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Learning in hybrid classes: the role 
of off‑task activities
Carli Ochs 1, Caroline Gahrmann 2 & Andreas Sonderegger  2,3*

Hybrid teaching (synchronous online and on-site teaching) offers many advantages (e.g., increased 
flexibility). However, previous research has suggested that students who join classes online suffer 
higher levels of distractibility, which might translate into students engaging in more off-task activities. 
This, in turn, can impair students’ learning performance. The following quasi-experimental field 
study investigated this specific link between teaching mode, engagement in off-task activities, and 
learning performance. We collected survey data from N = 690 students in six hybrid classes (N = 254 
online, N = 436 on-site). Participants reported the amount of time they spent engaging in digital and 
non-digital off-task activities and responded to a quiz on the course material. Results revealed that 
online students spent more time engaging in off-task activities than on-site students. Further, results 
were consistent with our hypothesis that joining the class online is associated with lower learning 
performance via time spent on digital off-task activities.

Since the start of the SARS COVID-19 pandemic, hybrid teaching has risen to an unprecedented level. Hybrid 
teaching is a teaching format where students can synchronously follow the class on-site or online1. This was espe-
cially useful in the later stages of the pandemic because it allowed for non-vaccinated or immuno-compromised 
students to follow classes from the safety of their homes2,3.

Overall, hybrid classes have been argued to augment the accessibility of classes1. The flexibility of such a for-
mat allows people who live further away or have other commitments to follow the same lectures as students who 
can physically join the class1,4. The hybrid format is easy to set up: it often consists of a live stream of the on-site 
class with more or less opportunities for online students to interact (e.g., commenting using the chat function, 
unmuting the microphone and asking questions or answering questions of the teacher). Because of its reputed 
benefits and its low cost, there is a high probability that universities and other institutions in the education system 
will continue to employ hybrid teaching even once there is no longer need for social distancing.

However, a major concern with hybrid teaching is whether the quality of learning is the same for online and 
on-site students5,6. Previous research has argued that online students might face more distractions and conse-
quently engage in more off-task activities, which may lead to lower learning performance5,6. Yet, little research 
has addressed this question empirically, and scientists have called for further research in this field5,6. Therefore, 
in the following study, we investigated student behavior and learning in hybrid teaching, specifically the effect 
of teaching mode (online vs. on-site) on learning performance mediated via off-task activities.

Hybrid teaching: the difference between online and on‑site learning
Hybrid classes allow online and on-site students to simultaneously follow the same class. However, while the 
class content is the same for both student groups, the learning environment is not. Online and on-site students’ 
environments may vary in terms of various physical, social and technological aspects, which might influence 
students’ learning engagement, experience of boredom, and distractions7–10. In the following paragraphs, we 
demonstrate how differences between the online and on-site environments may lead online students to be more 
vulnerable to distractions.

First, students following classes online might be in an overall more distracting environment. On-site stu-
dents are in a classroom, (a supervised space dedicated to teaching and learning), while online students often 
are following their classes in a space that is cluttered, noisy and disturbing, hence less favorable to learning11,12.

Second, the social environment between both groups varies in terms of social control. On-site students are in 
a classroom where other students and the lecturer are physically present. This is not the case for online students. 
Indeed, students that were asked about their experience with online courses admitted that they miss the presence 
of peers and engage in more off-task activities because of a lack of social control13.

Third, computer-mediated communication may make it harder for online students to communicate with their 
teachers compared to on-site students3,7. For example, online students cannot discuss a matter face to face with a 
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teacher after the course7. Furthermore, online students have reported feeling less comfortable asking questions 
due to slight delays caused by the online nature of the communication3. In addition, online students may face 
technical issues during class, such as internet connection and communication problems7,14,15. Both factors may 
lead online students to feel excluded or neglected16. Thus, students might feel disconnected from the class and, 
therefore, might be more vulnerable to distractions.

In summary, online students are likely to suffer from distraction due to an overall more distracting environ-
ment (cluttered, noisy and disturbing environment), reduced social control, and feelings of exclusion or neglect. 
All of these factors might impinge on students’ ability to concentrate and focus on learning content. Higher levels 
of distraction imply lower attention on the class.

Impact of off‑task activities on learning
Research has shown that students’ attention may fluctuate during a lesson6,17 and that reduced attention may be 
associated with reduced learning performance18–20. This link has been established for various forms of attentional 
disengagement, such as mind wandering and engagement in digital as well as non-digital off-task activities21–23.

Mind wandering can be defined as “a situation in which executive control shifts away from a primary task to 
the processing of personal goals24”, p. 946. Mind wandering is prevalent in teaching and learning situations12,25–27. 
Various studies adopting different methodological approaches (e.g., using probes of attention in recorded video 
lectures or live courses, self-reports, diary studies etc.) have shown that the occurrence of mind wandering is 
negatively linked to academic performance6,17,23,27,28. Interestingly, more recent work has indicated that the nega-
tive effect of mind wandering has less of an impact compared to other indicators of attentional disengagement, 
such as engagement in digital off-task activities29.

Research on engagement in digital off-task activities (also referred to as multimedia multitasking) has primar-
ily focused on different forms of digital off-task activities22,30,31, such as computer use in the classroom, e.g.,32–34, 
smartphone use in the classroom19,35–40, or the use of specific content such as social media41–45. Overall, empiri-
cal evidence mostly suggests that students regularly engage in digital off-task activities and that this negatively 
affects their learning29,32,34,35,39.

While the impact of digital off-task activities in the classroom have been studied quite intensely, there has been 
a relative lack of research on the impact of non-digital off-task activities46. One non-digital off-task activity that 
has received some attention is doodling. Doodling is defined as absentmindedly drawing symbols, figures, and 
patterns that are unrelated to the primary task (e.g., listening to the lecture). Results on doodling and learning 
performance are mixed. Doodling has been shown to positively influence the retention of information in an audi-
tory task47–49 but to negatively influence retention and learning in visual tasks21,50. There is only little empirical 
research addressing the consequence of other types of non-digital off-task activities. This could be related to the 
fact that the range of such activities is very broad and diverse. Moreover, specific non-digital off-task activities, 
such as ironing clothing, cleaning, cooking, and yoga, can only be carried out when participating in the lesson 
online. This last type of attentional disengagement might be particularly relevant in hybrid lessons as online 
students have a wider variability of potential non-digital off-task activities they could engage in (e.g., cleaning or 
taking a walk). In this regard, one experimental lab study addressing the effect of doing laundry while following 
a recorded online lecture has indicated negative consequences on learning46.

