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Abstract 

Despite being socialized with digital media, a sig-
nificant proportion of students choose to disable their 
cameras during video seminars. An exploratory 
mixed-methods approach, including seven focus group 
analyses with 55 students and survey data from 1,134 
students across universities and programs, identified 
the main reasons for not using webcams in online lec-
tures. Lack of perceived usefulness emerged as the 
most important reason in the quantitative analysis. In 
addition, causal mediation analyses were conducted 
on the quantitative data to examine the effects of non-
use. The bootstrapped analyses confirm a significant 
positive effect of webcam use on academic perfor-
mance, with the effect partially mediated by enjoyment 
of learning and social academic integration. Notably, 
videoconferencing fatigue also positively mediates ac-
ademic performance, while technostress appears to 
have no effect. The study has scholarly and practical 
implications.  
 
Keywords: Distance Learning, Emergency Online 
Learning, Digital Learning, Videoconferencing, Stu-
dents’ Webcam Use. 

1. Introduction  

Facing the challenges presented by the global 
health crisis of the COVID-19 pandemic, university 
educators were tasked with adapting their teaching 
methodologies to encompass digital formats through 
electronic learning platforms such as the Moodle 
learning management system and video conferencing 
for emergency online learning (Hosszu et al., 2022). 
The utilization of Computer Supported Collaborative 
Learning (CSCL) techniques proved instrumental in 
navigating the challenges posed by the emergent, un-
familiar situation. However, the following paradox 
emerged: teachers, who had previously demonstrated 
proficiency in the absence of microphones and cam-

eras, assumed the role of online streamers, while stu-
dents, who had grown up with social media, exhibited 
reticence and a lack of visual identity. This gave rise 
to a controversial debate concerning the necessity of 
requiring students to activate their webcams during 
online lectures (Bedenlier et al., 2021). In light of the 
growing significance of digital learning formats in uni-
versity education, this paper presents the findings of a 
two-phase study. Based on a comprehensive analysis 
of relevant literature, the rationale behind students’ re-
luctance to activate their cameras will be examined in 
Study 1 through a mixed-methods approach, integrat-
ing inductive and deductive research designs. Specifi-
cally, a combination of focus group analysis and re-
gression analysis is employed to not only gain a more 
comprehensive understanding of the reasons for not 
activating webcams, but also to assess their relative 
importance. This paper thus provides guidance for in-
structors in the higher education context on how to 
motivate students to use their webcams in online lec-
tures. Building upon the generated results, the subse-
quent Study 2 analyzes the impact of webcam use on 
academic success. In consideration of existing re-
search (e.g., Bendelier, 2021; Isohätälä et al., 2021), 
our primary objective is to gain insight into the rela-
tionship between students’ webcam use and their aca-
demic performance, as well as the underlying mediat-
ing variables, including social-academic integration. 
To the best of our knowledge, this is the first mediation 
analysis with an empirical sample set of more than a 
thousand (n=1134).  

2. Recent studies and research gaps 

A comprehensive analysis of relevant literature on 
online teaching and learning practices reveals that ex-
isting publications primarily focus on three key areas: 
the interaction of the actors involved, the skills and 
pedagogical knowledge of the instructors, and the de-
sign of online learning communities (Carillo & Flores, 
2020). Nevertheless, only a limited number of studies 
have examined the primary reasons and consequences 
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of students’ utilization of webcams during online lec-
tures. In the early 2000s, technical issues, such as im-
age and sound quality, influenced the content of pub-
lications on videoconferencing (Develotte et al., 
2010). Subsequently, the emphasis shifted towards the 
influence of pedagogical strategies and the capacity of 
instructors to engage students in active online learning 
(Isohätälä et al., 2021). Initial qualitative studies con-
ducted during the pandemic revealed ambivalent im-
pacts. On the one hand, the enhanced flexibility re-
sulted in positive changes in student and instructor 
well-being. On the other hand, however, there were 
also perceived burdens and disruptions associated with 
synchronous online learning (Correia et al., 2020; 
Hosszu et al., 2022). Current studies are reviewed 
from content, conceptual, and methodological per-
spectives, and divided into key reasons and effects of 
student webcam use during online lectures. 

