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Abstract 

Background:  According to the validation literature on items of Young’s Internet Addiction Test (IAT), this study 
rephrased disputable items to improve the psychometric properties of this Chinese version of IAT and identify the 
presence of differential item function (DIF) among demographic and Internet use factors; detect the effect of demo-
graphic and Internet use factors on IAT after adjusting for DIF.

Methods:  An online questionnaire was distributed to college students in Zhe Jiang province in two stage. The 1st 
phase study collected 384 valid responses to examine the quality of IAT items by using Rasch Model analysis and 
exploring factor analysis (EFA). The online questionnaire was modified according to the 1st phase study and distrib-
uted online for the 2nd phase study which collected a total of 1131 valid responses. The 2nd phase study applied 
confirmatory factor analysis (CFA) and a multiple indicator multiple causes (MIMIC) model to verify the construct of 
IAT, potential effect of covariates on IAT latent factors, as well as the effect of differential item functioning (DIF).

Results:  Rasch model analysis in the 1st phase study indicated a 5-point rating scale was performed better, no sever 
misfit was found on item. The overall property of Chinese version IAT with the 5-point scale was good to excellent 
person and item separation (2.66 and 6.86). A three-factor model was identified by EFA. In the 2nd phase study, IAT 
13 were detected with DIF for gender in MIMIC model. After correcting DIF effect, the significant demographic and 
Internet use factors on IAT were time spent online per day, year 3, year 2, general users.

Conclusion:  Item improvement was efficient that the problematic items found in literature was performed good in 
this study. The overall psychometric property of this Chinese version IAT was good with limited DIF effect in one item. 
Item improvement on IAT13 was encouraged in the future study to avoid gender bias and benefit for epidemiology 
on PIU.

Keywords:  Internet addiction test (IAT), Pathological internet use (PIU), College students

© The Author(s) 2022. Open Access This article is licensed under a Creative Commons Attribution 4.0 International License, which 
permits use, sharing, adaptation, distribution and reproduction in any medium or format, as long as you give appropriate credit to the 
original author(s) and the source, provide a link to the Creative Commons licence, and indicate if changes were made. The images or 
other third party material in this article are included in the article’s Creative Commons licence, unless indicated otherwise in a credit line 
to the material. If material is not included in the article’s Creative Commons licence and your intended use is not permitted by statutory 
regulation or exceeds the permitted use, you will need to obtain permission directly from the copyright holder. To view a copy of this 
licence, visit http://​creat​iveco​mmons.​org/​licen​ses/​by/4.​0/. The Creative Commons Public Domain Dedication waiver (http://​creat​iveco​
mmons.​org/​publi​cdoma​in/​zero/1.​0/) applies to the data made available in this article, unless otherwise stated in a credit line to the data.

The development of smartphone and 5G technology 
make it easy to access Internet and change people’s life 
in China, such as online payment, consumer behaviour. 
Internet become an important part of people’s life. The 
47th report from China Internet Network Information 
Center [1] indicated that up to December 2020, there 
were 989 million Internet users in China who spent 
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26.2 hours weekly online, 17.1% of users were under the 
age of 20. Most of them (99.7%) used smartphone to get 
Internet. Game Apps were the top App category among 
the top four categories in the market, accounting for 
25.7% of all Apps. The adverse effect of Internet overuse 
was evident, such as poor academic performance, psy-
chological and physical health problems [2–6]. In China, 
Internet overuse becomes a public health concern, espe-
cially on college students [7, 8]. There were a few different 
terms to describe the phenomenon of maladaptive Inter-
net use including “Internet addiction, Internet addicts, 
Pathological Internet use, Internet Addiction Disorder, 
Problematic Internet use, maladaptive patterns of Inter-
net use, computer-medicated communication addicts, 
computer junkies, etc.” [9–13]. In this study, the term 
“Pathological Internet use” (PIU) was taken to describe 
the behaviour of inability to control Internet use that 
would in turn lead to physical, psychological and social 
problems, affect individual’s social function and daily life 
[10, 11, 14].

The prevalence of PIU on college students was var-
ied among different countries ranged from 3.2 to 43% 
[15–21]. Despite the sample difference, the inconsistent 
measurement instrument and cut-off point might con-
tribute to the great discrepancy on prevalence rate of PIU 
[15]. A review study on the existing measurement tool 
of Internet addiction found that there were 45 tools to 
measure PIU, but most of them were not well-validated 
[22]. A valid assessment tool is important for clinical and 
research setting. Exploring the psychometric proper-
ties of existing tool in diverse culture and age group was 
deemed more efficient, rather than developing a new 
scale [14, 22, 23].

