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Introduction

In 2015, the smartphone penetration rates were the highest globally in 

South Korea (88%), followed by Australia (77%), Israel (74%), United 

States (72%), and Spain (71%) [1]. However, as smartphone become ubiq-

uitous and necessary, it is easy for individual to excessively use their 

smartphone without being aware of the potential problems. Smartphone 

addiction can cause serious disruption in individuals’ daily lives and ac-

ademic achievement [2]. College students who are excessively using their 

smartphones have been reported to be unable to moderate their smart-

phone usage such that it interferes their daily lives. In fact, smartphones 

have been reported to lead to some becoming obsessed with them, 

which contributes to anxiety [3]. Smartphone addiction not only affects 

daily life but also contributes to sleep disorders [4,5]. In a previous study 

of smartphone addiction and sleep, it was reported that smartphone ad-

diction led to sleep deprivation, and influence learning engagement in 

school or class [6,7].

Sleep comprises one-third of human life and is an important factor 
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that has a great impact on quality of life. Furthermore, inadequate sleep 

contributes to problems concentrating, memory loss, and daytime fa-

tigue [8,9]. Sleep disturbances can lead to daytime sleepiness, and sleepi-

ness is a common among students [10]. The quality and quantity of stu-

dents’ sleep are closely related to their learning capacity and academic 

performance [10]. As a result, both smartphones use, and sleep patterns 

may be related to the learning engagement of nursing students. Accord-

ing to the previous study, learning engagement or flow is the most opti-

mal states for learning, as it is where skill level and challenge level of a 

task are at their highest [11]. Previous research on association between 

smartphone use and sleep disturbances were primarily focused on the 

use of smartphone at night, and there were few studies have included 

various variables such as smartphone total use time, addiction and 

learning engagement [12]. Therefore, it is needed to investigate the direct 

effects of smartphones usage and sleep pattern on learning engagement. 

The purpose of this descriptive study was to investigate the degree of 

learning engagement of nursing college students which could identify 

strategies for improving learning engagement by improving the field’s 

understanding of the factors influencing the learning engagement. Spe-

cific research objectives are as follows; 1) explore the differences in learn-

ing engagement according to the general characteristics of nursing stu-

dents. 2) examine the differences in learning engagement according to 

the smartphone usage (e.g., total amount of smartphone usage, amount 

of usage before going to sleep, smartphone addiction). 3) investigate the 

differences in learning engagement by students’ sleep patterns (i.e., total 

sleep time, subjective sleep satisfaction, sleep quality, daytime sleepiness). 

4) explore the association between learning engagement, smartphone 

addiction, sleep quality, and daytime sleepiness of participating nursing 

students. 5) identify the factors influencing learning engagement. 

Methods

Participants and Recruitment

Study participants were recruited using a convenience sample meth-

od. The sample of nursing students was recruited from a university lo-

cated in Chungbuk, South Korea. Prior to the start of the study, partici-

pants expressed an understanding of the intent and purpose of the study 

and consented to participate in this study. Participants were nursing stu-

dents in their second to fourth year of college. The researcher elected to 

exclude first year students because their courses included a larger num-

ber of liberal arts classes compared to the other students, which could 

affect the learning engagement. The sample size for multiple regression 

was calculated to be 153 participants using G*power 3.1.9.2 program 

with an effect size of .15, a significant level of .05, power of .95, and num-

ber of tested predictors 7. Data were initially collected from 252 partici-

pants and these met the minimum number of samples required for the 

study. Of the 252 original participants, 250 were eligible for final analysis 

(two were excluded due to incomplete questionnaires).

Measures

1. Background Characteristics 

Students’ background characteristics collected included age, grade, 

major satisfaction (very satisfied, satisfied, somewhat, unsatisfied, very 

unsatisfied), pain (0~10, using numeric rating scale), gender, previous 

disease (Diseases diagnosed within the past month), drug (drugs taken 

in the last month), smoking (yes or no), drinking (yes or no), exercise (yes 

or no), caffeine intake (yes or no). 