2.1. Recent studies on key reasons of stu-
dents’ webcam usage in online lectures 

The limited empirical studies conducted to date 
provide some initial insights into students’ reluctance 
to turn on their cameras. One of the key concerns is the 
potential invasion of privacy, with students worried 
about outsiders viewing their personal spaces (Beden-
lier et al., 2021). Additionally, there is a perception of 
peer scrutiny according to netiquette which can be un-
comfortable (Castelli & Sarvary, 2021). Technical 
limitations, including a lack of webcams and weak in-
ternet connections, also act as deterrents to camera use 
(Al-Samarraie, 2019). Other factors include anxiety 
over appearance, peer pressure to conform without 
moments of embarrassing (Castelli & Sarvary, 2021), 
or perceived stress coupled with a feeling of poor 
health (LeRoy & Kaufmann, 2024). Despite the iden-
tification of these factors, their relative significance is 
often empirically unclarified. From a conceptual per-
spective, it is important to recognize that the majority 
of extant studies examining the factors associated with 
non-webcam usage are primarily based on subjective 
assumptions, with only a limited number of studies de-
riving their hypotheses from established scientific 
models. For example, Castelli and Sarvary (2021) em-
ploy the Theory of Normative Conduct from social 
psychology to elucidate the reasons behind students’ 
preference for keeping their webcams turned off. In 
contrast, LeRoy and Kaufmann (2024) identify key 
reasons through the lens of Self-determination Theory. 
Meanwhile, Activity Theory offers a framework for 
understanding the tensions between students’ motiva-
tions and the use of webcams in synchronous online 
learning. It highlights the contradictions that may arise 

in different learning environments and how these im-
pact engagement (Maimaiti et al., 2021). Social Pres-
ence Theory may be utilized to explain the manner in 
which the presence of a webcam affects the perceived 
social presence and its consequences on student inter-
action and engagement in online courses (Yeung et al., 
2022). The diversity of the reasons identified for stu-
dents’ non-engagement with webcams, however, ne-
cessitate an interdisciplinary synthesis of theories in 
conjunction with an exploratory research methodol-
ogy. Methodologically, it is important to note that we 
only identified three empirical studies with a focus on 
webcam use. They are based on relatively small sam-
ples, conducting a mix of qualitative and quantitative 
research approaches, typically drawing test subjects 
from a single university and sole study program as in 
the case of Castelli and Sarvary (2021) or LeRoy and 
Kaufmann (2024). Consequently, there are no repre-
sentative results for the broader student population, 
such as those distinguishing between master’s and 
bachelor’s students, or between full-time and part-time 
students. An exception is Bedenlier et al. (2021), 
which analyzed responses from 3,527 students at a 
German university, including background differences 
based on gender, faculty, degree, and migration. 

2.2. Recent studies on key reasons of stu-
dents’ webcam usage in online lectures 

Empirical evidence suggests that the use of 
webcams during online lectures has the potential to en-
hance positive emotions and identification with con-
tent, reduce perceived social isolation, and increase 
motivation through a sense of belonging (Roth & 
Gafni, 2021). In their 2020 study, Saqr et al. (2020) 
underscore the significance of participation and social 
dimensions in collaborative learning. Isohätälä et al. 
(2021) emphasize the importance of social sensitivity 
in fostering constructive and cohesive online learning 
environments. Francescucci and Rohani (2019) found 
that synchronous interactive online courses yielded 
performance outcomes that were comparable to face-
to-face learning settings. However, the impact of 
webcam use in these courses remains unclear. Austin 
et al. (2021) posit that students who utilize cameras in 
their online environments tend to achieve better short-
term learning outcomes due to increased focus and in-
teraction. Hayashi (2020) suggests that enhanced 
learning can be facilitated through the use of active co-
ordination support. Nevertheless, Bailenson (2021) 
identifies potential adverse effects, including fatigue 
and distraction. Overall, the relationship between 
webcam use and long-term academic performance re-
mains uncertain. From a conceptual perspective, the 
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few academic studies that examine those effects of stu-
dents’ webcam use only implicitly support their gen-
erated hypotheses. Roth and Gafni (2021) trace some 
of their assumptions about the relationship between 
students’ webcam use and their positive academic 
emotions back to the social presence theory and self-
efficacy theory. While these theoretical approaches of-
fer an important contribution in explaining students’ 
emotions during online lectures, this study lacks a the-
oretical link to academic performance. Austin et al. 
(2021) offer a different approach by explaining the 
connection between webcam use and better perfor-
mance in a conducted quiz directly following the ex-
periment setting, including the so-called “audience ef-
fect”. These theoretical approaches offer interesting 
insights into the explanation of short-term learning 
outcomes, yet it is surprising that established learning 
theories (e. g., the ICAP-framework which refers to 
Interactive, Constructive, Active, and Passive levels of 
cognitive engagement) have not yet been integrated 
into the empirical research described above. From a 
methodological point of view, correlation or single-
stage regression analyses are most often utilized to an-
alyze the effects of webcam activation. Single-stage 
structural equation models are only employed in a few 
studies such as the research by Roth and Gafni (2021). 
In addition, experimental settings on the effects of 
webcam use are occasionally employed, as in the study 
by Austin et al. (2021), in which performance differ-
ences of students with or without webcam usage were 
investigated in the context of a quiz. While interesting, 
these results only allow conclusions to be drawn about 
the short-term learning success of a particular learning 
unit. Accordingly, from a measurement perspective, 
long-term learning successes must also be mapped. 