Concerning hybrid teaching, previous research on attentional disengagement in hybrid classes and their 
effect on performance is scarce, and researchers have called for further research in this field5,6. One study on 
attentional disengagement and learning in the hybrid context examined how mind wandering affected learning 
performance between students watching a class live on-site versus watching a video of the class in a lab6. This 
study found that mind wandering decreased in the on-site class condition but increased in the lab condition. 
Students in the video-lecture showed non-significantly higher learning scores than in the on-site session. The 
authors suspected this was due to the students’ sterile settings while they viewed the lesson (e.g., in a lab with-
out phones or computers). Contrary to natural settings, students in the classroom were exposed to more digital 
distractions than those watching the lesson online. This may have confounded the results, as digital distractions 
also lead to attentional disengagement and have been linked to lower learning performance35,40.

In summary, mind wandering, and digital and non-digital off-task activities reflect attentional disengagement 
that can hinder learning. As mentioned in the preceding section, online students may be more distracted due 
to their learning environment and the lack of social control. There is little empirical evidence comparing digital 
and non-digital off-task activities in on-site and online classes and their effects on learning performance. Thus, 
we intend to fill this research gap by studying hybrid teaching and learning performance mediated by students’ 
digital and non-digital off-task activities.

The present study
In the present quasi-experimental mixed-method field study, we investigated the mediating effect of attentional 
disengagement between teaching mode (online vs. on-site) and learning performance. Specifically, we assessed 
the digital and non-digital activities of students as well as their learning performance in classes that were taught 
in hybrid form (i.e., students following the same class either on-site in a lecture theatre or online in a location 
of their choice). We were particularly interested in these two forms of attentional disengagement for the fol-
lowing reasons. First, digital off-task activities have been shown to be worse for learning than mind wandering. 
Second, non-digital activities are of particular interest in hybrid classes as the possibility of activities for online 
students is vast.

Based on our review of the literature, we put forward the following hypotheses (a depiction of our proposed 
model can be found in Fig. 1):
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H1: Teaching Mode is associated with time spent on digital off-task activities. Specifically, we expect students 
who participate online to spend more time on digital off-task activities than students who participate on-site.

H2: Teaching Mode is associated with time spent on non-digital off-task activities. Specifically, we expect stu-
dents who participate online to spend more time on non-digital activities than students who participate on-site.

H3: Time spent on digital off-task activities mediates the relationship between teaching mode and learning 
score, such that online students spend more time on digital off-task activities, which, in turn, leads to a decreased 
learning score.

H4: Time spent on non-digital off-task activities mediates the relationship between teaching mode and learn-
ing score, such that online students spend more time on non-digital off-task activities, which, in turn, leads to 
a decreased learning score.

Teaching mode was coded in the following manner: 0 = on-site; 1 = online.

Method
Participants
We collected 690 responses to our survey (556 participants identified themselves as female, 129 as male, and 5 as 
other). The ages of participants ranged between 18 and 64 (M = 21.46; SD = 4.42). Participants were recruited at 
the end of a ninety-minute course in six different psychology lectures (i.e., introduction to work and organiza-
tional psychology (N = 47), clinical psychology (N = 107), introduction to developmental psychology (N = 161), 
introduction to cognitive psychology (N = 188), research methods (N = 142), diagnostical tests (N = 45) held in 
hybrid teaching mode by six different teachers. For each course some participants (total N = 436) were follow-
ing a class on-site, and some participants (total N = 254) were following the class online. The choice whether to 
participate online or on-site was at the student’s discretion. In total, 74% of the students from these classes took 
part in the survey. Detailed information on participation rates per class and teaching mode can be found in the 
supplementary materials (Table S1). Based on Schönbrodt and Perugini (2013), we consider the total sample size 
of 690 as large enough to generate stable correlation estimates and offer a solid foundation for the correlation 
based statistical approaches used.

Observations of two independent raters indicated that the lectures did not differ considerably with regard to 
number of questions asked by the teacher (M = 7.33, SD = 6.57), online student interactions (M = 0.33, SD = 0.82), 
on-site student interactions (M = 7.33, SD = 5.49), technical problems (M = 0.25, SD = 0.61) and break duration 
(M = 10.83, SD = 5.15).

Ethical approval
This study and its experimental protocols were approved by the Internal Review Board of the Department of 
Psychology at the University of Fribourg. All methods were carried out in accordance with relevant guidelines 
and regulations. Informed consent was obtained from all participants.

Self‑report measures
Questions regarding digital off‑task activities
Participants were asked a series of questions about their computer/tablet and smartphone use during the lecture. 
These questions can be found in Table 1. Second-order questions (e.g., 1a. How many notifications/messages did 
you receive on your computer or tablet during this lecture?) were only presented if participants answered yes to 
the first-order question (e.g., 1. Did you use your computer or tablet during this lecture?). Items 2.a, and 3.c left 
enough space to report up to 5 activities.

Questions regarding non‑digital off‑task activities
Participants were asked if they engaged in any off-task activity that was not performed on a digital device. If 
they did engage in such activities, they were asked to list the activities and estimate how much time they spent 
on each separate activity (cf. Table 2).

Figure 1.   Proposed conceptual model.
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Context variables
To get a better understanding for the physical and mental context of participants, participants were asked to 
rate their experience on 5 items on a 7-point Likert scale (1 = totally disagree, 7 = totally agree) measuring their 
motivation (During the class I felt motivated), boredom (During the class I felt bored.), fatigue (During the class I 
felt tired.) as well as how engaged they perceived their teacher (The teacher kept the subject interesting.) and how 
distracting they rated their environment (During this class my environment was distracting.).

