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Background: Internet addiction is a global public health issue among college

students that is associated with a range of negative outcomes. Especially

the COVID-19 pandemic has forced them to shift most of their studies

and life activities from o	ine to online, leading to a growing problem of

Internet dependence and even Internet addiction. Although previous studies

have indicated that the Behavioral Inhibition/Activation System (BIS/BAS) have

important e�ects on college students’ Internet addiction, the mechanisms

underlying these associations and gender di�erences are still unclear.

Aims: The present study investigated the mediating roles of intolerance of

uncertainty and self-control in the association between BIS/BAS and Internet

addiction following the Interaction of Person-A�ect-Cognition-Execution

model. Gender di�erences in such associations between variables were also

tested.

Method: A total of 747 Chinese college students were surveyed by using

Young’s Diagnostic Questionnaire for Internet Addiction, BIS/BAS Scales, the

Intolerance of Uncertainty Scale and the Brief Self-Control Scale.

Results: The results from the structural equation modeling analysis showed

that BIS was positively related to Internet addiction and that BAS had

a negative association with Internet addiction. Moreover, intolerance of

uncertainty and self-control mediated the relationships between BIS/BAS and

Internet addiction. Multi-group analysis further revealed that the associations

between BAS and Internet addiction and between intolerance of uncertainty

and Internet addiction were stronger among the male students than
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among female students. The relationship between self-control and Internet

addiction was greater in the female sample than in the male sample.

Conclusions: These findings extend our understanding of how BIS/BAS

influence Internet addiction among college students and suggest that not

only should training approaches based on intolerance of uncertainty and self-

control be fully considered, but di�erent intervention programs should be

focused on gender sensitivity to maximize the intervention e�ect.

KEYWORDS

college students, behavioral inhibition/activation system, intolerance of uncertainty,

self-control, Internet addiction, gender di�erences

Introduction

During the past two decades, access to the Internet

has become widespread with the rapid development of

information technology. The number of Internet users reached

approximately 4.95 billion worldwide by 2022 (1), and Internet

usage in developing countries increased from 7.7 to 45.3%

between 2005 and 2018 (2). According to recent data released

by the China Internet Network Information Center (CNNIC),

the number of Chinese Internet users had reached 1.051

billion and the Internet penetration rate had reached 74.4% by

June 2022 (3). There is no denying that reasonable Internet

use is beneficial in many ways, but excessive Internet use

may lead to Internet addiction (4). Internet addiction is

conceptualized as an inability to control one’s use of the

Internet, which eventually causes psychological, social, school,

and work problems (5). Many empirical studies have shown

that Internet addiction is typically linked with a variety

of psychological and behavioral problems, such as anxiety,

depression, sleep disorders, poor interpersonal relationships,

and even a high risk of suicide (6–10). Internet addiction

has become a major global public health problem due to

its harmful effects (11). To make matters worse, COVID-

19 pandemic has exacerbated the problem. Since various

prevention strategies have been adopted to prevent the spread

of COVID-19, such as social distancing, quarantine and school

closures. The way people work and daily lives have changed

dramatically, and many activities have shifted from offline

to online, making people inseparable from the Internet (12).

As a result, many studies have shown higher rates of online

activity and higher rates of Internet addiction than in the

pre-pandemic period (13, 14). The risk of Internet addiction

among teenagers is often mentioned, but college students are

another particularly vulnerable age group. Previous studies have

demonstrated that the average prevalence of Internet addiction

was approximately 7.02% (15), while the prevalence of Internet

addiction among Chinese college students was approximately

11.0% (16), which is 1.6 times higher than that of the general

population, and the prevalence rates might further increase in

the coming years. Therefore, to develop effective prevention and

intervention strategies, it is imperative to identify risk factors

and underlying mechanisms associated with college students’

Internet addiction.

In recent years, the Interaction-Person-Affect-Cognition-

Execution (I-PACE) model has become a prominent theoretical

framework to explain Internet addiction (17, 18). The model

consists of four components, P-A-C-E, where the P-component

refers to the individual’s core characteristics, such as personality

and psychopathological features. The A-component and C-

component refer to the person’s affective and cognitive responses

to external or internal stimuli, respectively, such as cognitive

biases and an urge for mood regulation. Finally, the E-

component refers to one’s executive function, such as inhibitory

control and self-control. Brand explained the formation and

maintenance of Internet addiction from the perspective of

the interaction of personality, affective, cognitive response

and execution, and the I-PACE model identifies personality

as a predisposition factor that leads to Internet addiction

by influencing the individual’s affective-cognitive responses

and executive function. Therefore, within the framework

of the I-PACE model, this study aims to investigate the

influence of personality factors (e.g., behavioral inhibition

system/behavioral activation system) on Internet addiction

and whether adverse cognitive and affective responses (e.g.,

intolerance of uncertainty) to environmental stressors and

executive functioning (e.g., self-control) play a mediating

role in the relationship between personality factors (e.g.,

behavioral inhibition system/behavioral activation system)

and Internet addiction, using a sample of Chinese college

students. Furthermore, because males and females differ in

core characteristics including biopsychological constitution,

psychopathological features, personality, and social cognitions,

gender may play a moderating role in the relationships between

these variables. Thus, this study will also explore the gender

differences among the above variables to further enrich the

I-PACE model.
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Behavioral inhibition system/behavioral
activation system and Internet addiction

Gray’s reinforcement sensitivity theory is known as an

effective view for understanding and explaining basic human

behaviors, particularly regarding addiction. The theory suggests

that there are individual differences in sensitivity to stimuli

from two basic brain systems that regulate and control human

motivation and behavior, namely, the behavioral inhibition

system (BIS) and behavioral activation system (BAS) (19). The

former is related to stimuli conditioned for punishment or

the termination of rewards and is responsible for regulating

avoidance behavior to avert threats and penalties. Thus,

individuals with high BIS are more likely to experience negative

emotions (e.g., anxiety, fear) and exhibit behavioral inhibition

(20). The latter is associated with stimuli relevant to rewards

or the termination of punishment and is responsible for

regulating the acquisition of rewards and achieving goals.