 
2.3. Research aims and questions 
 

A critical examination of the key reasons and ef-
fects of students’ use of webcams has revealed a num-
ber of research gaps. First, there is an absence of em-
pirical foundation for the key reasons and their signif-
icance across varied higher education institutions and 
countries. In particular, the key reasons discussed in 
the current literature  require expansion through an ex-
plorative research design to identify further grounds 
for webcam disengagement. The key reasons must 
necessarily be weighted in order to provide both sci-
entists and practitioners concrete recommendations on 
dealing with ‘black tiles’ in online teaching. Second, 
the impact of webcam usage (or non-usage) has not yet 
been linked to long-term academic performance. It is 
unclear whether and to what extent the webcam usage-
performance relationship is direct or indirect. There-
fore, our research model is built upon the previously 

described findings and our investigation into what ex-
tent the relationship between webcam use and aca-
demic performance is fully or partially mediated by 
factors including learning enjoyment, social academic 
integration, videoconference fatigue, and technostress. 
In conclusion, this study aims to address the identified 
research gaps to better understand the underlying rea-
sons and consequences of students' webcam use. Ac-
cordingly, three research questions will be explored: 

 
1) What are the key reasons why students do not 

want to turn on their webcams during online 
lectures and how significant are these rea-
sons? 

2) What is the relationship between students’ 
webcam use and their academic perfor-
mance? 

3) To what extent (fully or partially) is the rela-
tionship between students’ webcam use and 
their academic performance mediated by 
learning enjoyment, social academic integra-
tion, videoconference fatigue, and tech-
nostress? 

 
Whereas the first research question will be the fo-

cus of Study 1, research questions two and three will 
be addressed in the subsequent Study 2. 
 