Learning score
Six multiple-choice questions on the content of the specific topic of the class were asked to assess students’ 
learning scores. For each question, four answer options were provided, of which either one or two were correct. 
An example of a question can be found in Table 3. The learning score was based on the number of correctly 
responded answer options. Each question had 4 answer options, allowing participants to score 4 points per ques-
tion. Therefore, the maximum achievable score is 24 (based on the multiplication of the number of question (6) 
and the number of answer options (4)).

Procedure
We implemented the exact same procedure for the six classes from which we recruited participants. Before each 
class, lecturers were contacted and asked for permission to perform recruitment in their class. Once they had 
agreed, we collaborated with them to create six exam questions on the course material for the upcoming class 
session. In each class, two researchers attended the course both online and on-site. Researchers sat at the back 
of the classroom and connected to the digital collaboration platform used to stream the class online (Microsoft 
Teams), where they listened with one earphone to the online class. With the other ear, they listened to the on-
site class. This allowed them to code for aspects such as interactions on-site (questions from students) as well as 
interactions online (e.g., in chat) or issues with connections or lag.

Table 1.   Questions regarding participants’ digital off-task activities during the lecture.

Computer use

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

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

2 Have you used your computer/tablet for activities other than those related to today’s lecture? Yes*/No

2.a Which off-task activities did you do on your computer/tablet?
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?

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: _____________________

Table 2.   Questions regarding participants’ non-digital off-task activities during the lecture.

1
Apart from the activities you have done on your digital devices, have you done any other activities that are not related to 
the course? Yes*/No

1.a Indicate the different activities and the estimated time you spent on doing them

Activity: ____________________
Estimated time: _____________________

Table 3.   Exam example question.

1) Short term 
memory holds 
information for

a 5 to 10 s

b 10 to 15 s

c 15 to 20 s

d 20 to 25 s
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The classes ended approximately 15 min before the scheduled time. The two researchers came to the front 
of the class and asked students to participate in the study. Students were told that the survey was on the effects 
of teaching mode (online/ on-site) on their learning. As incentives, participants were told that there would be a 
quiz on course material that might help them to prepare for the end-of-term exam, and participants were also 
rewarded points toward course credits. Great emphasis was given (orally and in written form on the first page 
of the survey) to the anonymous nature of the study and it was stressed that students should answer as honestly 
as possible. After the participants had confirmed their informed consent, they answered the questionnaire and 
responded to the quiz on the course material.

Qualitative data analysis
Participants’ responses regarding their digital and non-digital off-task activities were analyzed using inductive 
coding. Eleven categories were identified for digital off-task activities, and eleven were identified for non-digital 
off-task activities (category descriptions can be found in supplementary materials Table S2.). Activities were then 
coded into their respective categories by two coders. The inter-rater reliability was estimated using Cohen’s kappa 
and showed to be satisfactory for digital off-task activities (k = 0.93) as well as for non-digital off-task activities 
(k = 0.97). The few differences in coding were then solved through discussion.

Quantitative data analysis
We performed a single-level mediated linear regression analysis via the R package lavaan51 to probe our hypoth-
eses. To ensure robust statistical inference while accounting for the nested structure of the data, we treated 
classrooms as fixed effects. This approach effectively addresses the issue of violating independence assumptions 
within clusters, ensuring the accuracy of our results without the inherent unreliability that would have ensued 
from a multilevel model with a small number of units at Level 2. Moreover, to account for the different learning 
tests employed across classes, we centered students’ learning scores around their respective class mean.

Preceding the analysis, we checked for potential violations of relevant inference assumptions. We performed 
visual inspections of residuals. Our inspections did not reveal any apparent violations of the linearity assump-
tion. However, residuals were non-normally distributed, thus violating the homoscedasticity assumption. We 
hence based our inference on bootstrapped confidence intervals (1.000 bootstrapped samples) to ensure robust 
estimation.

Results
Descriptive data
Table 4 presents a comprehensive overview of participant enrollment, delineated by class and learning environ-
ment, alongside their corresponding average learning scores. The data discerns that, on the whole, the mean 
learning scores per class tended to be higher for students attending on-site, with the exception of one class, where 
scores were higher for online participants.

Table 5 reveals that a higher proportion of online students engaged in non-digital and digital activities 
compared to students that joined the class on-site. On average, online students also spent more time engaging 

Table 4.   Selected descriptive information per classroom.

N (%) Learning score M (SD)

Online On-site Online On-site

Classroom 1 68 (36.17) 120 (63.83) 18.56 (1.88) 18.80 (2.13)

Classroom 2 23 (48.94) 24 (51.06) 15.95 (2.40) 16.79 (2.21)

Classroom 3 17 (48.57) 28 (51.43) 17.18 (2.74) 18.46 (1.99)

Classroom 4 44 (30.99) 98 (69.01) 17.25 (2.74) 17.73 (2.39)

Classroom 5 71 (44.10) 90 (55.90) 18.69 (2.32) 18.56 (2.56)

Classroom 6 31 (29.00) 76 (71.03) 18.35 (2.33) 18.49 (2.50)

Table 5.   Summary of students overall off-task activity. Percentages were calculated based on the total number 
of participants in the respective groups. Avg. time was calculated based on the time spent by students who 
engaged in the respective off-task activity. Thus, students who spent zero minutes on the respective off-task 
activity were dropped from this part of the analysis.

Online (N = 254) On-site (N = 436) Total (N = 690)

% of students that 
engaged in

Avg. time in min. 
(SD) on

% of students that 
engaged in

Avg time in min. 
(SD) on

% of students that 
engaged in

Avg time in min. (SD) 
on

Non-digital activities 46.06% 9.17 (12.4) 27.29% 6.62 (13.5) 34.20% 7.88 (12.98)

Digital activities 77.56% 16.21 (17.72) 64.91% 13.52 (19.98) 69.57% 14.61 (19.02)
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in these activities. A table with the detailed summary of students’ percentage of activity and average time per 
specific activity can be found in supplementary materials (Table S3).

Hypotheses testing
Table 6 shows the means, standard deviations, intra-class coefficients and intercorrelations of the study vari-
ables. All hypotheses were tested by means of a single level mediated linear regression model. Table 7 displays 
the results of this analysis.

