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Abstract
As a consequence of lockdowns due to the coronavirus disease (COVID-19) and the resulting restricted social mobility, 
several billion people worldwide have recently had to replace physical face-to-face communication with computer-mediated 
interaction. Notably, the adoption rates of videoconferencing increased significantly in 2020, predominantly because vide-
oconferencing resembles face-to-face interaction. Tools such as Zoom, Microsoft Teams, and Cisco Webex are used by 
hundreds of millions of people today. Videoconferencing may bring benefits (e.g., saving of travel costs, preservation of 
environment). However, prolonged and inappropriate use of videoconferencing may also have an enormous stress potential. 
A new phenomenon and term emerged, Zoom fatigue, a synonym for videoconference fatigue. This paper develops a defini-
tion for Zoom fatigue and presents a conceptual framework that explores the major root causes of videoconferencing fatigue 
and stress. The development of the framework draws upon media naturalness theory and its underlying theorizing is based 
on research published across various scientific fields, including the disciplines of both behavioral science and neuroscience. 
Based on this theoretical foundation, hypotheses are outlined. Moreover, implications for research and practice are discussed.

Keywords  Zoom fatigue · Videoconference stress · Videoconference fatigue · Technostress · Media naturalness theory · 
NeuroIS · Home office

JEL Classification  M1 · I12 · O3

Introduction

Julia, a 32-year old social media consultant in a marketing 
agency, has to communicate much in personal meetings and 
via telephone, both with colleagues and clients. However, 
as a consequence of the COVID-19 crisis and restricted 
social mobility, she has been working most of the time from 
home since March 2020. With the beginning of the crisis, 
her employer quickly implemented Zoom videoconferencing 

software, and much of the original face-to-face and tele-
phone communication has since been carried out via Zoom. 
Despite the fact that Julia acknowledges that she and her 
employer benefit from Zoom usage, she increasingly has 
mixed feelings about videoconferencing. On more and more 
days, most of which are dominated by videoconferences, she 
feels exhausted, fatigued, and stressed—“it’s like a drain of 
cognitive resources,” she says, when providing an introspec-
tive account of her current sentiment. Many people share 
her experiences and, therefore, have begun to consider vide-
oconferencing as a new source of stress.

As illustrated by this vignette, videoconferencing has 
been quickly adopted by many people and organizations as 
a response to the restricted social mobility that resulted from 
COVID-19-induced lockdowns. Despite the fact that vide-
oconferencing has been available to the general public for 
about two decades (Skype, for example, was launched in 
2003), adoption rates of tools increased dramatically starting 
in spring 2020 (Gartner, 2020). Systems such as Zoom have 
been implemented to maintain communication in various 
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areas, including business, education, health care, science, 
various private domains, and even in legislation and judi-
ciary (e.g., Fouda, 2020; Puddister & Small, 2020; Toney 
et al., 2021). As a result of the availability of videoconfer-
encing, people and organizations have been able to maintain 
communication, thereby helping economies and societies to 
continue functioning. Use of videoconferencing also saves 
travel costs (e.g., Denstadli, 2004; Denstadli et al., 2012) 
and contributes to the preservation of the environment (e.g., 
Aguilera, 2008).

The problem, however, is that the radical adoption and 
extensive use of videoconferencing tools also has a dark side, 
referred to as Zoom fatigue. This stress-related depletion of 
physiological and cognitive resources is a consequence of a 
prolonged and inappropriate use of videoconferencing tools. 
Note that Zoom fatigue is used as a synonym for videocon-
ference fatigue, and hence also applies to the exhaustion that 
may result from the use of other similar tools.1

With the enormous increase of videoconferencing adop-
tion rates in Spring 2020, newspaper and magazine reports 
emerged that used the term Zoom fatigue (e.g., Fosslien & 
Duffy, 2020; Morris, 2020; Sklar, 2020). Also, scientists 
in various disciplines including psychology (Wiederhold, 
2020), Information Systems (IS) (Toney et  al., 2021), 
human–computer interaction (Bailenson, 2021), psycho-
physiology (Peper et al., 2021), and health science (Brown 
Epstein, 2020) began to describe this new phenomenon. 
Recent survey evidence substantiates the significance of the 
problem (e.g., Asgari et al., 2021; Fauville et al., 2021b; 
Rump & Brandt, 2020a, 2020b). Moreover, recently the 
journal Australasian Psychiatry published a short paper 
entitled “Chronic Zoom Syndrome” in which the authors 
write about “a new diagnosis of paramount significance […] 
which may be included in international diagnostic classifi-
cations [and this] proposed diagnosis is based on clinical 
observations of an insidious and debilitating video-meeting-
mediated disorder” (Anderson & Looi, 2020, p. 669).