3. Empirical studies 

3.1. Study 1: Research on key reasons for stu-
dents’ webcam use in online lectures 
 
3.1.1. Research methodology. To identify and struc-
ture the key reasons for students’ webcam usage, we 
conducted a focus group analysis. Focus groups are 
typically used to gather information on participants’ 
opinions, beliefs, or experiences. This research tech-
nique offers a more thorough view of social interaction 
than individual-oriented approaches which is why it is 
a generally accepted method in applied social research 
(Hydén & Bülow, 2003). In order to enhance empirical 
value and rigor, our focus group design choices were 
explicitly tethered to the type of evidence required. To 
generate hypotheses regarding the relative importance 
of potential motivations to not use webcams in online 
lectures, we applied scoping focus group design which 
are used in questionnaire designs to study the range of 
participants’ responses (perceptions and understand-
ings) of the concepts being assessed (Ryan et al., 
2014). To further substantiate the generated key rea-
sons, we decided to enhance the study with a supple-
mental regression analysis which was conducted 
based on anonymous online questionnaire data. 
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3.1.2. Data collection and analysis. To better under-
stand why students prefer to deactivate their webcams 
during online lectures, seven focus groups of 55 stu-
dents were conducted in addition to a review of exist-
ing literature. In January 2022, students were asked to 
voluntarily participate in breakout sessions of seven to 
eight students to discuss and rank their reasons for not 
using webcams. To encourage participation, the re-
search objective and the potential benefits for digital 
teaching were presented. Absolute anonymity within 
the sessions was guaranteed, and informed consent 
was implied by participation in the breakout session. 
Each 20-minute session had a volunteer moderator and 
timekeeper to ensure a focused discussion. The first 
guiding question asked students to brainstorm reasons 
for not using webcams, while the second focused on 
identifying and ranking the top five reasons. To docu-
ment the group discussions, the results were recorded 
using a group-specific collaborative online tool 
(Miro). Thereafter, a short feedback session was held 
with each group to review and refine the final rank-
ings, ensuring a systematic categorization of terms for 
subsequent qualitative content analysis. Each group 
identified and ranked the top five reasons for not using 
webcams, scoring them from 1 (least important) to 5 
(most important). To substantiate the significance of 
the reasons identified in the groups, a regression anal-
ysis of the most crucial responses was performed. De-
spite the potential insights that can be gained from fo-
cus groups, the non-representative nature of the sam-
ple limits the reliability of the findings. Consequently, 
a supplementary regression analysis was conducted 
using anonymous online questionnaire data from 
1,134 students across various European universities 
and disciplines during the first half of 2022. The anal-
ysis revealed multicollinearity issues, as large changes 
in regression coefficients occurred when certain pre-
dictor variables were added or removed. To address 
this issue, the variance inflation factor (VIF) was em-
ployed to identify problematic variables. In light of the 
above, it was deemed appropriate to exclude variables 
with VIF above 10 from the regression analysis. This 
process resulted in the removal of ‘weak Internet con-
nection’, given that this term demonstrated a correla-
tion of 0.79 with general ‘technical problems’ and 
proved to exert no discernible effect on the utilization 
of webcam functionality. Consequently, the broader 
construct of ‘technical problems’ was retained for the 
analysis. Due to the presence of several medium to 
high correlations (ranging from .19 to .52) among 
some, but not all, independent variables, ridge regres-
sion analysis was employed, offering superior predic-
tion and extrapolation compared to least squares meth-
ods (Marquardt & Snee, 2012). 

 
3.1.3. Results. A content analysis of the seven fo-
cus groups identified twelve key reasons why students 
avoid using webcams. The results of the focus group 
analysis are displayed below from highest (maximum 
35 points) to lowest (minimum 1 point): 
 
1) preference to do other things during the 

online lecture (e. g. cooking) (26),  
2) unusual to see one’s own picture (16), 
3) boring content (11), 
4) failure to adhere to netiquette (10), 
5) other people in the room (9), 
6) technical problems (8 points), 
7) feeling scrutinized on camera (8), 
8) privacy concerns (7), 
9) early morning lectures (5), 
10) lack of perceived usefulness of webcam utili-

zation (2),  
11) fear of embarrassing moments (2),  
12) use in compliance with others (1). 
  
A more detailed examination of these reasons and their 
rankings revealed new insights that differed from 
those of previous studies. Notably, social norms, a sig-
nificant factor in previous studies (e.g., Bedenlier et 
al., 2021), did not emerge as a significant factor in our 
focus groups. Furthermore, our analysis contributes to 
the existing body of research by identifying additional 
factors that deter webcam use, such as early morning 
lectures. Based on these findings and the conducted 
literature analysis, we identified 19 reasons for non-
use of webcams. Table 1 sets forth the results of the 
multivariate ridge regression analysis sorted according 
to the strength of the regression coefficients. 
 

 
Table 1. Results of regression analysis regarding 
the key reasons of students’ webcam non-usage. 
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3.2. Study 2: Research on the effects of stu-
dents’ webcam use in online lectures 

