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Abstract

We investigated factors contributing to smartphone dependence. To 196 medical university stu-
dents, we administered a set of self-reporting questionnaires designed to evaluate demographic
characteristics, smartphone dependence, chronotype, and depressive state. Smartphone depen-
dence was evaluated using the Wakayama Smartphone-Dependence Scale (WSDS) with 3 subs-
cales: Subscale 1, immersion in Internet communication; Subscale 2, using a smartphone for ex-
tended periods of time and neglecting social obligations and other tasks; Subscale 3, using a
smartphone while doing something else and neglect of etiquette. Multiple regression analyses re-
vealed that living in a family, eveningness, and presence of depression were associated with Subs-
cale 1, that living in a family and eveningness were also associated with Subscale 2, and that being
a man was associated with Subscale 3. These findings suggest that smartphone dependence can be
predicted by factors such as gender, mode of residence, chronotype, or depressive state.
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1. Introduction

Along with the rapid proliferation of mobile phones, various social issues have arisen, including excessive use
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or even dependence. Viewing compulsive mobile phone use as a type of technostress, to gauge mobile phone
dependence (we define it in terms of two factors: excessive use and use of mobile phones in public places even
when such use is considered to be a nuisance), we designed a questionnaire, the MPDQ (Mobile Phone Depen-
dence Questionnaire) [1]. So far, we have used it to elucidate associations between mobile phone dependence
and individual characteristics such as health-related lifestyle, chronotype, patterns of behavior, or depressive
state [2]-[4].

Meanwhile, smartphones, which first became widely available in Japan in 2008, have rapidly come into
widespread use. At the end of 2013, the household penetration in Japan was 62.6% [5]. Smartphones are more
like tablet computers than mobile phones, and therefore may herald another change in the way mobile telecom-
munications are used. To try and characterize these changes, we recently developed a new scale for gauging
smartphone dependence, the Wakayama Smartphone-Dependence Scale (WSDS), and confirmed its reliability
and validity [6]. The scale consists of three dimensions, and we think it is a useful tool for rating smartphone
dependence.

Although a previous study has reported that smartphone overuse was associated with depression, anxiety, and
poor sleep quality [7], there are still very few studies investigating associations between smartphone use and in-
dividual characteristics. In the present study, at the outset, we examined associations between smartphone de-
pendence and demographic characteristics, chronotype, and depressive state. Chronotype refers to preference for
sleep-wake timing: for example, morning types go to bed, get up, and experience peak alertness and perfor-
mance earlier in the day than do evening types [8]. Since excessive use of smartphones in bed before sleep may
cause delayed sleep phase [9] [10], to elucidate predictive factors for smartphone dependence, evaluation of
chronotype is important. Furthermore, it has been suggested that depressive state may be associated with both
mobile phone dependence and eveningness [3] [11].

2. Materials and Methods
2.1. Subjects

For the study, approved by the Ethics Committee of Wakayama Medical University, we recruited 196 medical
university students from our class. After informed consent was obtained, the participants filled out a set of self-
reporting questionnaires designed to evaluate smartphone dependence, chronotype, and depressive state. Of 185
respondents who possessed smartphones, 175 respondents properly completed all the questionnaire items. Sta-
tistical analysis was performed for 126 respondents (77 males, 49 females) who used smartphones mainly to
access the Internet. Mean (xSD) age for males was 21.2 + 1.8 years and for females 20.5 + 1.4 years.

2.2. Smartphone Dependence

Smartphone dependence was evaluated using the WSDS [6], a 21-item self-rating scale with 3 subscales (each
comprising 7 items): Subscale 1, immersion in Internet communication; Subscale 2, using a smartphone for ex-
tended periods of time and neglecting social obligations and other tasks; Subscale 3, using a smartphone while
doing something else and neglect of etiquette. Each response is scored on a Likert scale (0, 1, 2, 3). Likert scores
for each item were then summed to provide subscales (ranging from 0 to 21) and overall (ranging from 0 to 63)
scores of smartphone dependence. Higher scores indicate greater dependence.

2.3. Chronotype

Chronotype was assessed using the Horne and Ostberg Morningness-Eveningness Questionnaire (MEQ) [12], a
self-rating questionnaire which consists of 19 items with total score ranging from 16 to 86. Higher scores indi-
cate greater morningness.