Young’s Internet Addiction Test (IAT) was found to 
be the most validated and frequently used instrument 
among studies in different countries [15, 22]. It was 
well validated in 17 languages, such as English, Chi-
nese, Italian, Greek, Korean, Thai, French, Turkish, 
Malay [14, 22, 24, 25]. It was also one of the most fre-
quently used instruent to examin the prevalence of PIU 
in China [15]. The result of construct validity on factor 
analysis was varied which found 1 to 6 factor models 
[20, 22, 26–33]. Previous validation study on bilingual 
version of IAT found some problematic items, such as 
IAT7, IAT11 [31], IAT 3, IAT9 [34]. The expression or 
translation of some items should be upgrade or refor-
mulated [22]. This study was aimed to rephrase the 
Chinese version of IAT and examine the item-level psy-
chometric properties in a sample of college students 
in order to upgrade the construct quality of IAT under 
Chinese background. The effect of socio-demographic 
and Internet use factors on IAT was also identified 
after controlling the differential item function (DIF).

Methods
Participants and procedure
This study was carried in two phases, which used differ-
ent samples of three-year college students in Zhejiang, 
China. In the first phase, a total of 384 students from 
Hangzhou Vocational &Technical College were answered 
the questionnaire in order to examine the validity of IAT 
items. There were 208 males and 140 females at the age of 
18.34 (SD = 0.76), 184 students were the only child in the 
family (Table 1).

In the second phase, data were collected from four 
colleges (Zhejiang Institute of Mechanical & Electrical 
Engineering, Wenzhou Vocational College of Science & 
Technology, Hangzhou Vocational &Technical College, 
Zhejiang Yuying College of Vocational and Technol-
ogy). As shown in Table 2, a total of 1131 students par-
ticipated in the 2nd phase study, 598 were male and 533 
were female. There were 408 from 1st year, 488 from 2nd 
year, 235 from 3rd year. The number of respondents from 
four major filed was roughly equivalent (344 from art, 
humanity and social science, 238 from science, 229 from 
engineering, 320 from others). Students were divided 
into five Internet use groups according to their respond 
on favorite online activity, who rate the MMORPG as 
their favorite activity were deemed as MMORPG users 
(n = 229), rate cellphone game as the favorite activ-
ity were cellphone game users (n = 158), choose SNS as 
favorite activity were SNS users (n = 422), who gener-
ally try various online activities and do not have favorite 
activity were deemed as general users (n = 179). The 
other users (n = 143) were those who have favorite Inter-
net activity, but were neither SNS nor game, such as 
online searching, shopping, video, gambling etc.

Measure
The questionnaire used in this study comprised two 
parts, first is the basic information of college students 
including gender, major field, time spent online, and 
years of Internet use experience; second part is the 
Internet Addiction Test (IAT) which is a 20-item of 

Table 1  Characteristics of 1st phase study sample

n or Mean SD or %

Gender

  Male 208 59.77

  Female 140 40.23

Only child

  Yes 184 52.87

  No 164 47.12

Age (year) 18.34 0.76
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self-report instrument used to measure the individual’s 
Internet use from the perspective of psychological symp-
toms and behaviors, such as psychological dependence, 
compulsive use, and withdrawal, problems of school, 
sleep, family, and time management. It was developed 
based on Young’s YDQ [13, 14]. The original English ver-
sion of IAT was translated into Chinese using translation 
and back translation procedures. Phrases were modi-
fied to adapt to current internet use situation and sam-
ple background, such as in item 6, “grades/coursework/
study” replaced the word “work”; “email” in item 7 was 
changed to “online instant message (e.g. qq, wechat). 
The first version was scored on a 5-poin Liker scale, 1 
for rarely, 2 for occasionally, 3 for frequently, 4 for often, 
5 for always. It was modified In Young and Nabuco de 
Abreu’s latest book “Internet Addiction: A Handbook 
and Guide to Evaluation and Treatment”, the items are 
rated on a 6-point scale regarding to participants’ expe-
rience of their Internet use: 0 for not applicable, 1 for 
rarely, 2 for occasionally, 3 for frequently, 4 for often, 5 
for always. The cut-off point for severe Internet addic-
tion was 70–100 and 80–100 respectively. This study 
chose the latest scoring method (6-point rating scale) for 
IAT items.

Statistical analyses
In the 1st phase study, Rasch model analysis was first 
applied to examine unidimensionality assumption, rating 
scale property, item fit and reliability by Winsteps ver-
sion 3.75.0. Principal components analyses of residuals 

(PCA) was used to test unidimensionality, which the raw 
variance explained by measures should be more than 40% 
and the unexplained variance explained by 1st contrast 
should be less than 2 eigenvalue [35]. Category structure 
was tested to examine the monotonic ordering of 6-cat-
egory rating scale. Mean square standardized residuals 
(MNSQ) of INFIT and OUTFIT were indices of item fit, 
the value between 0.5 to 1.5 is deemed productive [36]. 
Separation coefficient is the signal-to-noise ratio, the 
ratio of “true” variance to error variance. The person reli-
ability is equivalent to KR-20, Cronbach Alpha Coeffi-
cient. And the item reliability is equivalent to construct 
validity [37]. Second, exploratory factor analysis (EFA) 
was conducted to identify the construct of IAT by Mplus 
version 6 using WLSMV estimator [38].

