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Abstract
Background  COVID-19 has triggered a global public health crisis, and had an impact on economies, societies, and 
politics around the world. Based on the pathogen prevalence hypothesis suggested that residents of areas with 
higher infection rates are more likely to be collectivists as compared with those of areas with lower infection rates. 
Many researchers had studied the direct link between infectious diseases and individualism/collectivism (infectious 
diseases→ cultural values), but no one has focused on the specific psychological factors between them: (infectious 
diseases→ cognition of the pandemic→ cultural values). To test and develop the pathogen prevalence hypothesis, 
we introduced pandemic mental cognition and conducted an empirical study on social media (Chinese Sina Weibo), 
hoping to explore the psychological reasons behind in cultural value changes in the context of a pandemic.

Methods  We downloaded all posts from active Sina Weibo users in Dalian during the pandemic period (January 
2020 to May 2022) and used dictionary-based approaches to calculate frequency of words from two domains 
(pandemic mental cognition and collectivism/individualism), respectively. Then we used the multiple log-linear 
regression analysis method to establish the relationship between pandemic mental cognition and collectivism/
individualism.

Results  Among three dimensions of pandemic mental cognition, only the sense of uncertainty had a significant 
positive relationship with collectivism, and also had a marginal significant positive relationship with individualism. 
There was a significant positive correlation between the first-order lag term AR(1) and individualism, which means the 
individualism tendency was mainly affected by its previous level.

Conclusions  The study found that more collectivist regions are associated with a higher pathogen burden, and 
recognized the sense of uncertainty as its underlying cause. Results of this study validated and further developed the 
pathogen stress hypothesis in the context of the COVID-19 pandemic.
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Introduction
COVID-19 has triggered a global public health crisis 
which exerts economic, social, and political effects world-
wide [1]. As COVID-19 spread globally, social distancing, 
self-isolation and national lockdowns have become cru-
cial to control the pandemic [2–4]. Since the pandemic 
began, people’s maladjustment and emotion dysregula-
tion increased, which may lead to changes in cultural 
values [5, 6]. The pathogen threats influence regional 
differences in cultural values since behavioral practices 
associated with cultural values may limit the spread of 
infectious diseases [7]. For example, the pathogen stress 
hypothesis (i.e., parasite stress model) suggested that 
more collectivist countries are associated with a higher 
pathogen burden [8–10]. An empirical study based on 
social media found an increased collectivism-related 
expression, and decreased individualism-related expres-
sion in China during the outbreak of the pandemic [11], 
indicating that people’s cultural values will be affected 
and change in the context of a pandemic, and the results 
support the pathogen hypothesis.

Individualism and collectivism have been considered 
as two vital and distinct cultural values for human soci-
ety [12, 13]. Higher levels of individualism is defined as 
more focus on individual self, increased need for unique-
ness (as opposed to conformity) and relatively weak fam-
ily ties, while higher levels of collectivism is defined as 
more focus on intimate relationships, increased desire to 
fit into environment and hide individuality, and relatively 
strong family ties [14]. Early studies considered collectiv-
ism and individualism as two opposing cultural values 
[15]. However, recent studies identified the relationship 
of such two cultural values as orthogonal [18], and sug-
gested the coexistence of individualism and collectivism 
in cultures and individuals [12, 16, 17]. Previous studies 
showed that collectivism represents a protective factor 
against negative emotions [6] and contributes much to 
people’s happiness [19], while individualism has a nega-
tive relationship with mental health [20, 21] but a positive 
relationship with scientific and technological innovation 
[22].

The COVID-19 outbreak has provided an opportunity 
to study the pathogen hypothesis, and many research-
ers have used the opportunity created by the pandemic 
to study the direct link between infectious diseases and 
individualism/collectivism (infectious diseases→ cultural 
values) [11, 23], but no one has focused on the specific 
psychological factors between them: (infectious dis-
eases→ cognition of the pandemic → cultural values). 
The “Behavioral Immune System” [24–26] proposes 
psychological mechanisms that involved as a means to 
minimize infection risk by triggering specific emotional 
and cognitive responses to promote pathogen avoidance 
behaviors [10]. Accordingly, COVID-19 might trigger 

disease-relevant cognition, resulting in specific behav-
iors to avoid the physical and mental health risks. Just 
as individual cognitions change in response to infectious 
diseases, group-level value systems change in response 
to disease threats in local ecosystems [22]. On that basis, 
this paper proposes that mental cognitions of the pan-
demic may be responsible for adaptive changes in cul-
tural values, thus protecting people from physical or 
psychological harm during the pandemic.