2. Learning Engagement

The researcher measured learning engagement based nine categories 

learning flow suggested by Csikszentmihalyi [11]. This was modified, re-

vised, and translated in Korean to assessing a learning engagement 

[13,14]. Learning engagement was measured on a 5-point Likert scale, 

with scores ranging from 35 to 175. It consisted two domains of Cogni-

tive Engagement and Affective Engagement, and its subcategories were 

Challenge-Skill Balance, Action-Awareness Merging, Clear Goals, Un-

ambiguous Feedback, Sense of Control, Concentration on the Task at 

Hand, Loss of Self-Consciousness, Transformation of Time, Autotelic 

Experience. In the present study, the measure showed good internal 

consistency with Cronbach’s α = .94, and it had a Cronbach’s α = .96 in 

the previous study [13]. 

3. Smartphone Addiction Proneness Scale

The researcher used the adult Smartphone Addiction Proneness Scale 

that was developed by the National Information Society Agency in Korea 

[15]. The adult Smartphone Addiction Proneness Scale consists of 15 

items on a 4-points Likert scale, with the subfactors of Daily Living Dis-

ability, Virtual World Orientation, Withdrawal, and Tolerance [15]. The 

scores for each factor can be classified into a high-risk group, potential 
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risk group, and normal user group. The high-risk user group has a total 

score of 44 points or more, a Daily Life Disability score of 15 points or 

more, a Withdrawal score of 13 points or more, and a Tolerance score of 

13 points or more. Those who are potential risk users have a total score of 

40 to 43 points. The normal user group does not meet the criteria for ei-

ther the high-risk user or potential risk user group, and has the total score 

is 39 or less, a Daily Living Disability score of 13 or less, a Withdrawal 

score of 12 or less, and a Tolerance score of 12 or less. Previous research 

has reported that the reliability of the instrument was Cronbach’s α = .81 

[15], and in the current study, the reliability was Cronbach’s α = .89.

4. Sleep Quality

The quality of sleep was measured using the Korean Version of the 

Modified Leeds Sleep Evaluation Questionnaire (KMLSEQ) [16], which 

is used to assess the quality of sleep. It consists of four dimensions in-

cluding, Getting to Sleep (GTS), the Perceived Quality of Sleep (QOS), 

the Ease of Awakening from Sleep (AFS), and the Integrity of Behavior 

Following Wakefulness (BFW). The total KMLSEQ score is calculated 

by dividing the sum of the scores of all items by the number of questions 

(0–100), and the higher the total sleep score, the better the sleep quality. 

A cutoff score on the KMLSEQ that indicates undesirable sleep quality 

is a score below 66 [16]. Previous research has shown good reliability for 

the instrument with Cronbach’s α = .95 [17], and in the current study, the 

reliability was Cronbach’s α = .79.

5. Daytime Sleepiness. 

Daytime sleepiness was measured using the Epworth Sleepiness Scale 

(ESS) [18]. The items on the measure are rated on a 4-point scale, with a 

score less than 10 points being normal and more than 10 points indicat-

ing daytime sleepiness [18]. Previous research has reported that the reli-

ability of the tool was good (Cronbach’s α = .90) [19]. In this study, the re-

liability of the instrument was Cronbach’s α = .68.

Data Collection

The researcher collected data using structured questionnaires from 

September 2018 to November 2018. The study was approved by the In-

stitutional Review Board (IRB) of S University for the ethical protection 

of participants (IRB No. SMU-2018-06-004-01). Data were collected af-

ter obtaining the permission and cooperation of the nursing depart-

ments at the university. The researcher visited the participating students 

in person, explained the purpose and intent of the study, and collected 

self-report surveys from those who consented to participate. Because the 

nursing students were vulnerable subjects, identifiable data did not col-

lect, questionnaire collection was done by investigators not a researcher. 

The confidentiality and anonymity of the data were also explained to 

participants, and they were informed that they could refuse or withdraw 

their participation at any time during the study. Those who consented to 

participate were asked to provide written consent. 