In the 2nd phase study, the construct of IAT was veri-
fied by confirmatory factor analysis (CFA). The differen-
tial item functioning (DIF) and the effect of covariates 
on IAT latent factors were examined by a multiple indi-
cator multiple causes (MIMIC) model. The covariates in 
the MIMIC model were Internet use variables and socio-
demographic variables (Table 1). The Internet use varia-
bles included years of Internet use experience (M = 11.31, 
SD = 2.72), time spent online per day (M = 5.66 h, SD 
=2.82), favorite Internet activate (general users as the 
reference group). The socio-demographic variables were 
age (M = 20.05 years, SD = 2.43), programme (3rd year 
as reference group), gender (male as reference group), 
and major (art, humanity and social science as reference 
group).

Table 2  Characteristics of 2nd phase study sample

Categorical /Ordinal measures N % Continuous measures N Mean S.D.

Gender age 1131 20.05 2.43

  Male 598 52.87 time spent online 1131 5.66 2.82

  female 533 47.13 experience 1131 11.31 2.72

Programme time spent on favorite app 1131 3.75 2.05

  1st year 408 36.07

  2nd year 488 43.15

  3rd year 235 20.78

Major

  Art, humanity and social science 344 30.42

  science 238 21.04

  engineering 229 20.25

  others 320 28.29

Internet use group

  General users 179 15.83

  MMORPG uses 229 20.25

  Cellphone game users 158 13.97

  SNS users 422 37.31

  Other users 143 12.64
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Numbers of model fit indices were found in Mplus. This 
study used RMSEA, CFI, TLI, SRMR for model fit evalu-
ation [39]. Root Mean Square Error of Approximation 
(RMSEA) was suggested that the value less than 0.05 was 
good fit, blow 0.08 and above 0.05 as acceptable fit. The 
Standardized Root Mean Square Residual (SRMR) was 
suggested to be in the range of 0.05 and 0.10 as accept-
able, between 0 and 0.05 as good fit [39]. The Compara-
tive Fit Index (CFI) value above 0.95 was considered as 
good fit, and greater than 0.90 as acceptable fit [40]. The 
Tucker-Lewis Index (TLI) also known as the Nonnormed 
Fit Index (NNFI), which the value above .90 were consid-
ered as acceptable fit, and above .95 as good fit [40].

Result
1st phase study
The 1st phase study sample (n = 348) was used to test 
the item quality and validity of IAT. Correction may 
necessary if it helps to meet the required psychometric 
property of instrument. Rasch analysis was first used to 
evaluate the category rating scale and item property. The 
construct validity of IAT was identified by exploratory 
factor analysis (EFA).

The result of Rasch principal component analysis 
(PCA) in Table 3 showed that the raw variance explained 
by measure was 43% and unexplained variance in 1st 
contrast was 5.5% with 1.9 eigenvalue indicating that the 
IAT showed a good fit as a unidimensional scale.

Category structure was evaluated, which found dis-
ordered threshold of structure calibration between 1 
(rarely) and 2 (occasionally) response (Table  4). There-
fore, an original 6-category rating scale was converted 
to a 5-category rating scale by collapsing 1 (rarely) and 
2 (occasionally) response. As shown in Table 4, the value 
of structure calibration increases with the category value, 
and the new category system performed better than the 
6-category system. The overall property of IAT with 
5-category rating scale showed a good to excellent person 
and item separation (2.66 and 6.86) (Table 4).

Table  5 is the item fit statistics in misfit order, which 
showed that all the point-measure correlation (CORR.) 

are positive and high, ranged from 0.41 to 0.63, all are 
close to the expected correlation (EXP.). It implied that 
all the items are aligned with the abilities of person. The 
average item infit and outfit MNSQ is close to 1, ranged 
from 0.71 to 1.48.

As previous research have found one- to six- factor 
solutions for IAT, this research identified the one- to six- 
factor models respectively in Mplus. As shown in Table 6, 
a 3-factor model was found to be fit better and accept-
able (x2 /df < 2, RMSEA = 0.031, SRMR = .037, CFI = .991, 
TLI = .988), all factor loadings were above 0.30 and sig-
nificant, factors were correlated moderately to high 
(r = 0.541–0.774). The cut-off point of loadings was low 
in order to compute item loadings for further inspection 
in CFA analysis. A cross-loading was found on iat18. As 
the loading on factor 2 is much higher than loading on 
factor 3, iat18 was grouped in factor 2. Factor 1 had five 
items (iat1, iat2, iat5, iat6, iat8) that related to time man-
agement problem and negative influence on study/job of 
Internet use. Factor 2 is consists of 11 items (iat10, iat11, 
iat12, iat13, iat14, iat15, iat16, iat17, iat18, iat19, iat20) 
that measure the excessive use and emotional conflict of 
Internet use. Factor 3 contains four items (iat3, iat4, iat7, 
iat9) relating to neglect social life of Internet use.

