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Abstract \
Background: Problematic smartphone use is more prevalent in children than before. This study aimed to evaluate the reliability
and validity of the Chinese version of the Smartphone Addiction Proneness Scale (SAPS).

Methods: We recruited 319 students aged 9 to 12 years including 70 attention-deficit/ hyperactivity disorder subjects at a uni-
versity hospital and 249 controls from elementary school. Finally, 164 males and 138 females were collected for data analysis with
mean age of 10.99 + 0.88 years. ltem analysis, exploratory factor analysis, internal consistency test, and t test were performed
to verify the reliability and validity of the SAPS-Chinese version. Correlations were examined for relation between the score in the
SAPS-Chinese version and the Diagnostic and Statistical Manual of Mental Disorders, Fifth Edition diagnostic criteria.

Results: Factor analysis showed two factors: problematic use—associated behaviors and impaired daily functions. ltem analysis
for every item in the SAPS-Chinese version showed significant differences in t values (p < 0.001) and high correlation in all items
(r = 0.37-0.79). The Kaiser-Meyer-Olkin (KMO) was equal to 0.94 and Bartlett’s test of Sphericity was significant (o < 0.001).
Cronbach’s a for the SAPS-Chinese version was 0.93. It revealed high reliability and validity.

Conclusion: The SAPS-Chinese version is reliable, valid, and suitable for clinical and research uses with satisfactory properties.
Applying the modified SAPS-Chinese version offers early detection of problematic smartphone use.

Keywords: Attention-deficit/hyperactivity disorder; Behavioral addiction; Problematic smartphone use; Smartphone Addiction

Proneness Scale

1. INTRODUCTION

Smartphones have gained popularity in daily life. Not only
adolescents and adults, but also children, rely on smart-
phones for communication and searching for information.
The prevalence of smartphone possession in Taiwan was
reported to be 70.4%, and the mean daily Internet use was
around 3 hours. About 87.5% of elementary and junior high
school students had smartphone use experience, and 68.7%
of them had their own smartphone or tablet.! Internet service
use via smartphones is usually inevitable. This might result in
technological addiction, including problematic Internet and
smartphone use.
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“Technological addiction” is defined as nonchemical
(behavioral) addiction involving human-machine interaction
with inducing and reinforcing features.>* On the basis of the
Diagnostic and Statistical Manual of Mental Disorders, Fourth
Edition (DSM-IV),* experts regard “Impulse control disorders”
as behavioral addictions and imply a link between behavioral
and substance addictions.’ Behavioral addictions exhibit symp-
toms of repetition, self-destructive behavior, compulsive engage-
ment, craving, euphoria related to the behavior, and declined role
function.® However, some researchers have proposed replacing
“addiction” with “problematic use” so as to reduce connota-
tions leading to stigma and prejudice.”

Problematic Internet use is thought to be an impulse control
disorder and can be regarded as a behavioral addiction.® Five
factors, including tolerance, withdrawal, compulsive symptoms,
time management, and interpersonal and health problems, were
recognized in Internet addiction.” On the other hand, problem-
atic smartphone use (PSU) is defined as excessive and dysregu-
lated smartphone use, which leads to obsession, impulsivity, and
daily life impairment.'® This concept puts more emphasis on
function impairment and mood dysregulation than on tolerance
and withdrawal symptoms, in association with PSU.

With increased rates of smartphone ownership among chil-
dren, specific smartphone use-related problems emerge, includ-
ing financial problems, sleep disturbance, depression, and
anxiety.'""'* Previous studies have suggested that children and
adolescents with Internet addiction usually have attention-deficit/
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hyperactivity disorder (ADHD) and related symptoms."=7 It is
not clear whether PSU should be considered as a primary or
secondary psychiatric disorder.

