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Abstract 
We designed a Japanese version of the Smartphone Dependence Scale (J-SDS) for university stu-
dents, and assessed its validity and reliability. For development of this scale, we initially selected 
43 preliminary items based on previous studies of Internet and mobile phone dependence. Each 
response was scored using a Likert scale (0, 1, 2, 3), with higher scores indicating greater depen-
dence. After administering the preliminary scale to 149 university students, the final 29 items 
were selected according to exploratory factor analysis. The final scale consisted of 5 factors: 1) 
craving and withdrawal, 2) overuse and tolerance, 3) virtual life orientation, 4) disturbance of 
concentration in class, and 5) physical symptoms. Reliability coefficient (Cronbach’s alpha) values 
for the 5 factors and total J-SDS were 0.87, 0.87, 0.76, 0.77, 0.69, and 0.92, respectively. We then 
summed the Likert scores for each item to provide a quantitative overall smartphone dependence 
score, with higher scores indicating greater dependence. The J-SDS score became significantly 
higher with longer hours of smartphone use (p < 0.001). Our results suggest that the J-SDS is a re-
liable and valid scale for screening university students who may be at risk of developing smart-
phone dependence. 
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1. Introduction 
The smartphone has rapidly developed over recent years and its use has become widespread an established part 
of daily life in many countries. According to the Ministry of Internal Affairs and Communications of Japan, the 
penetration rate of mobile phone use was 94.6% in 2014, with smartphones comprising 64.2% of those devices 
[1]. While this information and communication technology resource is very convenient and popular, various so-
cial issues have arisen in association with its use, including changes in interpersonal relationships, interference 
with school or work, physical health-related problems including pain in the wrists or back of the neck, sleep 
disturbance, excessive use, and even dependence (addiction). As various applications have been developed for 
use with smartphones allowing the Internet to become more accessible, patterns of dependence have been rou-
tinely reported [2]. 

Because of its mobility and Internet capabilities, a smartphone can induce characteristics of dependence in 
users, such as overuse, tolerance, problems with withdrawal, difficulty with performing study or work, and cy-
ber life orientation. Previous studies conducted in South Korea of university students have indicated associations 
of smartphone dependence with mental health, campus life, personal relations, self-control, and life stress [3] [4]. 
Adolescents may be at higher risk for exhibiting problems seen with the use of smartphones as compared to 
adults, because younger generations typically use smartphones as the primary tool to access the Internet [2] [5]. 

Smartphone dependence especially among adolescents has recently become a very important problem in Ja-
pan. However, few valid or reliable scales have been developed to measure such dependence, thus there is an 
urgent need for a smartphone dependence scale that can be used for Japanese students. 

In the present study, we referred to previous studies of Internet and mobile phone dependence to design a 
Japanese smartphone dependence scale for university students. We then, administered a questionnaire concern-
ing smartphone use to 149 university students in Japan, and investigated the construction, as well as reliability 
and validity of the scale. 

2. Subjects and Methods 
2.1. Subjects 
We recruited 169 healthy university students twenty and over from the Faculty of Medicine of Shimane Univer-
sity and the Faculty of Health and Welfare of the Prefectural University of Hiroshima in Japan from December 
2015 to January 2016. They were from first-year to fifth-year students whose majors were medicine, nursing, or 
physical therapy. After receiving approval for the study protocol from the review boards of the institutions and 
informed consent from each participant, the subjects were asked to answer a set of self-reporting questionnaires 
designed to evaluate smartphone use and dependence. Answers from 149 of the respondents (32 males and 117 
females; mean age 22.3 ± 2.1 and 21.1 ± 1.9 years, respectively) who regularly used a smartphone and properly 
completed all of the questionnaire items were statistically analyzed. 

2.2. Demographic Information 
Items pertaining to subject personal information, and the extent and nature of their smartphone use were in-
cluded in the questionnaire. 