Statistical Analysis

Data were analyzed using SPSS (IBM SPSS Version 23.0; Armonk, NY, 

USA). The threshold for statistical significance was set at p < .05 for all 

analyses. Independent t-test and one-way ANOVA were conducted to 

verify the differences in learning engagement according to the general 

characteristics of the participants, smartphone addiction (i.e., high risk 

group, potential risk group, and normal user group), sleep quality, and 

daytime sleepiness. Scheffe’s test was used for post-hoc test. Pearson’s cor-

relation coefficient was used to investigate the relationship between 

smartphone usage (i.e., total length of smartphone usage, lengths of usage 

before going to sleep, smartphone addiction), sleep pattern (e.g., total 

sleep time, sleep quality, daytime sleepiness) and learning engagement in 

participants. Finally, a multiple regression was used to identify the factors 

that independently influencing learning engagement of nursing students.

Results

1.  Differences in Learning Engagement by Participants’ 

General Characteristics

Women comprised 87.2% (n =218) of the sample, and mean age of the 

entire sample was 21.65 (SD =3.18) years. Third year students comprised 

40.0% (n =100) of the sample, followed by second year students (34.0%, 

n = 85), and fourth year students (26.0%, n = 65). Overall, 8.4% of subjects 

reported very satisfied their major in college, 48.4% were satisfied, 32.8% 

were satisfied, 9.2% were unsatisfied, and 1.2% were very unsatisfied. 

Overall 90.0% of participants reported that they did not currently have a 

disease, and 84.0% reported that they were not currently taking medica-

tion. The majority of participants were non-smokers (94.0%; Table 1). 

There was a statistically significant difference in learning engagement 

among the participants according to gender, age, year in school, satisfac-

tion with one’s major, exercise, and pain. Men reported being more en-
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gaged in learning than women (p = .025), and those who were 23 and 

older reported significantly higher learning engagement than did those 

who were 21–22 and 19–20 years old (p = .008). Fourth-year students re-

ported significantly higher levels of learning engagement than those in 

their second or third years (p < .001), and students who were very satis-

fied with their majors stated they had significantly higher learning en-

gagement than those who stated they were satisfied or very unsatisfied 

( p < .001). Participants who exercised reported significantly higher 

learning engagement than those who did not exercise (p < .001; Table 1).

Table 1. Differences in Learning Engagement by Participants’ Background Characteristics  (N = 250) 

Variable Categories N (%) Mean ± SD t or F (p) 

Age (years) 19–20
21–22
≥ 23

94 (37.6)a

104 (41.6)b

52 (20.8)c

105.56 ± 15.85
105.47 ± 17.12
113.71 ± 18.03

4.87 (.008)
a < c*, b < c*

Gender Men
Women

32 (12.8)
218 (87.2)

113.53 ± 20.15
106.29 ± 16.47

2.25 (.025)

Grade 2nd
3rd
4th

85 (34.0)a

100 (40.0)b

65 (26.0)c

106.64 ± 15.91
101.33 ± 17.77
117.05 ± 12.81

19.12 ( < .001)
a < c*, b < c*

Major Satisfaction Very Satisfied
Satisfied
Somewhat
Unsatisfied
Very Unsatisfied

21 (8.4)a

121 (48.4)b

82 (32.8)c

23 (9.2)d

3 (1.2)e

123.14 ± 10.53
111.95 ± 15.01
101.77 ± 14.64

87.74 ± 17.47
103.33 ± 13.05

21.96 ( < .001)
a > b*, b > c*, c > d*

Pain 0
1–3
4–6
7–9

141(56.4)
70 (28.0)
33 (13.2)

6 (2.4)

107.26 ± 17.89
111.09 ± 14.43
101.30 ± 17.16

93.67 ± 14.29

3.89 (.010)

Previous disease Yes
No

25 (10.0)
225 (90.0)

107.12 ± 14.40
107.23 ± 17.40

-0.03 (.976)

Drug Yes
No

40(16.0)
210 (84.0)

109.38 ± 13.99
106.81 ± 17.60

0.87 (.386)

Smoking Yes
No

15 (6.0)
235 (94.0)

113.47 ± 22.93
106.82 ± 16.66

1.46 (.145)

Drink Yes
No

133 (53.2)
117 (46.8)

108.04 ± 16.49
106.29 ± 17.82

0.81 (.422)

Exercise Yes
No

71 (28.4)
179 (71.6)

112.80 ± 14.74
105.01 ± 17.51

3.31 ( < .001)

Caffeine Yes
No

127(50.8)
123 (49.2)

106.75 ± 18.10
107.71 ± 16.08

-0.44 (.659)

SD = standard deviation; Post-hoc comparisons were performed using Scheffé tests with significant values being *p< .05. 