2nd phase study
The 2nd phase study was conducted on a sample of 1131 
college students, which is aimed to verify the structural 
validity of IAT found in the 1st phase study, test the DIF 
effect of IAT, examine the effect of covariates (socio-
demographic and Internet use variables) on IAT latent 
factors.

As shown in Table  7, the model fit indices of CFA 
showed acceptable to good fit (RSMEA = 0.065, 
CFI = 0.954, TLI = 0.948), the factor loadings ranged 
from 0.487 to 0.814. The latent factors were significantly 
correlated to each other, ranged from 0.845 to 0.902.

The result of MIMIC model showed that the 3-fac-
tor model of IAT with covariates fitted the data well 
(RMSEA = 0.040, CFI = 0.963, TLI = 0.957). The signifi-
cant effect of Internet use covariates on the three latent 
factors were time spent online per day (Table  8), which 
was positively related to Factor 1 (B = 0.078, p = 0.000, 
β = 0.315), Factor 2 (B = 0.080, p = 0.000, β = 0.317), Fac-
tor 3 (B = 0.064, p = 0.000, β = 0.245).

The significant group difference on the latent factor 
scores were found on gender, Internet use group, and 
grade. Female users had 0.132 SD lower latent scores than 
male on Factor 2. Year 3 students had lower latent scores 
than year 1(0.292 SD, 0.299SD, and 0.414 SD for factor 
1, 2 and 3 respectively) and year 2 students (0.309SD, 
0.367SD, and0.337SD for factor 1, 2 and 3 respectively) 
on the all three latent factors. General users had 0.246 SD 

Table 3  IAT Standardized residual variance (in Eigenvalue units) 
(n = 348)

Total raw variance in observations Empirical Modeled

35.1 100.0% 100.0%

  Raw variance explained by measures 15.1 43.0% 43.4%

    Raw variance explained by persons 5.0 14.2% 14.3%

    Raw Variance explained by items 10.1 28.8% 29.1%

  Raw unexplained variance (total) 20.0 57.0% 56.6%

    Unexplned variance in 1st contrast 1.9 5.5% 9.7%

    Unexplned variance in 2nd contrast 1.5 4.3% 7.5%



Page 5 of 11Lu et al. BMC Public Health         (2022) 22:1548 	

Ta
bl

e 
4 

Su
m

m
ar

y 
of

 c
at

eg
or

y 
st

ru
ct

ur
e 

on
 IA

T 
6-

 a
nd

 5
- c

at
eg

or
y 

ra
tin

g 
sc

al
e 

(n
 =

 3
48

)

PE
RS

O
N

 
SE

PA
RA

TI
O

N
 

(R
EL

IA
BI

LT
IY

)

IT
EM

 
SE

PA
RA

TI
O

N
 

(R
EL

IA
BI

LT
IY

)

CA
TE

G
O

RY
O

BS
ER

VE
D

O
BS

VD
 A

VR
G

E
SA

M
PL

E 
EX

PE
CT

IN
FI

T 
M

N
SQ

O
U

TF
IT

 M
N

SQ
ST

RU
​CT

U
​RE

 
CA

LI
BR

AT
N

CA
TE

G
O

RY
 

M
EA

SU
RE

LA
BE

L
SC

O
RE

CO
U

N
T

%

2.
44

 (.
86

)
7.

44
 (.

98
)

0
0

28
71

41
−

2.
10

−
2.

09
.9

8
.9

9
N

O
N

E
(−

 2
.7

4)
0

1
1

11
64

17
−

1.
50

−
1.

53
.9

8
.9

0
−

.9
5

1.
54

1

2
2

19
54

28
−

1.
05

−
 1

.0
4

1.
01

1.
00

−
1.

80
−

.5
8

2

3
3

68
8

10
−

.5
1

−
.5

6
.9

4
.9

5
.2

4
.4

1
3

4
4

23
8

3
−

.1
3

−
.1

0
1.

07
1.

06
.7

3
1.

49
4

5
5

45
1

−
.0

8
.3

2
1.

40
1.

37
1.

78
(3

.1
0)

5

2.
66

 (.
88

)
6.

86
 (.

98
)

0
0

28
71

41
−

3.
06

−
3.

02
.9

4
.9

7
N

O
N

E
(−

3.
67

)
0

1
1

31
18

45
−

1.
77

−
1.

80
.9

8
.9

3
−

2.
53

−
1.

31
1

2
2

68
8

10
−

.8
0

−
.8

7
.9

5
.9

5
.1

9
.2

5
2

3
3

23
8

3
−

.2
8

−
.1

7
1.

11
1.

22
.5

5
1.

40
3

4
4

45
1

−
.1

5
.3

7
1.

43
1.

77
1.