In this study, according to the Mental Cognition Scale 
[27], the pandemic mental cognition was characterized 
by three dimensions: behavioral protection tendency, 
positive attitude, and sense of uncertainty. Such three 
dimensions distinguished people’s mental cognition in 
the face of the pandemic from the level of behavioral ten-
dency, attitudes and emotion. We intend to examine the 
effects of specific mental cognition dimensions on cul-
tural values.

During COVID-19, social isolation led to a significant 
increase in people’s exposure to social media [28]. Due 
to home quarantine, people spent more time online to 
obtain information about the pandemic and record their 
living conditions. As a non-invasive analytical method, 
big data analytics has been proven to be effective in using 
social media behavioral data (e.g., posts, comments, and 
replies) to measure users’ emotions, cultural values and 
behavioral intentions [29–31]. In China, Sina Weibo is 
the most influential social media [32], with 530  million 
monthly active users and 230  million daily active users. 
Therefore, in this paper, Sina Weibo was selected as social 
media analysis platform. Moreover, since Dalian is a vital 
port city in China that has experienced multiple waves of 
COVID-19, compared with other cities, it is more suit-
able to explore the change of cultural value tendency dur-
ing the pandemic in Dalian. Accordingly, data from users 
in Dalian were collected and analyzed.

In the present study, we aimed to explore whether the 
pandemic mental cognition of people in Dalian might 
affect their cultural value tendency during COVID-19. 
We hypothesized that the pandemic mental cognition 
can positively predict collectivistic tendency and negative 
predict individualistic tendency (Fig.  1). We discussed 
the psychological factors behind the pathogen hypothesis 
in the study, hope to develop the pathogen hypothesis 
and provide an empirical basis for the causes of cultural 
values.

Methods
Participants and data collection.

In this study, active Weibo users in Dalian were col-
lected from Sina Weibo (https://weibo.com/newlogin
?tabtype=weibo&gid=102803&openLoginLayer=0&
url=https%3  A%2  F%2Fweibo.com%2  F.). We down-
loaded monthly data (Weibo posts) from active users in 

https://weibo.com/newlogin?tabtype=weibo&gid=102803&openLoginLayer=0&url=https%3A%2F%2Fweibo.com%2F
https://weibo.com/newlogin?tabtype=weibo&gid=102803&openLoginLayer=0&url=https%3A%2F%2Fweibo.com%2F
https://weibo.com/newlogin?tabtype=weibo&gid=102803&openLoginLayer=0&url=https%3A%2F%2Fweibo.com%2F
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Dalian during the pandemic from January 2020 to May 
2022 (totally 29 months). Then we used dictionary-based 
approaches to calculate frequency of words in Weibo 
posts from two domains (pandemic mental cognition 
and collectivism/individualism) respectively, month by 
month. Finally, we got the time series data of word fre-
quency for all variables(Fig. 2).

Downloading Weibo data: The Weibo Application Pro-
gramming Interface (API) of Sina Weibo is used to crawl 
the Weibo posts published by users in Dalian from Janu-
ary 2020 to May 2022, month by month.

Constructing the pandemic mental cognition diction-
ary: Following the Mental Cognition Scale [25], this study 
selected the keywords related to the three dimensions 
of mental cognition from the Sina Microblog during the 
COVID-19. After discussion by the panel of experts, we 
got the pandemic mental cognition dictionary showed in 
Table 1.

Calculating word frequency: We conducted Chinese 
word segmentation on the Weibo texts and removed all 
stop words. Then, we calculated word frequency using 
pandemic mental cognition dictionary (Table 1) and indi-
vidualism/collectivism dictionary [30].

