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Abstract. The presence of mobile devices (e.g., smartphones, tablets and computers) in the 
classroom gives students the possibility of doing off-task activities during lectures. The purpose 
of this mixed-method field study was to learn more about students' behaviors, reasons, and 
opinions regarding such activities and their consequences on learning. This study is one of few 
to take a holistic view on this topic by taking the use of all technical devices in class into ac-
count and assessing its consequences on learning objectively. This is important to gain a full 
picture concerning the consequences of off-task activities in class. Right after a lecture, bache-
lor students (N = 125) answered a survey containing questions on their usage of mobile devices 
during this last class. Furthermore, they took a test on the content of that lecture. Qualitative 
and quantitative analysis of data revealed that students spent an average of more than 19% of 
their time using a digital device for non-class purposes. Interestingly, this was not significantly 
linked with learning, although many students reported being aware of this behavior's potential 
negative consequences. But there was a significant negative link between the number of re-
ceived notifications and learning. These results suggest that external interruptions have a 
stronger negative effect than internal interruptions, allowing us to make better recommenda-
tions on how to use electronic devices in the classroom.  

Keywords: Digital Distractions, Academic performance, Notifications. 

1 Introduction 

The days of looking at a classroom filled with students holding a pen or pencil and 
yellow legal notepad are long gone. While a few students still enjoy taking handwrit-
ten notes, they often seem to be in the minority, while a diversity of devices is visible 
in classrooms; these might be laptops, smartphones, or tablets. The question hence 
arises whether these changes are for better or worse in terms of the student’s learning.  

Research has shown that technological devices can be useful to support learning 
(e.g., taking notes on a computer) [1]. However, these devices can also be a source of 
distraction [1–4]. Students can either be interrupted and distracted by their own usage 
but also through the usage of others (e.g., seeing content on fellow students’ screens 
or receiving notifications), which may result in reduced attention in the classroom [1, 
5]. Reduced attention might represent an important issue since attention seems to play 
an important role in learning and performance [6]. Research done on technological 
devices in the classroom has mainly shown a negative impact on learning when stu-
dents use their devices for off-task activities [2, 7–9].  
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However, most of the research on distraction in the classroom focuses on a specific 
kind of use (e.g., texting, using social media) or on a particular device (e.g., laptop 
computer or smartphone). In addition, learning was assessed often only at the end of 
the term, allowing for the influence of different other variables (e.g., motivation, time 
spent studying) on learning performance [2, 10, 11]. Also, the objective assessment 
used in some studies (e.g., through an app) implies that the study’s goal was disclosed 
to the students [11]. This might lead participants to behave differently and heavily im-
pinge on the study’s ecological validity.  

In addition, due to rapidly growing technological advancements, user behavior has 
changed significantly in recent years (e.g., an always increasing number of students 
using laptops), which is why the collection of up-to-date data is of importance. In the 
following paper, we took a holistic approach to technology usage in the classroom. 
We assessed the kind of usage (e.g., social media or communication), the length and 
frequency of use (e.g., usage time, number of unlocks), and what devices were used 
(e.g., laptop or smartphone) directly after class. In addition, we evaluated how the use 
of technology in the classroom affected learning objectively and questioned the stu-
dents on their opinion regarding technology use in class. 
 
1.1 Technology-induced interruptions in class 

Technology in the classroom can be distracting in mainly two ways. Students can 
distract themselves by doing nonrelated course work activities on their technological 
devices. Such type of behavior is termed self-interruption [12]. Additionally, to self-
interruption, individuals can be externally interrupted. External interruptions can 
come from other students but also from notifications [12]. Both types of distractions 
have been shown to have a negative impact on student’s learning performance [2, 5].  

Self-interruption in class. When students self-interrupt from following the class to 
do something else, this activity is called an off-task activity [13]. Examples of such 
activities are online chatting, playing games, social media use, and working for a dif-
ferent class [14, 15]. Off-task activities have been shown to be problematic because 
they reduce the attentional resources available for following the class [6]. In this con-
text, it has been shown that students who engage in off-task activities on their laptop 
or smartphone during lectures score lower on knowledge tests [2, 7, 8, 11]. However, 
when asked about the potential consequences of off-task activities, many students 
seem to think that they do not affect their performance [16]. Others were aware of po-
tential negative consequences, but still engaged in them [16, 17]. Reasons given by 
students for using technology for off-task activities in class are boredom, the need to 
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communicate with someone, and class-specific characteristics (e.g., number of stu-
dents in the classroom, structure, and content of the course) [15]. Supporting these ex-
planations are Tran et al.’ [18] findings who reported that a trigger for smartphone us-
age during class was unoccupied moments (e.g., boredom). 