Against the background of these recent developments, 
both in practice and science, there is an urgent need to 
explore the new phenomenon called Zoom fatigue in more 
detail, in particular its root causes. This urgency is substan-
tiated by the fact that both the e-collaboration and tech-
nostress literature, two major IS research streams in which 
videoconference fatigue and stress as well as possible root 
causes should actually be a relevant phenomenon, have been 
completely silent about this issue so far.

The article is structured as follows. In Sect. 2, we outline 
the research gap in more detail. In Sect. 3, we develop a 
Zoom fatigue definition. In Sect. 4, we outline the study 
context and describe media naturalness theory (Kock, 2004, 
2005, 2009a) as the theoretical lens through which six root 
causes of Zoom fatigue are derived. Section 5 discusses 
each of the six root causes in detail. Based on the theoreti-
cal understanding of the phenomenon that is summarized 
in a conceptual framework with corresponding hypotheses, 
Sect. 6 describes implications for research and practice, as 
well as limitations. In Sect. 7, a concluding statement is 
provided.

Methodologically, this paper comprises two approaches. 
First, the development of a Zoom fatigue definition in Sect. 3 
draws upon a systematic literature review. Second, the devel-
opment of the conceptual framework in Sect. 5 uses media 
naturalness theory as overarching model and draws upon 
published theoretical and empirical works from both the 
behavioral and neuroscience disciplines. Thus, a NeuroIS 
approach (Dimoka et al., 2012; Riedl & Léger, 2016) based 
on secondary sources along with deductive reasoning is used 
to substantiate the rationale and arguments provided. The 
usefulness of neuroscience evidence for IS theorizing with-
out directly using neuroscience tools is a widely accepted 
approach in IS research (Dimoka et al. 2012; Riedl et al., 
2017). As substantiation for a NeuroIS approach in the pre-
sent videoconference stress context, we cite vom Brocke 
et al. (2020) who have made a call for NeuroIS research 
recently and indicate that “topics on the individual level, 
such as stress, are considered particularly suitable for Neu-
roIS” (p. 10); they further outline that “usage of digital com-
munication devices” and “digital communication’s inabil-
ity to send the full range of non-verbal signals” (p. 24) are 
topics of societal relevance that should also be examined 
through a neuroscience lens.

Outline of the research gap and contribution

Electronic collaboration (e-collaboration) is a term that 
refers to all computer-based modes, across distributed con-
texts, that support interaction, communication, and coor-
dination among people (Riemer, 2009). E-collaboration 
research may pertain to different levels of analysis, including 
individual, team (group), organization, and society (Gallivan 
& Benbunan-Fich, 2005). Videoconferencing is an important 
topic on the individual and group levels. Analysis of the 
literature indicates that this topic has become an important 
subject of study over the years; application domains of vide-
oconferencing which have been studied scientifically are, 
among others, business (e.g., Graetz et al., 1998; Hamb-
ley et al., 2007; Maynard & Gilson, 2014), education (e.g., 

1  Zoom Video Communications, Inc., is the market leader for web-
based videoconferencing, and already had 300 million daily meet-
ing participants at the end of April 2020—that is, shortly after the 
announcement of the first wave of lockdowns (Warren 2020). In 
March 2021, zoom.us had 2.72 billion website visits (Statista 2021a, 
b). Other tools are, for example, Microsoft Teams and Cisco Webex.
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Giesbers et al., 2013; Padilla-Meléndez et al., 2008), and 
health care (e.g., Barton et al., 2011; Mair & Whitten, 2000).

However, inspection of the e-collaboration literature, 
including the literature on videoconferencing and virtual 
teams, reveals that except one single study (Wegge et al., 
2007) no peer-reviewed academic paper exists with a focus 
on the stress potential of videoconferencing. In this study, 
psychologists simulated video-based call center work in an 
experiment and found that time pressure of call center agents 
causes strain, and that this relationship is moderated by cus-
tomer friendliness. Thus, direct examination of the fatigue 
and stress potential of videoconferencing itself was not the 
focus of this study. Further substantiation of the research gap 
comes from a recent review of the virtual teams literature 
that already considers COVID-19 developments (Kilcullen 
et al., 2021). Surprisingly, this review does not even men-
tion the terms “stress”, “fatigue”, “strain”, and “exhaustion”. 
Against this background, we conclude that the e-collabora-
tion literature, including the literature on videoconferencing 
and virtual teams, has not yet examined the stress potential 
of videoconferencing.