3.2.1. Research model and methodology. In this 
study, the utilization of webcams by students is de-
fined as the activation of the camera for the majority 
of an online lecture, thereby allowing others to view 
the individual in question. The ability to see others 
during online sessions allows for the perception of 
gestures and facial expressions, which enhances social 
presence compared to audio alone. The present study 
investigates the relationship between webcam use and 
long-term academic performance using a two-stage 
causal model for direct and indirect effects. Academic 
performance is defined as the average grade at the time 
of data collection, which differs from studies focusing 
on short-term success (e.g., Austin et al., 2021). We 
derive our hypotheses using the Interactive, Construc-
tive, Active, Passive (ICAP) framework by Chi and 
Wylie (2014), which predicts that increased student 
engagement, from passive to interactive, enhances 
learning. Active learning requires cognitive engage-
ment through analyzing, synthesizing, and evaluating 
content. Chi and Wylie’s (2014) lab experiment shows 
that active learning techniques such as note-taking and 
concept mapping improve learning outcomes. We ex-
tend these engagement activities to include effective 
webcam use during online lectures as a form of overt 
student behavior. We propose that students who use 
webcams and display gestures and expressions during 
interactive sessions achieve learning objectives more 
effectively than those represented by “black tiles”. Us-
ing the ICAP framework, we integrate webcam usage 
as a form of engagement linked to long-term academic 
performance, an approach not as clearly supported by 
alternative theories. We hypothesize that students us-
ing webcams will be more interactive and achieve 
higher learning outcomes, thereby exhibiting a direct 
effect on academic performance. Additionally, we 
suggest that webcam use indirectly affects perfor-
mance by increasing learning enjoyment and social ac-
ademic integration. We also consider videoconference 
fatigue and technostress as negative mediators in the 
relationship between webcam use and academic per-
formance. In summary, five research hypotheses were 
generated and tested using a mediation model with 
Hayes’ Process Macro Version 4.0 and SPSS 28.0.1.1. 
Specifically, we employed Model 4 with 5000 boot-
strap resamples to simultaneously calculate the effects 
of four mediators and two control variables. Hayes’ 
Model 4 permits the examination of multiple media-
tors and covariates, distinguishing between full and 
partial mediation. Mediation analyses assist in eluci-

dating the relationship between independent and de-
pendent variables when no direct connection is appar-
ent (Cohen et al., 2003). 
 

 
Figure 1: Research model 
 
3.2.2. Research hypotheses. The ICAP framework 
posits that the use of webcams in the classroom facili-
tates more interactive pedagogical formats, such as 
discussions with peers or teachers. This high level of 
engagement leads to a deeper and more sustainable un-
derstanding, which in turn fosters the development of 
new ideas. It can be reasonably assumed that the use 
of webcams has a positive impact on overall academic 
performance. Hayashi’s (2020) study provides empir-
ical evidence to support this assertion, demonstrating 
that the use of webcams in online learning can enhance 
interaction and learning outcomes. Consequently, we 
suggest: H1: Students’ webcam use positively affects 
their academic performance. 
 
Existing literature suggests webcam use benefits stu-
dents’ learning by allowing teachers to observe non-
verbal cues and adjusting content or pace accordingly 
(Austin et al., 2021). This adaptation enhances learn-
ing enjoyment, defined as a positive learning experi-
ence (Cronquist, 2021). When students turn on their 
webcams, teachers feel more engaged such that  lec-
tures are more interesting, thereby increasing enjoy-
ment for students and teachers alike. Seeing and inter-
acting with peers also enhances learning enjoyment, 
facilitating active learning and higher interaction per 
the ICAP framework (Chi & Wiley, 2014). Research 
shows that learning enjoyment boosts motivation and 
reduces perceived learning effort (Cronquist, 2021). 
This is crucial in distance learning, where direct 
teacher influence is limited and students require con-
sistent self-motivation. Therefore, we propose: H2a: 
Students’ webcam use increases their learning enjoy-
ment which in turn enhances academic performance. 
      
The utilization of webcams has been demonstrated to 
enhance social academic integration, defined as the 
quantity and quality of interactions with university 

Students
webcam use

Learning enjoyment

Social academic
integration

Videoconferencing
fatigue

Technostress

Positive outcomes

Negative outcomes

Academic performance
H1: +

Controls:
Lecturer support
& learnig effort

H3b: -

H3a: -H3a: +

H3b: +

H2a: +
H2a: +

H2b: + H2b: +
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staff and peers both inside and outside the classroom 
(Develotte et al., 2010). The use of webcams fosters a 
stronger sense of community, facilitating interactions, 
discussions, and the exchange of ideas among stu-
dents. This is consistent with the ICAP framework, 
which suggests that interactive behaviors entail collab-
orative processes (Wiley & Chi, 2014). Such interac-
tions facilitate deeper comprehension and enhance ac-
ademic outcomes. Saqr et al. (2020) demonstrate that 
increased participation and social exchange positively 
impact student learning in computer-supported collab-
orative settings. The concept of social presence, which 
encompasses immediacy, intimacy, and sociability 
(Satar, 2013), serves as the foundation for this sense of 
community. Immediacy refers to the perceived physi-
cal proximity to others. The use of webcams can en-
hance this perception, encouraging interaction beyond 
online lectures. Eye contact and the ability to perceive 
gestures and facial expressions increases psychologi-
cal closeness, which fosters intimacy by improving the 
quality of interactions and social acceptance. The term 
sociability is used to describe the psychological cli-
mate of interactions and the ability to exchange infor-
mation informally and develop affinities. Develotte et 
al. (2010) posit that the use of webcams engenders a 
sense of presence at a distance, thereby reinforcing 
connections and enhancing the pedagogical relation-
ship. Research indicates the significance of academic 
integration for student persistence and success in 
higher education. Stadtfeld et al. (2019) demonstrated 
that friendships are a significant predictor in the for-
mation of collaborative ties over time, which in turn, 
correlate with academic success. Therefore, we pro-
pose: H2b: Students’ webcam use increases their so-
cial academic integration which in turn enhances ac-
ademic performance.    
 