2.3. Smartphone Dependence Scale Items 
As it has been hypothesized that smartphone dependence has many aspects that are similar to those of Internet 
addiction, we referred to the Internet addiction criteria [6] when developing smartphone dependence scale. 
Based on previously developed scales and research findings [2] [6]-[13], items that were considered to theoreti-
cally and empirically represent the characteristics of smartphone dependence were selected to comprise the 
present tool, termed the Japanese version of the Smartphone Dependence Scale (J-SDS). The preliminary scale 
consisted of 43 items, and each was scored on a 4-point Likert scale (0 = strongly disagree, 1 = disagree, 2 = 
agree, 3 = strongly agree),with higher scores indicating greater dependence. 

2.4. Statistical Analysis 
The final items of the J-SDS were selected according to exploratory factor analysis using a principal component 
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factoring estimation of varimax rotation. A scree plot of ordered eigenvalues was used to determine the appro-
priate number of factors extracted. A factor loading value >0.40 was used to determine the items for each factor. 
The reliability coefficient (Cronbach’s alpha) values of the factors extracted and total J-SDS were calculated for 
internal consistency determination. Likert scores for each item of the final J-SDS were summed to provide a 
quantitative overall smartphone dependence score, with higher scores indicating greater dependence. A Kolmo-
gorov-Smirnov test was used to determine whether the J-SDS scores were normally distributed. To examine 
concurrent validity of the J-SDS, we used Spearman’s correlation coefficient to examine the relationships of 
hours of smartphone use during weekdays and holidays with J-SDS score, and one-way analysis of variance and 
post hoc analyses to examine the relationships of hours of smartphone use from 10:00 p.m. to 4:00 a.m. and 
while in bed with J-SDS score. All analyses were performed using IBM SPSS Statistics version 19 [14]. 

3. Results 
The final 29 items of the J-SDS were selected according to exploratory factor analysis. Factor loading for the 29 
variables after rotation of commonfactors extracted is shown in Table 1. Five factors were extracted for these 
variables, i.e., craving and withdrawal (10 items: first 10 listed in Table 1), overuse and tolerance (8 items: 
numbers 11 - 18), virtual life orientation (6 items: numbers 19 - 24), disturbance of concentration in class (2 
items: numbers 25 and 26), and physical symptoms (3 items: numbers 27 - 29). 

The reliability coefficient (Cronbach’s alpha) values of the 5 factors extracted and the total J-SDS were 0.87, 
0.87, 0.76, 0.77, 0.69, and 0.92, respectively. 

Kolmogorov-Smirnov test results indicated that the scores of the J-SDS were normally distributed (p = 0.72). 
Mean scores for the J-SDS and hours of smartphone use during weekdays and holidays, as well as Spearman’s 
correlation coefficient between J-SDS score and hours of smartphone use are shown in Table 2. Hours of 
smartphone use during weekdays as well as holidays were significantly positively related to J-SDS score. Fig-
ure 1 shows the relationship of hours of smartphone use from 10 p.m. to 4 a.m. with J-SDS score. That score 
showed a significant increase in association with hours of smartphone use from 10 p.m. to 4 a.m. (F = 8.44, p < 
0.001). Furthermore, the J-SDS score also significantly increased as the hours of smartphone use while in bed 
increased (F = 8.95, p < 0.001) (Figure 2). 