Therefore, high BAS-sensitive people are more prone to

feeling positive emotions (e.g., hope, wellbeing) and engage

in approach behavior to obtain greater advantage in the

world (21). Gray’s theory provided an essential perspective for

understanding and explaining addiction, but previous findings

about the associations between BIS/BAS and Internet addiction

were inconsistent. For example, in a survey of 519 middle-

school students, BIS and BAS activation were both associated

with Internet addiction (21). Another study of 197 middle-

school students indicated that BAS activation rather than

BIS activation is a significant risk factor for predicting the

occurrence of Internet addiction (22). However, a recent study

divided 754 college students into addiction and non-addiction

groups according to questionnaire results and Internet Gaming

Disorder diagnostic criteria, and the results showed that BIS

not BAS was statistically correlated with scores on the Internet

Addiction Questionnaire (23). We speculate that a variety

of factors may contribute to the differences in the results.

First, different measurement tools examine different theories

and constructs, which can have an impact on the degree

of association between variables. Second, the performance

and development of reward and punishment sensitivity of

participants in the different developmental stages may vary with

different living conditions and developmental tasks (23, 24).

Third, the analysis of the mixed sample ignored the effect of the

gender of the participants on the study results. Although there is

no definite conclusion as to whether BIS or BAS or both have a

significant effect on Internet addiction, many researchers suggest

that the relationship between BIS/BAS and Internet addiction is

closely related (25, 26). Moreover, since BIS/BAS is considered

as relatively stable traits that is difficult to change directly (27), it

is necessary to explore the mediating mechanisms of BIS/BAS

leading to Internet addiction, which is helpful for providing

a theoretical basis for the prevention and intervention for

Internet addiction.

The mediating roles of intolerance of
uncertainty and self-control

Intolerance of uncertainty (IU) may play a mediating role

in the association between BIS/BAS and Internet addiction (28–

31). IU is defined as a cognitive bias that affects how a person

perceives, interprets, and responds to uncertain situations (32).

On the one hand, BIS/BAS, as a core characteristic with

individual differences, may be linked to IU. First, individuals

with high BIS levels are likely to exhibit enhanced associative

learning and readily learn to avoid aversive situations (33).

Second, BIS is relevant to attempting to escape from or

avoid novel, threatening or uncertain contexts, which may

lead to negative interpretations of ambiguous stimuli in these

environments by individuals (34). They may view uncertainty

itself as an unavoidable threat and interpret it more negatively,

leading to an inability to tolerate uncertainty. Furthermore, the

results from children, adults, and females with substance use

disorder showed a positive association between BIS and IU

(35–37). Therefore, BIS appears to be an important predictive

factor for IU. In contrast, BAS is a motivational system that

promotes positive and exploratory behaviors (36). Individuals

with higher levels of BAS show a greater tendency to respond

to rewards and an increased motivation to engage in reward-

seeking behaviors (38). Meanwhile, BAS is associated with

positive emotions, and individuals with high levels of BAS

may approach life with a more positive attitude (29). When

faced with uncertain situations, they are more likely to adopt

positive coping styles to reduce the penalties it may bring,

which may increase the individual’s tolerance for uncertainty

(39). In addition, the results from adults provided support for

the negative association between BAS and IU (36). Thus, BAS

may be a protective factor for IU. On the other hand, IU

may have a predictive role in the developmental mechanism of

Internet addiction. First, individuals with higher IU are often

likely to overestimate threat and underestimate their ability to

handle them when coping with uncertain events (40); thus,

these individuals experience increased levels of adverse emotions

and adopt negative coping styles, such as using the Internet

as an avoidance strategy to cope with uncertainty-induced

negative experiences (41). Second, a high fear of uncertainty

may lead them to seek comfort by spending a great deal of

time excessively searching for information and answers on

the Internet (42). Previous studies have focused more on the

role of IU in mental diseases such as anxiety, depression and

obsessive-compulsive disorder (43–45). In recent years, IU has

been gradually extended to the field of addiction (such as

drug addiction and Internet addiction) (46, 47). However, there

are no relevant empirical studies that delve into whether IU

plays a mediating role in the relationship between BIS/BAS and

Internet addiction.

