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Abstract

Background
In the era of high-speed internet, using the internet regardless of platform might be considered a part of everyone’s daily activities. A number of factors have
been demonstrated to be associated with internet addiction, which is mostly concerned with psychological problems such as loneliness. This study aimed to
examine how and in what way loneliness has in�uenced internet addiction. Speci�cally, we proposed and tested interpersonal problems and motivation for the
internet as intervening variables of the relationship between loneliness and internet addiction.

Methods
Self-report measurement on loneliness, internet addiction test (IAT) and interpersonal problems consisting of domineering, vindictive, cold, socially inhibited,
nonassertive, overly accommodating, self-sacri�cing and intrusive, were administered to 318 medical students (57% females); mean age was 20.88 (SD, 1.8),
to test whether interpersonal problems mediated the relationship between loneliness and internet addiction in the mediation model. In addition, motivation for
internet use was added to the mediation model and tested whether it was the second mediator (serial mediation model) or a moderator (moderated mediation
model).

Results
After controlling for sex and age, socially inhibited problems exhibited full mediation whereas the remainder had partial mediation effect, with the exception
that intrusive and cold interpersonal problems had no mediating role. Negative motivation and motivation for being accepted had mediation effects for all
styles of interpersonal problems. Motivation for working was found to be a signi�cant mediator and moderator of the most interpersonal problems. Intrusive
and cold styles became a mediator only when some motivation variables were added to the model, implying that not only psychological problems should be
included when analysis internet addiction, but also other variables such motivation for internet use. The percent of variance explained, by IAT score, increased
from 13% by the mediation model to 33% by the moderated mediation model, and 43% by the serial mediation model.

Conclusion
The study suggested the crucial role of loneliness and interpersonal problems on internet addiction, for which motivation for the internet use explained how
each interpersonal problem would be associated. This may provide some insight regarding the pathological characteristics of those using the internet as a
coping strategy. Intervention to help students experiencing loneliness to avoid excessive use of the internet is possible when their interpersonal problems and
various types of motivation are identi�ed.

Background
Loneliness is common state of emotion that occurs across lifespan, and is linked to many physical, mental or behavioral problems,[1] especially internet
addiction among adolescents or young adults.[2–5] Loneliness can have either a direct or indirect effect on internet addiction. Researchers have found that it
could be mediated by shyness, family support, self-esteem, social anxiety, depression and interpersonal problems in rendering internet addiction.[6–13]
Evidently, the relationship between loneliness and interpersonal problems exists, no study; however, has examined the entire aspect of interpersonal problems,
especially in association with internet addiction.

Interpersonal problems, based on interpersonal circumplex, are categorized along two intersecting dimensions of a�liation axis (hostile versus friendly), and
control axis (dominance versus submission), and produce eight: domineering/controlling, vindictive/self-centered, cold/distant, avoidant/socially inhibited,
nonassertive/obsequious, exploitable/overly accommodating, over-nurturant/self-sacri�cing and intrusive/needy (Fig. 1).[14] The only study, conducted by
Seo et al., showed that interpersonal problems and internet addiction were signi�cantly correlated [15], especially the types of interpersonal sensitivity, asocial
behavior, nonassertiveness, criticize/distrust, and overnurturance. Interpersonal problems are related to loneliness, especially socially inhibited style.[16] An
assumption regarding the relationship on internet addiction was that socially inhibited individuals, also seen as introverted, may use the internet to connect
with individuals instead of interacting in real situations. [17–19] For shy individuals, instant messaging (included in social networking such as Facebook) may
be used to reduce their loneliness.[20] Moreover, some people with hostile (unfriendly) interpersonal style may use internet addiction as a coping mechanism.
[21] A narcissistic person (hostile-dominant) could exhibit a unique way regarding pathological use of the internet as well.[22]

As we have already known, the cause of internet addiction is rather complex.[23]. As shown by the aforementioned documents, one study revealed that people
with internet addiction tended to showed high motivation for anonymity, simpli�ed communication, emotional support, social compensation and
escapism[24], particularly motivation for escapism was predominantly found in online gaming[25]. Some investigators viewed the use of the internet as a
form of displacement activity, e.g., when there is nothing else to do or when the task one was handling was unappealing.[15, 26] Motivation for the internet use
should; therefore, be considered as it determines activities-related to the internet. Researchers have found that excessive internet users are engaged in speci�c
activities rather than ‘generalized’ use. Activities related to internet addiction were mostly nonwork online such as accessing general information and news,
social networking and using e-mail and/or online chatting.[22, 27–30]