4. Discussion 
We developed the J-SDS on the basis of previous studies and used exploratory factor analysis with university 
students as subjects to establish its 5-factor structure, i.e.,: 1) craving and withdrawal, 2) overuse and tolerance, 
3) virtual life orientation, 4) disturbance of concentration in class, and 5) physical symptoms. The factor “crav-
ing and withdrawal” includes the feeling of anxiety, impatience, and pain without a smartphone and constantly 
having one’s smartphone in mind even when not using it, while “overuse and tolerance” refers to long and un-
controllable periods of use of one’s smartphone, trying to control one’s smartphone use but failing to do so, and 
spending an increasing amount of time using the smartphone to achieve the same level of satisfaction as pre-
viously experienced. The factor “virtual life orientation” includes the feeling that communication with one’s 
smartphone is more enjoyable and intimate than relationships with real-life friends or family, “disturbance of 
concentration in class” refers to having a difficult time concentrating in clas due to smartphone use, and “physi-
cal symptoms” include headache, stiff shoulders and pain in the wrists or at the back of the neck due to exces-
sive smartphone use. These 5 factors were partially consistent with previously reported findings regarding fac-
tors related to Internet addiction, which were listed as unpleasant feelings when off-line (withdrawal), excessive 
time spent on Internet-related activities (overuse and virtual life orientation), increasing tolerance to the effects 
of being online, and denial of associated problematic behaviors [6]. Therefore, we consider that the J-SDS has 
construct validity. 

The values for Cronbach’s alpha coefficient for the present 5 factors extracted and total J-SDS were 0.87, 
0.87, 0.76, 0.77, 0.69, and 0.92, respectively. Although the value for the factor “physical symptoms” was not so 
high, the total J-SDS exhibited good internal consistency. 

In the present study, hours of smartphone use during weekdays as well as holidays showed a significant posi-
tive relationship to J-SDS score. Furthermore, the J-SDS score was significantly increased when the hours of 
smartphone use from 10 p.m. to 4 a.m. and when those in bed increased. These results indicated the concurrent 
validity of the J-SDS. 
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Table 1. Factor loading for 29 variables of smartphone dependence for common factors (FC1, FC2, FC3, FC4, FC5)a in 149 
university students extracted by factor analysis.                                                                 

Smartphone dependence FC1 FC2 FC3 FC4 FC5 

I feel anxious when I forget to take my smartphone  
with me or when I am not able to use my smartphone 0.595 0.282 0.120 0.320 0.053 

I feel impatient and restless when my smartphone is  
unavailable 0.567 0.112 0.366 0.382 0.151 

I feel pleasant or excited while using a smartphone 0.411 0.289 0.275 0.048 −0.045 

My smartphone is on my mind even when I am not  
using it 0.484 0.254 0.312 0.119 0.185 

I would not be able to tolerate not having a  
smartphone 0.687 0.333 0.063 0.058 0.014 

I feel anxious when I have not prepared my charging  
pack or battery for my smartphone 0.483 0.057 0.192 0.085 0.101 

I use my smartphone while walking 0.465 0.156 −0.001 0.026 0.195 

I am able to get rid of stress by using a smartphone 0.483 0.313 0.254 −0.009 −0.055 

I don’t really want to go to places where smartphone  
signals are weak 0.637 0.076 0.202 0.250 0.033 

It would be painful if I was not allowed to use a  
smartphone 0.692 0.380 0.123 0.061 −0.013 

My smartphone use has increased 0.029 0.625 0.042 0.057 0.145 

I have missed planned work due to smartphone use 0.250 0.518 0.225 0.299 0.110 

I involuntarily touch my smartphone 0.305 0.579 −0.032 0.075 0.070 

I have reduced my study, work or hobby time due to  
smartphone use 0.213 0.611 0.194 0.214 0.250 

I use my smartphone for longer periods than I  
hadintended 0.270 0.584 − 0.003 0.056 0.107 

I need to spend an increasing amount of time using my  
smartphone to achieve the same satisfaction as before 0.161 0.615 0.358 0.068 0.092 

I have tried to shorten my smartphone use time, but  
always fail 0.392 0.609 0.179 0.180 0.069 

Spending a lot of time on my smartphone has become  
a habit 0.339 0.523 0.287 0.054 0.018 

I feel that my communication with my smartphone is  
more enjoyable than conversations with my real-life  
people 

0.117 0.203 0.642 0.031 0.116 

It is difficult to communicate with other people  
without using a smartphone for that 0.259 0.198 0.471 −0.036 0.112 

I prefer to use my smartphone over spending 
time with my family or friends 0.200 0.024 0.605 −0.068 0.140 