Self-control is the process by which an individual

consciously overcomes impulses, habits or automatic reactions
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and adjusts his or her behavior to pursue long-term goals

(48, 49). First, the level of self-control may be affected by

BIS/BAS.When the BIS system is activated, along with increased

arousal and attention, there is a disposition for the individual to

experience negative emotions (e.g., anxiety and sadness) and to

show behavioral inhibition toward desired goals (50). Negative

emotions caused by BIS can contribute to a decrease in personal

self-control by consuming more cognitive resources (51). In

contrast, when the BAS system is activated, individuals have a

tendency to experience positive emotions (e.g., hope, happiness)

and manifest behavior that helps them approach desired goals

(52). In other words, individuals with high levels of BAS may be

more likely to respond actively to positive information in their

lives and are more willing to control behaviors for which they

can receive emotional or material rewards and thus may show

higher levels of self-control. In turn, self-control is an important

predictor of Internet addiction. High self-control has been

found to be closely related to various positive outcomes, such as

more stable emotional states and better academic performance

(49, 53, 54). However, low self-control was associated with

a variety of negative psychological and behavioral problems,

such as anxiety, depression, aggressive behavior and addictive

behavior (55–57). Cross-sectional and longitudinal studies

have shown that self-control plays an important role in the

development of Internet addiction (58, 59). People with low

self-control lack consideration of the consequences of their

actions and tend to act impulsively, which raises the probability

of Internet addiction (60, 61). Therefore, self-control may be

a mediating variable in the connection between BIS/BAS and

Internet addiction. However, to our knowledge, few studies have

examined these associations in college student populations.

The moderating role of gender

Gender is an important demographic factor influencing

Internet addiction. Previous studies have shown that there

are gender differences in the prevalence of Internet addiction,

with males having a relatively higher tendency toward

Internet addiction than females (62). However, we should

focus not only on the gender differences in the prevalence

of Internet addiction, but also on the gender differences

in the formation mechanism of Internet addiction. First,

it was reported that there may be gender differences in

the predictors of Internet addiction. For example, BAS can

significantly predict Internet addiction in males, while BIS

can significantly predict Internet addiction in females (63).

Amagnetic resonance imaging (MRI) study showed that females

displayed a negative correlation between BIS sensitivity and

regional gray matter volume (rGMV) in the parahippocampal

gyrus (PHG), as well as positive correlations between BAS

sensitivity and rGMV in the ventromedial prefrontal cortex

(vmPFC) and inferior parietal lobule (IPL), whereas males

showed the opposite pattern, indicating that the relationships

between neuroanatomical characteristics and BIS/BAS exhibit

sex differences. Meanwhile, individual’s BIS/BAS and the effect

of BIS/BAS on an individual’s cognition, emotion and behavior

may be influenced by the individual’s genetic, social and

other characteristics (64). Then, social role theory provides a

theoretical basis for understanding gender differences. It argues

that different social divisions of labor can make a difference in

the shaping of gender roles (65). Specifically, men are socialized

to be strong, rational, and accustomed to solving problems

alone, while women are socialized as warm, compassionate,

sensitive, and emotionally expressive (66). Thus, when faced

with uncertain situations, they may tend to adopt different

coping strategies and exhibit different levels of tolerance, which

in turn may affect their levels of Internet addiction. In addition,

females are asked to manage their behavior effectively in the

social contexts, so they may pay a greater emphasis on self-

control in their daily activities than males (67). For example,

females may be more inclined to avoid losses than males

and may have greater self-control (68, 69). The difference in

female’s and male’s ability to control their own behavior may

also lead to differences in the formation mechanism of Internet

addiction. The above findings provide potential evidence that

the mechanism by which Internet addiction develops may

be moderated by gender. However, previous studies have

focused more on gender differences in a single variable, and

the mechanisms underlying these differences have rarely been

explored in more realistic and complex models.

The present study

The aim of this study was to investigate how BIS/BAS

influences Internet addiction in college students. Specifically,

this study examined the mediating effects of IU and self-

control on BIS/BAS and Internet addiction as well as the

gender differences among these associations. To the best of

our knowledge, this is the first comprehensive empirical study

incorporating BIS/BAS, IU, self-control and gender factors

and their roles in Internet addiction. On the basis of I-

PACE theory, the proposed model is shown in Figure 1. It is

reasonable to hypothesize that BIS and BAS act as triggers

for individual Internet addiction, IU and self-control serve as

mediators between predisposing factors and Internet addiction,

and gender plays a moderating role in these associations among

college students. More specifically, we propose the following

hypotheses: (1) BIS would be positively correlated with Internet

addiction, while BAS would be negatively correlated with

Internet addiction; (2) IU and self-control would play mediating

roles between BIS/BAS and Internet addiction; and (3) the

formation mechanism of Internet addiction may be moderated

by gender.
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FIGURE 1

The supposed model.

Materials and methods

Participants

This was a cross-sectional study conducted through an

online survey during the COVID-19 pandemic from October

12 to November 8, 2021, when the campus implemented closed-

off management to adopt offline learning. All participants were

recruited through a convenient cluster sampling method from

municipal key universities in Tianjin City, China. In order to

ensure the quality of the questionnaire, a questionnaire item

(“To check the quality of your response to the questionnaire,

please select 2 for this question, which has five answer choices

from 1 to 5.”) was included at the end of the survey to

reduce the risk of irresponsible answers. In total, 803 students

participated in this survey and 56 participants were excluded (45

answered the questionnaire incompletely and 11 failed to answer

the questionnaire item for evaluating the quality of survey

correctly). Thus, data from 747 participants (Mage = 18.062

years, SD = 0.651 years, age range: 16–21 years) were analyzed

in this study, including 228 male students (30.5%) and 519

female students (69.5%). Informed consent was obtained from

all participants prior to the survey. The study and data collection

procedure received approval from the Ethics Committee of

Tianjin Medical University (study number: 190002).