Table 2. Differences in Learning Engagement by Smartphone Usage            (N = 250)

Variable Categories N (%) Mean ± SD F (p)

Length of Smartphone Use Before Sleep < 30min
30min–1hr
1hr –2hr
2hr–3hr
≥ 3hr

20 (8.0)a

74 (29.6)b

88 (35.2)c

35 (14.0)d

33 (13.2)e

112.45 ± 16.93
110.18 ± 12.72
108.09 ± 16.76
104.29 ± 22.12

98.21 (17.97)

3.78 (.005)
b > e*

Total Time of Smartphone Usage < 2hr
2hr  –3hr
3hr –4hr
4hr–5hr
≥ 5hr

8 (3.2)
36 (14.4)
63 (25.2)
36 (14.4)

107 (42.8)

111.88 ± 14.93
109.89 ± 18.27
109.44 ± 14.47
102.33 ± 15.88
106.31 ± 18.47

1.45 (.217)

Smartphone Addiction High Risk Group
Potential Risk Group
Normal User Group

36 (14.4)a

52 (20.8)b

162 (64.8)c

98.75 ± 17.45
105.33 ± 16.97
109.71 ± 16.49

6.74 (.001)
a < c*

SD = standard deviation; Post-hoc comparisons were performed using Scheffé tests with significant values being *p< .05.    
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2. Differences in Learning Engagement by Smartphone Use 

There was a statistically significant difference between the learning 

engagement and the amount of time spent using a smartphone before 

going to sleep and smartphone addiction. The results of the post-hoc 

analyses showed that students who used the smartphone for 30 minutes 

to 1 hour before going to sleep had a significantly higher learning en-

Table 3. Differences in Learning Engagement by Sleep-Related Characteristics    (N = 250)

Variable Categories N (%) Mean ± SD t or F (p)

Total Sleep Time < 4hr
4hr–5hr
5hr–6hr
6hr–7hr
≥ 7hr

4 (1.6)
25 (10.0)
81 (32.4)
94 (37.6)
46 (18.4)

124.00 ± 15.77
107.96 ± 16.29
105.19 ± 16.60
108.89 ± 15.67
105.52 ± 17.11

1.61 (.171)

Sleep Satisfaction Very Satisfied
Satisfied
Moderate
Unsatisfied
Very Unsatisfied

14 (5.6)
59 (23.6)
90 (36.0)
73 (29.2)
14 (5.6)

104.86 ± 24.70
111.25 ± 17.52
107.11 ± 17.64
104.68 ± 14.33
106.50 ± 15.56

1.30 (.270)

KMLSEQ Good
Bad

78 (31.2)
172 (68.8)

110.13 ± 17.69
105.90 ± 16.73

1.20 (.275)

ESS Normal Group
Daytime Sleepiness Group

8 (3.2)
242 (96.8)

106.63 ± 23.77
107.24 ± 16.91

1.18 (.278)

SD = standard deviation; KMLSEQ = Korean Version of the Modified Leeds Sleep Evaluation Questionnaire; ESS = Epworth sleepiness scale.

Table 4. Correlation between Learning Engagement, Smartphone Addiction, Sleep Quality, and Daytime Sleepiness Scale                               (N = 250) 

Learning Engagement Smartphone Addiction KMLSEQ ESS

r (p)

Learning Engagement - . .03 (.631)
Smartphone Addiction -.38 ( < .001) - .06 (.338)
KMLSEQ .90 (.156) -.16 (.013) - -.16 (.012)
ESS .03 (.631) .06 (.338) -.16 (.012) 1

KMLSEQ = Korean Version of the Modified Leeds Sleep Evaluation Questionnaire; ESS = Epworth sleepiness scale.