Statistical analysis
SPSS was used to preliminary examine correlations 
between pandemic mental cognition and collectivism/
individualism. Eviews, a statistical software suitable for 
the analysis of time series data, was used for multiple log-
linear regression analysis.

Semi-log regression model was used to establish rela-
tionships between dimensions of pandemic mental cog-
nition and collectivism/individualism, the equation is 
written as:

	 lny = b0 + b1x1 + b2x2 + b3x3+ ∈

where y (collectivism/individualism) is the dependent 
variable, and x1 (protective behavior tendency), x2 (sense 
of uncertainty), x3(positivity) are the independent vari-
ables used to predict y. The coefficients b1 , b2 ,b3  describe 
the size of the effects of the independent variables on the 
dependent variable, and b0  (also known as the intercept) 
is the predicted value of y when all the independent vari-
ables are equal to 0, it can be seen as systematic error. 
And ∈  is residuals, it can be seen as random error.

Results
Pearson correlation analysis
Table  2 showed that the sense of uncertainty was posi-
tively correlated with collectivism (r = 0.63, p < 0.01) and 
individualism (r = 0.54, p < 0.01). No other significant cor-
relations were found.

Multiple log-linear regression analysis
a. The normalization of collectivism/individualism	

We found that the distributions of collectivism and 
individualism were not normal (Table 3), so the ln 
function was used to normalize values of them. At 
the same time, the logarithmic transformation of the 

Fig. 1  The models of research hypotheses
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dependent variable is also a feasible way to make the 
independent variable and the dependent variable 
become linear.

�After the normalization of collectivism/individualism, 
there were linear relationships between independent 
variables and dependent variables, and the 
residuals conformed to the normal distribution 
and homoscedasticity. However, there still existed 
autocorrelation (DW = 1.30, n = 29; DW = 0.87, n = 29) 
(see Table 4).

�Because the logarithmic transformation only for the 
dependent variable and not for the independent 
variable, we call the model a semi-log regression 
model. But due to autocorrelation, it was a biased 
model. Next, we need to eliminate the effect of 
autocorrelation on the model.

b. Establish unbiased semi-log regression models	
Autocorrelation is an important concept of time 
series data, which means that the value of one 
moment in the time series has a certain correlation 
with the value of another moment in time. Since 
our data were time series data downloaded month 

by month, we choose Eviews for the analysis, and 
established semi-log regression models to examine 
the effect of three dimensions of pandemic mental 
cognition on collectivism/individualism. Besides, 
In order to separate the autocorrelation, the first-
order lag term AR(1) and the second-order lag term 
AR(2) were also added as the independent variable 
in the regression model. The addition of AR terms is 
the use of the Cochrane-Orcutt iterative method to 
eliminate autocorrelation, when we establish a model 
with the least squares method.

The results of multiple log-linear regression were shown 
in Table 5. Overall, the semi-log regression model of col-
lectivism has a good overall fit, which could explain 44% 
of variation in the dependent variable (R2 = 0.44, adjusted 
R2 = 0.31, p < 0.05). Moreover, the autocorrelation prob-
lem no longer existed in the model (DW = 2.04, n = 29). 
The semi-log regression model of individualism has a 
good performance, which could explain 62% of variation 
in the dependent variable (R2 = 0.62, adjusted R2 = 0.52, 
p < 0.001). Besides, the autocorrelation problem no lon-
ger existed in the model (DW = 2.13, n = 29).

Fig. 2  The procedure from data collection to calculation of psychological indicators
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Specifically, the linear relationship between behavior 
protection tendency and collectivism was not significant 
(β=-1.12, p > 0.05); and the linear relationship between 
positive attitude and collectivism was not significant as 
well (β = 2051.68, p > 0.05). Only the sense of uncertainty 
had a significant positive relationship with collectivism 
(β = 1345.89, p < 0.05). The results indicated that, among 
three dimensions of pandemic mental cognition, only the 
sense of uncertainty about the pandemic increases the 
collectivism-related expression of users in Dalian.

the relationship between behavior protection ten-
dency and individualism was not significant (β=-272.43, 
p > 0.05), and the relationship between positive attitude 
and individualism was not significant as well (β=-8951.92, 
p > 0.05). There was a marginal significant positive corre-
lation between the sense of uncertainty and individual-
ism (β = 1342.84, p = 0.05). The first-order lag term AR(1) 
was significant (β = 0.93, p < 0.001).