Measures

Behavioral inhibition system/behavioral
activation system (BIS/BAS) scales

The revised Chinese BIS/BAS Scale is an 18-item

questionnaire measured on a 4-point Likert scale from 1

(totally disagree) to 4 (totally agree) (70). The questionnaire

includes a 5-item BIS scale (e.g., “If I think something

unpleasant is going to happen, I usually get pretty worked up”)

and 13-item BAS scale (e.g., “If I see a chance to get something

I want, I move on it right away”) (71). The latter scale can

be grouped into three subscales: drive (BAS-drive, 4 items),

reward responsiveness (BAS-reward, 5 items), and fun seeking

(BAS-fun, 4 items). In this study, we used the total score of all

5 BIS items and all 13 BAS items to generate a single BIS score

and BAS score, respectively. The scale has been reported to have

good reliability and validity among the Chinese population (72).

The Cronbach’s alpha coefficient was 0.756 for BIS and 0.867 for

BAS in the present sample.

Intolerance of uncertainty scale (IUS-12)

Intolerance of uncertainty was assessed using the revised

Chinese 12-item short-form Intolerance of Uncertainty Scale

(73). This scale demonstrates a two-factor structure, evaluating

prospective IU (7-item subscale; e.g., “Unforeseen events upset

me greatly”), and inhibitory IU (5-item subscale; e.g., “When I

am uncertain I can’t function very well”) (74). Items are scored

on a 5-point Likert scale ranging from 1 (not at all characteristic

of me) to 5 (entirely characteristic of me). The total score ranges

between 12 and 60. Higher scores indicate higher intolerance of

uncertainty. According to reports, the scale has good reliability

and validity among Chinese college students (75). In this study,

the Cronbach’s alpha coefficient was 0.852.

Brief self-control scale (BSCS)

The Chinese version of the Brief Self-Control Scale was

adopted in this study (76). The BSCS is a questionnaire that

assesses one’s degree of self-control on a 5-point Likert scale used

ranging from 1 (Not at all like me) to 5 (Very much like me).

It is composed of 7 items and is divided into two subscales: 3

items measure self-discipline (e.g., “People would say that I have
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iron self-discipline”) and 4 items measure impulse control (e.g.,

“I do certain things that are bad for me if they are fun”) (77). The

overall self-control score is determined by summing all seven

items, with higher scores denoting greater self-control. The

Chinese version of the BSCS shows good internal consistency

and validity in Chinese individuals (76). In the present study,

the Cronbach’s alpha coefficient of the BSCS was 0.728.

Young’s diagnostic questionnaire for Internet
addiction

Internet addiction was measured using Young’s 8-item

diagnostic questionnaire for Internet addiction (5). Responses to

each question were provided on a 6-point Likert scale (ranging

from “1 = strongly disagree” to “6 = strongly agree”). A sample

item is “Have you repeatedly made unsuccessful efforts to

control, cut back, or stop Internet use?”. Higher scores reflect

a higher degree of Internet addiction. The scale has been used

by many researchers and also has good reliability and validity in

Chinese adolescents and college students (78, 79). In this study,

Cronbach’s alpha coefficient for Internet addiction was 0.875.

Data analysis

First, the common method bias test, descriptive statistics,

Pearson’s correlation analysis and independent samples t-test

were examined with SPSS 26.0. Second, Amos 26.0 was used to

examine the hypothesized model. Third, a bootstrap procedure

was conducted to test the mediating roles of IU and self-

control in the relationship between BIS/BAS and Internet

addiction. Specifically, the bias-corrected percentile bootstrap

method (5,000 bootstrap samples) with 95% confidence intervals

(CIs) was performed to examine the significance of mediation

effects. CIs excluding zero indicated significant effects. Fourth,

participants were split into two groups based on their gender,

and a multi-group analysis was used to examine the gender

differences in the associations between the variables. In this step,

we constructed three nested models, including an unrestricted

free estimation model (M0), a model with equal restricted

factor loadings (M1), and a model with equal restricted path

coefficients (M2). The equivalence of the measurement model

across gender was examined by the comparison of M0 and M1.

Furthermore, we tested whether there are gender differences in

the patterns of association between the variables by comparing

M1 and M2.

The chi-square statistic was employed to evaluate the

model fit. However, the chi-square statistic is sensitive to

sample size (80). Therefore, we used the chi-square to degrees

of freedom ratio (χ2/df ) to test model fit. A χ
2/df ratio

value below 5 is regarded as an acceptable model fit (81).

Meanwhile, the comparative fit index (CFI) (82), Tucker-

Lewis index (TLI) (83), standardized root mean square residual

(SRMR) (84), and root mean square error of approximation

(RMSEA) (85) were also used to evaluate the goodness of fit.

The CFI and TLI equal to or above 0.95 and the RMSEA

and SRMR lower than 0.08 indicate good model fit (84). For

the comparison of the nested models, differences in the χ
2

(1χ
2) and the degrees of freedom (1df ) were used to compare

the models with the goodness of fit to determine the model

that best fit the data (86, 87). Specifically, the criteria for

comparing the two nested models are as follows: When the

degrees of freedom increase, but the corresponding chi-square

value does not increase significantly (that is, 1χ
2/1df is not

significant), the model with the higher degrees of freedom is

better. Otherwise, the better model is the one with lower degrees

of freedom. The predictive and explanatory powers of the model

were assessed using path coefficients and R2.

Results

Common method bias test

Participants replied to self-report questionnaires in the

present study, which might lead to common method bias.