2.4. Depressive State

Depressive state was assessed using the Beck Depression Inventory-Il (BDI-II) [13], a self-rating questionnaire
which consists of 21 items with total score ranging from 0 to 63. Subjects were categorized as having either ab-
sence or presence of depression; persons with scores of 14 points or more are placed in the presence category

[13].
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2.5. Statistical Analysis

Before statistical analysis, normal distribution was tested by Kolmogorov-Smirnov testing. Valid distributions
were obtained for the WSDS total and subscale scores. Standard multiple regression analyses were conducted
with the WSDS and each subscale serving as the criterion variable. Predictor variables were demographic cha-
racteristics (age, gender and mode of residence), chronotype, and depressive state. Statistical significance was
set at p <0.05.

3. Results

Table 1 shows scores for each questionnaire. Males had statistically significantly higher Subscale 3 scores than
females (t = 2.79, p < 0.01). Meanwhile, MEQ scores were statistically significantly lower in males than in fe-
males (t = —2.44, p < 0.05). There was no significant difference between males and females in mode of resi-
dence and depressive state (Table 2).

Table 3 shows multiple regression analyses to identify variables which predict total and subscale scores for
the WSDS. All multiple regressions were statistically significant, and the coefficients of determination were
from 0.11 to 0.18. Living in a family and low MEQ scores were associated with Subscale 1 (8 = —0.247, p <
0.01 and g = —0.231, p < 0.01, respectively), Subscale 2 (# = —0.225, p < 0.01 and g = —0.324, p < 0.001, re-
spectively), and total WSDS scores (8 = —0.223, p < 0.01 and g = —0.308, p < 0.001, respectively). In addition,
presence of depression was also associated with Subscale 1 scores (8 = 0.259, p < 0.01). Being male, on its own,
predicted Subscale 3 scores (8 =—0.239, p < 0.01).

4. Discussion

Subscales 1 and 2 were associated with eveningness. Previous studies have reported that excessive use of mobile
phones at night may delay the sleep phase [9] [10]. This may be associated with display brightness [14]. It has
been reported that exposure light at night increases human alertness and suppresses melatonin secretion [15]. It
is, however, also possible that people who use digital media at night already have a delayed sleep pattern and

Table 1. Questionnaire scores for smartphone dependence and chronotype.

*

Males (n =77) Females (n = 49) p
Wakayama Smartphone-Dependence Scale (WSDS)
Subscale 1 56+38 58+4.0 0.82
Subscale 2 10.0+4.0 8.8+38 0.09
Subscale 3 148 £3.6 13.0+34 <0.01
Total 305+85 276+9.4 0.08
Horne and Ostberg Morningness-Eveningness Questionnaire (MEQ) 458+6.5 49.7+£9.9 <0.05

Values are expressed as mean + SD. “Student’s t test. Subscale 1, Immersion in Internet communication; Subscale 2, Using a smartphone for extended
periods of time and neglecting social obligations and other tasks; Subscale 3, Using a smartphone while doing something else and neglect of etiquette.

Table 2. Subject characteristics: mode of residence and presence or absence of depression.

Males, n (%) Females, n (%) ba p
Mode of residence
In a family 20 (26.0) 20 (40.8)
3.04 0.12
Solitary 57 (74.0) 29 (59.2)
Depression
Absent 66 (85.7) 42 (85.7)
0 1.00
Present 11 (14.3) 7(14.3)
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Table 3. Multiple regression models predicting smartphone dependence.

Subscale 1 Subscale 2 Subscale 3 Total WSDS

B p B p B p B p
Age -0.055 051 -0.123 0.15 ~0.139 0.12 -0.135 0.11
Gender (1, female; 0, male) 0.025 077 ~0.134 0.13 -0.239 <0.01 ~0.146 0.10
Mode of residence ~0.247 <001  -0225 <001 ~0.042 0.64 0223 <0.01
(1, solitary; 0, in a family)
MEQ scores -0.231 <001  -0324  <0.001 ~0.158 0.08 -0.308 <0.001
Depression 0.259 <0.01 0.008 0.92 ~0.106 0.22 0.072 0.39
(1, present; 0, absent)
Coefficient of determination R?2=0.18 R?2=0.17 R2=0.11 R?2=0.17

F=515 p<0001 F=497 p<0.001 F=295 p<0.05 F =5.08 p <0.001

WSDS, Wakayama Smartphone-Dependence Scale; Subscale 1, Immersion in Internet communication; Subscale 2, Using a smartphone for extended
periods of time and neglecting social obligations and other tasks; Subscale 3, Using a smartphone while doing something else and neglect of etiquette.

cannot get to sleep at a designated bedtime [16]. In addition, it has been suggested that increased frequency of
eveningness may reflect premorbid traits of or vulnerability to depression [11]. As a form of depression avoid-
ance, therefore, evening types may be immersing themselves in Internet communication. Our recent study that
found an association between mobile phone dependency and depression might support this hypothesis [3]. Be-
cause of the cross-sectional design, however, this study is unable to clarify causal direction. This point requires
consideration in future studies.