In addition, it has been argued that self-interruption is often due to a fear of miss-
ing out (FOMO) [13, 19]. FOMO describes a belief that others might enjoy them-
selves without the concerned person and is characterized by the desire to remain con-
stantly in touch with others to avoid the risk of missing out [20]. It has been shown 
that FOMO can cause people to check their phones on average every 30 minutes with-
out an external trigger to make sure that they are not missing any notifications [19].  

 
External interruptions in class. In addition to the negative consequences of technol-
ogy-induced self-interruptions in class, students can be externally interrupted. One 
good example of an external interruption are notifications. Notifications are generally 
attended to very quickly [21, 22]. They are designed to attract attention and hence 
likely to distract [23]. Just the sound or vibration of a notification has been shown to 
have a negative impact on attention by impacting the cognitive load and attentional 
resources of the user [24, 25]. In addition, a notification can distract not only the users 
of a device but also others around them. 

Notifications exist on all devices and are either automated messages from applica-
tions such as calendar reminders but can also come from people through email, mes-
senger apps and video calls. Most often, notifications are not controlled by users, un-
less they explicitly disable them or enable a ‘do not disturb function’ on their techno-
logical device. While several studies addressing the impact of notifications on learn-
ing focused on the writing of text messages during class, empirical research regarding 
the disturbance caused by notifications in the classroom is to our knowledge rather 
scarce. Outside the educational field of research, studies have shown that constant in-
terruptions by notifications impinge on work and even social life [21, 26]. Pielot and 
Rello [21] showed that users who switched off notifications for an entire day reported 
higher levels of productivity and lower levels of distraction as compared to a baseline 
day with notifications switched on.  

The notification type with the highest affordance to react is the text message type 
[22]. Agrawal et al. [19] have shown that in 90% of the cases, individuals reply in the 
following 15 minutes after having received a text message. Text messaging has been 
shown to be a rather common off-task activity in class, with over 70% of students re-
porting texting during a lecture [15]. Addressing the link between texting and learn-
ing, Bowman et al. [27] reported that texting had a consequence on speed of reading 
but not on comprehension in a text comprehension test. Several other studies showed 
that texting during class had a negative effect on learning performance (e.g., total 
grade point average (GPA), or questions on a video recorded lecture that participants 
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watched while they received texts) [3, 5, 28, 29]. Hence texting in class can be con-
sidered to be a substantial problem for learning.  

Another external source of distraction to students can be their fellow students’ off-
task usage of technology [8]. Seeing fellow students engaging in off-task activities 
has been reported to be a trigger to engage oneself in such activities [13].  

An important issue of off-task activities in class is that they come with higher costs 
than expected. Once distracted by an off-task activity, users often report feeling 
sucked in or losing control of their usage [30, 31]. This implies that students risk 
spending more time on their device than the original interruption would have taken. 
Meaning that just checking, or just reading a message might have a higher price than 
some users expect. 

 
1.2 Present study 

In summary, students either self-interrupt their focus from the lecture by doing off-
task activities or are externally interrupted by others’ usage or by notifications appear-
ing on their devices. Additional issues are that once interrupted, students tend to stay 
on their device longer than intended, and once they do decide to redirect their atten-
tion towards the course, this can also demand a certain amount of cognitive load [32]. 

This present mixed method survey study aims to determine how much time stu-
dents spend on off-task activities during a typical 90-minute university lecture, what 
kind of activities they perform, what devices they use to perform these activities, and 
what the impact on learning performance is. As hypotheses, we expect off-task activi-
ties to have a negative impact on learning. This effect is expected to be particularly 
pronounced if interruptions have an external source (e.g., notifications). 

While previous studies addressing similar questions used different, eventually bi-
ased methodological approaches (e.g., regarding the assessment of learning and off-
task activities), focused on one device (smartphone or computer) or a specific type of 
usage (texting), we chose a holistic approach to assess students’ off-task activities and 
learning directly after the class. Taking a holistic approach is important to gain a full 
picture of student’s activities in class as students that might partake in off-task activi-
ties on one device might not do so on the other.  

2 Method 

2.1 Participants 

One hundred and twenty-five bachelor students (105 female, 18 male, 2 did not spec-
ify) of the University of Fribourg ranging from the age of 18 to 29 yrs (M = 21.28, SD 
= 1.95) were tested at the end of bachelor level lecture in different psychology 
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method classes (introduction to psychological methods and introduction to psycholog-
ical testing) taught by different lecturers.  

An a priori sample size estimation following the minimally important difference 
approach [33, 34] revealed that for the detection of a change in the grade of a student 
based on the applied grading scheme (i.e. the decrease of the grade by one point, d = 
0.86, was defined as minimal important difference), 64 participants would be required 
(assuming an error probability of α = .05) to achieve a power of 1 − β = .95 for the 
correlational analysis, and 74 participants for the analysis of variances [35]. 
 