To control this issue, we used the anonymous survey and

reverse scores in some questions. Then, common method bias

was assessed by Harman’s single factor test before processing

data (88). The results showed that 11 factors’ eigenvalues

were larger than 1. The load of the first factor was 17.016%,

which was <40% of the covariance among all the items. It

suggested that there was no serious common method bias in

this study.

Descriptive statistics and t tests

Students’ ranges, means and standard deviations of

the continuous variables are presented in Table 1. There

was a significant difference in age between females and

males. The age of females ranged from 16 to 20 years

old (M = 18.023, SD = 0.651) and males ranged from

16 to 21 years old (M = 18.153, SD = 0.642). These

results indicate that males are slightly older than females.

In addition, BIS yielded significant gender differences.

Compared with males, females had higher scores on the

BIS scales. Furthermore, the scores of IU were significantly

higher in males than in females. However, the gender

differences in Internet addiction, BAS and self-control were

not significant.

Correlation analyses

Table 2 presents the correlations between variables included

in the study. For both males and females, Internet addiction
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TABLE 1 Descriptive statistics among the variables.

Variables Whole sample (n = 747) Females (n = 519) Males (n = 228) t-test

Range M SD Range M SD Range M SD

Age 16–21 18.062 0.651 16–20 18.023 0.651 16–21 18.153 0.642 −2.530*

Internet addiction 8–48 20.378 7.888 8–47 20.745 7.631 8–48 19.544 8.402 1.921

BIS 5–20 15.304 2.405 5–20 15.426 2.358 5–20 15.026 2.492 2.095*

BAS 13–52 41.815 5.122 13–52 41.703 4.919 19–52 42.070 5.562 −0.901

IU 12–60 27.415 7.613 12–60 27.049 7.308 12–60 28.272 8.218 −2.043*

Self-Control 7–35 22.240 4.270 7–35 22.380 4.061 7–35 21.921 4.704 1.352

BIS, Behavioral Inhibition System; BAS, Behavioral Activation System; IU, Intolerance of Uncertainty. *p < 0.05.

TABLE 2 Associations among the variables for females and males.

Variables 1 2 3 4 5 6

1. Age - −0.033 −0.047 −0.032 −0.038 0.048

2. Internet addiction −0.083 - 0.215** −0.127** 0.224** −0.649**

3. BIS 0.124 0.040 - 0.337** 0.408** −0.213**

4. BAS 0.082 −0.365** 0.433** - 0.048 0.219**

5. IU −0.046 0.354** 0.212** −0.006 - −0.168**

6. Self-Control 0.103 −0.533** −0.089 0.331** −0.257** -

Females’ correlations appear above the diagonal and males’ correlations below the diagonal. **p < 0.01.

was found to be negatively correlated with both BAS and

self-control but IU was shown to have a positive correlation

with Internet addiction. Internet addiction was only positively

related to BIS in females but had no correlations in males.

For both females and males, BIS was significantly positively

related to IU while BIS was only negatively related to self-

control in females but had no correlations in males. BAS

was positively related to self-control but was not significantly

related to IU among all participants. In addition, age had

no significant correlation with any of the variables included

in the study. Furthermore, there were significant gender

differences in the correlations based on a one-tailed z-test,

with a stronger association between Internet addiction and

BIS (z difference = 2.233, p < 0.05) for females than for

males, a stronger association between Internet addiction and

BAS (z difference = 3.191, p < 0.001) for males than for

females, a stronger association between Internet addiction

and IU (z difference = −1.779, p < 0.05) for males

than for females, a stronger association between Internet

addiction and self-control (z difference = −2.244, p <

0.05) for females than for males, and a stronger association

between BIS and IU (z difference = 2.729, p < 0.01) for

females than for males. According to the relevant models

of these variables, the hypothesized models were analyzed

as follows.

Structural equation modeling analyses

First, the hypothesized model contained four observed

variables (BIS, BAS, IU, and self-control, representative of their

total scores) and one latent variable (Internet addiction) to

make it simpler and more efficient. Moreover, the Young’s

diagnostic questionnaire for Internet addiction was separated

into two parcels, where the sum of odd items constituted the

first parcel (parcel 1) and the sum of even items constituted

the second parcel (parcel 2), to act as indicators of Internet

addiction employing an item-to-construct balance approach

(89). Then, structural equation modeling was used to analyze

the hypotheses of this study. The standardized factor loadings

of Internet addiction for parcel 1 and parcel 2 ranged from

0.866 to 0.913. According to the fit standards, the results of

structural equation modeling yielded a good fit to the empirical

data, χ
2

= 16.169, χ
2/df = 4.042, TLI = 0.968, CFI =

0.992, SRMR = 0.032, RMSEA = 0.064. In sum, BIS was

positively related to Internet addiction and IU and negatively

related to self-control. BAS was negatively related to Internet

addiction and IU and positively related to self-control. IU

was positively associated with Internet addiction, while self-

control was negatively associated with Internet addiction (see

Figure 2). Finally, the results of bootstrap analyses showed that

the total, direct, and indirect effects of BIS/BAS on Internet
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FIGURE 2

The relationships among BIS, BAS and Internet addiction are mediated by IU and Self-Control. Bold lines indicate significant gender di�erences

in these paths. The parameters for whole participants are displayed outside of the parentheses, while the parameters for di�erent subgroups are

denoted within the parentheses (females in the left, males in the right) *p < 0.05, **p < 0.01, ***p < 0.001.

addiction were significant (see Table 3). These results indicated

that IU and self-control partially mediated the relationships

between BIS/BAS and Internet addiction among Chinese

college students.