Additionally, we also analyzed the technostress literature. 
However, it has not studied videoconference stress either 
(Benzari et al., 2020). In fact, the most recent review article 
on technostress (Grummeck-Braamt et al., 2021; N = 252 
papers) and five existing reviews referenced in this article 
(Fischer & Riedl, 2015; Fischer & Riedl, 2017; La Torre 
et al., 2019; Riedl, 2013; Tarafdar et al., 2019) have been 
completely silent about the phenomenon. No single word 
related to videoconference stress and Zoom fatigue can be 
found in these six reviews and their underlying literature 
basis (in total several hundreds of articles). Because technos-
tress refers to stress that results from the use of information 
and communication technologies (ICTs) (Ayyagari et al., 
2011; Ragu-Nathan et al., 2008), of which videoconferenc-
ing is an important instance, this finding is remarkable.

A possible reason for this research gap is that adoption 
rates were not high before the COVID-19 pandemic and 
hence videoconferencing, if compared to other technologies, 
did not play a significant role. However, this situation has 
changed sharply within a short period of time, as signified 
by recent findings of IS studies which were conducted in 
the context of COVID-19 induced lockdowns. For exam-
ple, Hacker et al. (2020) report that “the heavy reliance 
on web-conferencing as the main medium for conducting 
one’s life led to physical and mental exhaustion” (p. 578). 
In another recent study, Waizenegger et al. (2020) indicate 
that “participants suffered from ‘virtual meetings-fatigue’ as 
virtual meetings are far more attention-taxing than face-to-
face meetings” (p. 435). Moreover, they indicate that Zoom 
fatigue is “a big issue [one that is] a lot bigger than face-to-
face fatigue in meetings” (p. 436).

Considering that it is a well-established fact in the lit-
erature that various forms of technostress may have severe 
effects on physiological arousal, health, mental well-being, 
emotional exhaustion, depression, burnout, performance, 
productivity, job satisfaction, and organizational commit-
ment (e.g., Benlian, 2020; Riedl, 2013; Tarafdar et  al., 
2019), conceptualizing Zoom fatigue and examining its 
root causes is critical. This does not only stimulate further 
theoretical and empirical research. Rather, based on a bet-
ter understanding of the phenomenon it is also possible to 
suggest and design effective coping strategies and counter-
measures, which, in turn, help to mitigate or avoid negative 
effects. This better understanding is even more important 
when considering that increasingly more evidence indicates 
that home office and the resulting high adoption rates of 
videoconferencing will also play a major role in the post-
COVID era (Despujol et al., 2020).

What is Zoom fatigue?

Methodology of the literature review

In order to identify definitions of Zoom fatigue, a system-
atic literature review was conducted.2 The search process 
was based on existing recommendations, in particular vom 
Brocke et al. (2009). The main keyword used was “Zoom 
fatigue”. No publication year restriction was used for all 
searches. We only considered sources in English language. 
As outlined in detail below, the present review covers lit-
erature published before and on May 1, 2021. Note that 
additional keywords were used during the search pro-
cess, namely: “videoconferenc* stress”, “videoconferenc* 
fatigue”, and “videoconferenc* exhaustion”. However, no 
further relevant papers could be identified based on these 
keywords.3 Therefore, the following findings refer to the 
keyword “Zoom fatigue”.

Step1: The search was started via Web of Science and 
Scopus starting on 12/02/2020 and a last query was made on 
05/02/2021. This method resulted in the following number 
of hits: Web of Science (specification was topic) = 6 papers; 

2  Considering the characteristics of different review types as outlined 
in Paré et al. (2015) and Schryen et al. (2017, 2020), the present lit-
erature analysis constitutes a descriptive review.
3  Specification was title; databases: Web of Science, Scopus, and 
Google Scholar based on Harzing’s “Publish or Perish” software (ver-
sion 7.31 Windows GUI edition). Note that based on these keywords 
Web of Science yielded 9 results, Scopus 13 results, and Harzing’s 0 
results. However, the identified papers predominantly deal with uti-
lization of telehealth (i.e., videoconferencing) to treat stress disorder 
patients. As an example, please see Germain et al. (2009). What fol-
lows is that these papers do not deal with the stress and fatigue poten-
tial of videoconferencing as mode of communication.
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Scopus (based on the default mode that covers title, abstract, 
and keywords) = 18 papers. Thus, the total number of arti-
cles was 24. After removing 6 duplicates (Abdelrahman, 
2021; Collins, 2020; Ebner & Greenberg, 2020; Petriglieri, 
2020; Chawla, 2021; Wiederhold, 2020) and 1 non-English 
paper (Dolezel 2020), we ended up with 17 unique articles 
(Step1 = 17).