The results indicate that there existed first order auto-
correlation, which is a type of serial correlation. It occurs 
when there is a correlation between successive errors. In 
it, errors of the one-time period correlate with the errors 
of the consequent time period. It means that individual-
ism tendency was mainly affected by its previous level, 
the last month’s level of individualism can positively pre-
dict people’s current individualism tendency. Besides, 
among three dimensions of pandemic mental cognition, 
only the sense of uncertainty about the pandemic may 
increase the individualism tendency.

Discussion
In the present study, we found that the behavioral pro-
tection tendency and positivity of pandemic mental cog-
nition didn’t affect the cultural values, while the sense of 
uncertainty about pandemic positively predicted people’s 
collectivism expression on social media, and may also 
have a positive predictive effect on individualism expres-
sion. However, the individualism tendency was primarily 
affected by its previous level, rather than by the mentality 
cognition of the pandemic.

Table 1  The pandemic mental cognition dictionary
Protective behav-
ior tendency

The intention of individuals to adopt self-
protective behavior in order to reduce the po-
tential health damage caused by the pandemic

8 keywords Wear masks, disinfection, epidemic prevention, do 
not gather, no parties, no dinners, no going out, 
wash hands.

Sense of 
uncertainty

A perception that arises when a person is un-
able to give proper classification or organiza-
tion to an event or situation due to conflicts 
arising from lack or excess of information. In 
this paper, the sense of uncertainty refers to 
a subjective feeling and response caused by 
an individual’s inability to make a reasonable 
judgment on the epidemic.

20 keywords Worry, anxiety, confusion, have no idea what to do,
Endless, hesitate, helpless, have no choice
Unknown, devastated, overwhelmed, scared,
in a state of anxiety, trembling, terrified,
panic-stricken, mentally disturbed, fear, panic.

Positivity During the epidemic, people are not lying flat, 
but they are demanding in their thoughts and 
have relatively positive behaviors.

8 keywords Exercise regularly, keep exercising, keep exercising, 
live a regular life, take up interests, take up hob-
bies, study food, live an active life.

Table 2  Pearson correlation coefficients between variables 
(n = 29)

1 2 3 4 5
1 protective behavior tendency 1

2 positivity 0.19 1

3 sense of uncertainty 0.17 0.26 1

4 collectivism 0.03 0.20 0.63** 1

5 individualism -0.01 0.21 0.54** 0.13 1
** p < 0.01

Table 3  the normality test results
Shapiro-Wilk test
t df p

Protective behavior tendency 0.66 29 0.00

positivity 0.89 29 0.01

sense of uncertainty 0.93 29 0.04

collectivism 0.92 29 0.03

individualism 0.92 29 0.03

Table 4  Multiple log-linear regression results after the normalization of collectivism/individualism
Model 1 Model 2

Variable bi p bi p tolerance value VIF
Protective behavior tendency -66.83 0.65 -141.21 0.51 0.95 1.06

Positivity 1069.05 0.92 9018.99 0.573 0.91 1.10

Sense of uncertainty 1323.02 0.00 1666.87 0.00 0.92 1.09

F 5.00 0.01 4.10 0.02

R2 0.38 0.33

AdjustedR2 0.30 0.25

DW 1.30 0.87
The dependent variable of model 1 is collectivism

The dependent variable of model 2 is individualism
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Specifically, in the present research, it was found that 
the sense of uncertainty about the pandemic had a posi-
tive effect on collectivism, which may be because the 
uncertainty about the pandemic would make people feel 
fear, and fear can trigger people’s collectivism tendency 
[33]. At the same time, regardless of concerns about the 
risk of infection, people with a sense of belonging and 
connection with others can best cope with the threat of 
isolation [34–36]. Therefore, it’s reasonable that people 
would generate more collectivistic expression when they 
feel uncertainty about the pandemic. Another hypothesis 
is that disasters reduce individual agency and individual 
autonomy, which strengthen their need to rely on others 
[37]. So people may show greater collectivism tendency 
and generate more collectivistic expression when faced 
with risks.