Several rating scales have been developed for problematic
smartphone or Internet use evaluation, including Chen Internet
Addiction Scale (CIAS),’ Internet Addiction Proneness Scale (KS
scale),'® Problematic Mobile Phone Use Questionnaire (PMPUQ),"
Smartphone Addiction Scale (SAS),”® Smartphone Addiction
Inventory (SPAI),>* Smartphone Addiction Proneness Scale
(SAPS),? and Mobile Phone Addiction Craving Scale (MPACS).%
The mean age of participants in these studies ranged between 15.25
and 22.9 years. The SAPS is a 15-item self-report scale developed
in Korea, to screen adolescents for risk of smartphone addiction.
The data were collected from 795 Korean students, proportionally
representing the actual distribution of the Korean population. SAPS
is validly structured around four subdomains: adaptive functions,
withdrawal, tolerance, and virtual life. Cronbach’s o was 0.88,
indicating it to be a reliable and valid diagnostic scale for screening
risks of smartphone addiction in adolescents.?!

To our knowledge, no research has been done on the patterns
of PSU among young children in society, which limits the early
detection of at-risk individuals. Our research aimed to establish
the Chinese version of SAPS and assess signs for early detection
of PSU in young children.

2. METHODS

2.1. Instrument

Permission for translation and validation of the SAPS into
Chinese was obtained from Professor Lee, the developer of
SAPS. Forward translation was performed by a team of pediatric
psychiatrists and psychologists, whereas back translation was
done by a psychologist, who is bilingual in Chinese and English.
Each item received a four-point score on the Likert scale (1 =
strongly disagree, 2 = disagree, 3 = agree, 4 = strongly agree).

In our study, the children’s families were asked to answer the
SAPS questionnaire. After a series of meetings and discussions
between team members, and approval by the original author of
this questionnaire, we included several modifications to SAPS
so as to adapt it to the local (Taiwanese) culture, and enhance
its usefulness in screening both in the community and in medi-
cal units. For instance, our team decided to replace the word
“I” with “my child” in each item. Moreover, we rearranged the
order of the questions, and deleted one of the questions in orig-
inal SAPS, namely “family or friends complain that my child
excessively uses his smartphone” because of its similarity to the
question “people frequently comment on my child’s excessive
smartphone use.” We have also added two new questions for
the parents on the impacts of their children’s PSU on daily expe-
riences. These being questions number 15 and 16, which state
the following: “My child would more easily quarrel with family
members due to smartphone use” and “My child more easily
gets angry and flies into rage when cannot use the smartphone.”
Due to these modifications to the SAPS, we renamed the ques-
tionnaire as the “modified SAPS-Chinese version.”

2.2. Subjects

We recruited 249 healthy students from a local school and 70
ADHD patients from the child psychiatric outpatient clinic of a
university hospital in Taipei City (Figure). All participants were
elementary school students, aged 9 to 12 years (fourth to sixth
grade of elementary school). The parents of all participants were
also recruited.

The Institutional Review Board of the Tri-Service General
Hospital approved the informed consent procedures. The investi-
gator explained the purpose of the study, obtained their parents’
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signed informed consent forms, and thereafter family members of
the students filled out the modified SAPS-Chinese version and the
Swanson, Nolan and Pelham, Version IV Scale (SNAP-IV)** with
the help of elementary school teachers. We further verified the
diagnosis of ADHD with the criteria listed in both the Diagnostic
and Statistical Manual of Mental Disorders, Fifth Edition
(DSM-5) and total score of SNAP-IV above the 95th percentile,
according to grade groups and gender of the 70 ADHD students
recruited from the outpatient clinic. Nine students who did not
meet the above criteria were excluded from the ADHD group.
Students recruited from the elementary school were in the non-
ADHD group. Eight students with response bias or incomplete
responses were excluded from the non-ADHD group. The study
population thus consisted of a total of 302 children: 61 children
in the ADHD group and 241 children in the non-ADHD group.

2.3. Measures

Statistical analyses were performed using SPSS for Windows ver-
sion 23 (IBM, Armonk, NY, USA). Item analysis was performed
to evaluate the consistency and homogeneity of the modified
SAPS-Chinese version items. The 85th percentile of the modi-
fied SAPS-Chinese version scores in the community group were
individuals whose score was >40. These were defined as the PSU
group. Those scoring <40 were defined as the non-PSU group.
For the purpose of item analysis, participants were divided on the
basis of their scores into low (score < 27th percentile) and high
(score > 73th percentile) score groups. Independent ¢ test was
performed to investigate the significance of differences between
groups. The value of Cronbach’s o was calculated for reliabil-
ity of the modified SAPS-Chinese version. Principle axis factors
and direct oblique rotation were performed for exploratory fac-
tor analysis. Pearson’s correlation coefficient was calculated to
examine the relation between the score in the modified SAPS-
Chinese version and the DSM-5 research criteria of Internet
gaming disorder (meeting five or more of the nine symptoms).