We proposed a direct association between teaching mode and time spent on digital (H1) and non-digital 
(H2) off-task activities by students in hybrid classrooms. In line with H1, data analysis (see Table 7) revealed that 
teaching mode was associated with time spent on digital off-task activities, with students who participated online 
spending more time on digital off-task activities than students who participated on-site (a1 = 3.76, 95% CI [0.99; 
6.42]). Hypothesis 1 was thus supported. In line with H2, teaching mode was associated with time spent on non-
digital off-task activities, with students who participated online spending more time on non-digital off-task activi-
ties than students who participated on-site (a2 = 2.40, 95% CI [0.98; 3.75]). Hypothesis 2 was thus supported.

Test of indirect effects
We estimated the total effect of teaching mode on students’ learning performance (a1b1 + a2b2 =  − 0.09, 95% CI 
[− 0.17; − 0.03]). This suggests that, on the learning performance scale ranging from 0 to 24 points, the expected 
difference in learning performance between a student attending online and one attending on-site is 0.09 points, 
with the online student being expected to score lower. Crucially, this total effect is attributed entirely to the 
indirect influences of teaching mode on learning outcomes through engagement in both digital and non-digital 
off-task activities. Specifically, we assumed time spent on digital (H3) and non-digital (H4) off-task activi-
ties to mediate the relationship between teaching mode and learning scores. Our results revealed an indirect 
effect of teaching mode via time spent on digital off-task activities on learning scores (a1b1 =  − 0.07, 95% CI 
[− 0.12; − 0.02]), nominally accounting for 77.78% of the total effect of teaching mode on learning performance 
detailed above. Hypothesis 3 was thus supported. However, our results did not reveal an indirect effect of teaching 
mode via time spent on non-digital off-task activities on learning scores (a2b2 =  − 0.02, 95% CI [− 0.09; 0.01]), 
nominally accounting for only 22.22% of the total effect of teaching mode on learning performance detailed 
above. Hypothesis 4 was thus not supported.

Analysis of context variables
The analysis of the context variables revealed very small, non-significant differences between online and on-
site ratings of student motivation, experienced boredom and fatigue, as well as the evaluation of the teacher’s 

Table 6.   Means, standard deviations, intra-class coefficients and correlations among study variable. N = 690. 
a Coding of Teaching Mode: 0 = on-site; 1 = online, bTime is indicated in minutes. *p < 0.05. **p < 0.01. Test of 
direct effects.

Variable M SD ICC 1 2 3 4

1 Teaching Modea –

2 Timeb on digital off-task activities 10.16 17.23 0.19 0.11* –

3 Timeb on non-digital off-task activities 2.70 8.45 0.00 0.14** 0.04 –

4 Learning Scores 18.21 2.42 0.11  − 0.06  − 0.14**  − 0.02 –

Table 7.   Summary of direct and indirect effects. N = 690 students. Learning scores were centered around 
the respective class mean. R2 = 0.06 for student learning success. a 0 = on-site; 1 = online. bTime is indicated in 
minutes.

Effect beta estimate 95% CI for beta estimate

Direct effects

 Teaching Modea →Timeb on digital off-task activities (a1) 3.76 [0.99; 6.42]

 Teaching Modea → Timeb on non-digital off-task activities (a2) 2.40 [0.98; 3.75]

 Timeb on digital off-task activities → learning success (b1)  − 0.02 [− 0.03; − 0.01]

 Timeb on non-digital off-task activities → learning success (b2)  − 0.01 [− 0.03; 0.01]

Indirect effects

 Teaching Modea → Timeb on digital off-task activities → Learning Scores (a1b1)  − 0.07 [− 0.12; − 0.02]

 Teaching Modea → Timeb on non-digital off-task activities → Learning Scores (a1b1)  − 0.02 [− 0.09; 0.01]

 Total effect

 Teaching Modea → Timeb on digital off-task activities + Timeb on non-digital off-task activi-
ties → Learning Scores (a1b1 + a2b2)  − 0.09 [− 0.17; − 0.03]
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engagement. The environment however was rated as more distracting by students taking the class online com-
pared to students participating on-site. A table summarizing the results can be found in the supplementary 
materials (see Table S4).

Discussion
This study aimed to evaluate potential differences in levels of distractibility and learning performance between 
online and on-site students in hybrid classrooms. As predicted, we found that students following a class online 
spend more time on digital and non-digital off-task activities than on-site students. Results were consistent with 
our hypothesis that engagement in digital off-task activities mediates a detrimental effect of online teaching on 
learning. Notably, results were not consistent with our hypothesis that engagement in non-digital off-task activi-
ties mediates a detrimental effect of online teaching on learning.

The results regarding the effects of teaching mode on engagement in off-task activities corroborate the 
assumptions outlined in the introduction. The descriptive data revealed that online students did not only engage 
in more off-task activities overall, but they also engaged in these activities for longer compared to on-site stu-
dents. Some of the off-task activities were exclusively carried out by online students. This might be because some 
activities can only be carried out at home (e.g., cat care) while others might be considered inappropriate in class 
(e.g., watching a video). These examples indicate that online students might be confronted with more potential 
distractors and might feel less restricted to engage in certain behaviors due to a lack of social control.

This pattern of results indicates that despite the important advantages of hybrid teaching (e.g., increased 
accessibility of teaching), online students are particularly vulnerable within this setting: They report a higher 
degree of distractibility that is linked with an increased engagement in off-task activities. It is important to note 
that the teachers participating in this study did not implement any measures to optimize online students’ learn-
ing experiences such as regularly integrating online students into class discussions, or using online quizzes and 
other tools to generate an interactive learning environment1,52,53. The focus on on-site students and the absence 
of particular measures to improve online students’ experience observed in this study may be attributable to 
the particular context of the COVID-19 pandemic. These classes were held as a temporary solution, meaning 
that they were not originally conceived as hybrid classes and that teachers had not undergone training on how 
to ideally teach in such a format54. Therefore, future research should address this research question in courses 
that are more geared towards integrating online students. Investigating hybrid teaching during the pandemic 
is important since the experiences made during this period are bound to influence and shape future use and 
understanding of hybrid teaching15,54–56. For example, now that teachers and institutions have discovered how 
simple it is to live stream a class, they might do this more frequently without investigating any further into the 
potential pitfalls of this format.