Step2: In order to identify further relevant papers beyond 
articles published in Web of Science and Scopus, a search 
based on Harzing’s “Publish or Perish” software (version 
7.31 Windows GUI edition) resulted in 42 hits (specifi-
cation title word, database specification: Google Scholar, 
last query: 05/02/2021). Because 4 papers were duplicates 
(3 × Sander & Bauman, 2020, 1 × Wiederhold, 2020), 3 were 
non-English articles (Karabasz, 2020; Kuntardi, 2021; Pus-
tikasar & Fitriyanti, 2021), and 1 article was a withdrawn 
paper (Bullock et al., 2021), we ended up with 34 unique 
articles (Step2 = 34).

The following 7 articles were identified in Step1 and 
Step2: Chawla (2021), Cranford (2020), Hall (2020), Nadler 
(2020), Petriglieri (2020), Toney et al. (2021), and Wieder-
hold (2020). Thus, the number of unique articles at this stage 
was 44 [17 (Step1) + 34 (Step2) – 7 (Step1 ∩ Step2)].

Step3: In order to identify further relevant papers beyond 
articles identified in Step1 and Step2, a search based on AIS 
eLibrary, ACM Digital Library, and IEEE Xplore was con-
ducted (last query: 05/02/2021). The goal of this step was 
to identify additional papers, in particular articles with a 
focus on IS and computer science. The search via these three 
databases yielded the following results (based on search in 
title and abstract): AIS (2 hits: Toney et al., 2021 and a 
special section introduction that was referencing to Toney 
et al.), ACM (1 hit: Palti & Rosenberg-Kima, 2021), and 
IEEE (1 hit: Pesce, 2020). Because Toney et al. (2021) and 
Pesce (2020) had already been identified in a prior step and 
because the special section introduction was also removed, 
the number of unique relevant articles at this stage was 45. 
Backward and forward search did not yield further relevant 
papers. This is plausible because the phenomenon existed 

approximately only one year at the time the review was 
conducted and the searches itself already covered six large 
databases. Figure 1 graphically summarizes the literature 
search process.

Zoom fatigue definition

The 45 articles were read to identify definitions of the term 
“Zoom fatigue”. In 12 publications a definition was identi-
fied (Abdelrahman, 2021; Anderson & Looi, 2020; Dixon-
Saxon, 2020; Ebner & Greenberg, 2020; Fauville et al., 
2021a; Hines & Sun, 2020; Lee, 2020; Miller, 2020; Nadler, 
2020; Rump & Brandt, 2020a; Schroeder, 2020; Wiederhold, 
2020).4 Thus, we ended up with a total of 12 unique defini-
tions (see Table 1).

The Appendix lists all 45 articles and characterizes them 
based on various criteria. Among others, this characteriza-
tion reveals that the term “Zoom fatigue” emerged in the 
beginning of April 2020.

Based on the definitions in Table 1, we can identify the 
following immanent characteristics of Zoom fatigue:

•	 it refers to the negative aspects of videoconferencing 
in general (all definitions except #7, because “virtual 
platforms of communication” are not necessarily audio-
visual technology, as in the example of pure instant mes-
saging),

•	 it is associated with long and repeated use of videocon-
ferencing tools (definitions #4, #7, #8, #9, #10, #12).

•	 it concerns both physical and mental exhaustion (defini-
tions #1, #3, #4, #11), and

•	 it is linked to similar phenomena such as tiredness, 
worry, anxiety, burnout, discomfort, and stress (defini-

Fig. 1   Overview of the litera-
ture search process

4  Note that the definition in one further paper, namely in Fauville 
et  al. (2021b), is almost identical to the definition in Fauville et  al. 
(2021a) and hence was not added to the list of definitions.
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tions #7, #8, #11, #12) and other bodily symptoms such 
as headaches (definition #1).5

Using an integrative consideration of these characteris-
tics, we can develop the following definition:

Zoom fatigue (synonym: videoconference fatigue) is 
defined as somatic and cognitive exhaustion that is 
caused by the intensive and/or inappropriate use of 
videoconferencing tools, frequently accompanied by 
related symptoms such as tiredness, worry, anxiety, 
burnout, discomfort, and stress, as well as other bodily 
symptoms such as headaches.