2.2 Measures 
Questions regarding computer use and smartphone use. Participants were asked a 
series of questions on their computer and smartphone use during the lecture. These 
questions can be found in Table 1. Second order questions (e.g., 1a. How many notifi-
cations/messages did you receive on your computer, during this lecture?) were only 
presented if participants answered yes to the first order question (e.g., 1. Did you use 
your computer during this lecture?). Question 2.a, and 3.c left enough space to report 
up to 5 activities. At the end of the questionnaire (question 4) participants were asked 
to answer an open question about their opinion on the use of technology for off-task 
activities in the classroom.  
 
Table 1. Questions regarding participants’ computer and smartphone use during the lecture. 

Computer use 

1. Did you use your computer during this lecture? Yes*/No 

1.a How many notifications/messages did you receive on your computer, during 
this lecture? 

2. Have you used your computer for activities other than those 
related to today's lecture? 

Yes*/No 

2.a Which off-task activities did you do on your computer? 
Indicate the different activities and the estimated time you spent on doing them. 

 Activity: 
____________________ 

Estimated time: 
_____________________ 

Smartphone use 

3. Did you use your smartphone during this lecture?        
Yes*/No 

3.a How many times did you pick up your smartphone or clicked the Main/Home 
button? 

3.b How many notifications did you receive during this lecture? 
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3.c Which off-task activities did you do on your smartphone? 
Indicate the different activities and the estimated time you spent on doing them. 

  Activity: 
____________________ 

Estimated time: 
_____________________ 

General opinion questions 

4. What is your opinion on the use of smartphones and computers for non-study 
related activities during classes? 

 
Learning score. Six multiple choice questions on the content of the specific topic of 
the class were asked. Questions were selected from previous exams and thus repre-
sented a valid assessment of learning performance. These questions were of K-prime 
1/0 type; with four answer options, of which one or two could be correct (cf. Table 2). 
Students received a point if all the answering options were responded to correctly. 
Based on this test, a learning score was calculated. Since data analysis revealed that 
difficulty level and learning performance varied between the different classes, learn-
ing scores were standardized for each class (z-scores). 
 
Table 2. Exam example question  

1) Which statement(s) is/are correct?  
a) Moderation bias implies that participants tend to choose the middle of the 

scale to answer questions. 
b) Moderation bias implies that participants tend to choose the extremes of a 

scale. 
c) One way to avoid moderation bias is to standardize the scores.  
d) One way to avoid moderation bias is to reverse the items. 
  
2) The BOLD (Blood-Oxygenation-Level Dependent) effect is important for which psycho-
physiological measurement method(s)? 
a) EEG 
b) ECG 
c) fMRI 
d) fNIRS 
  
3) Which statement(s) about advantages and disadvantages of EEG is/are false? 
a) EEG has a very high spatial resolution 
b) EEG is tolerant with regard to movement 
c) EEG is non-invasive and quiet 
d) The signal-to-noise ratio in EEG is poor 
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3 Procedure 

For all classes, no specific class policy regarding the use of technology in the class-
room has been imposed. Participants were recruited at the end of lectures given by 
staff of the psychology department. Students were asked 20 minutes before the end of 
a lecture if they would be willing to participate. If they agreed, they stayed seated in 
the lecture hall and completed the online survey that lasted about 15 minutes. 

Participants were informed of the theme of the questionnaire a first time orally and 
a second time in written form on the first page of the survey. Great importance was 
attached to emphasizing that the survey is anonymous and that students should answer 
as honestly as possible. After the participants had confirmed their informed consent, 
they answered the questionnaire, took the learning test and were allowed to leave. 

4 Data analysis and accuracy evaluation  

4.1 Analysis of quantitative data  

Since the collected data met the requirements of parametric testing (normal distribu-
tion and homogeneity of variances), quantitative data was analysed using between-
groups analysis of variance (ANOVA) and correlations (Pearson).  
 
4.2 Analysis of qualitative data  

Since two very different types of qualitative data were collected, two different meth-
ods of analysis were used. Firstly, ten categories of activities were inductively created 
from the data specifying off-task activities students adhered to during class. Then two 
coders proceeded to code each activity into the 10 different categories (cf. Table 2 in 
the results section). The inter-rater reliability was measured using Cohen’s kappa and 
showed to be satisfactory (k = .84). The few differences in coding were then solved 
through discussion. 

Secondly the open question (4., cf. Table 1) regarding students’ opinions was ana-
lyzed using the inductive thematic analysis methodology [36]. After reading all of the 
students’ answers, a set of preliminary codes were independently produced by both 
coders. These codes were then compared and discussed by the two coders. The coders 
then proceeded to code the data with these codes while regular meetings were orga-
nized to compare and discuss coding, as well as to make sure that the analysis was 
comprehensive, coherent, and reflecting the actual data. Following the coding of the 
data, emerging themes and sub-themes were identified and discussed between the two 
researchers. We did not measure inter-rater reliability for this analysis, because this 
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would imply an unequivocally “true” way of interpreting data, which we believe is 
not possible for this type of dataset [36]. 