3. RESULTS

3.1. Participants’ disposition and characteristics

Analysis was performed on data collected on 302 students,
164 (54.3%) boys and 138 (45.7%) girls, with a mean age of
10.99 = 0.88 years. Of these, 61 students were classified into the
ADHD group. Among the 61 students diagnosed with ADHD, 7
had comorbid tic disorder, 3 had disruptive mood dysregulation
disorder, 4 had autism spectrum disorder, 3 had developmental
coordination disorder, and 1 each with oppositional defiant dis-
order and speech sound disorder. Demographic characteristics
of the students are summarized in Table 1.

3.2. ltem analysis

Results of item analysis are presented in Table 2. Item analy-
sis was performed for every item in the questionnaire. T-test
analysis suggested significant differences between the high
(n = 94) and low (n = 89) score groups (p < 0.001). Correlation
coefficient, calculated to identify association between variables,
indicated high correlation between all items (r = 0.37-0.79).

3.3. Validity

Factor analysis results are shown in Table 3. The Kaiser-Meyer-
Olkin (KMO) was equal to 0.94, and Bartlett’s test of Sphericity
was significant (p < 0.001), which suggest that the data could
be considered suitable for exploratory factorial analysis. Two
factors were identified, one explained 47.61% of total variance
and the other explained 3.60% of total variance. The first factor
reflected problematic use—associated behaviors and the second
factor reflected impaired daily functions.
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Students aged from 7 to 12 years old
and their family were enrolled for research (n =319)

\

ADHD diagnosis from outpatient of
TSGH (n=70)

Less than 95 percentile
in SNAP-IV (n=9)

ADHD group (n=61)

Students aged 10 to 12 years from
an elementary school in Taipei City
(n=249)

Incomplete questionnaires (n=8)

Non-ADHD group (n= 241)|

| Patients for statistical analysis (n=302) |

Figure The recruitment procedure of the study.

Demographic characteristics of the students
ADHD Non-ADHD Total

Characteristic (n=61) (n=241) (n=302) p
Gender

Boy, n (%) 50(82.0) 114 (47.3) 164 (54.3) <0.001

Girl, n (%) 11(18.0) 127 (52.7) 138 (45.7)
Parents’ educational level

Graduate school, n (%) 10 (16.4) 69 (28.6) 79(26.2) 0.036

Junior college, n (%) 21 (34.4) 93 (38.6) 114 (37.7)

High school or under, n (%) 30 (49.2) 79 (32.9) 109 (36.1)
Age (y), mean (SD) 10.64 (1.00) 11.08 (0.81) 10.99(0.88) 0.003

ADHD = attention-deficit/nyperactivity disorder.

3.4. Reliability

Cronbach’s a for the total score of modified SAPS-Chinese ver-
sion was 0.93 (0.92 for subscore of problematic use-associated
behaviors and 0.80 for the subscore of impaired daily func-
tions). Parents of 25 of 61 students with ADHD who agreed
to be interviewed on the DSM-5 diagnostic criteria of Internet
gaming disorder were recruited for criterion-referenced tests.
Nine of these students (36%) were diagnosed with PSU based
on the diagnostic interview. This result was highly correlated
with the result of the modified SAPS-Chinese version (r = 0.77,
p < 0.001), supporting the validity of the reported results from
the parents.

3.5. Problematic smartphone use

The comparison of impacts of smartphone use between PSU
and non-PSU group among the ADHD and non-ADHD group is
shown in Table 4. The modified SAPS-Chinese version was vali-
dated by the impacts of PSU on the children’s behaviors “quar-
rels with family” and “irritable mood more than once a week.”
In ADHD group, 20 of 21 (95.2%) students with PSU and 15
of 40 (37.5%) students with non-PSU had quarrels with family
(p <0.001). In non-ADHD group, 29 of 37 (78.4%) students with
PSU and 71 of 204 (35.0%) students with non-PSU had quarrels
with family (p < 0.001). There were higher rates of “quarrels with
family” and “irritable mood more than once a week” in the PSU
group, within both ADHD and non-ADHD groups.