My cyber communications with my smartphone are  
more frequent than my relationships with my real-life  
people 

0.123 0.108 0.536 0.196 0.107 

I feel that my relationships with my smartphone  
friends are more intimate than relationships with my  
real-life friends 

0.079 0.006 0.538 0.060 −0.041 

I express my true feelings better via email or SNS  
(Line, Twitter, etc.) than by telephone or talking  
face-to-face 

0.063 0.092 0.623 0.161 −0.016 

I have a difficult time concentrating in class while  
studying due to smartphone use 0.220 0.238 0.219 0.752 0.133 

I use my smartphone while studying in class, except  
when it is necessary 0.171 0.132 0.037 0.654 0.118 
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Continued 

I have headaches due to excessive smartphone use −0.034 0.116 0.110 0.154 0.589 

My shoulders are stiff due to excessive smartphone  
use 0.124 0.197 −0.053 0.214 0.678 

I feel pain in the wrists or back of the neck when using  
a smartphone 0.150 0.083 0.175 −0.082 0.603 

aFC1, FC2, FC3, FC4, and FC5 represent the first, second, third, fourth, and fifth factors, respectively. The eigenvalues were 9.0, 2.2, 1.9, 1.6, and 1.4, 
respectively, and the cumulative proportions up to the first, second, third, fourth, and fifth factors were 0.31, 0.39, 0.45, 0.51, and 0.56, respectively. 
 
Table 2. Mean score for Japanese version of Smartphone Dependence Scale (J-SDS), and mean hours of smartphone use 
during weekdays and holidays, including Spearman’s correlation coefficient values for comparison between J-SDS score and 
hours of smartphone use.                                                                                   

 Mean ± SD Correlation coefficient p value 

J-SDS 32.6 ± 12.5   

Hours of use during weekdays 3.1 ± 1.8 0.33 <0.001 

Hours of use during holidays 4.1 ± 2.1 0.31 <0.001 
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Figure 1. Relationship of hours of smartphone use from 10 p.m. to 4 a.m. with J-SDS score in 149 university students; †: p < 
0.05, ††p < 0.005, ‡: p < 0.001 (Bonferroni’s multiple comparison test).                                                
 

It has been reported that exposure to mobile phone emissions at nighttime may have an effect on melatonin- 
onset time [15], while mobile phone use has also been shown to be associated with sleep problems [16] [17]. 
Munezawa et al. reported that the use of mobile phones for calling and sending text messages after turning off 
the lights at night was associated with sleep disturbance in Japanese adolescents [17]. They concluded that since 
many adolescents frequently use a mobile phone at midnight despite the possible adverse effects on sleep, this 
lifestyle habit should be carefully considered when formulating preventive strategies against sleep disturbance in 
that age group. Along that line, we think that the J-SDS score can be a useful index of the adverse effects of 
smartphone use on sleep, because our results were found to be significantly associated with hours of smartphone 
use late at night and while in bed. 

Our study has some limitations. In order to examine the concurrent validity of the J-SDS, we examined the 
relationship of J-SDS score with hours of smartphone use. However, it will also be necessary to compare that 
with other standardized scales of smartphone dependence. Furthermore, all of the present results were self- 
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Figure 2. Relationship of hours of smartphone use while in bed with J-SDS score in 149 university students; †: p <0.01, ‡: p 
< 0.001 (Bonferroni's multiple comparison test).                                                                 
 
reported and a more objective method is required to better examine concurrent validity. In addition, the subjects 
were comprised of students from only two universities, the sample size was too small, and the demographic fac-
tor was not fully controlled because the gender ratio was not 1:1. As a result, the present sample group is diffi-
cult to generalize, and additional examinations with larger and more varied populations are required in order to 
evaluate the validity and reliability of this scale. 

5. Conclusion 
In summary, our findings suggest that the J-SDS is a valid and reliable self-administered instrument for screen-
ing university students who are at risk of developing smartphone dependence. 
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