Despite the fact that signi�cant relationship loneliness or interpersonal problems and internet addiction have been identi�ed, the test of their relationship in a
mediation model is lacking. More importantly, motivation to access the internet may be related to the existing interpersonal problems one has. For example,
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domineering individuals, experiencing loneliness, may respond to their feelings using a different activity related to the internet from those who are socially
inhibited. However, how each type of interpersonal problem in�uenced loneliness, motivation of the internet use and internet addiction is little known.

The present study aimed to test, to the best of our knowledge, for the �rst time, the relationships among loneliness, a variety of interpersonal problems and
internet addiction symptoms. The conceptual model con�gures the investigated variables in a mediation model. Each of eight subscales of interpersonal
problems was examined separately within the prospective models. We hypothesized that all interpersonal subscales would be signi�cant mediators but differ
in magnitude for the indirect effect of loneliness concerning internet addiction. As we believe that the motivation of internet use may be in�uenced by speci�c
type of interpersonal problems, we then tested using a serial mediation model by which each motivation was included as the second mediator. We
hypothesized that a signi�cant indirect effect may help understand these speci�c relationships among four variables at a deeper level. Finally, various types of
motivation of internet use were tested for interaction with interpersonal problem subscales in a moderated mediation model, hypothesizing that some
variables may require interaction to take effect.

Methods

Participants and procedures
This study was conducted at the Faculty of Medicine, Chiang Mai University, Chiang Mai, Thailand. Data were collected cross-sectionally with 318 medical
students using convenience sampling. Each participant completed the questionnaires consisting of: 1) demographic data, 2) items concerning motivation of
internet use, 2) the internet addiction test, 3) the questionnaires assessing loneliness and 4) the questionnaires assessing the interpersonal problems.

Measures

1. Questionnaires were used to investigate motivation or objectives of internet use. The �rst questionnaire consisted of 24 items concerning respondent’s
motivation of using the internet, asking how much the respondents agreed to respective objectives using a 5-point scale, ranging from 1 (strongly
disagree) to 5 (strongly agree).

2. The IAT, developed by Young [31], is a 20-item self-report instrument in which respondents rate the tendency for addiction to the internet using a 5-point
scale, ranging from 1 (rarely) to 5 (always). Total score yields only an estimate of the overall severity of internet addiction. Higher scores indicate greater
addiction. The Thai version was developed by Wongpakaran N. et al.[32] The study sample received a Cronbach’s alpha of 0.90.

3. The 6-item Revised UCLA Loneliness Scale (RULS-6) is a short form of the revised UCLA Loneliness scale.[33, 34] Using this self-report instrument
respondents rate the severity of a wide range of feelings of loneliness using a 4-point scale, ranging from 1 (never) to 4 (often). Higher scores indicate
greater feelings of loneliness. The RULS-6 demonstrated strong internal consistency (Cronbach’s alpha = 0.72 to 0.84); and the scale performed
acceptably with this study’s sample (Cronbach’s alpha = 0.79).

4. The IIP-32, developed by Horowitz et al.[35], includes 32 questions comprising 8 different interpersonal problems: domineering/controlling (DO),
vindictive/self-centered (VI), cold/distant (CO), socially inhibited (SI), nonassertive (NO), overly accommodating (OA), self-sacri�cing (SS) and
intrusive/needy (IN). It uses a self-report instrument in which respondents rate the severity of a wide range of interpersonal problems using a 5-point scale,
ranging from 1 (not at all) to 5 (extremely). Each subscale has four items. Higher scores denote greater interpersonal di�culties. The IIP-32 demonstrated
strong internal consistency (Cronbach’s alpha = 0.84) and acceptable test-retest reliability (intraclass correlation coe�cient = 0.74). The Thai version
demonstrated excellent reliability and validity.[36] The scale performed well with this study’s sample (Cronbach’s alpha = 0.88).

Statistical analysis
Descriptive analysis was carried out using socio-demographic, internet-related and all clinical variables by frequency, percentage, and mean standard
deviation. Data reduction method was applied for the questionnaires concerning objectives and activities involving the internet using principal component
analysis.

