

Consequently, if we could make use of the prediction model
based on social media behavior data, it would be much more
timely and convenient to assess the interaction anxiousness.
Establishing a machine learning prediction model could be
used as a viable method to identify individuals’ psychological
characteristics, which is worthy of study. Moreover, existing
model evaluation methods, such as accuracy or mean square
error, fail to meet the requirements of evaluating psychological
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index measurement tools (31). Therefore, we could try to apply
the assessment method of psychological scales, such as reliability
and validity, to machine learning models. As researchers often
use the correlation between the scores of a certain scale with
those of other scales to evaluate the quality of a scale (32, 33), we
used the correlation between the predicted scores from models
and actual scores from the scale to calculate validity, and we used
the correlation between predicted scores from models based on
the two halves of the Weibo posts to test split-half reliability.

In this study, in order to realize the long-term and timely
detection of adolescents’ interaction anxiousness, we made use
of machine learning methods, using the data of Sina Weibo
active users, to train mental prediction models so as to realize
the automatic identification of interaction anxiousness. The
aim of this study is to improve the implementation scale,
time span, and testing efficiency of traditional methods and
to provide a basis for non-intrusive automatic identification of
adolescents and even the general public’s social interaction and
intervention projects.

Methods

Participants and data collection

This study used an online experiment platform to collect
data on Sina Weibo users (25). In September 2012, a total of
1,846 Sina Weibo users who volunteered to participate in the
experiment were recruited for this study. Since the Interaction
Anxiousness Scale asks about the feelings of the subjects in social
interaction consistently and does not limit the time range, this
psychological characteristic is of trait partially (11). Therefore,
in this study, we downloaded those users’ original Weibo data
within 1 year before the experiment was launched, so as to obtain
relatively stable Weibo behaviors. In order to ensure the quality
of the users’ data, this study first filtered out meaningless posts,
such as advertisement-related, simple forwarding, etc., and then
removed non-text information such as emojis from the text
content of posts.

Second, to effectively eliminate the data of inactive users,
we selected active users who met the following criteria:
(a) Published at least 500 original Weibo posts before the
experiment; (b) The total word count of original Weibo posts
before the experiment had been at least 5,000 words; and (c) The
recent Weibo post must be published within 3 months before the
experiment was launched.

Moreover, to ensure the quality of the annotation of
the psychological characteristics of the users, this study also
excluded the data of the users who filled in questionnaires
in <30s.

After these selection processes, the final sample contained
839 qualified users.
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This study received ethical approval from the Institutional
Review Board of the Institute of Psychology, Chinese Academy
of Sciences with the ethics approval number H16003.

Measurement and procedures

Interaction anxiousness

In this study, the Interaction Anxiousness Scale (IAS) was
used to measure the tendency of individuals to experience
subjective interaction anxiety. This scale shows a high
correlation between anxiety and anxiety in real interpersonal
situations and has good reliability and validity (34). Compared
with low scorers, high scorers are more anxious and less
confident before and during social interpersonal interactions,
more concerned with how they are perceived in interactions
and are also likely to feel more inhibited during conversations.
The IAS consists of 15 items in total, which are about a
series of descriptions related to subjective anxiety feelings in
social interpersonal communication. For each item, respondents
are asked to indicate the “degree to which the statement is
characteristic or true of you” on a five-point Likert-Type scale
(I ="“notatall 5= “extremely characteristic”). The Cronbach’s
alpha of the IAS is beyond 0.87. The score range is 15-75 points;
the higher the score, the more severe the interaction anxiousness
of the subject.

Linguistic expression feature

We employed the Text Mind system developed by the
Computational Cyber Psychology Laboratory at the Institute of
Psychology, Chinese Academy of Sciences, to extract content
features, including Chinese word segmentation tools, and
psychoanalytic dictionaries (35). After the Chinese word
segmentation tool was used to divide users’ original Weibo
post content into independent words/phrases with linguistic
annotations (verbs, nouns, etc.) (36, 37), Simplified Chinese
Language Inquiry and Word Count dictionary (SCLIWC)
(38), Moral Motivation Dictionary (39), Moral Foundations
Dictionary  (40), Individualism/Collectivism  Dictionary
(41), Suicide Dictionary (42), and Weibo Five Basic Mood
Lexicon (43) were used for linguistic expression feature
extraction. Finally, a total of 120 linguistic expression features
were obtained.