Cross-group comparison was next used to examine the

gender differences present in the model. First, the result of

the comparison of M0 and M1, 1χ
2 (1) = 0.288, p > 0.05,

indicated that there was measurement equivalence between

female and male groups. Second, to examine whether the

relationship of each path differed across gender, two nested

models (M1 and M2) were tested. The results demonstrated

that these two models were significantly different, 1χ
2 (8)

= 32.432, p < 0.001, indicating that their path coefficients

differed across gender. Next, the critical ratios of differences

(CRDs) were calculated to test for differences between both

groups among structural path coefficients. If the absolute value

of CRD was equal to or greater than 1.96, then the association

between these two variables were considered to be a significant

gender difference at the p < 0.05 level. The results indicated

that the relationships between BAS and Internet addiction and

between IU and Internet addiction were stronger among male

participants. The relationship between self-control and Internet

addiction was stronger among female participants (see Table 4).

Finally, we found that 49.0% of the variance in Internet addiction

could be explained among females and 40.8% of the variance

in Internet addiction could be explained among males by

this model.

Discussion

To our knowledge, this is the first study to test the impact

mechanism of BIS/BAS on Internet addiction through IU and

self-control among Chinese college students by applying the I-

PACEmodel and further consider the moderating role of gender

among these variables. These results indicated that BIS was

positively correlated with the level of Internet addiction, while

BAS was negatively related to the level of Internet addiction of

college students. Moreover, IU and self-control had statistically

significant mediating effects between BIS/BAS and Internet

addiction. Specifically, BAS and IU showed significantly greater

predictive abilities for Internet addiction in males than in

females, while the protective role of self-control on Internet

addiction was greater in females than in males. Overall the

results supported the I-PACE model that specific personal

characteristics (e.g., BIS/BAS), affective and cognitive responses

(e.g., IU), executive function (e.g., self-control) components

resulted in adverse emotional reactions through the perception

of the situation and led to certain addictive tendencies (17).

The findings of this study extend previous studies about

the effect of BIS/BAS on Internet addiction, and explore the

mediation mechanisms and gender differences among these

variables, which are helpful for understanding the mechanism

of Internet addiction more accurately and providing more

effective guidance for the Internet addiction intervention among

college students.
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TABLE 3 Total, direct, and indirect e�ects of BIS/BAS on Internet

addiction.

Effects of predictors β Bias-correlated 95% CI

Whole sample

BIS

TE 0.298*** [0.222, 0.375]

DE 0.073* [0.004, 0.145]

IE-IU 0.053*** [0.027, 0.083]

IE-SC 0.172*** [0.126, 0.222]

BAS

TE −0.336*** [−0.425,−0.251]

DE −0.110** [−0.185,−0.039]

IE-IU −0.015** [−0.032,−0.005]

IE-SC −0.211*** [−0.268,−0.160]

Females

BIS

TE 0.311*** [0.218, 0.397]

DE 0.048 [−0.036, 0.128]

IE-IU 0.048** [0.013, 0.091]

IE-SC 0.214*** [0.150, 0.281]

BAS

TE −0.238*** [−0.340,−0.141]

DE −0.010 [−0.087, 0.065]

IE-IU −0.011* [−0.029,−0.002]

IE-SC −0.217*** [−0.287,−0.149]

Males

BIS

TE 0.264** [0.106, 0.417]

DE 0.081 [−0.044, 0.218]

IE-IU 0.068** [0.031, 0.127]

IE-SC 0.116*** [0.054, 0.191]

BAS

TE −0.508*** [−0.656,−0.355]

DE −0.293*** [−0.429,−0.157]

IE-IU −0.031 [−0.078, 0.004]

IE-SC −0.184*** [−0.276,−0.111]

All the estimates provided in the table are standardized estimates. TE, total effect;

DE, direct effect; IE, indirect effect; IU, intolerance of uncertainty; SC, self-control; CI,

confidence interval. *p < 0.05, **p < 0.01, ***p < 0.001.

Associations between BIS/BAS and
Internet addiction

In line with our speculation, Internet addiction has a

significant positive correlation with BIS and a significant

negative relationship with BAS. First, prior research showed that

individuals who have higher BIS levels are more sensitive to

punishment stimuli and have a higher risk of Internet addiction

(63). Individuals with high BIS may have more avoidance

behaviors in real life due to fear of failure, and they may have

anxiety and distress in face-to-face interpersonal interaction,

preventing them from communicating normally. However, they

can communicate anonymously to meet their psychological

needs that cannot be met in real life and feel a sense of

achievement and comfort in a virtual world. This experience

would significantly increase the Internet use time, thereby

increasing the possibility of Internet addiction (90). Next, college

students who have higher BAS levels are more sensitive to

reward stimuli and have a lower risk of Internet addiction

(23). College is a vital stage of life development and learning

plays a leading role in college life. During this period, students

will strive to learn knowledge and improve their abilities to

pursue a better career. Previous research suggests that BAS may

play an important role in individuals’ motivations to conduct

goal-directed behavior (91, 92). Therefore, students with high

BAS may aim for behaviors that benefit their developmental

plans, and spend more time on positive choices that benefit

growth and less time on negative behaviors that hinder growth,

which may reduce the likelihood of Internet addiction. In

addition, individuals with high BAS sensitivity tend to approach

novel people or things, and they may invest more in social

activities and obtain higher happiness (93), which further makes

individuals less prone to Internet addiction behaviors.