Table 1   Definitions of Zoom fatigue

Reference (alphabetical order) Definition

1. Abdelrahman (2021, p. 11) “[a] short hand for symptoms associated with all video conferencing technology […] an ‘exhausting 
ordeal’ that leaves the individual feeling mentally and physically wiped out. Its symptoms reportedly 
include headaches and migraines, blurred and double vision, eye irritation and pain, lack of focus and 
general exhaustion”

2. Anderson and Looi (2020, p. 669) “an insidious and debilitating video-meeting-mediated disorder”
3. Dixon-Saxon (2020, p. 13) “physical and mental exhaustion that results from information processing while on videoconferencing”
4. Ebner and Greenberg (2020, p. 537) “physical and mental exhaustion that results from spending extended time videoconferencing”
5. Fauville et al., (2021a, p. 2) “a feeling of exhaustion from participating in video conference calls”
6. Hines and Sun (2020, p. 1) “the mental exhaustion associated with online video conferencing”
7. Lee (2020, p. 1) “the tiredness, worry, or burnout associated with overusing virtual platforms of communication”
8. Miller (2020, p. 1) “the feeling of tiredness, anxiousness or worry with yet another video call”
9. Nadler (2020, p. 2) “a pan-descriptor for the symptoms people experience after prolonged technology use—typically CMC 

[computer-mediated communication] platforms with AVT [audio-visual technology]”
10. Rump and Brandt (2020a, p. 2) “the fatigue that occurs after numerous virtual meetings during the day and over the week”
11. Schroeder (2020, p. 1) “an array of physical and psychological factors that combine to make our synchronous online commu-

nications less effective and wrought with discomfort”
12. Wiederhold (2020, p. 437) “tiredness, anxiety, or worry resulting from overusing virtual videoconferencing platforms”

Fig. 2   Typical use scenario of a 
videoconferencing tool (Picture: 
dpa, cited after Sueddeutsche 
(https://​www.​suedd​eutsc​he.​
de/​digit​al/​zoom-​fatig​ue-​video​
konfe​renz-​ermue​dung-​corona-​1.​
48886​70))

5  Note that the definitions #7 and #12 are based on Wolf (2020) who 
focuses on videoconferencing and stress.

https://www.sueddeutsche.de/digital/zoom-fatigue-videokonferenz-ermuedung-corona-1.4888670
https://www.sueddeutsche.de/digital/zoom-fatigue-videokonferenz-ermuedung-corona-1.4888670
https://www.sueddeutsche.de/digital/zoom-fatigue-videokonferenz-ermuedung-corona-1.4888670
https://www.sueddeutsche.de/digital/zoom-fatigue-videokonferenz-ermuedung-corona-1.4888670
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Study context and media naturalness theory 
as theoretical lens

Study context

Today many videoconferencing contexts comprise situa-
tions in which several people interact, as illustrated in Fig. 2. 
Examples are online seminars at universities or project team 
meetings in companies. Such a situation can be characterized 
by several attributes. Despite the fact that people can see and 
hear each other, they are not in the same location and the 
videoconference participants are not fully visible; typically 
only the face and sometimes part of the torso are visible. 
Due to low-quality cameras, different camera positions, and 
gazes that are often not directed toward the camera, percep-
tion of facial expressions is difficult, in many cases impos-
sible. Moreover, the user’s own face is usually also visible 
on the screen. Finally, an inherent property of videoconfer-
encing is that a number of faces are shown on the screen.

Media naturalness theory

Biological anthropologists indicate that face-to-face (F2F) 
interaction has been the primary communication mode for 
more than 99% of human history (Boaz & Almquist, 2001; 
Cartwright, 2000). In light of Darwin’s (1859) theory of 
evolution, it is logical to conclude that the human trait of 
processing information in F2F situations must be part of the 
genetic makeup of humans. In fact, empirical evidence from 
various experimental paradigms (e.g., Goren et al., 1975; 
Willis & Todorov, 2006), along with theoretical arguments 
in the scientific literature, substantiate this notion. Kock 
(2005), for example, argues that “our brain has likely been 
to a large extent hardwired [i.e., genetically predetermined] 
for co-located and synchronous communication” (p. 120).