Table 5. Multiple Regression Model of Factors Influencing Learning Engagement   (N = 250)

Criterion variable Predictor variables B SE β t (p)

Learning Engagement Gender Female -1.21 2.89 -.024 -0.42 (.677)
Age -0.10 0.32 -.019 -0.33 (.745)
Grade 3rd -4.04 2.19 -.116 -1.85 (.065)

4th 6.77 2.57 .174 2.64 (.009)
Major satisfaction Satisfied -8.96 3.47 -.262 -2.58 (.010)

Somewhat -18.09 3.61 -.497 -5.00 ( < .001)
Unsatisfied -26.11 4.58 -.442 -5.70 ( < .001)
Very Unsatisfied -13.02 8.92 -.083 -1.46 (.146)

Pain -0.099 0.456 -.012 -0.216 (.829)
Exercise No -4.86 2.08 -.128 -2.34 (.020)
Using time of smartphone before sleep 30 min–1 hr -1.64 3.66 -.044 -0.45 (.654)

1 hr–2 hr -1.36 3.66 -.038 -0.37 (.711)
2 hr–3 hr -4.92 4.19 -.100 -1.17 (.241)
≥ 3hr -9.10 4.22 -.180 -2.16 (.032)

Smartphone Potential Risk Group 4.79 3.13 .114 1.53 (.127)
Addiction Normal User Group 3.54 2.79 .099 1.27 (.205)

Model F (p) 9.29 ( < .001)
Adjusted R2 .33

Dummy variables: Gender (M = 0), Major satisfaction (Very satisfied = 0), Exercise (Yes = 0), Using time of smartphone before sleep ( < 30min = 0), Smartphone addiction 
(High risk group = 0)
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gagement than did those who used their smartphone for more than 

three hours before sleep ( p = .005). On the Smartphone Addiction 

Proneness Scale, the normal user group reported higher learning en-

gagement than did the high-risk group (p = .001; Table 2).

3. Differences in Learning Engagement by Sleep Patterns

There were no statistically significant differences in learning engage-

ment according to total sleep time (p = .171), sleep satisfaction (p = .270), 

sleep quality (p = .275) and daytime sleepiness (p = .278; Table 3).

4.  Correlation between Learning Engagement, Smartphone 

Usage, Sleep Quality, and Daytime Sleepiness

Learning engagement and smartphone addiction were negatively cor-

related (p < .001); however, they were not significant correlated with sleep 

quality and daytime sleepiness. There was a significant negative correla-

tion between smartphone addiction and sleep quality (p = .013), but not 

with daytime sleepiness. Sleep quality was negatively correlated with 

daytime sleepiness (p = .012; Table 4).

5. Factors Associated with Learning Engagement

To identify the factors associated with students’ learning engagement, 

a multiple regression analysis (enter mode) was conducted that included 

the variables of gender, age, year in school, satisfaction with one’s major, 

pain, exercise, length of smartphone use before sleep, and smartphone 

addiction. In this regression model, the Durbin-Watson statistic was 

2.349, which means that there was no autocorrelation, and the tolerance 

was .253 ~ .938, and the value of variance inflation factor, VIF was 

1.066~3.956, therefore it was confirmed that there was no problem with 

multicollinearity.

The results indicated that compared to participants who did not exer-

cise those who did not exercise (p = .020) were less engaged in learning. 

Similarly, those who were satisfied, somewhat satisfied, unsatisfied com-

pared to those who were very satisfied with their major ( p = .010, 

p < .001, p < .001, respectively), and those who used their smartphone 

more than three hours before going sleep compared to those who used it 

for less than 30 minutes (p = .032) were less engaged in learning. Stu-

dents in their second year had lower learning engagement than those in 

their fourth year (p = .009). This model explained 33.3% of the variance 

in students’ learning engagement (F = 9.29, p < .001; Table 5).

Discussion

This study attempted to identify factors associated with the learning 

engagement of nursing college students and to investigate the effects of 

smartphone usage and sleep pattern on learning engagement. 

In the present study, the mean of learning engagement was 3.06, 

which was slightly lower than in the previous study in Korea (M =3.34, 

SD = 0.42) [13, 20]. The general results showed that men, more senior 

students, older students, and those who were more satisfied with their 

major had higher learning engagement. These results consistent with 

previous research that demonstrated that students in their fourth year 

showed a higher level of learning engagement than those in other year 

[21], and that higher the satisfaction with one’s major was associated 

with higher learning engagement [22].