Some authors highlight negative effects of webcam 
use during online lectures, notably videoconference 
fatigue. This phenomenon, increasingly discussed dur-
ing the COVID-19 pandemic, describes the exhaustion 
attributed to engaging in videoconferences (Bennet et 
al., 2021). In distance learning, the virtual connection 
without physical presence causes cognitive disso-
nance, leading to exhaustion (Shockley et al., 2021). 
Initial studies suggest that camera use exacerbates vid-
eoconference fatigue. For example, a field experiment 
indicates that using a webcam is fatiguing regardless 
of meeting duration or frequency (Shockley et al., 
2021). A large Stanford University study with 10,591 
participants identified several nonverbal mechanisms 
contributing to this fatigue: mirror anxiety, feeling 
physically trapped, hyper gaze from staring faces, and 
cognitive load from nonverbal cues (Fauville et al., 
2021). Bailenson (2021) attributes causes of fatigue to 

excessive close-up eye gaze, cognitive overload, in-
creased self-evaluation, and restricted mobility. 
Though empirical evidence on videoconferencing fa-
tigue’s effects is limited, related studies suggest fa-
tigue reduces engagement (Shockley et al., 2021) and 
hinders performance (Hülsheger & Schewe, 2011). 
Thus, we propose: H3a: Students’ webcam use in-
creases their online fatigue which in turn reduces ac-
ademic performance.  
 
Videoconferencing fatigue is often linked to tech-
nostress, defined as stress from multitasking, constant 
connectivity, information overload, system upgrades, 
and technical issues (Tarafdar et al., 2007). Tarafdar 
and colleagues identify five subfactors: techno-over-
load, techno-invasion, techno-complexity, techno-in-
security, and techno-uncertainty. Despite the normali-
zation of video conferencing in higher education, 
webcam use still induces high stress. It blurs the lines 
between study and private life (techno-invasion), and 
teachers assume students can use the latest tools 
(techno-uncertainty). The possibility of being called 
upon directly increases stress (techno-insecurity), and 
concerns about operating the tool may cause anxiety 
(techno-complexity). Recent research indicates that 
technostress leads to anxiety, depression, and reduced 
productivity (Wang et al., 2020). In education, prelim-
inary findings suggest technostress is linked to learn-
ing dissatisfaction, frustration, poor engagement, and 
reduced performance (Jena, 2015). Thus, we propose: 
H3b: Students’ webcam use increases their tech-
nostress which in turn reduces academic performance. 
 
3.2.3. Results. As explained above, we performed a 
mediation model to test the five generated hypotheses 
using the Hayes’s Process Macro Version 4.0 state-of-
the-art statistical methods (Hayes, 2018 with SPSS 
28.0.1.1). The deducted model shows satisfactory var-
iance resolution (r-square = .34) in the dependent var-
iable and is statistically significant (p < 0.001).  
 