The comparison of PSU between the ADHD group and the
non-ADHD group is shown in the Table 5. The prevalence rate
of PSU was significantly higher in the ADHD group (34.4%
vs 15.4%, p < 0.001). In addition, the ADHD group had a
higher total score of SAPS (35.59 = 9.48 vs 31.36 = 8.91, p
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= 0.001) than the non-ADHD group including the subscore of
associated behaviors (21.75 = 6.74 vs 18.71 = 5.95, p = 0.001)
and of impaired daily function (13.84 = 3.36 vs 12.66 = 3.53,
p=0.019).

4. DISCUSSION

In this study, the mean participants’ age was 10.99. Item analysis
for every item in modified SAPS-Chinese version showed sig-
nificant differences in ¢ values (p < 0.001) and high correlation
among all items (Table 2). The modified SAPS-Chinese version’s
item analysis showed that the high score group had significant
higher scores in every item when compared with the low score
group. The ADHD group consistently had significantly higher
scores in modified SAPS-Chinese version when compared with
the non-ADHD group. The results suggest that the modified
SAPS-Chinese version has discriminative validity.

Cronbach’s a of the original SAPS was 0.88, indicating great
reliability. The scale was structured out of four subdomains,
including adaptive functions, withdrawal, tolerance, and vir-
tual life orientation in smartphone addiction.?? In the modified
SAPS-Chinese version, the KMO was 0.94 and Bartlett’s test
of Sphericity was significant (p < 0.001) from item analysis.
Cronbach’s a for the modified SAPS-Chinese version was 0.93,
with a factor of 0.92 for symptoms of problematic use-asso-
ciated behaviors and a factor of 0.80 for impaired daily func-
tions. Our results show that the modified SAPS-Chinese version
might be a useful instrument for screening out high-risk chil-
dren, either in clinical settings or in the community, with good
reliability and validity.

Previous studies devoted great efforts to investigating prob-
lematic Internet and smartphone use. CIAS was developed in
Taiwan in 2003 to study Internet addiction among adolescents
and young adults in the community by using the diagnostic
criteria of Internet addiction.” They recruited 1360 individu-
als with mean age of 20.47 years. Their scale contains five sub-
scales of Internet-related problems, including compulsive use,
withdrawal, tolerance, problems in interpersonal relationships,
and health/time management. SPAL, a self-administered screen-
ing tool to identify smartphone addiction with great reliabil-
ity and validity, was developed in 2013 in Taiwan. It recruited
283 young adults with mean age of 22.9 years?! and yielded
four factors, including compulsive behavior, functional impair-
ment, withdrawal, and tolerance. Unlike such previous scales,
which identify a variety of factors, including withdrawal and
tolerance in problematic use, in our study we identified two fac-
tors in the modified SAPS-Chinese version: associated behaviors
and impaired daily functions. The recruited individuals in our
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Item analysis between high-score and low-score group using Chinese version of the modified SAPS