The results suggest that the sense of uncertainty may 
trigger more collectivistic tendency for more social sup-
port and security. Meanwhile, in order to reduce people’s 
sense of uncertainty, it should emphasize the importance 
of regularly releasing substantive official updates and 
monitoring social media during crisis events to reduce 
exposure to misleading information and confusions [38]. 
In addition, the pathogen hypothesis considered that the 
development of cultural values takes a long period of 
time, and our results further explored the possible psy-
chological factors behind the changes in cultural values, 
which enriched the research on the pathogen hypothesis.

Contrary to our hypothesis, pandemic mental cogni-
tion didn’t negatively predict individualism. Specifically, 
we found that the tendency of individualism was not 
affected by the pandemic mental cognition, but mainly 
affected by the previous level of individualism. The sense 
of uncertainty had a marginal positive effect on the pre-
diction of individualism tendency. The possible reason 
may be that China performed social distancing as a pub-
lic health tool to control the pandemic, and such acts 
could make people feel isolated. The sense of isolation 
may be partly responsible for sense of uncertainty about 

the outbreak. Notably, individualism helps to reduce the 
fear of isolation [39]. Thus, the sense of isolation during 
the pandemic may trigger individualistic tendency and 
leading to increased individualistic expressions.

Previous study found that individualism was positively 
(rather than negatively) correlated with the frequency of 
disasters [40]. This may be because the anxiety and stress 
caused by the disaster made people pay less attention to 
social background information [41], so they pay more 
attention to their own feelings. In this study, in order 
to gain more sense of control and security, the sense of 
uncertainty for pandemic may also make people turn 
their focus from the outside to their internal feelings. 
This point provides us a new perspective, that is, individ-
ualism may also serve as protective factor against nega-
tive emotions.

The global pandemic had a strong negative impact on 
everyone, with increased feelings of uncertainty, insecu-
rity, current and future instability, as well as decreased 
feelings of autonomy and self-direction [42, 43]. The 
results of our study suggest a new direction for men-
tal health intervention during the pandemic period: we 
should encourage people to maintain connections with 
others, and develop the sense of control over their lives 
to reduce the sense of uncertainty about unknown risks.

We collected and analyzed large-scale data from Sina 
Weibo, to test pathogen stress hypothesis, which can 
overcome difficulties in tracing the changes of cultural 
values. In addition, this study found the psychological 
factors behind the pathogen hypothesis, and provided an 
empirical basis for the causes of cultural values, which 
developed the pathogen hypothesis.

Limitations also existed in this study. Specifically, this 
study mainly focused on Weibo users in Dalian, and 
Weibo has a relatively high proportion of young users, 
so the sample of this study may not be a good represen-
tation of all people in Dalian. In addition, the sample of 
our study came from a port city with collectivism cul-
tural context, caution is necessary when generalizing 

Table 5  Multiple log-linear regression analysis results
Model 1 Model 2

Variable bi p bi p tolerance value VIF
Protective behavior tendency -1.12 0.99 -272.43 0.22 0.95 1.06

Positivity 2051.68 0.85 -8951.92 0.45 0.91 1.10

Sense of uncertainty 1345.89 0.02 1342.84 0.05 0.92 1.09

AR(1) 0.34 0.31 0.93 0.00

AR(2) -0.30 0.34

F 3.56 0.02 6.10 0.00

R2 0.44 0.62

AdjustedR2 0.31 0.52

DW 2.04 2.13
The dependent variable of model 1 is collectivism

The dependent variable of model 2 is individualism
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the conclusions to other case. In future research, we can 
focus on more psychological factors to help people better 
respond to public health crises.

Conclusion
Among the three dimensions of pandemic mental cog-
nition, only the sense of uncertainty affects collectivism 
tendency. Besides, the individualism tendency was mainly 
affected by its previous level. In our study, the pathogen 
prevalence hypothesis in the context of COVID-19 was 
further validated and developed. The results not only 
suggest that people in areas with higher infection rates 
are more likely to be collectivists, but also recognize the 
sense of uncertainty as its underlying cause.
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