Regarding the effect of off-task activities on learning, the question arises why students’ engagement in non-
digital off-task activities did not show the same negative effects as the engagement in digital off-task activities. 
This might be related to the nature of the activities students engaged in. Most of the reported non-digital activities 
are manual tasks (e.g., eating and drinking, drawing), while digital activities mainly require verbal and visual 
resources (e.g., writing text messages and reading). Listening to a class and learning are tasks that require verbal 
resources46. Wickens’ Multiple Resource Theory57 states that individuals can engage concurrently in tasks that 
require different resources, such as verbal and manual resources, without negative consequences on task per-
formance. In contrast, concurrent engagement in tasks that require similar resources is linked to reduced task 
performance. In the context of learning, such effects have been shown already in research on doodling, where 
positive effects of absentminded drawing (a task requiring some visual resources) on learning were reported for 
auditory tasks47–49, while negative effects were observed for visual tasks21,50. In this study, verbal non-digital off-
task activities (e.g., social interactions or writing and reading) were less common than manual ones. In contrast, 
reported digital activities relied largely on students’ verbal and visual resources, interfering with class support.

Our findings have several practical and scientific implications. First, we found that student, especially online 
students, in hybrid lessons engage in off-task activities. This shows the need of interactive and engaging teaching 
to keep students focused on class topic and away from off-task activities. Online students should be reminded 
to study in a distraction-free atmosphere because they are more susceptible to distraction. Second, this study 
also revealed a negative effect of digital off-task activities on learning performance. Therefore, it is important to 
consider measures such as warning students of the negative consequences of partaking in off-task activities as 
well as suggesting rules of conduct regarding digital devices during class. Third, concerning non-digital off-task 
activities, a negative effect on learning was not found as, most likely, most activities did not interfere with the 
resources required for learning. However, for future research it might be interesting to conduct a more fine-
grained analysis of the specific off-task activities. Lastly, while literature on how to conduct good hybrid teaching 
was available, it was not used in the examined classes. This suggests a gap between practice and research and 
should stimulate reflection on how to effectively communicate this knowledge to practitioners.

There are limitations to the present study. First, due to the quasi-experimental nature of the study design, 
participants self-selected their teaching mode (online vs. on-site). A random assignment of students to the two 
teaching modes was not possible because of ethical and legal constraints. In other studies, this problem was 
circumvented by simulating a course in the laboratory6,17. However, this implies that the occurrence of off-task 
activities cannot be observed in a naturalistic environment, which severely undermines the ecological validity of 
any study. Therefore, we are convinced that this first limitation regarding randomization is outweighed by gains 
in ecological validity. Second, the assessment of participants’ engagement and time spent on off-task activities 
was based on self-reports. This might be problematic for two reasons: (1) a social desirability bias, (2) memory 
distortions. To reduce the risk of (1) a social desirability bias, we highlighted the importance of answering the 
survey honestly and correctly and stressed the anonymity of the data. With regard to potential (2) memory 
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distortions, results of a meta-analysis indicated that self-report data only moderately correlated with objective 
measures of technology use58. This meta-analysis, however, summarized data from studies comparing self-
reports and objective technology use over multiple days and weeks, while this study recorded self-reports for 
the last 90 min. For such short time frames, previous research has indicated that self-report measures regarding 
technology use are reliable59.

Other, more objective ways to assess students’ off-task activities in class would imply installing tracking soft-
ware on students’ devices or using thought-probe techniques, all of which would reveal the nature of the study to 
the students. Because previous research has shown that knowledge about the objective of a study can influence 
participants’ behavior during the study60, it was important to us that the participants have no previous knowledge 
about our research objectives. Other researchers have made similar methodological choices and used self-reports 
for their studies in this context as well35,59,61,62. Third, we only recruited participants in psychology classes. For 
generalization purposes it would be ideal to conduct such a study in classes of other fields of study. Lastly, we note 
that teaching mode and off-task activities explained a relatively small portion of variance in students’ learning 
scores overall. While learning performance represents a particularly important objective teaching outcome, it 
is endogenous to many contextual and student-specific factors63. Considering any one factor is therefore bound 
to explain relatively limited proportions of variance.

Conclusion
In conclusion, while hybrid teaching might be a useful tool to make classes more accessible, it does not guar-
antee equal opportunities in terms of learning performance. To ensure that students have an equal opportunity 
to achieve important learning objectives, instructors must be aware of the negative consequences of off-task 
activities, especially digital off-task activities for students participating online. In addition, they must adapt to 
the specific requirements of hybrid teaching in order to create optimal learning conditions for both on-site and 
online students. At the same time, students need to be made aware of creating remote learning conditions that 
offer as few distractions as possible and enable concentrated and focused learning.

Taking these measures into account is extremely important. Indeed, the past pandemic has shown that 
individuals with special needs, such as those who are immunocompromised or have physical disabilities, and 
those with family obligations benefit from being able to participate in courses online. Therefore, it is an ethical 
and social necessity to create learning environments that do not disadvantage them and enable them to succeed 
in their studies.

Data availability
The dataset is available on OSF (https://​osf.​io/​q4vf5/?​view_​only=​21662​f508c​f44f6​8be78​794d5​5f83b​e2).

Received: 19 October 2023; Accepted: 27 December 2023

References
	 1.	 Raes, A., Detienne, L., Windey, I. & Depaepe, F. A systematic literature review on synchronous hybrid learning: Gaps identified. 

Learn. Environ. Res. 23, 269–290 (2020).
	 2.	 Bower, M., Lee, M. J. W. & Dalgarno, B. Collaborative learning across physical and virtual worlds: Factors supporting and con-

straining learners in a blended reality environment. Brit. J. Educ. Technol. 48, 407–430 (2017).
	 3.	 Weitze, C. L., Ørngreen, R. & Levinsen, K. The global classroom video conferencing model and first evaluations: european confer-

ence on e-learning. Proc. of the 12th European Conf. on E-Learning 2, 503–510 (2013).
	 4.	 Bülow, M. W. Designing Synchronous Hybrid Learning Spaces: Challenges and Opportunities. in Hybrid Learning Spaces (eds. 