77
(3

.0
6)

5



Page 6 of 11Lu et al. BMC Public Health         (2022) 22:1548 

and 0.275 SD lower latent scores than MMORPG users 
on factor 2 and 3 respectively.

Differential item functioning (DIF) was tested by 
checking the modification indices (MI) which is the 
indication of significant association in the model from 
covariant to IAT items. As shown in Table  8, the final 
MIMIC model with DIF identified seven items displayed 
DIF and demonstrated good fit to data (RSMEA = 0.040, 
CFI = 0.965, TLI = 0.959). People spent more time online 
were more likely to endorse lower scores on two items 
that were IAT2(B = -0.054, p = 0.000, β = − 0.160) and 
IAT8 (B = -0.054, p = 0.000, β = − 0.146), while report 
higher scores on IAT12 (B = 0.039, p = 0.000, β = 0.103); 
female had decreased probability to endorse IAT13 
(B = -0.358, p = 0.000, β = − 0.340) than male; SNS users 
were likely to endorse higher scores on IAT12 (B = 0.333, 
p = 0.000, β = − 0.309) and endorse lower scores on 
IAT19 (B = -0.370, p = 0.000, β = − 0.353); Other users 
prefer to endorse lower scores on IAT4 (B = -0.444, 
p = 0.000, β = − 0.434).

Comparing MIMIC model with DIF and without DIF 
on the regression coefficients of covariates to the latent 
factor (see Table  8), the significant change was on the 
effect of female to factor 2 (β was changed from-0.132 to 
− 0.092, with significant to non-significant). The other 

changes of regression coefficient were very small which 
did not contaminate the result of the association between 
covariates and three latent factors, such as the regres-
sion coefficient was increased slightly from time spent 
online to factor 1 (β was changed from 0.315 to 0.388), 
decreased from year 1 to factor 1 (β was changed from 
0.292 to 0.283) (see Table 8).

Discussion
The objective of the 1st phase study is to examine the 
item quality and factor structure of IAT (Chinses ver-
sion). The original IAT is a 6-point rating scale. A study 
on a Greek version IAT suggested that 3-point rating 
scale performed better [25]. Another study in Malaysia 
suggested to keep the 6-point rating scale for a bilin-
gual version IAT (English and Malay [41]. Rasch model 
analysis of this study first found the disordered threshold 
of 6-category rating scale which suggested to collapse 1 
(rarely) and 2 (occasionally) response. The 5-point rating 
scale worked better and applied in 2nd phase study. The 
unidimensional structure of IAT was confirmed in this 
study that was consistent with the previous researches 
[25, 41]. There was no item with severe misfit that 
implied the item was productive for the measure. Over-
all, a good to excellent person and item separation (2.66 

Table 5  Item fit statistics of IAT in misfit order (n = 348)