Bivariate correlations between motivation for internet use, loneliness, eight subscales of interpersonal problems and internet addiction were performed.
Analyses were conducted using SPSS, Version 22.

We treated loneliness, eight subscales of interpersonal problems and internet addiction as latent variables. Each of the eight interpersonal subscales was
represented in the model by its four observed variables. For the structural equation model, three parcels for the IAT were created. We created parcels for the
internet addiction test variables according to loading coe�cients by determining them to be parcels 1, 2 and 3 according to loading coe�cients. Before testing
the structural model, we tested the measurement model and assessed the parcel and subscale loadings on latent constructs. The model �t was assessed
using standard χ2 �t statistics, the comparative �t index (CFI), the Tucker-Lewis Index (TLI) and the root mean square error of approximation (RMSEA). A CFI
and TLI greater than 0.95 and a RMSEA less than 0.08 indicated a good model �t.[37] Because χ2 statistics is sensitive to sample size, we used the ratio of χ2
to degrees of freedom (χ2/df) to assess model �t. A (χ2/df) ratio of less than 3 indicated an acceptable model �t. Modi�cations to the initial hypotheses were
performed to calculate the modi�cation indices. When the proposed modi�cations were considered acceptable from a theoretical viewpoint, a new model was
elaborated and analyzed. Correlated errors were allowed only within its measurement model to provide the model that best �t the data.

Tests of mediation were examined using two steps. In the mediation model, we used latent variables of IIP, RULS-6 and IAT for the �rst model (Fig. 2), and then
we tested each IIP subscale mediator. Bootstrapping denotes repeatedly sampling from the data set and estimates the indirect effect in each resampled data
set. It provides a more reliable con�dence interval (CI) for mediation effect under most conditions; thus, it was used to ensure the mediation effect. The bias-
corrected and accelerated 95% CI (BCa 95% CI) of the medication effect method was used, signi�cance effect was determined when the estimated coe�cients
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excluded 0. The bootstrap estimate employed in the present study was based upon 5,000 bootstrap samples.[38] All path coe�cients were reported in
standardized format. AMOS version 18 was used for this analysis.

Serial mediation and moderated mediation were proposed by adding motivation for internet use in the mediation model. Motivation was treated as the second
mediator (serial mediation model) or as the moderator of IIP subscale (moderated mediation model). Given that we proposed a serial mediation model, we
constructed possible models in which eight interpersonal problems precedes motivation of internet use to determine the importance of variable order (Fig. 3).
At the same token, we proposed a moderated mediation, by which each interpersonal problem was moderated by the speci�c motivation of internet use
(Fig. 4). Because latent variables were used instead of observed variables, the latent mediation structural equation model was applied. The percent of
variances explained the IAT score that was calculated using R square change to compare between models. Sample size estimation required the desired
statistical power level of 0.8, anticipated effect size of 0.3, number of latent variables of 4, and number of observed variables of 18 (including age and sex)
was 137 at minimum while this study used 324[39].

Mplus, Version 8.5[40] with the XWITH command using full information maximum likelihood with robust standard errors was used to assess the latent
moderated structural equations model.

Ethics
The study procedures were carried out in accordance with the Declaration of Helsinki. The Institutional Review Board of the Faculty of Medicine, Chiang Mai
University approved the study. All subjects were informed about the study and all provided informed consent.

Results

Preliminary analyses
Table 1 shows the mean age of subjects was 20.88 (SD 1.8), and 56.8% were female. The average time using the internet was 4.9 hours (SD = 2.7), min-max = 
1–20, median = 4.0 hours. The internet addiction level according to Young’s score was 119 (36.7%), comprising mild, 30.9%, moderate, 5.2% and 0.6%.
Principal component analysis reduced 24 motivation types of internet use to eight factors, including 1) negative intention, i.e., avoiding real life problems,
creating an imaginary self and giving negative feedback or making disparaging remarks, and confronting without negative social consequences); 2) being
accepted, i.e., belonging to a group, being recognized and acceptance/praise, 3) taking pleasure, i.e., checking other’s status, recreation and leisure, 4) working,
i.e., web board, writing blog/online diary, online banking/business online and shopping/online auction; 5) entertainment, i.e., movies/music, downloading
movies, music and YouTube; 6) social connection, i.e., chat and Facebook/Twitter; 7) studying, i.e., Google search, email and e-learning and 8) indulgence, i.e.,
online games and gambling.
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Table 1
Mean and SD of sociodemographic, motivation of internet use, and interpersonal problems