Gil, E., Mor, Y., Dimitriadis, Y. & Köppe, C.) 135–163 (Springer International Publishing, 2022). doi:https://​doi.​org/​10.​1007/​
978-3-​030-​88520-5_9.

	 5.	 Schacter, D. L. & Szpunar, K. K. Enhancing attention and memory during video-recorded lectures. Scholars. Teach. Learn. Psychol. 
1, 60–71 (2015).

	 6.	 Wammes, J. D. & Smilek, D. Examining the influence of lecture format on degree of mind wandering. J. Appl. Res. Memory Cogn. 
6, 174–184 (2017).

	 7.	 Kelly, K. Building on students’ perspectives on moving to online learning during the COVID-19 pandemic. Can. J. Scholars. Teach. 
Learn. 13, 5666 (2022).

	 8.	 Saurabh, M. K., Patel, T., Bharbhor, P., Patel, P. & Kumar, S. Students’ perception on online teaching and learning during COVID-
19 pandemic in medical education. Maed. Bucur 16, 439–444 (2021).

	 9.	 Weitze, C. L. Pedagogical innovation in teacher teams: ECEL 2015. Proc. of 14th European Conf. on e-Learning ECEL-2015 629–638 
(2015).

	10.	 Zahra, R. & Sheshasaayee, A. Challenges Identified for the Efficient Implementation of the Hybrid E- Learning Model During 
COVID-19. in 2021 IEEE International Conf. on Mobile Networks and Wireless Communications (ICMNWC) 1–5 (2021). doi:https://​
doi.​org/​10.​1109/​ICMNW​C52512.​2021.​96885​33.

	11.	 Gundabattini, E., Solomon, D. G. & Darius, P. S. H. Discomfort Experienced by Students While Attending Online Classes Dur-
ing the Pandemic Period. In Ergonomics for Design and Innovation (eds. Chakrabarti, D., Karmakar, S. & Salve, U. R.) 1787–1798 
(Springer International Publishing, 2022). doi:https://​doi.​org/​10.​1007/​978-3-​030-​94277-9_​152.

	12.	 Szpunar, K., Moulton, S. & Schacter, D. Mind wandering and education: from the classroom to online learning. Front. Psychol. 4, 
56656 (2013).

	13.	 Cowit, N. Q. & Barker, L. J. Student Perspectives on Distraction and Engagement in the Synchronous Remote Classroom. Digital 
Distractions in the College Classroom 243–266 https://​www.​igi-​global.​com/​chapt​er/​stude​nt-​persp​ectiv​es-​on-​distr​action-​and-​engag​
ement-​in-​the-​synch​ronous-​remote-​class​room/​www.​igi-​global.​com/​chapt​er/​stude​nt-​persp​ectiv​es-​on-​distr​action-​and-​engag​ement-​
in-​the-​synch​ronous-​remote-​class​room/​296135 (2022) doi:https://​doi.​org/​10.​4018/​978-1-​7998-​9243-4.​ch012.

	14.	 Chhetri, C. ‘I Lost Track of Things’: Student Experiences of Remote Learning in the Covid-19 Pandemic. in Proc. of the 21st Annual 
Conf. on Information Technology Education 314–319 (Association for Computing Machinery, 2020). doi:https://​doi.​org/​10.​1145/​
33683​08.​34154​13.

https://osf.io/q4vf5/?view_only=21662f508cf44f68be78794d55f83be2
https://doi.org/10.1007/978-3-030-88520-5_9
https://doi.org/10.1007/978-3-030-88520-5_9
https://doi.org/10.1109/ICMNWC52512.2021.9688533
https://doi.org/10.1109/ICMNWC52512.2021.9688533
https://doi.org/10.1007/978-3-030-94277-9_152
https://www.igi-global.com/chapter/student-perspectives-on-distraction-and-engagement-in-the-synchronous-remote-classroom/www.igi-global.com/chapter/student-perspectives-on-distraction-and-engagement-in-the-synchronous-remote-classroom/296135
https://www.igi-global.com/chapter/student-perspectives-on-distraction-and-engagement-in-the-synchronous-remote-classroom/www.igi-global.com/chapter/student-perspectives-on-distraction-and-engagement-in-the-synchronous-remote-classroom/296135
https://www.igi-global.com/chapter/student-perspectives-on-distraction-and-engagement-in-the-synchronous-remote-classroom/www.igi-global.com/chapter/student-perspectives-on-distraction-and-engagement-in-the-synchronous-remote-classroom/296135
https://doi.org/10.4018/978-1-7998-9243-4.ch012
https://doi.org/10.1145/3368308.3415413
https://doi.org/10.1145/3368308.3415413


9

Vol.:(0123456789)

Scientific Reports |         (2024) 14:1629  | https://doi.org/10.1038/s41598-023-50962-z

www.nature.com/scientificreports/

	15.	 Fichten, C. et al. Digital tools faculty expected students to use during the COVID-19 pandemic in 2021: Problems and solutions 
for future hybrid and blended courses. J. Educ. Train. Stud. 9, 24–30 (2021).

	16.	 Huang, Y., Zhao, C., Shu, F. & Huang, J. Investigating and Analyzing Teaching Effect of Blended Synchronous Classroom. In 2017 Inter‑
national Conf. of Educational Innovation through Technology (EITT) 134–135 (2017). doi:https://​doi.​org/​10.​1109/​EITT.​2017.​40.

	17.	 Risko, E. F., Anderson, N., Sarwal, A., Engelhardt, M. & Kingstone, A. Everyday attention: Variation in mind wandering and 
memory in a lecture. Appl. Cogn. Psychol. 26, 234–242 (2012).

	18.	 Altmann, E. M., Trafton, J. G. & Hambrick, D. Z. Momentary interruptions can derail the train of thought. J. Exp. Psychol. Gen. 
143, 215–226 (2014).

	19.	 Anshari, M., Almunawar, M. N., Shahrill, M., Wicaksono, D. K. & Huda, M. Smartphones usage in the classrooms: Learning aid 
or interference?. Educ. Inf. Technol. 22, 3063–3079 (2017).