IU and self-control as mediators

On the one hand, there was a mediating role of IU

between BIS/BAS and Internet addiction. First, BIS can reinforce

individual reactions to avoid or withdraw from novel, uncertain

or threatening situations, which may trigger individuals to

interpret unknown events more negatively (34). This is

especially true for students at the college stage, who face constant

academic and competency assessment and assume greater

uncertainty about their future due to the rapid development

of society and increased competition. Therefore, individuals

with high BIS levels may experience higher levels of IU than

individuals with low BIS levels. Second, BAS is closely related

to reward seeking, and individuals with high-BAS sensitivity

have a higher preference for novelty processing and reward

dependence (94). They are highly motivated by both external

and internal rewards and are able to devote themselves to an

activity in which they feel a sense of pleasure and control (95).

Thus, high-BAS individuals may have a higher desire to explore

perceived goals, and uncertain situations may be perceived as

novel and rewarding stimuli. When faced with an unknown

situation, they may be more likely to choose to actively engage in

exploring the environment and constantly challenge themselves

compared to reacting with aversion and avoidance, which may

increase their tolerance for uncertainty to some extent. Third,

individuals with high IU tend to have more negative thinking

patterns, believing that they lack sufficient coping or problem-

solving skills to effectively face future negative outcomes, which
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TABLE 4 Standardized coe�cients from the multiple–group analysis.

Structural model Female estimate (S.E.) Male estimate (S.E.) CRD

BIS to Internet addiction 0.048 (0.017) 0.081 (0.027) −0.433

BAS to Internet addiction −0.010 (0.008) −0.293 (0.013)*** 3.539*

BIS to intolerance of uncertainty 0.443 (0.131)*** 0.264 (0.236)*** 1.860

BIS to Self-Control −0.323 (0.075)*** −0.286 (0.126)*** −0.112

BAS to intolerance of uncertainty −0.101 (0.063)* −0.120 (0.106) 0.216

BAS to Self-Control 0.328 (0.036)*** 0.455 (0.056)*** −1.713

Intolerance of uncertainty to Internet addiction 0.109 (0.005)** 0.257 (0.007)*** −2.028*

Self-Control to Internet addiction −0.662 (0.009)*** −0.404 (0.014)*** −4.008*

The numbers in italics in the parentheses represent the standard errors. S.E., standard error; CRD, critical ratio difference. *p < 0.05, **p < 0.01, ***p < 0.001.

may cause discomfort and negative emotions in individuals

(96). To eliminate adverse experiences, individuals may seek

temporary happiness on the Internet or increase the certainty

of knowledge of unknowable events through excessive searching

for information. However, these actions can only temporarily

reduce anxiety and distress which may lead to heightened

perceptions of uncertainty and anxiety in the long run (97).

Especially, the repeated COVID-19 epidemic has increased

the uncertainty of the current living environment and future

development of college students (98). The perception of these

serious uncertainties may reduce their tolerance for uncertainty,

which also causes them to spend more time on the Internet and

inadvertently further exacerbates the risk of Internet addiction

among college students.

On the other hand, the results demonstrated that self-control

serves as a mediator between BIS/BAS and Internet addiction

and contributes to explaining how BIS/BAS influences Internet

addiction. First, BIS was significantly negatively related to self-

control, while BAS was significantly positively correlated with

self-control. According to the strength model of self-control,

an individual’s emotional state has an important impact on

the ability to control oneself. Negative emotions weaken self-

control by depleting more cognitive resources, while positive

emotions facilitate the recovery and maintenance of self-control

resources (99, 100). Hence, negative emotions such as anxiety

generated by high BIS activation may decrease the level of self-

control, whereas positive emotions experienced during high

BAS activation may allow individuals to maintain a higher

level of self-control. Second, self-control was negatively linked

to Internet addiction among college students. In general,

individuals with low self-control are more likely to experience

problem behaviors than those with high self-control (101–103).

This may be because people with high self-control have a greater

ability to delay gratification, reduce the impact of temptations

in the moment, and restrain themselves to achieve greater

satisfaction (104). However, individuals with low self-control

tend to be highly impulsive and often choose to experience

instant pleasure online when faced with the lure of the Internet

(105). Especially during the COVID-19 epidemic, entertainment

options became limited, and the online world became one of the

few entertainment options available to college students, which

may increase the risk of Internet addiction in college students

with low self-control.

Gender di�erences in the associations
between BIS/BAS, IU, self-control and
Internet addiction

The present study further illuminated gender differences

in the strength of the associations between the variables being

studied, and the findings support the third hypothesis that the

formation mechanism of Internet addiction are moderated by

gender. First, the direct predictive effect of BAS on Internet

addiction was significant for males but non-significant for

females. Meanwhile, the association between IU and Internet

addiction was stronger in males than in females. In other

words, Internet addiction in males was more likely to be

influenced by BAS and IU. The social role theory indicates

that men being expected to be independent and brave, to focus

on the outside world, and to achieve academic and career

success (65). As a result, males may be more motivated to

choose positive behaviors and set higher goals for self-growth

than females, which enables males with high BAS to use the

Internet appropriately and be less prone to Internet addiction.