This innate human preference toward co-located F2F 
interaction suggests that people are not predisposed to com-
municate via electronic channels, even if a communication 
mode resembles F2F, as is the case with videoconferencing. 
This idea of an innate human preference toward co-located 
F2F interaction in the context of electronic media use has 
been formally described as media naturalness hypothesis 
(Kock, 2005), later renamed as media naturalness theory 
(Kock, 2009a). This theoretical framework defines the mis-
match between the characteristics of F2F interaction and the 
characteristics of other modes of electronic communication 
(e.g., videoconferencing, e‑mail) as independent variables. 
Communication ambiguity and cognitive effort are major 
dependent variables. Considering these properties of media 
naturalness theory, it is evident that this theory constitutes 
a highly suitable conceptual lens through which major root 
causes of Zoom fatigue can be identified.

The degree of naturalness of a communication medium 
is assessed via the degree to which it incorporates the char-
acteristics of F2F interaction (Kock, 2004, 2009a), namely: 
(1) the communicating individuals share the same context, 
and they are able to see and hear each other, (2) they can 
quickly exchange communicative stimuli (i.e., in real time), 
(3) the situation provides the ability to both convey and 
observe facial expressions, (4) to convey and observe body 
language, and (5) to convey and listen to speech. The theory 
predicts that a decrease in the degree of naturalness leads 
to an increase in communication ambiguity and cognitive 
effort. Moreover, as reviewed in Kock (2004) and Kock 
(2009a), a decrease in the degree of naturalness frequently 
has a negative effect on satisfaction, performance, and pro-
ductivity for a number of collaborative tasks, despite the fact 
that humans also have the ability to compensate for lower 
degrees of naturalness in computer-mediated communica-
tion, which is referred to as compensatory adaptation (Carl-
son & Zmud, 1999; Kock, 2004).

Table 2 shows the results of an assessment of videocon-
ferencing based on the five F2F characteristics and also iden-
tifies, based on this assessment, a main root cause of Zoom 
fatigue (asynchronicity of communication, lack of body lan-
guage, lack of eye contact). These root causes, along with 
three further root causes that we derive in the following, are 
used as constructs in the conceptual framework (see Sect. 5).

The analysis in Table 2 shows that videoconferencing 
does not have the same characteristics as co-located F2F 
communication (despite the fact that at first glance might 
falsely indicate that it does). Characteristic #4 applies only 
to co-located F2F interaction. Moreover, while character-
istics #2 and #5 are fulfilled, characteristics #1 and #3 are 
only partly fulfilled. It is important to keep in mind, as well, 
that the assessment in Table 2 assumes ideal technical condi-
tions. However, evidence shows that technical issues such 
as latencies are a common problem in videoconferencing 
(Rump & Brandt, 2020a).

Media naturalness theory also predicts that an enrichment 
of human interaction through software features may lead to 
information overload (Kock, 2004). Therefore, an enrich-
ment of electronic interaction through software features that 
create unnatural perceptions (i.e., for which the human brain 
has not been shaped by evolution) may lead to negative con-
sequences, particularly information overload and increased 
cognitive effort (Kock, 2004, 2009a, 2009b). Videoconfer-
ence systems such as Zoom incorporate software features 
which have the potential to create unnatural perceptions: 
a window in which a user can see her- or himself (mirror 
effect), a grid-view of other meeting participants based on 
which users get the feeling of unnatural interaction with 
multiple faces, and features that enforce people to multitask 
such as parallel processing of information provided simul-
taneously via the videostream and the chat function (note 
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that videoconference system users often engage in further 
parallel activities based on other programs). Hence, these 
features constitute potential root causes of Zoom fatigue.

Figure 3 graphically summarizes the rationale why a 
decrease in a communication medium’s naturalness, here 
videoconferencing, leads to increased cognitive effort, and 
hence to Zoom fatigue. As shown on the left side, videocon-
ferencing implies asynchronicity of communication, lack of 
body language, and lack of eye contact. Thus, if compared 
to F2F interaction, lack of information exists. Because the 
brain has a natural tendency to compensate for missing 
information by increased computations, lack of information 
that a person’s brain perceives in the course of social interac-
tion—ironically—may cause increased cognitive effort (e.g., 
Frith & Frith, 2006; Lieberman, 2007; Satpute & Lieber-
man, 2006; Singer, 2009). Moreover, as shown on the right 
side, enrichment of videoconference interaction through 
software features may also lead to increased cognitive effort, 
a prediction that also follows from media naturalness theory 
(Kock, 2004, 2009a, 2009b).

Based on this description of media naturalness theory as 
a theoretical lens to study the root causes of Zoom fatigue, 
in the next section we develop the theoretical framework.