  Minimum Maximum Mean Std. Deviation

Age 18 24 20.85 1.80

internet addiction total score 5 85 28.18 12.73

RULS-6 6 24 12.36 3.54

IIP subscale        

Domineering 0 12 4.49 2.74

Vindictive 0 11 3.68 2.44

Cold 0 12 4.28 2.88

Socially inhibited 0 15 4.66 3.02

Nonassertive 0 12 6.44 2.53

Overly accommodating 0 14 6.59 2.71

Self-sacri�cing 0 13 6.24 2.78

Intrusive 0 14 4.75 2.75

IIP total score 2 83 41.29 13.52

Motivation of internet use        

Negative intention 4 16 6.06 2.41

Being accepted 3 14 6.92 2.59

Taking pleasure 6 15 12.11 1.87

Working 4 16 6.06 2.41

Entertainment 3 14 6.92 2.59

Social connection 6 15 12.11 1.87

Studying 4 15 6.83 2.37

Indulgence 4 15 11.06 2.19

Note: IIP = the inventory of interpersonal problems, RULS-6 = 6-item revised UCLA loneliness scale

As seen in Table 2, RULS-6 score and all subscales of interpersonal problems had signi�cant relationship with IAT score (all ps < .01), except for intrusive
subscale. The domineering subscale did not exhibit a signi�cant relationship with nonassertive and overly accommodating subscales, whereas vindictive did
not show a signi�cant relationship with self-sacri�ce and intrusive subscales, which overall was compatible with the interpersonal circumplex in that they are
on the opposite character. All these subscales were treated as an independent trait for the structural equation model. Age was signi�cantly correlated with
working online, social connection and indulgence; whereas sex was signi�cantly correlated between entertaining, studying and indulgence. Different
interpersonal subscales were associated with different internet activities. For example, domineering and intrusive subscales were signi�cantly related to
negative intention, being accepted and working. The remaining details are shown in Table 2.
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Table 2
Zero-order correlation between variables

    1 2 3 4 5 6 7 8 9 10 11

1 Age                      

2 Sex 0.07                    

3 IAT -0.03 0.04                  

4 RULS-6 -0.07 -0.07 .292**                

5 DO -0.02 -0.06 .254** .222**              

6 VI 0.03 -0.04 .267** .412** .265**            

7 CO -0.08 -0.08 .246** .567** .172** .592**          

8 SI -0.04 − .135* .281** .619** .140* .544** .692**        

9 NO -0.07 -0.03 .210** .331** 0.05 .337** .446** .457**      

10 OA -0.06 -0.03 .199** .335** 0.01 .189** .404** .407** .642**    

11 SS -0.06 0.02 .309** .264** .282** 0.03 .216** .217** .327** .589**  

12 IN 0.04 0.10 .249** 0.08 .524** 0.11 0.03 -0.02 .188** .176** .413**

Note:

IAT = internet addiction test, RULS-6 = 6-item revised UCLA loneliness scale, DO = domineering, VI = vindictive, CO = cold, SI = socially inhibited, NO = 
nonassertive, OA = overly accommodating, SS = self-sacri�cing, IN = intrusive

Testing for mediation effect
All measurement models were tested separately and all models were found to indicate good �t statistics. The �rst aim of this study was to investigate whether
IIP would mediate the relationship between loneliness and internet addiction (Fig. 2).

Table 3 shows that both the direct and the indirect effects of the eight IIP subscales on IAT were signi�cant, except for IN (as IN had no correlation with RULS-
6) and CO, which had no signi�cant indirect effect. According to MacKinnon’s concept, IN was not considered a mediator. Fit statistics showed that all models
�t the sample well.