 
4.3 Accuracy evaluation of self-reports of technology use 

Previous research has shown that participants’ knowledge (e.g., telling participants 
that data of their usage behavior will be assessed) or guesswork about the objective of 
a study can influence their behavior [37]. Therefore, we decided not to log students’ 
usage behavior to avoid influencing it. This implied that the data on usage behavior 
were collected subjectively after class. However, a recent meta-analysis has shown 
that self-reported data of media use are only moderately correlated with objective 
(logged) measurements [38]. Different cognitive processes such as memory biases are 
usually put forward as main reason for such moderate correlations [39, 40]. However, 
most studies analyzed in the above-mentioned meta-analysis compared self-report and 
objective data regarding the use of unspecific media types over a rather long period of 
time (e.g., days or even weeks). In contrast to this, use of technology was recorded in 
this study within a highly restricted timeframe (i.e., the previous 90 minutes) regard-
ing very specific usage behaviors (i.e., off-task activities).  

In order to gain a better knowledge of the reliability of such self-report data (i.e., 
specific, short-time usage behavior directly assessed after class), a separate study was 
conducted (N = 23) in which usage time and number of received notifications during 
a class were subjectively assessed as well as automatically logged. Analysis of these 
data is presented in Table 3, indicating a moderate to good reliability of self-report 
data [41]. This points out that the subjective assessment of usage data is reliable for 
such short-term evaluations as conducted in this piece of research.  
 
Table 3. Results of interclass correlation (ICC) calculation using single-rating, absolute-agree-
ment, 2-way mixed-effects model and Pearson correlations between self-report and log data. 

 ICC 95% CI F r 

Usage time .76 .43 to .90 F(22, 22) = 9.33, p<.000 .83*** 

Number of 
notifications 

.60 .30 to .83 F(19, 19) = 5.42, p<.000 .91*** 

*** significant at the 0.01 level (2-tailed), CI = confidence interval  
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5 Results 

5.1 Off-task activities and notifications 

Data analysis revealed that more than half of the students (N = 71, 57%) used their 
computers and more than two thirds (N = 89, 71%) their mobile phones for off-task 
activities during class, while a rather small number did not use any of their devices for 
off-task activities (N = 16, 13%; see Table 4 for details).  
 
Table 5 summarizes the activities reported by students (several activities could be 
mentioned for each device used in class). Interestingly, the most frequently mentioned 
activities are related to communication, e.g., writing or reading emails or text mes-
sages and the use of social networks. The use of WhatsApp might be considered in 
both of these categories (communication or social media)1.  A closer look into the off-
task activities as a function of device that was used revealed that the mobile phone 
was mainly used for communication and social media purposes (72.34%). In contrast, 
the most frequently mentioned activities for the computer were communication 
(23.5%, mainly emails) and the preparation for other classes (17.5%). The average 
time each student spent on off-task activities during a 90-minutes lecture (calculated 
based on the total number of participants) was 17.2 minutes (SD = 19.0) which repre-
sents 19.1% of the total time. About half of the time (8.56 minutes, SD = 11.9) was 
spent on the laptop computer and half (8.62 minutes, SD = 15.14) on the mobile 
phone.  

Regarding the number of notifications students received during the class, data anal-
ysis revealed a mean value of 2.79 notifications (SD = 6.53) on the computer and 4.72 
(SD = 6.16) notifications on the smartphone. For both, the measures ranged between 
0 and 30 notifications.  

 
Table 4.  Use of computer and smartphone for off-task activities. 

  Smartphone use 
  No (%) Yes (%) Total (%) 

Computer 
use 

No (%) 16 (13) 38 (30) 54 (43) 
Yes (%) 20 (16) 51 (41) 71 (57) 

Total (%) 36 (29) 89 (71) 125 (100) 

 
1 There is a distinction between WhatsApp and other social media apps: WhatsApp is used pri-
marily for communication while other social media apps offer other content. As for Facebook it 
is possible to make the distinction between Facebook and its messenger app, we would suggest 
coding the messenger app as communication and the social media app as social media when 
such a distinction is possible. In order to have the most fined grained analysis we chose to cre-
ate a separate category for WhatsApp instead of coding it as social media or communication 
app. 
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Table 5. Evaluation of the mentioned off-task activities ordered by different categories (aver-
age time of use was calculated for students reporting this activity). 