	20.	 Winter, J., Cotton, D., Gavin, J. & Yorke, J. D. Effective e-learning? Multi-tasking, distractions and boundary management by 
graduate students in an online environment. ALT-J 18, 71–83 (2010).

	21.	 Aellig, A., Cassady, S., Francis, C. & Toops, D. Do attention span and doodling relate to ability to learn content from an educational 
video. Epistimi 4, 21–24 (2009).

	22.	 Junco, R. In-class multitasking and academic performance. Comput. Hum. Behav. 28, 2236–2243 (2012).
	23.	 Wammes, J. D., Seli, P., Cheyne, J. A., Boucher, P. O. & Smilek, D. Mind wandering during lectures II: Relation to academic per-

formance. Scholars. Teach. Learn. Psychol. 2, 33–48 (2016).
	24.	 Smallwood, J. & Schooler, J. W. The restless mind. Psychol. Bull. 132, 946–958 (2006).
	25.	 Pachai, A. A., Acai, A., LoGiudice, A. B. & Kim, J. A. The mind that wanders: Challenges and potential benefits of mind wandering 

in education. Scholars. Teach. Learn. Psychol. 2, 134–146 (2016).
	26.	 Schooler, J. W., Reichle, E. D. & Halpern, D. V. Zoning Out while Reading: Evidence for Dissociations between Experience and 

Metaconsciousness. In Thinking and Seeing: Visual Metacognition in Adults and Children 203–226 (MIT Press, 2004).
	27.	 Unsworth, N., McMillan, B. D., Brewer, G. A. & Spillers, G. J. Everyday attention failures: An individual differences investigation. 

J. Exp. Psychol. Learn. Memory Cogn. 38, 1765–1772 (2012).
	28.	 Randall, J. G., Oswald, F. L. & Beier, M. E. Mind-wandering, cognition, and performance: A theory-driven meta-analysis of atten-

tion regulation. Psychol. Bull. 140, 1411–1431 (2014).
	29.	 Wammes, J. D. et al. Disengagement during lectures: Media multitasking and mind wandering in university classrooms. Comput. 

Educ. 132, 76–89 (2019).
	30.	 May, K. E. & Elder, A. D. Efficient, helpful, or distracting? A literature review of media multitasking in relation to academic per-

formance. Int. J. Educ. Technol. High Educ. 15, 13 (2018).
	31.	 Parry, D. A. & le Roux, D. B. Off-Task Media Use in Lectures: Towards a Theory of Determinants. In ICT Education (eds. Kabanda, 

S., Suleman, H. & Gruner, S.) vol. 963 49–64 (Springer International Publishing, 2019).
	32.	 Aaron, L. S. & Lipton, T. Digital distraction: shedding light on the 21st-century college classroom. J. Educ. Technol. Syst. 46, 363–378 

(2018).
	33.	 Ravizza, S. M., Uitvlugt, M. G. & Fenn, K. M. Logged in and zoned out: How laptop internet use relates to classroom learning. 

Psychol. Sci. 28, 171–180 (2017).
	34.	 Sana, F., Weston, T. & Cepeda, N. J. Laptop multitasking hinders classroom learning for both users and nearby peers. Comput. 

Educ. 62, 24–31 (2013).
	35.	 Bjornsen, C. A. & Archer, K. J. Relations between college students’ cell phone use during class and grades. Scholarsh. Teach. Learn. 

Psychol. 1, 326–336 (2015).
	36.	 Chen, Q. & Yan, Z. Does multitasking with mobile phones affect learning? A review. Comput. Hum. Behav. 54, 34–42 (2016).
	37.	 Dietz, S. & Henrich, C. Texting as a distraction to learning in college students. Comput. Hum. Behav. 36, 163–167 (2014).
	38.	 Gingerich, A. C. & Lineweaver, T. T. OMG! texting in class = U Fail :(empirical evidence that text messaging during class disrupts 

comprehension. Teach. Psychol. 41, 44–51 (2014).
	39.	 Kuznekoff, J. H., Munz, S. & Titsworth, S. Mobile phones in the classroom: Examining the effects of texting, twitter, and message 

content on student learning. Commun. Educ. 64, 344–365 (2015).
	40.	 Mendoza, J. S., Pody, B. C., Lee, S., Kim, M. & McDonough, I. M. The effect of cellphones on attention and learning: The influences 

of time, distraction, and nomophobia. Comput. Hum. Behav. 86, 52–60 (2018).
	41.	 Barton, B. A., Adams, K. S., Browne, B. L. & Arrastia-Chisholm, M. C. The effects of social media usage on attention, motivation, 

and academic performance. Active Learn. High. Educ. 22, 11–22 (2021).
	42.	 Junco, R. & Cotten, S. R. No A 4 U: The relationship between multitasking and academic performance. Comput. Educ. 59, 505–514 

(2012).
	43.	 Karpinski, A. C., Kirschner, P. A., Ozer, I., Mellott, J. A. & Ochwo, P. An exploration of social networking site use, multitasking, 

and academic performance among United States and European university students. Comput. Hum. Behav. 29, 1182–1192 (2013).
	44.	 Rosen, L. D., Mark Carrier, L. & Cheever, N. A. Facebook and texting made me do it: Media-induced task-switching while study-

ing. Comput. Hum. Behav. 29, 948–958 (2013).
	45.	 Wood, E. et al. Examining the impact of off-task multi-tasking with technology on real-time classroom learning. Comput. Educ. 