Table 3
Total, direct, and indirect effects of RULS-6 and IIP subscale on IAT controlling for age and sex

Mediator

(IIP
subscale)

Total
effect

RULS-
6 ◊
IAT

p-
value

Direct
effect of
RULS-6 ◊
mediator(a)

p-
value

Direct
effect
of
RULS-
6 ◊
IAT
(c’)

p-
value

Direct
effect of
mediator
◊ IAT(b)

p-
value

Indirect
effect

(a* b)

p-
value

χ2 df χ2

/df
CFI TLI RM

DO .315 .000 .323 .000 .240 .001 .233 .002 .075 .001 82.0 70 1.17 .991 .988 .02

VI .312 .000 .414 .000 .203 .005 .263 .001 .109 .001 130.1 71 1.83 .959 .947 .05

CO .314 .000 .610 .000 .238 .010 .125 .161 .076 .148 131.8 71 1.86 .959 .948 .05

SI .327 .000 .655 .000 .172 .079 .236 .017 .154 .013 130.4 85 1.53 .972 .961 .04

NO .323 .000 .414 .000 .256 .000 .163 .049 .067 .038 114.7 68 1.69 .962 .949 .04

OA .322 .000 .469 .000 .214 .014 .230 .015 .108 .010 81.9 67 1.22 .988 .983 .02

SS .322 .000 .388 .000 .198 .012 .319 .000 .124 .000 101.0 68 1.48 .975 .967 .03

IN .323 .000 .056 .421 .308 .000 .263 .001 .015 .375 119.1 67 1.78 .961 .947 .04

Note: IIP = inventory of interpersonal problems, DO = domineering/controlling, VI = vindictive, CO = cold, SI = socially inhibited, NO = nonassertive, OA = overly
accommodating, SS = self-sacri�cing, IN = intrusive, χ2 = Chi-square, df = degree of freedom, CFI = comparative �t index, TLI = Tucker-Lewis Index, RMSEA = Ro
square error of approximation, RULS-6 = 6-item revised UCLA loneliness scale, IAT = internet addiction test

Among all eight mediators, SI appeared to exhibit the highest effect size of mediation effect because its direct effect on IAT (c’) was reduced to nonsigni�cant
(p = .079).

The results showed that six dimensions of IIP served as mediators, from partial or full, for loneliness concerning internet addiction, despite the fact that they
differed in style or were even opposite such as DO and NO. Subsequently, each of the motivation types for internet use was included in the mediation models
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creating serial mediation analysis (Fig. 3), and each motivation of the internet was used a moderator of the IIP subscale to create moderated mediation
analysis (Fig. 4). Altogether, 128 (64 serial mediation + 64 moderated mediation) models were tested individually.

Among all 64 serial mediation, structural equation models, only 12 models, in which Mediator 1 were DO, CO, VI, SI, OA, IN and Mediator 2 were accepted;
negative intention and working had a signi�cant indirect effect on IAT ( β = 0.057 to -0.123, all ps < .05). None of any signi�cant indirect models was found in
SS and NO (Table 4). The �t statistics revealed that all models �t the sample well.

Table 4
Results of the serial mediation models controlling for age and sex (only signi�cant indirect effects)

Mediator (M1) Mediator (M2) Indirect effect of RULS-6◊ IAT through M1and M2 : β(SE) p-value

DO Being accepted 0.113(0.043) 0.009

  Negative intention 0.397(0.070) 0.000

  Working online 0.071(0.035) 0.038

CO Being accepted 0.219(0.072) 0.002

  Negative intention 0.357(0.085) 0.000

VI Being accepted 0.190(0.051) 0.000

  Negative intention 0.393(0.071) 0.000

  Working online 0.112(0.040) 0.005

  Studying 0.089(0.044) 0.045

SI Being accepted 0.310(0.070) 0.000

  Negative intention 0.470(0.093) 0.000

  Working online 0.175(0.057) 0.002

  Studying 0.147(0.062) 0.017

  Indulgence 0.176(0.079) 0.025

  Social connection 0.152(0.075) 0.042

SS Being accepted 0.168(0.046) 0.000

  Negative intention 0.427(0.076) 0.000

  Working online 0.118(0.040) 0.003

  Studying 0.099(0.042) 0.019

NO Being accepted 0.132(0.045) 0.003

  Negative intention 0.383(0.077) 0.000

  Working online 0.095(0.041) 0.019

OA Being accepted 0.157(0.050) 0.002

  Negative intention 0.373(0.076) 0.000

  Working online 0.112(0.048) 0.021

IN Being accepted 0.087(0.041) 0.036

  Negative intention 0.348(0.070) 0.000

Note:

β = standardized estimate, SE = standard error, DO = domineering, VI = vindictive, CO = cold/distant, SI = socially inhibited, NO = nonassertive, OA = overly
accommodating, SS = self-sacri�cing, IN = intrusive, RULS-6 = 6-item revised UCLA loneliness scale, IAT = internet addiction test

When latent variables of motivation interacted with the IIP subscale, the motivation of negative intention and being accepted mediated all eight of the IIP
subscales. Motivation of working online mediated all interpersonal problems, except for CO and IN. Notably, IN had no mediation effect but when combined
with negative intention, it produced the effect of IN and negative intention. For SI, all activities but social connection became the second mediators and
produced signi�cant indirect effect concerning loneliness to internet addiction (Table 4).

Table 5 shows signi�cant moderators of motivation and total indirect effects of IIP subscales. DO and IN were not moderated by any motivation. Among all 64
interacted latent variables, only negative intention moderated VI, and working moderated SI, NO, OA and SS. In addition, a signi�cant indirect effect of these IIP
subscales was found through the moderators with t = 2.745, p = .0006; t 2.869, p = 0.004; t = 2.499, p = 0.012; t = 2.498, p = 0.012 and t = 2.528 p = 0.011,
respectively.



Page 8/13

Table 5
Results of the latent moderated mediation controlling for age and sex (only signi�cant total indirect effects)

Mediator
(M1)

Moderator (M2) Interaction effect of M1 and M2 on IAT : β(SE) t p-
value

Total Indirect effect : β(SE) t p-value

DO - - - - - - -

VI Negative
intention

0.178 (0.084) 2.129 0.033 0.132 (0.048) 2.745 0.006

CO - - - -      

SI Working 0.278 (0.089) 3.138 0.002 0.286(0.100) 2.869 0.004

NO Working 0.294 (0.118) 2.493 0.013 0.229( 0.092) 2.499 0.012

OA Working 0.263 (0.080) 3.304 0.001 0.218(0.087) 2.498 0.012

SS Working 0.250 (0.115) 2.176 0.030 0.249(.099) 2.528 0.011

IN - - - - - - -

Note: β = standardized estimate, SE = standard error, RULS-6 = 6-item revised UCLA loneliness scale, IAT = internet addiction test

t is calculated by β / SE, DO = domineering, VI = vindictive, CO = cold, SI = socially inhibited, NO = nonassertive, OA = overly accommodating, SS = self-
sacri�cing, IN = intrusive

In terms of R square change, the variance of IAT explained by all variables in the mediation model (one mediator of interpersonal problems) was
approximately 13%, and increased to approximately 43% for the serial mediation model (two mediators), and to approximately 33% for the moderated
mediation model (one mediator of interpersonal problems, one moderator).

Discussion
This study aimed to examine how loneliness associated with internet addiction using interpersonal problems as mediators. It became evident that
interpersonal problem served as a mediator for loneliness and internet addiction. Motivation for internet use contributed to increased variances explained by
internet addiction, denoting their signi�cant effect on the relationship between loneliness and interpersonal problems, and internet addiction.

Socially inhibited problem was the strongest mediator among all, showing full mediation, denoting that the association between loneliness and internet
addiction might be nonsigni�cant when the socially inhibited interpersonal problems was removed. This �nding was endorsed by Horowitz and French[41] in
that lonely individuals consistently reported problems of inhibited sociability. The remaining interpersonal problems produced a mediation effect, but exhibited
a partial effect, except for intrusive/needy, which had no mediation effect.

The study aimed to understand why different interpersonal problems, even on the opposite quadrant, had the same effect on internet addiction. As
hypothesized, speci�c motivation for internet use related to some interpersonal problems and resulted in an effect on internet addiction. The motivation of
being accepted and of negative intention were found to be the second mediator for all models, regardless of interpersonal problems. This is reasonable for
any user to use the internet to be accepted. In a word, regardless of the type of interpersonal problems an individual has, desire to be accepted and to receive
social support is common.[42–44] On the contrary, negative intention including defamatory remarks, bullying others was associated with all types of
interpersonal problems because being an anonymous user provided an opportunity to do so.