 

5.2 Learning Performance 

With regard to the question whether non-lecture-related activities influence learning, 
visual inspection of the standardised learning scores (see fig.1) indicated slightly 
higher scores for participants who did not use their mobile phone and computer dur-
ing class. Statistical analysis however revealed only a small and not significant main 
effect for computer use on the learning score, F(1, 121) = 0.77, p = .38, η2p = .01. 
Also smartphone use did not show a significant effect on students’ learning score F(1, 
121) = 3.26, p = .073, η2p = .026. The interaction of computer and smartphone use did 
not reach significance level either, F(1, 121) = 0.31, p = .58, η2p = .00.  

Correlational analysis revealed that the standardised learning score did neither cor-
relate with the time students spent on the smartphone nor with the time they spent on 
the computer for off-task activities (see Table 6). Interestingly, the only measure that 
was considerably correlated with learning was the number of smartphone notifications 
received during the lecture. The more smartphone notifications a student received, the 
lower was their learning score. In addition, the number of received notifications 
showed a significant correlation with the time students spent on their smartphone for 
non-lecture related activities. In a similar vein, the number of notifications received 
on the computer were correlated with time spent on the computer.  

Activities	 On	computer	 On	mobile	phone	
	 No.	of	men-

tions	(%)	

Average	
time	of	use	
in	min.	(SD)	

No.	of	men-
tions	(%)	

Average	time	
of	use	in	min.	
(SD)	

WhatsApp	 29	(14.5)	 8	(5.9)	 70	(37.2)	 5	(4.2)	
Social	networks	(e.g.,	
Facebook,	Instagram)	 18	(9)	 6.5	(4.2)	 50	(26.6)	 6	(5.2)	

Communication	(e.g.,	
e-mail,	text	messages)	 47	(23.5)	 5	(4)	 16	(8.5)	 3	(5.1)	

Other	 27	(13.5)	 12	(5.9)	 26	(13.8)	 10	(21.2)	
Activities	for	another	
class	 35	(17.5)	 23.9	(34.7)	 1	(0.5)	 15	

Planning/organisa-
tion	 18	(9)	 4	(2.5)	 9	(4.8)	 2	(2.1)	

(Online)	games	 6	(3)		 25	(18)	 8	(4.3)	 11	(9.3)	
Magazine/news	 8	(4)	 12	(5.9)	 5	(2.7)	 10.3	(19.5)	
Online	shopping	 9	(4.5)	 8.3	(10.8)	 1	(0.5)	 5	
Videos,	Netflix,	
YouTube	 3	(1.5)	 17.3	(14.2)	 2	(1.1)	 30	(42.4)	

Total	 200	 11.9	(19.8)	 188	 5.2	(11.2)	
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Fig. 1. Learning score (scale represents range of lowest and highest scores obtained) as a func-
tion of computer and smartphone use (errors bars representing 95% CI). 

 
Table 6.  Correlations (Pearsons's rho) between the various measures recorded in this study.  

   

Time on Com-
puter 

Time on 
Smartphone 

Notifications on 
computer 

Notifications on 
smartphone 

 n=125 n=130 n=94 n=90 
Learning 
Score (stand-
ardized) 

-.05 -.05 -.10 -.21* 

Time on Com-
puter 

  -.03 .17* .06 
  

Time on 
Smartphone 

    -.01 .22* 
    

  

Notifications 
on computer 

      .12 
      

 

* p < .05,  

5.3 Students’ opinions on the use of technology in class. 

Qualitative analysis of students’ answers to the open question regarding their opinion 
on the usage of technology for off-task activities in class revealed three main themes. 
These themes were consequences on learning and attention, judgement and reasons. 
All three themes and their subcomponents are described in the following sections. 
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Consequences on learning and attention. The theme "consequences on learning and 
attention" summarizes the negative consequences stemming from technology use for 
off-task activities in class. We identified four different types of negative effects based 
on students’ comments: less attention/distraction, hindrance to learning, out of the 
loop and disturbing others. These negative effects can be found in Table 7 with their 
definition and an example of such a mention by a participant.  
 
Table 7.  Summary of the qualitative data analysis for the theme "detrimental effects" 

Consequences 
on learning and 
attention 

Definition Example 

Less attention/ 
distraction 

Distraction caused by technology / 
attention diverted from the course. 

P.10 “In general, I see such activi-
ties as a distraction to the lecture 
content. You can't have your atten-
tion on the lecture and your 
smartphone at the same time” 

Hindrance to 
learning 

Loss of information related to the 
course due to technology. 

P.29 “You should not use 
smartphones because you miss 
things.” 

Out of the loop Loss of the thread of the course due 
to distraction caused by technol-
ogy. 

P.112 “[…] the few minutes we 
spend looking at the phone makes 
us lose track of the class.” 

Disturbing oth-
ers 

People being disturbed due to other 
people’s off-task activities. 