In order to investigate the effects of smartphone usage and sleep pat-

terns on learning engagement, the researcher examined smartphone us-

age in terms of total length of time using one’s smartphone, usage time 

before sleep, and smartphone addiction. Moreover, the researcher as-

sessed sleep patterns that included subjective sleep satisfaction, quality of 

sleep, and daytime sleepiness.

Our findings demonstrate that smartphone addiction and lengthy 

smartphone use time before sleep were more detrimental to learning en-

gagement than was the total usage time of smartphone. Multiple regres-

sion showed that factors influencing learning engagement were year in 

school, satisfaction with one’s major satisfaction, exercise, and using one’s 

smartphone for three or more hours before going to sleep. Thus, the 

learning engagement of the highly risk group on the Smartphone Addic-

tion Proneness Scale was significantly lower than that of the normal user 

group. Previous research has reported that smartphone addiction can 

cause serious disruption to individual’s daily life and academic work [2], 

and that college students who are overly immersed in smartphones may 

become unable to control their smartphone usage which leads to disrup-

tions in daily life [3]. In fact, 46.1% of smartphone users report putting 

their smartphone near them or sleeping with it in their hands before bed-

time [3]. In this study, when the researcher asked about smartphone use 

before sleep, only 8.0% of subjects reported they used it for 30 minutes or 

less and 92% reported that they spent more than 30 minutes on their 

smartphone. Among these students, 13.2% stated they used it for more 

than three hours. Therefore, it is critical for nursing students to reduce 

the length of time they are using smartphone before going to sleep.
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Although the researcher hypothesized that smartphone usage before 

sleep would affect students’ sleeping patterns and possible interfere with 

learning engagement, there were no significant correlations between 

learning engagement and total sleep time, subjective sleep satisfaction, 

and daytime sleepiness.

This is an unexpected finding that was contrary to previous research 

that reported improper sleep patterns to be associated with learning en-

gagement [23]. This may be due to the fact that our sample was com-

prised of college students in their early 20s. On study found that the col-

lege students felt daytime sleepiness even though they had sufficient 

sleep, due to inconsistent circadian rhythms and that students with eve-

ningness-type circadian pattern were common than morningness-type 

[24]. Similarly, in the present study, 56% of participants reported they 

slept more than six hours, but daytime sleepiness was reported by 96.8% 

of the students. These factors could affect the relationship between sleep 

patterns and learning engagement in this study. However, the quality of 

sleep was found to show a significant correlation with daytime sleepi-

ness, and as the quality of sleep decreased, daytime sleepiness increased 

in our participants.

A study reported that approximately 25% of participants found that 

their academic achievement was adversely affected since they started us-

ing their smartphones [25] while another found that 44.4% of the partic-

ipants complained of headaches, decreased concentration, memory loss, 

hearing loss, and fatigue due to the use of their mobile phones [26]. 

Moreover, undergraduate college students with an external locus of con-

trol, in comparison with those with an internal locus of control, have 

been shown to have less control over their smartphone use, so that they 

are more likely to use their phones at bedtime, in class, and while study-

ing. Thus, they are more vulnerable to negative outcomes associated 

with excessive smartphone use, such as poor sleep quality, lower aca-

demic performance, and a reduced degree of subjective well-being [27]. 

It is possible that in this study, due to the internal locus of control of the 

students who did exercise. they were more engaged in learning than 

those who did not exercise.

The researcher found that the significant factors that were indepen-

dently associated with learning engagement in the regression analysis 

include year in school, satisfaction with one’s major, and amount of time 

using one’s smartphone before going to sleep. Therefore, by increasing 

student’s satisfactions with their major in the early years of nursing 

school, particularly, and reducing the amount of time using one’s smart-

phone before going to sleep, the learning engagement among nursing 

college students could be enhanced. 

Conclusions

The results of this study indicated that the year in school, satisfaction 

with one’s major, participating in exercise, and smartphone usage before 

going to sleep were independent factors that influenced learning engage-

ment; however, sleep patterns were not a direct influence on learning en-

gagement. The limitations of this study are that the researcher did not 

measure the impact of academic achievement because the researcher 

only measured learning engagement. In addition, it is difficult to gener-

alize these findings to all college students because were only targeted 

nursing students in college at one local university. Future research 

should include a prospective study to investigate the influence of smart-

phone usage on academic achievement in nursing students.
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