Contrary to our expectations, Subscales 1 and 2 were associated with living in a family. It has been suggested
that, for high-school students, parental monitoring is a major inhibitor of Internet addiction [17]. In addition, we
have found that the loneliness of living alone might be associated with mobile phone dependence [18]. It is
possible, therefore, that our present findings, are peculiar to our sample population. For example, our respon-
dents who lived alone may have had to spend lots of time on housework or part-time work. A previous study has
found that leisure boredom may contribute to Internet addiction [17]. On the other hand, children who continue
to live at home as university students may be subject to less parental interference. Thus, to clarify the cause of
our discrepant findings, further studies including daily life and parent-child relationships are required.

Subscale 3 was associated with being male. In our previous study, males also scored more highly than females
for: “When | am riding on a train or in similar situations, | tend to handle my mobile phone”; “Even while riding
on trains, | make and receive calls”; and “I make mobile phone calls even late at night” [2]. On the other hand, a
previous study found that, females, more than males, were tolerant toward mobile phone use in public places,
and actually often used mobile phones in public spaces [19]. That study suggested and others [20] [21] that it
may be due to gender difference in the nature of mobile phone use, females valuing mobile phones as a means of
expression and social communication, while males make fewer calls for more purposeful conversations. Even so,
all these studies, including ours, were not on smartphones. As mentioned previously, smartphones are entirely
different from conventional mobile phones. To confirm our present findings, we need to wait for future studies.

This research has several limitations. First, all the subjects were medical students. The sample size was also
too small to be representative of a cohort in the general population. The present findings cannot be assumed to
apply to all young people. Second, coefficients of determination for the multiple regression models were not so
high. Other factors should be investigated in future studies. Even so, particularly for adolescents, the potentially
harmful effects of new media are still important concerns [22]. As data on smartphone dependence accumulate,
it may become possible to provide more conclusive results.

5. Conclusion

In conclusion, the major finding of this study is that smartphone dependence can be predicted by factors such as
gender, mode of residence, chronotype, or depressive state. The findings may be useful for providing smart-

phone guidance directed at young people.
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Appendix
Wakayama Smartphone Dependence Scale: WSDS

Immersion in Internet communication

1) I have more fun communicating with my smartphone than having real conversations.

2) Except for using my smartphone, | have no particular hobbies.

3) If the other party is slow to reply to my mail or message, | start to fall out with them.

4) | get irritated if someone speaks to me while | am using my smartphone.

5) Without a smartphone, | find it hard to communicate with my friends.

6) | express my true feelings better via email than by speaking face to face or over the phone.
7) 1 use my smartphone to escape from reality.

Using a smartphone for extended periods of time and neglecting social obligations and other tasks
8) My immersion in smartphone use gets in the way of my studies or work.

9) My immersion in smartphone use disrupts my daily schedule.

10) I use my smartphone when there are other tasks I should be doing.

11) My immersion in smartphone use makes me stay up late at night and | don’t get enough sleep.
12) | feel that my smartphone use time is getting longer and longer.

13) I make smartphone calls even late at night.

14) 1 talk on my smartphone for more than one hour a day.

Using a smartphone while doing something else and neglect of etiquette

15) 1 use my smartphone when | am talking with other person(s).

16) | use my smartphone when | am eating.

17) 1 use my smartphone when | am in the company of one or two other people.

18) 1 use my smartphone when | am riding on a train or in similar situations.

19) I use my smartphone even when | am at work or in class.

20) | use my smartphone when | am walking.

21) Without thinking, | check my smartphone for email or voice mail even when it hasn’t rung.

Respondents were asked to score each item as follows: Always, 3 points; Often, 2 points; Sometimes, 1 points; or Hardly ever, 0 points. Scores are
then summed to provide subscale (7 items in each subscale) and overall scores of smartphone dependence.
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