ENTRY NUMBER TOTAL MODEL INFIT OUTFIT PT-MEASURE EXACT MATCH

SCORE COUNT MEASURE S.E. MNSQ ZSTD MNSQ ZSTD CORR. EXP. OBS% EXP% ITEM

4 652 348 −.32 .08 1.31 3.3 1.48 4.9 A .41 .58 50.0 58.0 iat4

1 804 348 −1.22 .07 1.23 2.7 1.32 3.7 B .57 .64 50.3 52.0 iat1

12 704 348 −.66 .08 1.26 2.8 1.22 2.4 C .63 .60 49.4 55.6 iat12

9 585 348 .19 .09 1.16 1.7 1.20 2.1 D .47 .54 60.6 61.8 iat9

7 512 348 .88 .10 1.19 2.0 1.10 .9 E .46 .49 65.3 67.3 iat7

11 608 348 .00 .09 1.15 1.7 1.12 1.3 F .58 .55 57.6 60.5 iat11

19 569 348 .32 .09 1.12 1.3 1.05 .5 G .55 .53 66.2 63.0 iat19

3 500 348 1.01 .11 1.10 1.1 1.03 .3 H .50 .47 69.4 68.5 iat3

18 496 348 1.06 .11 1.08 .9 .96 −.3 I .50 .47 68.8 68.8 iat18

20 495 348 1.07 .11 1.06 .7 .91 −.8 J .52 .47 75.0 68.9 iat20

5 737 348 −.85 .08 .98 −.2 1.03 .4 j .57 .62 58.2 53.7 at5

17 611 348 −.02 .09 1.03 .4 .99 −.1 i .57 .56 64.4 59.9 iat17

14 611 348 −.02 .09 1.00 .1 .99 .0 h .55 .56 62.1 59.9 iat14

16 678 348 −.49 .08 .96 −.5 .95 −.6 g .62 .59 60.6 56.7 iat16

10 617 348 −.07 .09 .92 −1.0 .89 −1.3 f .61 .56 56.5 59.5 iat10

2 646 348 −.28 .08 .78 −2.7 .85 −1.8 e .61 .57 65.6 58.0 iat2

6 678 348 −.49 .08 .80 −2.5 .84 −1.9 d .65 .59 62.4 56.7 iat6

8 601 348 .06 .09 .75 −3.1 .79 −2.5 c .59 .55 65.0 60.6 iat8

15 665 348 −.41 .08 .70 −3.8 .77 −3.0 b .59 .58 65.9 57.2 iat15

13 579 348 .24 .09 .71 −3.6 .73 −3.2 a .59 .54 68.8 62.1 iat13

MEAN 617.4 348.0 .00 .09 1.01 .1 1.01 .1 62.1 60.4

S.D. 80.1 .0 .62 .01 .18 2.1 .19 2.1 6.7 4.8
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and 6.86) revealed that the Chinese version of IAT with 
5-point rating scale is a reliable instrument to measure 
PIU.

A 3-factor solution of IAT was first identified in the 1st 
phase study sample and then confirmed by the 2nd phase 
study sample. The result of 3-factor structure was quite 
similar with study among Hong Kong university students 
[31] and Hong Kong adolescents [26, 27]. The possible 
reason is that those studies were held in different area of 
China; the research samples use same language and share 
similar culture. The major difference was on two items 
(IAT 7 and 11) which were dropped in study of Hong 
Kong [27, 31] as its poor performance in EFA (e.g. low 
factor loading), and kept in this study with its good item 
fit and high factor loadings. The improvement of item 7 
may related to rephrase “email” to “online instant mes-
sage (e.g. qq, wechat) in this study, as the word “email” 
may link to work which were found by researcher’s pre-
vious study in Malaysia [34]. Consistent with most stud-
ies, IAT 11 was not found any problem in this research. 
The difference may related to that Chang and Law (2008) 
set a higher cut-off point of factor loading (> 0.4), (31), 

while other researchers usually set a lower criteria (> 0.3) 
at the preliminary stage or EFA analysis so that the rel-
evant item could be included, such as study on Greek 
adolescents [42], Italian adults [43], Thai university stu-
dents [24]. A number of other influences may also affect 
the variance, such as translation, sample,culture,and data 
analysis method.

The MIMIC model in the 2nd phase study found sig-
nificant DIF relating to 6 IAT items (IAT2, IAT4, IAT8, 
IAT12, IAT13, IAT19). Examing the effect of DIF on IAT 
latent factor found that only one itme (IAT13 snap, yell, 
or act annoyed if someone bothers you while you are 
online) loading on factor 2 (excessive use and emotional 
conflict of Internet use) made measurement bias on 
gender. The significant gender difference was no longer 
existed when correcting DIF effect, which implied that 
DIF was the main reason for gender difference on the 
factor 2 “excessive use and emotional conflict of Internet 
use”. This result was inconsistent with the study in Malay-
sian [34] which found IAT 14 performed DIF on gender, 
but did not contaminate any latent factor scores of IAT. It 
seems that male tended to more sensitive on IAT13 when 

Table 6  Factor loadings, factor Correlations of EFA for IAT (n = 348)

Notes: All factor loadings are significant at p < 0.01

Items Factor loading

1 2 3

IAT1: find that you stay online longer than you intended 0.765

IAT2: neglect household chores to spend more time online 0.738

IAT3: prefer the excitement of the Internet to intimacy/relationships with your partner/friends 0.441

IAT4: form relationships with fellow online users? 0.303

IAT5: others in your life complain to you about the amount of time you spend online 0.626

IAT6: your grades/coursework/study suffer because of the amount of time you spend online 0.801

IAT7: check your instant message (e.g. qq, wechat) before something else that you need to do? 0.427

IAT8: your study performance or productivity suffer because of the Internet use 0.392

IAT9: become defensive or sensitive when anyone asks you what you do online? 0.424

IAT10: block out disturbing thoughts about your life with soothing thoughts of the Internet 0.469

IAT11: find yourself anticipating when you will go online again 0.927

IAT12: fear that life without the Internet would be boring, empty, and joyless 0.724

IAT13: snap, yell, or act annoyed if someone bothers you while you are online 0.816

IAT14: lose sleep due to late-night Internet use 0.339

IAT15: feel preoccupied with the Internet when offline, or fantasize about being online 0.763

IAT16: find yourself saying “just a few more minutes” when online 0.660

IAT17: try to cut down the amount of time you spend online and fail 0.329

IAT18: try to hide how long you’ve been online 0.429 0.367

IAT19: choose to spend more time online over going out with others 0.529

IAT20: feel depressed, moody or nervous when you are offline, which goes away once you are back online 0.502

factor correlations

  1 1.000

  2 0.774 1.000

  3 0.541 0.630 1.000
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they experienced with emotion symptoms of Internet 
use. Female in China may perform less observed emotion 
symptoms related to Internet use. Comparing MIMIC 
model with and without DIF indicated that the magni-
tude of DIF for the other 5 items was very limited and the 
effect on the latent factor scores of IAT was negligible. 
Item delete is not suggested as the effect size is limited to 
one latent factor scores of IAT, not on the other two and 
the item is important to measure emotional symptoms of 
internet overuse. DIF may be related to translation or cul-
ture. In addition, this is the first study to validate Chinese 

version of IAT in item level, the relevant academic evi-
dence is very few under Chinese background. Modifica-
tion on IAT13 relating to translation or expression may 
be necessary to control the measurement bias on gender.