Negative intention may not be that surprising when it occurs along a hostile axis of interpersonal problems such as the vindictive subscale, but what could be
the explanation considering the friendly style such as overly accommodating? Recall that interpersonal problems do not constitute a cognitive style[45] as
even the friendly interpersonal style could express negative thoughts. Investigators have revealed that overly accommodating signi�cantly correlated with
fantasy proneness, irresponsibility and negative affect, which was endorsed in the negative intention factor found in the present study.[46] In other words,
participants with loneliness may be likely to become internet addicts when they had negative thoughts and negative intention (feelings that bring out the worst
in them), because the internet could be the network where they can safely express their denigration, which is di�cult to do so in real life.

Notably, SI was the only IIP subscale that related to various types of motivation either positive or negative aspect. A motivation for social connection such as
chatting, using Facebook or Twitter, and searching the internet may not differentiate addicted individuals from normal users, and did not affect internet
addiction score.[30] However, SI became one of the important variables associated between loneliness and internet addiction. It may re�ect that people who
are socially inhibited tend to access the internet much more with a variety of motivations, particular in escapism using online gaming[47].

Another point is that IN was not a mediator in the �rst place but could become one when the motivation variables were added. This highlights the importance
of unobserved variables like motivation to be accepted or to express negative feeling on internet addiction that may prevail over any particular type of
interpersonal problem.

Interestingly, motivation for working online became both a mediator and a moderator in some types of IIP. Regarding mediation effect, it may be unsurprising
that working served as an additional effect on the model but in the moderating model, working become a moderator only with submissive style of IIP, i.e., SI,
NO, OA and SS, meaning that these IIP subscales differentially predicted internet addiction as a function of working online. To put in other words, at medium
to high levels of working online, the magnitude of correlations (slope) between them was signi�cantly greater than at lower level (sharper slope). This could
provide us some insight that those with submissive character, when they feel lonely and keep a high level of working online, tend to become addicted to the
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internet. Another moderation effect was found in VI and negative intention, indicating that the higher the level of negative intention, the more the predicting of
VI concerning internet addiction could be observed.

Overall, we have attempted to determine what makes each pair of IIP subscales and loneliness differ concerning internet addiction. They all involve and are
also determined by the motivation of internet use. Despite the fact that motivation of the users sheds some light on the link between loneliness, interpersonal
problem and internet addiction, more models remain untested, which might yield a better �t and understanding of clinical data, for example, moderation
between motivation and loneliness concerning IIP and moderation between motivation and loneliness concerning IAT. Further investigation should be
warranted.

Strengths and limitations

This may constitute the �rst analysis regarding a mediation model of loneliness and interpersonal problems concerning internet addiction. Moreover, including
motivation types in the structural model was accomplished for the �rst time to explain the difference between the effects each interpersonal problem has on
internet addiction score, for which the summary �ndings presented were derived from overall extensive analyses of 136 models. However, our study had some
limitations. First, this study was con�ned to a medical student population and might not be generalized to the general population. A replication study in other
populations is encouraged. Second, depression was excluded, which may be linked to loneliness (or interpersonal problems). This may have made it di�cult
to conclude that interpersonal problems were the only mediator for loneliness despite the fact that depression might have also contributed. Moreover, a
separate analysis based on type of internet addiction may be useful to obtain more insights concerning the varied nature of addiction among users.

Conclusion
Our �ndings may add more knowledge about why and how loneliness is related to internet addiction. Loneliness alone may not su�ciently explain internet
addiction consisting of a variety of activities related to both motivation of using the internet and interpersonal problems the users possess. Speci�c type of
interpersonal problem combined or interacting with the motivation for the internet use evidently becomes an important factor in increased contribution to the
prediction of internet addiction. A replication study especially in other populations should be warranted.

Abbreviations
IIP
Inventory of Interpersonal problems
RULS-6
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Figure 1

Interpersonal Circumplex

Figure 2

Mediation analysis with structural equation modeling Figure 1. Structural equation model for mediation (IIP as a latent mediator) IIP= inventory of
interpersonal problems, RULS-6 = 6-item revised UCLA loneliness scale, IAT=internet addiction test
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Figure 3

Structural equation model for serial mediation (two latent mediators) IIP= inventory of interpersonal problems, RULS-6 = 6-item revised UCLA loneliness scale,
IAT=internet addiction test

Figure 4

Structural equation model for latent moderated mediation IIP= inventory of interpersonal problems, RULS-6 = 6-item revised UCLA loneliness scale,
IAT=internet addiction test