Root causes of Zoom fatigue

The following discussion is structured into six subsections 
(5.1–5.6), each of which deals with a different root cause 
of Zoom fatigue. In Sect. 5.7, a conceptual framework inte-
grates the six root causes into a theoretical model (Fig. 4) 
and formulates the resulting hypotheses.
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Fig. 3   Decreases in naturalness of videoconferencing and Zoom 
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Asynchronicity of communication

Based on an analysis of empirical research, Federman (2006) 
argues that “more must be said in a videoconference environ-
ment to convey the same meaning, compared to telephone 
or face-to-face” (p. 440). A number of the existing reports 
on Zoom fatigue provide an interesting conjecture as to why 
videoconferencing increases communication ambiguity and 
cognitive effort. Wiederhold (2020), for example, argues that 
humans apply a repertoire of “precisely timed vocalizations, 
gestures, and movements to communicate, and they rely on 
precise responses from others to determine if they are being 
understood” (p. 437, italics added). Lee (2020) confirms this 
view and indicates that humans “engage in reciprocal com-
munication, all in a matter of milliseconds” (p. 3, italics 
added).

Brain imaging evidence supports Wiederhold’s (2020) 
and Lee's (2020) rationale. In a functional magnetic reso-
nance imaging (fMRI) study, Kohrs et  al. (2016) com-
pared brain activation patterns in experimental conditions 
of delays in the range from 200 to 700 ms with immediate 
feedback. They found that “delays interrupt the course of 
an interaction and trigger an orienting response that in turn 
activates brain regions of action control” (p. 1). Moreover, 
they report that the strength of activation increases with 
the duration of the delay. In a similar experiment based on 
functional near-infrared spectroscopy (fNIRS) and skin con-
ductance measurement (Hirshfield et al., 2014), computer 

response time was manipulated in order to study cognitive 
effects and arousal. Among other results, it is reported that 
“subjects simply became frustrated by the manipulation, 
and their brain activity showed this increase in cognitive 
load and the need for emotion regulation that is associated 
with frustration” (Hirshfield et al., 2014, p. 10). Moreover, 
it was found that the response time manipulation increased 
arousal, a well well-known manifestation of physiological 
stress (e.g., Melamed et al., 1999).

Against the background of the presented results, we can 
theorize as follows: If a delay is perceived during vide-
oconferencing (even if this perception occurs subcon-
sciously in the range of milliseconds), the human brain 
works harder and thereby attempts to overcome the issue 
of asynchronicity, which is accompanied by increased 
cognitive effort to restore synchrony. Moreover, this 
effect is likely accompanied by enhanced frustration and 
stress.

In general, it can be argued that the human species has a 
natural tendency to strive for synchrony in communication 
processes (Stephens et al., 2010), even when that synchrony 
brings with it energetic costs, such as the cognitive workload 
caused by maintaining full synchrony in videoconferences. 
This cost of increased cognitive workload comes along with 
perception of Zoom fatigue.

Fig. 4   Conceptual framework 
on the root causes of Zoom 
fatigue as derived based on 
media naturalness theory
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Lack of body language

Lack of emotion recognition via body language is another 
potential root cause of Zoom fatigue. In this context, 
researchers conducted an intriguing experiment (Meeren 
et al., 2005). In the natural world a face is typically encoun-
tered as an integrated part of a whole body and not as an 
isolated object. Hence, in human interactions both face and 
body convey the emotional state. The study demonstrates 
that observers judging a facial expression are significantly 
influenced by emotional body language. To investigate this, 
the experimenters created face-body compound pictures 
with either matched or mismatched emotional expressions 
(using images of faces and bodies, and the emotions of fear 
and anger). The researchers found that when the face and 
body convey conflicting emotional information, judgment 
of facial expressions became more difficult, and hence was 
biased toward the emotion expressed by the body. Electroen-
cephalography (EEG) data further showed brain alterations 
as early as 115 ms after stimulus onset, pointing to “the 
existence of a rapid neural mechanism sensitive to the degree 
of agreement between simultaneously presented facial and 
bodily emotional expressions” (p. 16518).

In a similar experiment, Martinez et al. (2016) deter-
mined that emotion recognition patterns from the face alone 
and from the body alone differ as a function of emotion. 
Specifically, the researchers indicate that angry bodies were 
more recognizable than angry faces (“when participants saw 
bodies alone, but not faces alone or faces and bodies, they 
had a pronounced bias to see these bodies as angry”, p. 
948). The researchers’ explanation draws upon evolution-
ary psychology, the field from which our overarching theory, 
media naturalness theory, originates (Kock, 2004, 2009a, 
2009b). They argue that anger is different from the other 
emotions because it “represents a direct or imminent threat 
to the viewer, prompting an increased startle reflex and the 
‘fight-or-flight’ response” (p. 948). Because it is advanta-
geous to perceive anger of another individual from a distance 
via body language rather than by facial expressions, brain 
structures evolved that highly effectively decode “anger 
information” from the body (and not solely from facial infor-
mation). This fact is substantiated by brain imaging studies 
demonstrating that whole-body expressions of anger corre-
late with activity in regions which neurologically implement 
the processing of aversive, emotional, and stressful stimuli 
(e.g., Sergerie et al., 2008).