In this study, the significant effect of covariates (socio-
demographic and Internet use variables) on the 3 latent 
factors of IAT were time spent online, year 1, year 2, 
general users. Time spent online was significant predic-
tor of all three IAT latent factors. It implied that stu-
dents spent more time online could experience higher 
level of PIU symptoms. This result was consistent with 
most previous research findings that there were close 
relationship between duration of Internet use and PIU 
[34, 44–47]. This study found that college students spent 
5.66 h (SD = 2.82) online per day. Comparing to the past 
researches in China found that time on daily Internet 
use is increasing among college and university students 
[48]. The popular of smartphone may play a role on the 
increasing time of Internet use as smartphone make 
it easy to access Internet. Students with PIU tended to 
spent more time online compared with non-PIU [49]. 
The impact of Internet first use in early age is inconsist-
ent. Some studies found that the Internet use experi-
ence and the age of first Internet use was related to the 
level of PIU [34, 50], while other studies did not find the 
relation [44]. The result of this study did not found any 
significant relation between the Internet use experience 
and the three IAT latent factor scores.

Online games were deemed as more attractive than 
offline games [51, 52]. Tone, Zhao and Yan (2014) found 
the attraction of online games was the most impor-
tant factor of PIU compared to other factors (personal-
ity, life events). And the MMORPG users were more 
likely to develop PIU than other game users [53, 54]. 
This study divided the Internet users into five groups 
(general, MMORPG, cellphone game, SNS, others) 
according to their self-report on the favorite Internet 
activities. The general users reported significant lower 
scores than MMORPG users on factor 2 and 3 of IAT, 
while the scores of the other three groups (cellphone 
game, SNS, others) did not find any significant difference 
with MMORPG users on the three IAT latent factors. 
It implied that the other Internet activities such as SNS 
users, cellphone game users, had the same risk of PIU as 
MMORPG users.

This study found that students in year 3 reported sig-
nificantly lower scores than students in year 1 and year 
2 on the all three latent factors of IAT. The result was 
different with the studies in Jiang Su [55] and Xin Jiang 
[56] China, which found that the students in year 2 and 
3 were more vulnerable to PIU as they had less study 
work and more free time to get online. The inconsistent 
finding on grade may related to the sample which in this 

Table 7  Factor loadings, factor correlation and fit indices of 
CFA model, MIMIC model, and MIMIC with DIF model by overall 
sample (n = 1131)

items CFA model MIMIC model MIMIC with DIF model

Factor 1

  IAT1 0.683 0.677 0.687

  IAT2 0.765 0.788 0.832

  IAT5 0.682 0.673 0.683

  IAT6 0.771 0.775 0.782

  IAT8 0.814 0.827 0.871

Factor 2

  IAT10 0.692 0.686 0.685

  IAT11 0.735 0.729 0.728

  IAT12 0.661 0.662 0.631

  IAT13 0.712 0.733 0.724

  IAT14 0.601 0.592 0.590

  IAT15 0.754 0.759 0.758

  IAT16 0.742 0.755 0.754

  IAT17 0.743 0.758 0.757

  IAT18 0.700 0.723 0.722

  IAT19 0.673 0.679 0.669

  IAT20 0.765 0.775 0.774

Factor 3

  IAT3 0.718 0.720 0.720

  IAT4 0.487 0.518 0.516

  IAT7 0.687 0.694 0.695

  IAT9 0.627 0.624 0.625

Factor correlation

  Factor2 WITH

    Factor1 0.845 0.815 0.815

  Factor3 WITH

    Factor1 0.853 0.828 0.828

    Factor2 0.902 0.889 0.889

Model fit
  RMSEA 0.065 0.042 0.040

  90% C.I. (0.061 0.069) (0.039 0.045) (0.037 0.042)

  CFI 0.954 0.960 0.965

  TLI 0.948 0.954 0.959
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Table 8  The impact of covariates on IAT latent factors and items