P.121 “Sometimes it can be annoy-
ing when someone in front of us 
does something else on their com-
puter during class. […]” 

 
Judgement. The theme "judgment" summarizes any judgment given on the use of 
technology for off-task activities by a participant. We identified six different types of 
judgment: Individual responsibility, bad/to be avoided, no big deal, stay home, and 
lack of respect. These can be found in Table 8.  
 
Table 8.  Summary of the qualitative data analysis for the theme Judgement 

Judgement Definition Example 

Individual respon-
sibility 

Everyone is responsible for 
their own use and the possible 
consequences of such use. 

P.118 “Since we are all adults, it is 
up to each of us to decide how we 
want to use our time, whether we 
think we need to be attentive or not. 
[…]” 
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Bad/to be avoided The use of technology for any-
thing other than the course is 
bad or should be avoided dur-
ing the course. 

P.101 “Should be avoided if some-
thing (important) is taught.” 

No big deal The use of technology for off-
task activities during the course 
is not a serious matter. 

P.16 “[…]. Personally, I don't think 
it's bad if you use your smartphone 
or computer for other things during 
class.” 

Useful/practical Usefulness and convenience of 
the telephone or computer. 

P.43 “This can be handy to organ-
ize something happening later […]” 

Stay home It is better to stay at home than 
to use your devices in class.   

P.108 “In my opinion one should 
concentrate mainly on the lecture, 
otherwise one can stay at home. 
[…].” 

Lack of respect Lack of respect for the profes-
sors. 

P.68 “I find it disrespectful to the 
person who teaches […].” 

 
Reasons. The theme "reasons" contains all explanations/justification put forward by 
students for using technology for off-task activities in class. We identified two subcat-
egories of reasons: intentional reasons and unintentional reasons. Intentional reasons 
refer to descriptions of a clear goal or objective participants put forward to explain 
their usage of technology for an off-task activity. We identified two intentional rea-
sons: to occupy oneself and important stuff (cf. Table 9). Reasons classified as unin-
tentional reasons were descriptions with no clear objective or explanation for the off-
task activity (e.g., usage because of habit, or because it is tempting). The four nonspe-
cific reasons identified were accessibility, tempting, habit, and addictive.  
 
Table 9.  Summary of the qualitative data analysis for the theme Reasons 

Intentional rea-
sons 

Definition Example 

To occupy one-
self 

Used to take a break, to keep 
busy, to pass the time. 

P.125 “[…] But sometimes, when 
the teacher is rambling on another 
subject, I often take the opportunity 
to look at my phone. […]” 

Important stuff Used only for urgent or im-
portant personal matters. 

P.108 “[…] If you're expecting an 
important message, I think it's okay 
to use your smartphone for this.” 

Unintentional 
reasons 

Definition Example 
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Accessibility Easy access to the telephone 
or computer (e.g., within 
arm’s length/on the table). 

P.130 “Having my com-
puter/smartphone handy distracts my 
attention faster […].” 

Tempting Temptation to use the phone 
or computer for off-task activ-
ities. 

P.110 “[…]. In theory I wouldn't like 
to do something else, but it' s very 
tempting. […]”  

Notifications The display of notifications 
that can distract or tempt the 
person to use their devices for 
off-task activities. 

P. 33“[…] especially when notifica-
tions are enabled. A notification at-
tracts our attention and we don’t pay 
attention to the course.” 

Habit Use of technology by habit, 
automatic reflex. 

P. 96 “These are activities that I do 
out of habit.” 

Addictive Difficult to prevent oneself 
from doing off-task activities 
on the computer or phone dur-
ing lectures. 

P.50 “It’s a harmful distraction. we 
do it anyway so it’s addictive.” 

6 Discussion 

Qualitative and quantitative analysis of the data revealed several interesting results. A 
large proportion of students engage in off-task activities during class. Taking a holis-
tic approach, this study distinguished which devices were used for such activities. In 
this regard, data revealed that mobile phones were used more often for off-task activi-
ties compared to laptop computers. Furthermore, differences were found in the activi-
ties that the students performed with the devices. While mobile phones and laptop 
computers both were often used for communication purposes (i.e., messaging, and so-
cial media), students used their laptops during class interestingly quite often to pre-
pare for other courses. A thematic analysis of the comments students formulated re-
garding their reasons and opinions with regard to off-task use of electronic devices 
during class revealed that there was a certain awareness of possible negative conse-
quences of such activities on learning. Statistical analysis of learning scores revealed 
however that it was not the duration students engaged in off-task activities that con-
siderably affected their learning performance but the number of notifications they re-
ceived on their mobile phones. 

6.1 What students do in class  

Results of this study reveal that the mobile phone was used by a large part of the stu-
dents (72,3%) for purposes of communication and social media, during an average 
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time of almost five minutes (in a 90-minutes class). Less often, students reported us-
ing their mobile phone for activities such as planning and organization, playing 
games, or reading news. These findings are in line results of another study showing 
that social media and communication are the most frequently used app types [17]. 
However, this other study focused on smartphone usage and did not assess typical 
computer use in class.  