Low score High score
Item Mean (SD) Mean (SD) t r
1. People frequently comment on my child’s excessive smartphone use. 1.22 (0.44) 2.86 (0.75) -18.19* 0.68
2. Using a smartphone is more enjoyable than spending time with family or friends for my child. 1.45(0.60) 2.84(0.77) -13.37* 0.65
3. When my child cannot use a smartphone, he/she feels like he/she has lost the entire world. 1.07 (0.25) 2.64(0.77) —17.58* 0.76
4, It would be painful if my child is not allowed to use a smartphone. 1.33 (0.60) 3.01 (0.66) -17.18* 0.74
5. My child gets restless and nervous when he/she is without a smartphone. 1.08 (0.27) 2.59 (0.67) -19.19* 0.79
6. My child is not anxious even when he/she is without a smartphone. (R) 1.55 (1.07) 2.59 (0.68) -7.70* 0.43
7. My child panics when he/she cannot use his/her smartphone. 1.05(0.21) 2.35(0.60) -19.02* 0.72
8. My child tries cutting his/her smartphone usage time, but he/she fails. 1.14(0.34) 2.69 (0.66) —20.04* 0.74
9. My child can control his/her smartphone usage time. (R) 1.72 (0.83) 2.91 (0.67) -10.60* 0.53
10. Even when my child think he/she should stop, he/she continues to use his/her smartphone too much. 1.52 (0.68) 2.93 (0.62) -14.41* 0.61
11. Spending a lot of time on his smartphone has become a habit. 1.13(0.42) 2.85(0.63) —21.56* 0.76
12. My child has a hard time doing what he/she has planned (study, does homework, or goes to 1.08 (0.27) 2.63 (0.77) -17.89* 0.68
afterschool classes) due to using smartphone.
13. My child’s smartphone does not distract him/her from his/her studies. (R) 2.13(1.06) 3.02 (0.67) -5.99* 0.37
14, My child’s school grades dropped due to excessive smartphone use. 1.26 (0.51) 2.47 (0.66) -13.55* 0.61
15. My child would more easily quarrel with family members due to smartphone use. (A) 1.22 (0.50) 2.80(0.74) -16.18* 0.66
16. My child more easily gets angry and flies into rage when cannot use the smartphone. (A) 1.05 (0.21) 2.37(0.72) -16.33* 0.69
SAPS = Smartphone Addiction Proneness Scale; (R) = reverse-coded items; (A) = added-on question by this study; r = correlation coefficient.
*p < 0.001.
Table 3
Factor analysis of the modified SAPS
Factors
Item 1 2
5. My child gets restless and nervous when he/she is without a smartphone. 0.90 0.61
3. When my child cannot use a smartphone, he/she feels like he/she has lost the entire world. 0.81 0.62
11 Spending a lot of time on his smartphone has become a habit. 0.81 0.63
7 My child panics when he/she cannot use his/her smartphone. 0.77 0.61
4, It would be painful if my child is not allowed to use a smartphone. 0.77 0.67
8. My child tries cutting his/her smartphone usage time, but he/she fails. 0.72 0.71
1. People frequently comment on my child’s excessive smartphone use. 0.72 0.56
16. My child more easily gets angry and flies into rage when cannot use the smartphone. (A) 0.69 0.63
2. Using a smartphone is more enjoyable than spending time with family or friends for my child. 0.63 0.62
6. My child is not anxious even when he/she is without a smartphone. (R) 0.47 0.30
10. Even when my child think he/she should stop, he/she continues to use his/her smartphone too much. 0.53 0.72
12. My child has a hard time doing what he/she has planned (study, does homework, or goes to afterschool classes) due to using smartphone. 0.63 0.70
15. My child would more easily quarrel with family members due to smartphone use. (A) 0.63 0.68
14. My child’s school grades dropped due to excessive smartphone use. 0.54 0.64
9. My child can control his/her smartphone usage time. (R) 0.44 0.61
13. My child’s smartphone does not distract him/her from his/her studies. (R) 0.31 0.46
Eigenvalue 8.06 1.12
Expl. Var (%) 4761 3.60
SAPS = Smartphone Addiction Proneness Scale; (A) = added-on question by this study; (R) = reverse-coded items.
Table 4
Comparison of impacts of smartphone use between the ADHD and non-ADHD group
ADHD (n = 61) Non-ADHD (n = 241)
PSU Non-PSU PSU Non-PSU
Impacts of smartphone use (n=21) (n =40) p (n=37) (n =204) p
Quarrels with family, n (%) 20(95.2) 15 (37.5) <0.001 29 (78.4) 71 (35.0) <0.001
Irritable mood more than once a week, n (%) 9(42.9) 3(7.5) 0.002* 21(61.8) 4(2.0) <0.001*

ADHD = attention-deficit/nyperactivity disorder; PSU = problematic smartphone use.

The modified SAPS-Chinese version was validated by impacts of daily functions: quarrels with family and irritable mood more than once a week.