Statistical analysis

Correlation analysis

To investigate the relationship between social media
behaviors and psychological characteristics, we examined
the Pearson correlation coeflicient between each linguistic
expression feature and interaction anxiousness.
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Data modeling

This study adopted the machine learning methods of
Multiple Linear Regression (MLR), Fully Connected Neural
Network (FCNN), NuSVR in Support Vector Regression (SVR),
and Extra Trees Regressor to establish prediction models
of interaction anxiousness based on network data analysis
respectively, and 10-fold cross-validation was used in all these
prediction models to adjust model parameters. The evaluation
indicators of the modeling effect included criterion validity and
split-half reliability.

Criterion validity

The actual scores of the IAS were used as the criterion,
and the Pearson correlation coefficient between the predicted
scores from the model and the actual scores from the IAS was
calculated as an indicator of criterion validity.

Split-half reliability

We sorted all qualified users according to the number of
Weibo posts they published within 1 year before the experiment
was launched, from high to low, and took the top 200 users’ data
as the test set and the rest as the training set and saved the model.
Then, we sorted Weibo posts published by each user in the test
set according to the order of release time and divided them into
two parts as two split halves, the odd group and even group,
based on the parity corresponding to the release time sorting.
The Pearson correlation coeflicient between the predicted scores
of the two split-half data sets through the previously saved model
was calculated as an indicator of split-half reliability.

Results

Demographic information

Among the 839 users mentioned above, 37.54% were men,
and the average age was 23.08 £ 5.73 years. The educational
level of the users (including those in progress) was mainly
undergraduate (54.59%) and junior college (21.69%). The users
were mainly college students (50.54%) and staff (20.62%). The
per capita monthly household income was concentrated in
the range of 2,000-4,000 yuan (37.66%) and 4,000-6,000 yuan
(18.00%). Scores of interaction anxiousness ranged from 20 to
72, with an average score of 42.98 + 9.83.

Table 1 the
participants.

features demographic profiles of these

Relationship between linguistic
expression features and interaction
anxiousness

The results showed that 45 linguistic expression features had
significant relationships with interaction anxiousness, including
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TABLE 1 Demographic characteristics of participants.

Participants
n (%)

Educational level
Junior high 25 (2.98)
Senior high 96 (11.44)
Technical secondary school 42 (5.01)
Junior college 182 (21.69)
Undergraduate 458 (54.59)
Master 33(3.93)
Doctor 3(0.36)
Occupation
Worker 13 (1.55)
Civil servant 13 (1.55)
Soldier 1(0.12)
Researcher/teacher 33 (3.93)
Media employee 19 (2.26)
Farmer 3(0.36)
Unemployed 26 (3.10)
Student 424 (50.54)
Doctor/nurse 16 (1.91)
Clerk 173 (20.62)
Freelancers 38 (4.53)
Self-employed 15 (1.79)
Others 65 (7.75)
Per capita monthly household income
<2,000 131 (15.61)
2,000-4,000 316 (37.66)
4,000-6,000 151 (18)
6,000-8,000 108 (12.87)
8,000-10,000 54 (6.44)
>10,000 79 (9.42)
Total 839 (100.00)

31 features in SCLIWC (space and relative), two features in
Moral Motivation Dictionary (agency and communion), seven
features in Moral Foundations Dictionary (FairnessVirtue and
MoralityGeneral), four features in Suicide Dictionary (B and
C7), and one feature in Weibo Five Basic Mood Lexicon
(happiness; as shown in Table 2).

Criterion validity

There were two prediction models established by MLR. In
the first one, the prediction model was based on the 45 linguistic
expression features mentioned above, which had a significant
correlation with interaction anxiousness. In the second one,
the largest feature in the whole feature set with a variance
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inflation factor (VIF) of over 10 was removed each time
to avoid multicollinearity, and after 102 linguistic expression
features with a VIF of <10 were retained, the prediction model
of interaction anxiousness based on these retained features
was established.

As for FCNN, after the tuning process of model parameters,
this study set the learning rate of FCNN to 0.999, the dropout
ratio to 0.3, the batch size to 64, and the training to 300
epochs. As for NuSVR and Extra Trees Regressor, the method
of Random Forest was uniformly used for feature screening,
and 46 features that had a greater impact on interaction
anxiousness were reserved for further modeling. A 10-fold
cross-validation was used in all these prediction models to adjust
model parameters.