In general, the activities that students engaged in on their laptop computers varied 
somewhat more (as compared to the mobile phone). Although communication and so-
cial media were also often mentioned as off-task activities, this was the case only for 
47% of the mentions and during over six minutes on average. Several students men-
tioned other activities such as preparing for another class, planning and organization, 
reading online magazines or news, online shopping, or even (online) gaming and 
streaming.  

6.2 Students opinion on what they do in class  

The qualitative analysis of the students' answers to the questions about their opinion 
on off-task technologies in the classroom has revealed various interesting results. 
Firstly, the theme "consequences on learning and attention" shows that students seem 
to be aware that using technology for off-task activity may have a negative effect on 
learning. Additionally, students mentioned that off-task activities were distracting, 
and caused them to lose track of the course content. In line with findings of previous 
research [e.g., 12], students also noted that usage could be disturbing to fellow stu-
dents and mentioned that off-task usage was only acceptable as long as it did not dis-
turb others. 

The belief that off-task activities are inappropriate in the classroom is also re-
flected in the theme "judgments", with mentions of off-task activities as being some-
thing bad or something that should be avoided. Some students took a more rigid 
stance by saying that there was no point in coming to a lecture if it was not to follow 
the class actively, and a few also mentioned that following off-task activities was a 
lack of respect towards the lecturer. However, some participants gave more moderate 
judgments. Some said that it was each student's individual responsibility to follow the 
class or not. Some students also mentioned that off-task activities were no big deal. 
Lastly, some students said they thought it would be very practical to do off-task activ-
ities because it would allow them to get organizational things done.  

6.3 The impact of what students do in class on learning  

While many students seem to believe that off-task activities have a negative impact on 
learning, the analysis of the results of the learning test has shown that there is only a 
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very small and non-significant link between time spent on off-task activities and 
learning performance. This seems at first to be a rather surprising result, also in view 
of the fact that it contradicts the results of previous research [e.g., 2, 7, 8]. However, 
the correlational analyses revealed that notifications are negatively linked with learn-
ing while usage time did not show an effect. This emphasizes the importance of noti-
fications for the interplay between off-task activities and learning, corroborating re-
sults from previous research on texting in class [3, 5, 15, 29]. Those studies showed a 
negative link between notifications and learning, highlighting the detrimental effect of 
notifications in the classroom. 

Several assumptions can be put forward to address these unexpected findings of a 
missing link between time on off-task activities and learning performance. For one, 
intentionality of actions might play an important role on the link between off-task ac-
tivities and learning. It could be assumed that intentional shifts of attention from the 
class to off-task activities (i.e., to complete an assignment for another class while the 
professor is presenting an example for a theory the student has already understood) is 
less detrimental to learning compared to unintentional shifts of attention (i.e., pro-
voked by a notification). This is because it could be assumed that intentional shifts of 
attention occur in situations during the lecture when a focus on the content is of lesser 
importance (e.g., the student has understood the topic or is bored). This is not the case 
for unintentional shifts of attention provoked by a notification, which can arrive at 
any moment during a lecture and divert the attention in phases of high importance for 
the understanding of the topic (e.g., when a concept is defined which is important for 
the understanding of the further development of the lecture). Below you can find an 
example of a student expressing what happens when receiving a notification: 
 
P.33 "This is detrimental to the attention given to the lesson, especially when notifica-
tions are activated. A notification attracts our attention, and we don't pay attention to 

the course anymore." 
 

However, notifications are not the only unintentional reason mentioned by students to 
use their devices for off-task activities. Students also mentioned their temptation, the 
accessibility, addiction to their devices and habit for use as unintentional reasons. All 
these motifs differ in one way from notifications: A notification is an external inter-
ruption. Contrary to the other unintentional reasons driving students to engage in an 
off-task activity, notifications are not an interruption coming from the student them-
self but from someone else.    

Regarding the unexpectedly weak link between time spent on off-task activities 
and learning, the question arises as to why the results in this study differ from those 
presented in other work, where it has been shown that off-task activities are nega-
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tively linked with learning. Explanations may be found in differences in the methodo-
logical approach chosen in this piece of research. First, several studies reporting ef-
fects of off-task activities on learning followed an experimental design. In one study 
for example, students were asked to watch a lecture recorded on video. To simulate an 
off-task activity during a lecture, students were asked to either send a certain number 
of text messages or perform another task while following the recorded lecture [7, 8, 
42]. In such an experimental setting, it is not the students’ choice whether they pay at-
tention to the class or not. The off-task activities represent therefore no self-interrup-
tions, and they are also not intentional. Students are forced by an external reason (the 
instructions) to interrupt their learning task, which is very similar to the situation of 
being distracted by an external trigger such as a notification. In contrast, in the eco-
logically valid field study, unintentional and intentional shifts of attention can occur, 
which either can be triggered internally or externally. However, there have also been 
field studies in which a link between off-task activities and learning was shown. Most 
of these studies did not assess learning directly after the class but through a grade 
point average (GPA) score established at the end of a term [2, 10, 11]. Assessing 
learning at the end of the year is a considerable difference because it allows many 
other variables to influence the results. For example, it can be assumed that students 
who report to engage often in off-task activities are generally less motivated for the 
subject, which might influence their GPA performance. 