58, 365–374 (2012).
	46.	 Blasiman, R. N., Larabee, D. & Fabry, D. Distracted students: A comparison of multiple types of distractions on learning in online 

lectures. Scholarsh. Teach. Learn. Psychol. 4, 222–230 (2018).
	47.	 Andrade, J. What does doodling do?. Appl. Cogn. Psychol. 24, 100–106 (2010).
	48.	 Nayar, B. & Koul, S. The journey from recall to knowledge: A study of two factors – structured doodling and note-taking on a 

student’s recall ability. Int. J. Educ. Manag. 34, 127–138 (2019).
	49.	 Tadayon, M. & Afhami, R. Doodling effects on junior high school students’ learning. Int. J. Art Design Educ. 36, 118–125 (2017).
	50.	 Chan, E. The negative effect of doodling on visual recall task performance. Univ. Brit. Columbia’s Undergrad. J. Psychol. 1, 89656 

(2012).
	51.	 Rosseel, Y. lavaan: An R package for structural equation modeling. J. Stat. Softw. 48, 1–36 (2012).
	52.	 Bower, M., Dalgarno, B., Kennedy, G. E., Lee, M. J. W. & Kenney, J. Design and implementation factors in blended synchronous 

learning environments: Outcomes from a cross-case analysis. Comput. Educ. 86, 1–17 (2015).
	53.	 Ørngreen, R., Levinsen, K., Jelsbak, V., Møller, K. L. & Bendsen, T. Simultaneous class-based and live video streamed teach-

ing: Experiences and derived principles from the bachelor programme in biomedical laboratory analysis. In European Conf. on 
e-Learning 451–XVII (Academic Conferences International Limited, 2015).

	54.	 Hodges, C. B., Moore, S., Lockee, B. B., Trust, T. & Bond, M. A. The Difference Between Emergency Remote Teaching and Online 
Learning (Educause, 2020).

	55.	 Littlejohn, A. Seeking and sending signals: Remodelling teaching practice during the Covid-19 crisis. ACCESS Contemp. Issues 
Educ. 40, 56–62 (2020).

	56.	 Rapanta, C., Botturi, L., Goodyear, P., Guàrdia, L. & Koole, M. Online university teaching during and after the covid-19 crisis: 
Refocusing teacher presence and learning activity. Postdigit. Sci. Educ. 2, 923–945 (2020).

	57.	 Wickens, C. D. Multiple resources and mental workload. Hum. Factors 50, 449–455 (2008).
	58.	 Parry, D. A. et al. A systematic review and meta-analysis of discrepancies between logged and self-reported digital media use. Nat. 

Hum. Behav. 5, 1–13. https://​doi.​org/​10.​1038/​s41562-​021-​01117-5 (2021).

https://doi.org/10.1109/EITT.2017.40
https://doi.org/10.1038/s41562-021-01117-5


10

Vol:.(1234567890)

Scientific Reports |         (2024) 14:1629  | https://doi.org/10.1038/s41598-023-50962-z

www.nature.com/scientificreports/

	59.	 Ochs, C. & Sonderegger, A. What students do while you are teaching – computer and smartphone use in class and its implication 
on learning. In Human-Computer Interaction – INTERACT 2021 (eds. Ardito, C. et al.) 501–520 (Springer International Publish-
ing, 2021). doi:https://​doi.​org/​10.​1007/​978-3-​030-​85616-8_​29.

	60.	 Ochs, C. & Sauer, J. Curtailing smartphone use: a field experiment evaluating two interventions. Behav Inf Technol 23, 1–19 (2021).
	61.	 Leysens, J-L., le Roux, D. B. & Parry, D. A. Can I have your attention, please?: An empirical investigation of media multitasking 

during university lectures. In Proc. of the Annual Conf. of the South African Institute of Computer Scientists and Information Tech‑
nologists on - SAICSIT ’16 1–10 (ACM Press, 2016). https://​doi.​org/​10.​1145/​29874​91.​29874​98.

	62.	 McCoy, B. Digital distractions in the classroom phase II: Student classroom use of digital devices for non-class related purposes. 
J. Media Educ. 7, 5–32 (2016).

	63.	 Kauffman, H. A review of predictive factors of student success in and satisfaction with online learning. Res. Learn. Technol. 23, 
99563 (2015).

Acknowledgements
The authors thank Cindy Niclasse, Noemie Stadelmann, Valentine Boillat and Viviane Gaillard for their support 
in data collection. They also want to thank Anne-Raphaëlle Caldara, Valérie Camos, Alain Chavaillaz, Viktoria 
Gochmann, Pascal Gygax and Chantal Martin Sölch for their support and for providing access to their classes.

Author contributions
C.O.: Study concept and design, study supervision, manuscript writing, and interpretation of data. C.G.: data 
analysis and manuscript writing. A.S.: Study concept and design, manuscript writing, data analysis and inter-
pretation of data.

Competing interests 
The authors declare no competing interests.

Additional information
Supplementary Information The online version contains supplementary material available at https://​doi.​org/​
10.​1038/​s41598-​023-​50962-z.

Correspondence and requests for materials should be addressed to A.S.

Reprints and permissions information is available at www.nature.com/reprints.

Publisher’s note  Springer Nature remains neutral with regard to jurisdictional claims in published maps and 
institutional affiliations.

Open Access   This article is licensed under a Creative Commons Attribution 4.0 International 
License, which permits use, sharing, adaptation, distribution and reproduction in any medium or 

format, as long as you give appropriate credit to the original author(s) and the source, provide a link to the 
Creative Commons licence, and indicate if changes were made. The images or other third party material in this 
article are included in the article’s Creative Commons licence, unless indicated otherwise in a credit line to the 
material. If material is not included in the article’s Creative Commons licence and your intended use is not 
permitted by statutory regulation or exceeds the permitted use, you will need to obtain permission directly from 
the copyright holder. To view a copy of this licence, visit http://​creat​iveco​mmons.​org/​licen​ses/​by/4.​0/.

© The Author(s) 2024

https://doi.org/10.1007/978-3-030-85616-8_29
https://doi.org/10.1145/2987491.2987498
https://doi.org/10.1038/s41598-023-50962-z
https://doi.org/10.1038/s41598-023-50962-z
www.nature.com/reprints
http://creativecommons.org/licenses/by/4.0/

	Learning in hybrid classes: the role of off-task activities
	Hybrid teaching: the difference between online and on-site learning
	Impact of off-task activities on learning
	The present study
	Method
	Participants
	Ethical approval
	Self-report measures
	Questions regarding digital off-task activities
	Questions regarding non-digital off-task activities
	Context variables
	Learning score

	Procedure
	Qualitative data analysis
	Quantitative data analysis

	Results
	Descriptive data
	Hypotheses testing
	Test of indirect effects

	Analysis of context variables

	Discussion
	Conclusion
	References
	Acknowledgements