The results showed that for the same modeling target, the
effects of prediction models based on different algorithms varied
according to different correlation coefficients. Among them,
the correlation coefficient between the predicted scores from
the FCNN model and the actual IAS scores was the largest
(r = 0.300), indicating that the FCNN prediction model had the
highest criterion validity (as shown in Table 3).

Split-half reliability

In view of the best performance of the interaction
anxiousness prediction model established by the machine
learning algorithm of FCNN, this study further calculated the
split-half reliability of the FCNN model. We used the top 200
users with the number of Weibo posts published within 1 year
before the experiment was launched from high to low as the
test set, and we divided each user’s Weibo posts into two parts
according to the parity of their chronological order of his/her
Weibo posts. After we established the FCNN model based on
the rest of the users as the training set and saved it, we applied
this FCNN model to the two split-half data sets of the test set to
calculate the split-half reliability.

The Pearson correlation coefficient between the predicted
scores of the two split-half data was calculated, which was used as
the split-half reliability in the interaction anxiousness prediction
model. The result showed that there was a significant correlation
between the predicted scores of the two split-half data (r = 0.755,
p < 0.001), indicating that the established prediction model of
interaction anxiousness had high split-half reliability.

Discussion

This study downloaded the original Sina Weibo data of
active users, extracted linguistic expression features from it
as the input, and collected users’ corresponding IAS scores
through an online survey as the output. We first explored
the relationship between each linguistic expression feature
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TABLE 2 Pearson correlation coefficients between important behavioral features and interaction anxiousness.

Linguistic expression feature

Explanation and example

Interaction anxiousness Meaning of colors

LIWC
Linguistic processes
Funct Total function words (maybe, those, and these) —0.074* >0.200
iPron Impersonal pronouns (it, it’s, and those) _
Verb Common verbs (walk, went, and see) —0.070* 0.175
AuxVerb Auxiliary verbs (am, will, and have) —0.072*
Preps Prepositions (to, with, and above) ' 0.150
Conj Conjunctions (and, but, and whereas) i E
Negate Negations (no, not, and never) i s_ 0.075
Quant Quantifiers (few, many, and much) 1 1
PrepEnd Postposition (among, above, and till) —0.080* é §_ 0
MultiFun Multifunction (of, be, and right) _ E E
PastM Signal words for past tense (yesterday and ago) —0.070* E E
PresentM Signal words for present tense (often and usually) _ 007
Social processes
Humans Humans (adult, baby, and boy) -0.100
CogMech Humans (adult, baby, and boy)
Insight Insight (think, know, and consider) -0.125
Cause Causation (because, effect, and hence)
Tentat Tentative (maybe, perhaps, and guess) <=0.150
Certain Certainty (always and never) —0.084*
Inhibition Inhibition (block, constrain, and stop)
Exclusive Exclusive (but, without, and exclude)
Health Health (clinic, flu, and pill)
Sexual Sexual (horny, love, and incest) 0.096**
Relative Relativity (area, bend, exit, and stop)
Space Space (down, in, and thin)
Personal concern
Work Work (job, majors, and xerox) —0.068*
Achieve Achievement (earn, hero, and win) —0.070*
Leisure Leisure (cook, chat, and movie) _
Religion Religion (altar, church, and mosque) —0.068*
tPast Past (recollect, recall, and memory) —0.075*
Spoken categories
Filler Fillers (blah, I mean, and you know) —0.077*
OtherP Other punctuation _
Moral motivation
Agency Agency (self, dominance, and achievement)
Communion Communion (benevolence, preservation, and hospitable)
Moral foundations
FairnessVirtue Fairness (fairness, justice, and equality) _
FairnessVice Deceit (deceive, immoral, and illegal) —0.075*
IngroupVirtue Loyalty (homeland, group, and family) —0.072%
AuthorityVirtue Authority (obedience, loyalty, and duty)
AuthorityVice Rebellion (revolt, provocation, and transgression)
PurityVice Dirty (disgust, corruption, and contagion)
MoralityGeneral Basic morality (evil, code, and integrity)
(Continued)
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TABLE 2 (Continued)

Linguistic expression feature Explanation and example

10.3389/fpubh.2022.1045605

Interaction anxiousness Meaning of colors

Suicide

B Self-harm (self-immolation, self-mutilation, and self-injury) _
C3 Despair (wrong, ultimate, and dark) —0.068*

Ce6 Personality traits (impulsive, humble, and cowardly) —0.083*

C7 Stress (social, realistic, and bleak)

Weibo five basic mood

Happiness

Happiness (loving, overjoyed, and playful)

*p < 0.001.
**p < 0.01.
*p < 0.05.