*Fisher’s exact test.
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Comparison of PSU between students in the ADHD and non-
ADHD group

ADHD Non-ADHD
(n=61) (n=241)
Variable n % n % x2 p
Subgroup
PSU 21 344 37 154 1141 0.001
Non-PSU 40 656 204 846
SAPS Mean+SD  Mean + SD t
Total scores 3559 +9.48 31.36 +891 -3.27** 0.001
Associated behaviors subscore  21.75+6.74 1871 £595 -3.48* 0.001
Impaired daily functions subscore 13.84 +3.36 12.66 +3.53 -2.36* 0.019

ADHD = attention-deficit/ hyperactivity disorder; PSU = problematic smartphone use.
*p<0.05; *p<0.01.

research might have been too young to develop tolerance or
withdrawal symptoms due to the relatively short time of smart-
phone use, but the impact on daily functions had already devel-
oped by this age.

For early detection of PSU signs in children, the modified
SAPS-Chinese version was further validated by studying the
impacts of daily functions. Quarrels with family and irritable
mood were the two major signs and impacts identified in chil-
dren with PSU. Therefore, inquiring about the experience of
arguments with the family, irritability, emotion dysregulation,
and anger might be critical to detecting possibly PSU in children.
Furthermore, it might help in early detection of at-risk children,
who are prone to develop psychiatric comorbidities.

With the evolution of technology, possession of a smartphone
has increased in society, even among children.'? Increased use
of smartphones is associated with the emergence of problems.
However, little is known about its impact on children’s early life.
From a cross-sectional research of university students in Turkey,
students who got their first mobile phone at a younger age
had greater probability of developing PSU, especially at an age
younger than 13 years.?>?° Our study was the first to investigate
PSU among the young population in Taiwan. With knowledge
of the results among the young participants in our study, we
can monitor early signs of PSU and help expand mental health
policy in terms of guidelines development for prevention or
intervention in PSU among children.

The smartphone offers novelty, immediate response, on-hand
assistance with memory, repeated positive reinforcement, and
aversion to delayed reward. A year-long study in the United
States suggested that addicted smartphone users spend twice as
much time on their phones and launched applications at nearly
double the frequency when compared with nonaddicted peo-
ple.?” We suggest that clinicians need to carefully monitor pat-
terns of smartphone use and their impacts in terms of functional
impairment, especially when it comes to family relationships.
Clinicians should also stress the importance of parenting skills
related to smartphone use.

PSU is also associated with mental disorders, including depres-
sion, anxiety, nonoptimal sleep quality, and impulsivity.!>8-30
Based on the DSM-5,%! irritable mood is one of the diagnos-
tic criteria for children and adolescents with depressive disor-
der. It is important not to underestimate the relations between
emotional dysregulation and major mental disorders. Excessive
reassurance seeking is a feature of depression®? and anxiety.?**
Some mechanisms explaining how overuse and problematic
use may lead to chronic stress and mood symptoms have been
elucidated. These, however, continue to lead to sleep problems.
Increase in work demands due to smartphone use causes stress,
and blue light emission interferes with sleep.?53
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It remains uncertain what are the possible mechanisms that
govern how PSU leads to maladaptive behaviors. Smartphones
are accessible to children in modern societies, fulfilling the urge
of addicts and decreasing reaction time and level of inhibition.?
In addition, people deflect aversive emotional content to the
smartphone as an avoidance strategy, which weakens planning
and coping skills.>” People might develop maladaptive behaviors
to alleviate the urgency and negative emotions arising from fre-
quent smartphone use.

The results of our study might be limited by the small sam-
ple size. In addition, most of our subjects were recruited from a
metropolitan area in Taipei. Furthermore, the subjects aged 10
to 12 years might have been too young for detecting their habit-
ual behaviors. Still, we considered it essential to identify young
high-risk problematic smartphone users so as to make it possible
to provide intervention as well as prevent future consequences.

In conclusion, the modified SAPS-Chinese version is reliable,
valid, and suitable for clinical and research uses, with satisfac-
tory properties. Associated behaviors and impaired daily func-
tions are the two factors that PSU identified, with irritability
and conflicts with family being their early signs. The modified
SAPS-Chinese version can be applied to early detection of PSU.
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