MIMIC model MIMIC model with DIF

predictors B S.E. p β B S.E. p Β

Factor 1

  Female −0.082 0.049 0.098 −0.117 − 0.081 0.049 0.099 −0.112

  Age −0.005 0.019 0.804 −0.016 −0.005 0.019 0.805 −0.016

  Time 0.078 0.008 0.000 0.315** 0.099 0.008 0.000 0.388**

  experience 0.006 0.007 0.381 0.039 0.006 0.007 0.381 0.037

  Year 1 0.205 0.085 0.016 0.292* 0.204 0.084 0.016 0.283*

  Year 2 0.217 0.072 0.003 0.309** 0.216 0.072 0.003 0.300**

  Major in science −0.049 0.067 0.469 − 0.070 − 0.049 0.067 0.467 − 0.068

  Major in engineering 0.048 0.068 0.484 0.068 0.048 0.068 0.484 0.067

  Major in others −0.002 0.060 0.979 −0.003 −0.002 0.060 0.978 −0.003

  General −0.146 0.078 0.062 −0.208 −0.146 0.078 0.062 −0.202

  Cellphone game 0.076 0.077 0.319 0.108 0.076 0.076 0.319 0.105

  SNS −0.008 0.062 0.900 −0.011 −0.008 0.062 0.900 −0.011

  Other 0.107 0.080 0.182 0.153 0.107 0.080 0.182 0.148

Factor2

  female −0.094 0.047 0.047 −0.132* −0.065 0.047 0.171 −0.092

  Age −0.004 0.013 0.744 −0.015 −0.004 0.013 0.744 −0.015

  time 0.080 0.008 0.000 0.317 0.077 0.008 0.000 0.305**

  experience 0.004 0.005 0.420 0.027 0.004 0.005 0.419 0.027

  Year 1 0.213 0.078 0.006 0.299** 0.213 0.078 0.006 0.300**

  Year 2 0.261 0.070 0.000 0.367** 0.261 0.070 0.000 0.368**

  Major in science −0.022 0.066 0.739 −0.031 −0.022 0.066 0.738 −0.031

  Major in engineering −0.020 0.067 0.762 −0.028 −0.020 0.067 0.763 −0.028

  Major in others −0.032 0.058 0.573 −0.045 −0.033 0.058 0.573 −0.047

  General −0.175 0.073 0.016 −0.246* −0.175 0.073 0.016 −0.247*

  Cellphone game 0.132 0.074 0.076 0.186 0.132 0.074 0.076 0.186

  SNS −0.001 0.059 0.984 −0.001 0.001 0.059 0.985 0.001

  Other 0.141 0.079 0.075 0.198 0.141 0.079 0.075 0.199

Factor3

  female −0.111 0.059 0.061 −0.150 − 0.111 0.059 0.061 −0.150

  Age −0.010 0.016 0.510 −0.033 −0.010 0.016 0.510 −0.033

  time 0.064 0.009 0.000 0.245** 0.064 0.009 0.000 0.245**

  experience 0.000 0.007 0.962 −0.001 0.000 0.007 0.962 −0.001

  Year 1 0.307 0.097 0.002 0.414** 0.306 0.097 0.002 0.412**

  Year 2 0.250 0.085 0.003 0.337** 0.250 0.085 0.003 0.337**

  Major in science −0.054 0.083 0.516 − 0.073 −0.054 0.083 0.516 −0.073

  Major in engineering −0.046 0.082 0.575 −0.062 −0.046 0.082 0.575 −0.062

  Major in others 0.036 0.072 0.618 0.049 0.036 0.072 0.619 0.048

  General −0.204 0.093 0.028 −0.275* −0.204 0.093 0.028 −0.275*

  Cellphone game 0.005 0.091 0.953 0.007 0.005 0.091 0.954 0.007

  SNS −0.065 0.075 0.385 −0.088 −0.065 0.075 0.385 −0.088

  Other 0.035 0.095 0.713 0.047 0.140 0.097 0.148 0.189

Testing DIF

  female →IAT13 −0.358 0.067 0.000 −0.340**

  time spent online →IAT2 −0.058 0.010 0.000 −0.160**

  time spent online →IAT8 −0.054 0.011 0.000 −0.146**

  time spent online → IAT12 0.039 0.011 0.000 0.103**

  SNS → IAT12 0.333 0.077 0.000 0.309**

  SNS → IAT19 −0.370 0.085 0.000 − 0.353**

  Other → IAT4 −0.444 0.112 0.000 −0.434 **

B unstandardized estimate, S.E. standard error, β standardized estimate. *p < 0.05, **p < 0.01
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study were 3-year college student, while others were 4 or 
5-year undergraduate students. The final year students 
were not included in the study of Jiang Su and Xin Jiang 
which only took the students in year1, 2 and 3 as their 
research sample. Li, Wang, & Wang, (2009) included the 
fourth year students and did not find any grade differ-
ence related to PIU [57]. The third year students in this 
study were in the final year of their college study. They 
were usually concentrated on their graduate project, 
internship and job searching, which may decrease the 
risk of PIU.

Conclusion and future study
A 5-point scale is more adapted to the Chinese version 
of IAT. Item improvement was efficient that the problem-
atic items found in literature was performed good in this 
study. The overall psychometric property of this Chinese 
version IAT was good with limited DIF effect in one item. 
One item need adaption to control the gender bias in the 
future study. Bigger sample size and equivalent sample 
across grade was suggested.
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