Table 2 reveals a direct positive effect of students’ 
webcam use on their academic performance (b = 0.32, 
p < 0.001) in the presence of the mediators, in support 
of hypothesis 1. Furthermore, the analyses revealed 
that students’ webcam use has a positive significant 
effect on the mediators learning enjoyment (b = 0.24, 
p < 0.001), social academic integration (b = 0.20, p < 
0.01), and videoconferencing fatigue (b = 0.16, p < 
0.05). While the positive effects of the mediators 
learning enjoyment (b = 0.18, p < 0.01) and social ac-
ademic integration (b = 0.20, p < 0.01) were predicted, 
the positive effect of video fatigue (b = 0.18, p < 0.01) 
on academic performance was surprising. Notably, the 
control variable lecturer support significantly affects 
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all mediators (positively impacting learning enjoy-
ment and social academic integration, and negatively 
impacting videoconferencing fatigue and tech-
nostress) but has no effect on academic performance. 
The second control variable, learning effort, moder-
ately influences learning enjoyment and social aca-
demic integration but does not affect academic perfor-
mance. No statistical differences were found between 
bachelor’s and master’s students or between genders. 
Using bootstrapping procedure with a sample of 5000, 
our study further assessed the mediating role of learn-
ing enjoyment, social academic integration, videocon-
ference fatigue, and technostress. The results revealed 
significant indirect effects for learning enjoyment (b = 
0.16), social academic integration (b = 0.13), and vid-
eoconference fatigue (b = 0.11), which are confirmed 
by positive BootLCCI and BootULCI values for each 
of the three mediators mentioned. Moreover, the direct 
effect of students’ webcam usage on their academic 
performance in the presence of the mediators was also 
found to be significant (b = 0.32, p < 0.001). There-
fore, our results suggest that the relationship between 
students’ webcam use and their academic performance 
is partially mediated by the constructs of learning en-
joyment, social academic integration, and videocon-
ferencing fatigue. 
 

 
Table 2: Hypotheses testing using Hayes’ Process 
Macro Version 4.0 (Model 4) 

4. Conclusions  

4.1. Theoretical contributions 

In Study 1, we investigated reasons for not using 
webcams. Our focus group and subsequent regression 
analyses offer new insights. Surprisingly, the primary 
reason students avoid using webcams is their desire to 
multitask during online lectures. This reason was over-

looked or deemed insignificant in previous quantita-
tive studies (Bedenlier et al., 2021; Castelli & Sarvary, 
2021). The second most important reason, distraction 
from self-observation, has also received little research 
attention. The third-ranked reason, lack of interest in 
lecture content, is another new finding. Previously em-
phasized reasons, such as compliance with peers, pri-
vacy concerns, or environmental worries, did not rank 
among the top three. Technical issues, like poor inter-
net connection or lack of webcam, were not mentioned 
in our focus group, suggesting increased student famil-
iarity with online teaching technology over time. The 
ridge regression analysis reveals differing relative im-
portance of reasons compared to the focus group anal-
ysis. The most significant reason for not using 
webcams is the lack of perceived usefulness, which 
played a minor role in focus groups and existing stud-
ies. This suggests future research should consider con-
structs from technology acceptance models, such as 
computer self-efficacy or anxiety (e.g., TAM 3 by 
Venkatesh & Bala, 2008), to better explain webcam 
use. Other significant factors include early morning 
lectures, privacy concerns, and interactive teaching. 
While privacy concerns and interactive teaching were 
previously identified (Bedenlier et al., 2021; Castelli 
& Sarvary, 2021), early morning lectures emerged as 
significant for the first time. Investigating the influ-
ence of time of day and students’ biorhythms would be 
valuable. Combining focus group and ridge regression 
analyses provides a better understanding of the reasons 
for not using webcams and their relative importance. 
This paper offers guidance for instructors on motivat-
ing students to use webcams in online lectures and 
opens new research perspectives. 

 
In Study 2, we addressed the second and third re-

search questions through mediation analysis of 
webcam usage effects on academic performance, 
yielding pioneering results. While the expected posi-
tive mediation effects were found for learning enjoy-
ment and social academic integration, the positive ef-
fect of videoconferencing fatigue was initially surpris-
ing. However, according to the ICAP framework, stu-
dents actively using webcams may experience higher 
fatigue but also gain a deeper understanding than pas-
sive participants. An alternative explanation is that 
students who are disciplined in their use of webcams 
may experience fatigue due to their engagement, 
which in turn allows them to learn more. This finding 
challenges both theoretical assumptions (e.g., Bailen-
son, 2021) and initial empirical results from the work-
place (e.g., Bennet et al., 2021). Future research 
should critically examine these results using the ICAP 
framework. This should investigate the link between 
videoconferencing fatigue and increased interaction, 
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as well as its impact on performance. Methods could 
include participant observation and in-depth inter-
views. It would also be advisable to review these find-
ings in the context of online meetings in the work-
place. With regard to the third research question, 
results show that the relationship between students’ 
webcam use and academic performance is partially 
mediated by the constructs of learning enjoyment, so-
cial academic integration, and videoconferencing fa-
tigue. To the best of our knowledge, this is the first 
study to examine mediation effects in the context of 
students' webcam use during online lectures with re-
spect to their long-term academic performance. Alt-
hough a few single-stage causal analyses on the effects 
of webcam use by students have already been exam-
ined (Roth & Gafni, 2021), our literature research re-
vealed that there are no multi-stage causal models with 
large, cross-university data sets that deal with the 
question of partial or complete mediation. Thus, this 
study contributes to a better understanding of the cas-
ual relationship between students’ webcam-usage and 
their long-term academic performance. Based on our 
findings, future studies should include other mediators 
in their investigations to expand the underlying 
knowledge. From a social learning theory perspective, 
the extent to which students observe and listen to peers 
or teachers during an online class should be considered 
as a potential mediator (see also Hill et al., 2009). With 
regard to moderators, it seems reasonable to include 
individual-based variables such as demographics (e.g., 
gender, age) and personality traits (e.g., using the Big 
Five model) as well as group-based variables such as 
peer cohesion and learning culture. 
 