6.4 Limitations  

The results of this study must be interpreted taking into consideration several limita-
tions. In this respect, it is worth mentioning the relatively small and homogeneous 
sample. Data was collected in five different psychology lectures for bachelor students 
(group sizes varied between 30 and 60 students) on different topics held by experi-
enced lecturers who did not define specific rules regarding the use of technology dur-
ing the class. In this context, it can be assumed that similar results might be obtained 
in comparable circumstances. For future research however, it might be interesting to 
test whether these results can be replicated for other study domains (e.g., medicine, 
engineering, economy), different types of courses (e.g., seminars, exercises), for dif-
ferent student groups (e.g., high school, undergraduate, Masters etc.), and in classes of 
different student numbers (e.g., results of a previous study showed that students’ off-
task use increased with class size [43]).  

Another limitation might be the fact that students’ off-task activities during the 
class were self-reports. Although we highlighted the anonymity of the survey as well 
as the importance of being honest, it cannot be excluded that social desirability could 
be a potential bias leading to an underestimation of the reported frequency of off-task 
activities. We are however not the first in this field to use self-reports to asses digital 
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distraction in class [2, 16, 44]. Previous studies have also asked students to report on 
the frequency and duration of off-task activities in class. However, these studies ask 
for mean or typical use, and the ones that also looked at performance asked for overall 
GPA [2, 16, 44]. By asking students directly after a lecture about the usage and test-
ing their knowledge, we reduce potential memory biases but also avoid potential co-
founding variables such as motivation or time spent studying for exams. Non the less 
we are aware of potential biases due to inadequacies in estimating durations and fre-
quencies of off-task technology use in class, although our preliminary study (cf., sec-
tion 4.3) showed that self-report data as collected in this study seem to be reliable. 
However, alternative methods of tracking this behavior (e.g., observation or automatic 
recording via pre-installed app) would not be possible without divulging the purpose 
of the study and thus significantly affect the observed behavior [45, 46]. After inten-
sive consideration of the advantages and disadvantages of the various methodological 
options, we concluded that the chosen method was the best fit for the question at 
hand.  

In terms of confounding variables, even in a controlled setting there is risk of them 
having an impact on results. We specifically tested for digital distraction, but partici-
pants might have been distracted by something else (e.g., a peer talking to them, day-
dreaming, or studying for another class with a printed document). In addition, it might 
have been interesting to assess the use of smartwatches in the classroom because such 
devices are becoming increasingly popular.  

Lastly, previous research has shown that prior knowledge on the course topic 
might influence performance on the learning test [47, 48] or that the use of devices for 
off-task activities might be influenced by students’ self-efficacy [48]. Therefore, it 
may be of interest to include such potentially confounding variables in future re-
search. 

6.5 Implications for HCI 

The results reported in this ecologically valid piece of research open up exciting ques-
tions for future research. While notifications are a problem, they seem to be an easy 
fix; notifications can be disabled manually for each application or temporarily by an-
other application. However, while these possibilities are already available, students 
don’t seem to use them. For this reason, more research in this domain is important. 
Research either needs to focus on methods to make students more aware of the prob-
lem and how to fix it or on other alternative ways to reduce disturbance through noti-
fications. 

Some alternatives to reduce the impact of notifications have already been sug-
gested [21, 49–51]. Such suggestions encompass, for example, to batch notifications, 
so users only receive them three times a day [49], as well as to only send notifications 
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when the phone detects a break cue, something such as silence or a person standing 
up, that would suggest a break or a transition moment [50]. These types of sugges-
tions should be tested in the specific context of the classroom. 

7 Conclusions 

To conclude, this study partially confirms results of previous research by suggesting 
that notifications are negatively linked with learning. In addition, it suggests that ex-
ternal interruptions have a stronger detrimental effect on learning than self-interrup-
tions. This might be because students have less to no control over the interruption. 
When students self-interrupt, it is likely that this occurs not during the most crucial 
part of the class. Notifications however can divert a student’s attention at every mo-
ment. So, you might not need to worry too much about your students using their de-
vices for off-task activities during your class - just remind them to switch off notifica-
tions.  
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