TABLE 3 Criterion validity of interaction anxiousness model.

Psychological characteristic MLR; MLR;

FCNN NuSVR Extra trees regressor

Interaction anxiousness 0.122 0.146

0.300 0.215 0.201

MLR; was based on features significantly related to interaction anxiousness, MLR; was based on features whose VIF < 10. Correlation coefficients of prediction models were average

results of 10-fold cross-validation.

and interaction anxiousness. Then we built prediction models
of interaction anxiousness based on network data analysis.
The results indicated that the criterion validity and split-half
reliability of the FCNN model were good, demonstrating the
model’s accuracy and stability.

Through the investigation of the features that had a strong
relationship with interaction anxiousness, we found several
linguistic expression characteristics of individuals with high
interaction anxiousness in social media, including grammatical
habits, personal concerns, and so on. There were some
characteristic patterns that might be able to bring meaningful
inspiration to our understanding of interaction anxiousness:

Perception of spatial distance and
positional relationship

Individuals with higher interaction anxiousness mentioned
less spatial distance (down, in, etc.) and fewer positional
relationships (with, among, etc.). As individuals in social
structures, we relate to others spatially and interpersonally (44).
Maintaining an appropriate distance from others is important
for effective communication and good relationships. Fewer
related expressions may indicate some deficits in the perception
of interpersonal distance in individuals with high interaction
anxiousness. Previous research revealed that individuals with
a social anxiety disorder might have a wrong perception of
the distance required for social interaction; hence, they could
not correctly grasp and skillfully use the concept of location
information (45).
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Morality

Individuals with higher levels of interaction anxiousness
were less likely to express morally relevant language. This
highly relevant relationship existed not only in the positive
dimension (fairness, communion, etc.), but also in the negative
dimension (rebellion, dirty, etc.). These results are consistent
with previous studies: When faced with interpersonal problems,
individuals who internalize the moral concept of right and
wrong can adopt more positive coping strategies and fewer
negative reactions such as avoidance (46, 47). This finding
suggests that strengthening moral concepts in thinking and
expression may help to better cope with interpersonal situations
and reduce interaction anxiousness.

Emotion

Individuals with higher interaction anxiousness would
express fewer negative emotions (stress, etc.) while expressing
more positive emotions (happiness, etc.). This is in contrast to
previous research: Individuals with interaction anxiousness can
fall into a strong fear of how others perceive them (especially
fear of embarrassment, criticism, or rejection). Then, they will
have no sense of security, treat others unkindly and assume that
peers automatically reject them, along with a negative emotional
reaction (48). In this anxiety state, the positive subjective
experience and hedonic activities of individuals in the real world
will be reduced, and the expression of positive emotions will
be inhibited (49, 50). The reason we infer the diametrically
opposite findings is the different environments. Individuals
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who are deeply troubled by interaction anxiousness tend to
ignore positive emotions and vent more negative emotions
in real life, and this perception habit will further aggravate
their interaction anxiousness (51). Individuals suffering from
interaction anxiousness in real life tend to resort to the Internet
for their needs for interpersonal communication and self-
expression, and adjust, regulate, and change themselves to satisfy
their needs. In contrast to real life, in an anonymous social
network environment, individuals no longer fear being rejected
by others, no longer worry about causing embarrassment and
other negative reactions (such as laughing when no one finds it
funny), and social avoidance behaviors are reduced. These allow
individuals to have more cognitive resources to understand,
accept, and express their true selves and focus on regulating their
emotional experiences. At this time, they will have more positive
experiences and fewer negative experiences (49). Therefore,
individuals with more severe interaction anxiousness tend to
use online social media to meet their communication needs and
show their true selves, so that they can rebound from painful
experiences and return to a hedonistic lifestyle (52).

Although there were several linguistic expression features
related to interaction anxiousness, the Pearson correlation
coeflicients of them were relatively low, indicating that it was not
feasible to predict interaction anxiousness through a single social
media behavior. Therefore, we took the linguistic expression
features as input and adopted machine learning methods,
including linear and non-linear algorithms, to build prediction
models to identify the psychological characteristics.