4.2. Practical implications 
 

This research also provides valuable insights for 
faculty. First, the perceived usefulness variable re-
garding students’ webcam use should be given greater 
importance in the future. In particular, it is up to the 
teachers to make students aware of the positive effects 
of switching on webcams, which became clear in this 
study, and to create motivational framework condi-
tions. An interactive design of online lectures where 
both lecturer and students take on an active teaching 
role would help enhance the perceived usefulness. In 
accordance with the ICAP framework, students should 
be invited to actively participate in group breakout ses-
sions or use collaborative online platforms (e.g., Miro) 
depending upon the problems and theoretical frame-
works introduced by the teacher. However, from an 
ethical standpoint we advise teachers to encourage stu-
dents to activate their webcams without exerting im-
plicit or explicit pressure. Second, to avoid severe stu-
dent fatigue, it is advisable to actively change the 

rhythm of the lectures, giving the students breaks 
where the cameras are turned off during pure theory 
content. In addition, long periods of frontal lectures 
should be avoided. Such a mix of didactic elements re-
quires teachers to be well trained and versatile for 
online lectures, adjusting the media use to the trans-
mitted content and reacting proactively to upcoming 
challenges. Third, it appears to suggest that lecturers 
will need to work more on the continuous inclusion 
and academic integration of students in online teach-
ing settings. As teachers we gained positive experi-
ence empowering students and jointly conducting ap-
plied theories and methods through prepared tasks or 
collected practical examples by the participants. Out-
side of the remote setting, students should be encour-
aged to get together – if possible, in person – and ex-
change ideas in learning groups. Finally, with regard 
to the analysis of the teacher support control variable, 
it should be noted that lecturers should be a trustwor-
thy resource for students with privacy, technical or lec-
ture-related questions prior to and during online lec-
tures in order to promote positive effects (learning en-
joyment and social academic integration) and to miti-
gate negative effects (videoconference fatigue and 
technostress). For example, this objective could be 
achieved through the implementation of a digital con-
sultation hour in a secure setting (such as a breakout 
session) for students prior to the online lecture. This 
would facilitate an open discussion on the optimal lo-
cations for student participation and allow the teacher 
to set expectations for the forthcoming session. This 
approach could effectively mitigate the potential for 
participants' anxiety and discomfort. 

 
4.3. Limitations and future research outlook 
 

While our study offers new scientific and practi-
cal implications, it is not free of limitations which sug-
gest amplification through further research. In terms of 
data, it should be noted that the results are based on 
different universities and study programs in continen-
tal Europe, only. Future studies should collect broader 
international data to be able to take cultural effects into 
account. Moreover, the results of our study are exclu-
sively limited to the university context. Therefore, it 
seems advisable to review the empirical findings of 
this paper on a broader level, specifically in the con-
text of high school education or the working world. 
With regard to the ridge regression analysis for the 
weighting of the reasons for non-webcam use, we pro-
pose that future research should not be limited to the  
measurement of the reasons with single-items, but as 
latent constructs with at least three items per reason 
and corresponding validation. Regarding the media-
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tion analysis for the effects of webcam use the depend-
ent variable was measured by student data; here, ob-
jectification by actual average grades is more appro-
priate. Future research should also consider additional 
mediators, such as the mirror effects of webcam use, 
and analyze moderators such as course size and teach-
ing content. It is also essential to investigate student-
based factors, such as student attention span with the 
camera on or explore how webcam usage affects stu-
dents of varying abilities, in order to extend the initial 
findings of this study.  
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