In addition, most parents have a higher aptitude and educational

expectations of men (106). Male college students who have

high expectations place more value on these achievements

and are more concerned about the adverse effects of poor

performance on their future career prospects. Earlier research

has identified that when dealing with negative emotions, females

can seek social support and use effective emotion regulation

strategies while males are more prone to suppress or avoid

emotional expression (107). This puts male college students

with high IU at a higher risk of Internet addiction as they
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are likely to spend substantial amounts of time online. Second,

the association between self-control and Internet addiction is

more powerful among female college students than among

male students. Females are more likely to have inappropriate

behaviors monitored, identified, and corrected by their parents

than males during the learning process of socialization (108),

which may make self-control play a more important role in

females than in males. Thus, females with high self-control

may have strict demands on their study and life, and can

show strong control in the face of temptation-filled behaviors

and undesirable behaviors such as Internet addiction. Previous

studies have shown that males and females differ in their

preferences for Internet use (109). Males prefer to play games

and watch videos online, while females prefer communication

features and social networking services online. However, when

females have low self-control, they may also choose online

games for entertainment and relaxation because the virtual

world of the Internet is always a temptation for people (110,

111). In addition, it was reported that females prefer online

shopping features over males and that the diversity of online

products may now be more skewed toward females (112).

Thus, females with low self-control may also be more likely

to spend too much time on the Internet than males with low

self-control (113).

Implications for theory and practice

From a theoretical perspective, this study supplements

and expands previous studies on the influence mechanism

of BIS/BAS on Internet addiction among college students.

In addition, it provides empirical support for the I-PACE

model of Internet addiction among college students in the

context of Chinese culture as well as a reference for further

research on the formation mechanism of Internet addiction.

From a practical point of view, our findings may be helpful

for guiding the prevention and intervention of Internet

addiction among college students. First of all, when screening

and choosing a target population, the population with high

BIS, low BAS, high IU and low self-control should be of

particular concern. Second, to prevent and intervene in Internet

addiction in college students, training techniques should be

used to improve students’ tolerance of uncertainty and self-

control ability because improving specific behaviors may

be more efficient than directly changing personality (114).

On the one hand, cognitive behavioral therapy techniques

for IU (CBT-IU) can help college students with high BIS

and low BAS to improve their tolerance for uncertainty

through worry awareness training, cognitive reappraisal of

uncertainty, and other methods (43). On the other hand,

mindfulness-based stress reduction techniques and general

self-control intervention in a cognitive behavioral framework

can have a positive impact on the self-control ability of

college students with Internet addiction (115, 116). Finally,

more attention should be given to developing gender-specific

Internet addiction prevention and intervention programs for

male and female college students. For females, low self-

control is the most critical factor contributing to their Internet

addiction. Therefore, the prevention and intervention of

Internet addiction for them should focus on the improvement

of self-control. For males, apart from low self-control, low

BAS and high IU also play important roles in the formation

mechanism of Internet addiction. Thus, in addition to self-

control enhancement training, more targeted guidance or

training should be given to those with low BAS levels and

high IU levels to reduce the occurrence and development of

Internet addiction.

Limitations and further directions

Several limitations of the current study should be noted.

First, this was a cross-sectional study. Although there is

a certain theoretical basis, the research results can only

provide the predictions of the relationships among these

variables. The cross-sectional design of the study naturally

limits any causal interpretation. It is also possible that

people with different levels of IU and self-control may show

various levels of BIS or BAS, which may further relate to

Internet addiction. Thus, future studies should attempt to use

longitudinal design and clinical trials to examine the causal

relationship and mediating effect between BIS/BAS and Internet

addiction. Second, all data were collected through self-report

questionnaires, so recall bias and the subject-expectancy effect

may be difficult to avoid. Future measures of peer nomination

and behavioral tasks could be added, and data could be

collected from multiple sources of information to make the

data more realistic and reliable. Third, this study did not

distinguish Internet addiction into specific subtypes. Previous

researches have shown that it is important to distinguish

generalized Internet addiction from specific Internet addiction

and that there are significant gender differences between

online game addiction and social media addiction (117, 118).

Therefore, more information on Internet use needs to be

included in future studies to verify whether the current

findings are appropriate for generalized Internet addiction or

specific Internet addiction. Fourth, this study only explores

the formation mechanism of Internet addiction from the I-

PACE model, but other theoretical approaches exist to view

addiction from a different perspective. For example, the model

of addiction based on affective neuroscience describes and

interprets the phenomenon of addiction as an expression

of vulnerability related to biological and social factors from

a neuro-psycho-evolutionary perspective (119, 120). Future

research should consider combining these different theories

in a rigorous manner to further illuminate the underlying
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mechanism of Internet addiction. Finally, participants were all

college students from China. Considering the role of cultural

factors on individual psychology and behavior, the model should

be tested using different cultures, including collectivist and

individualist societies.

Conclusion

In summary, this study explored the relationship between

BIS/BAS and Internet addiction among Chinese college

students by using the I-PACE model. The current study

indicated that the BIS/BAS shows important association

with Internet addiction, that BIS/BAS has indirect influence

on Internet addiction through IU and self-control and

that the relationships among these variables can also be

moderated by gender. Specifically, Internet addiction is

more likely to be negatively affected by low BAS and high

IU in male college students, while high self-control has

a greater potential protective effect on Internet addiction

in female students. Given that Internet addiction is not

only harmful to the physical and mental health of college

students, but also places a large burden on their families

and society, this study suggests that policy-makers should

further implement strict regulatory measures (e.g., setting

up anti-addiction or fatigue system) and actively guide

college students to use the Internet and social networks

rationally (121). Moreover, educators should combine

IU intervention measures and self-control training when

formulating prevention and intervention programs for

Internet addiction among college students and adopt

differentiated programs for males and females in the specific

implementation process.
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