The criterion validity of this study showed that, compared
with other machine learning algorithms, the FCNN model
performed the best, the correlation coefficient between the
predicted and the actual scores achieved a moderate level (53).
It could be inferred that these linguistic expression features,
in fact, had some non-linear relationship with interaction
anxiousness. The split-half reliability showed that the predicted
score of the FCNN model on different Weibo posts of the
same user was highly correlated, indicating that the prediction
model had satisfactory accuracy and stability. In general,
the modeling effect of the prediction model of interaction
anxiousness in this study is good, which provides a strong basis
for the feasibility of the computational method of psychological
characteristics based on network data analysis. This is also
consistent with the previous study: Through the prediction
model, records of users linguistic expression features on
online social media platforms can be used to identify their
psychological characteristics (24, 54).

This study used the spontaneous Weibo data of online social
media users in a non-intrusive situation to understand users’ real
interaction anxiousness state immediately, automatically, and
continuously. This method of monitoring adolescent interaction
anxiousness through social media behavior data is highly
ecologically valid and brings new possibilities for controlling
the status quo of social interpersonal communication. Moreover,
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since Sina Weibo not only records everyday real behaviors
of users but also accumulates their long-term historical
data, it could also be applied to tracking research of
psychological characteristics, such as interaction anxiousness.
The psychological modeling method adopted in this study could
be traced back to a large time span, and research could be carried
out at any recorded time point, which facilitates longitudinal
observation (25, 55, 56).

Individuals who suffer from interaction anxiousness in real
life are often more willing to use online social media to obtain
some kind of psychological satisfaction (27-29), and they are
also more likely to be online than offline to reveal their true inner
selves (30). Online social media such as Sina Weibo, as the main
way for adolescents to communicate with each other, provides an
opportunity for information sharing and real-time interaction.
The massive online data from social media not only provides
a rich sample of adolescents with interaction anxiousness, but
also roughly covers different regions or even different nations,
which provides a reference for the development of highly
representative and large-scale research (57).

As computer technology gathers momentum, the Internet
has become an indispensable part of human life. In this study,
a psychological characteristic prediction model based on social
media behavior data provides a practical reference and in-
depth research ideas for the traditional method of psychological
characteristic identification. Through real-time and long-term
monitoring of people’s mental health, it is possible to quickly,
timely, and low-cost grasp the psychosocial changes. This would
contributive to many possible actions promoting the public’s
wellbeing, such as developing a more effective mental health
service and making more relevant policies.

Limitations

Although this study proves that it is feasible to build a
prediction model of interaction anxiousness based on massive
network data, there are still some deficiencies. First, in order
to guarantee adequate text information and the quality of
psychological scale completion, we had to eliminate some Sina
Weibo users after the recruitment according to the criteria in
the data filtering mentioned above. There is a limitation that we
may not be able to represent the totality of active Sina Weibo
users perfectly. Second, since the potential analysis objects of big
data in artificial intelligence can only correspond to some groups
(online social media users), there was a shortage of control over
the overall psychological states of adolescents, and traditional
methods still needed to be used to investigate the remaining
population groups (non-network social media users) that have
not yet been covered. Third, due to the data-driven method,
the prediction model was difficult to systematically understand
the deep-seated causes of changes in mental health. Therefore,
it could be necessary to rely on the methodological advantages
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of traditional survey methods, such as interviews, to understand
the underlying causes and specific manifestations of interaction
anxiousness. Additionally, although the relationship between
linguistic expression features and psychological characteristics
is relatively stable over time, we cannot entirely exclude the
possibility that the language expression style of users might have
changed to some extent since we collected our dataset. In future
studies, obtaining the latest data from today’s Weibo users could
be helpful.

Conclusion

The purpose of this study was to explore the characteristic
behavior patterns of individuals with a high level of
interaction anxiousness, and determine whether an individual’s
psychological characteristic, interaction anxiousness, could be
calculated in real-time through machine learning modeling.
Based on the data of Sina Weibo, it was found that the criterion
validity and split-half reliability of the machine learning model
established by FCNN were good. That is, a psychological
prediction model could be established by analyzing network
data so as to realize the real-time calculation of the psychological
characteristics among adolescents. This study provides a feasible
method for assessing psychosocial changes in time to prevent
the worsening of psychological problems.
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