With regard to videoconferencing, one major implica-
tion of these research findings is that because videocon-
ference participants normally see only the interaction 
partners’ faces (but typically not the full body), rapid 
and accurate emotion perception may be hampered. This 
is particularly true for situations in which conflicts could 
play a role, because anger can become a factor (which would 

be a significant concern for organizations holding virtual 
meetings in which, for example, nonperforming projects are 
discussed or in which high-stake negotiations take place). 
This increased difficulty of perceiving emotions quickly and 
accurately increases communication ambiguity and cogni-
tive effort, as well as, eventually, negatively influencing 
downstream variables such as collaboration satisfaction and 
effectiveness (Kock, 2004, 2009a, 2009b).

Lack of eye contact

When people look into each other’s eyes, they experience 
eye contact. A behavioral study by Richardson et al. (2007) 
demonstrates that individuals coordinate their attention 
when synchronously engaging in an interactive dialog. Spe-
cifically, it was found that subjects’ eye movements were 
tightly coupled (i.e., “more likely than chance to be looking 
at the same thing”, p. 411) in a joint activity task. A brain 
imaging study by Saito et al. (2010) applied simultaneous 
fMRI to pairs of subjects who engaged in real-time gaze 
exchange in a joint attention task. A major result found was 
that a part of the prefrontal cortex supports the neurological 
implementation of “sharing intention during eye contact that 
provides the context for joint attention” (p. 1). Another brain 
imaging study identifies a hedonic aspect of shared atten-
tion (Schilbach et al., 2010). In essence, this study found 
that self-initiated joint attention in human social interaction 
results in neural activity in reward-related brain areas. Simi-
lar results are reported in other fMRI studies (e.g., Redcay 
et al., 2010). Altogether, these findings are in line with the 
“cooperative eye hypothesis”, which states that gaze follow-
ing in humans has evolved with the purpose of supporting 
accomplishment of complex tasks that require coordination 
and cooperation (Tomasello et al., 2007). In other words, if 
there is a lack of eye contact, shared attention is more 
difficult to establish than with eye contact, and this, in 
turn, leads to coordination difficulty that comes along 
with increased cognitive effort.

Self‑awareness

Videoconferencing tools provide people with feedback from 
their own camera, typically presented as a window on the 
screen. Thus, when videoconferencing participants look at 
their screens, they look into a “mirror”, leading to increased 
self-awareness. Bailenson (2021) tellingly describes this 
effect: “Imagine in the physical workplace, for the entirety 
of an 8-h workday, an assistant followed you around with 
a handheld mirror, and for every single task you did and 
every conversation you had, they made sure you could see 
your own face in that mirror. This sounds ridiculous, but in 
essence this is what happens on Zoom calls” (p. 4). Recently, 
a survey study by Fauville et al. (2021b) found that “mirror 
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anxiety” (captured by a self-report measure and by linguistic 
analysis of responses to an open-ended question) explains 
why women experience more Zoom fatigue than men.

The literature predominantly reports negative conse-
quences of self-awareness in communication processes (e.g., 
Carver & Scheier, 1978; Goffman, 1959; Joinson, 2001). For 
example, evidence indicates that self-awareness and respon-
siveness to the evaluation of others are positively correlated 
(Fenigstein, 1979). A logical idea developing from Fenig-
stein’s (1979) finding is an understanding that increased self-
awareness (triggered by the small window in the interface) 
leads to a pronounced response to negative evaluations (e.g., 
criticism that one receives in a videoconference, notably in 
online education or in an online business meeting). This, in 
turn, may result in heightened stress reactions and percep-
tions, as shown by Slavich et al. (2010), whose study found 
that social evaluative stress is associated with significant 
increases in markers of inflammatory activity.6 Additional 
neuroimaging evidence in the same study (based on a sub-
sample of the original larger sample) revealed that greater 
increases in one specific marker were linked to enhanced 
activity in brain areas related to processing rejection-related 
distress and negative emotions (Slavich et al., 2010). In addi-
tion to this physiological evidence, a self-report study con-
ducted in the workplace context found that subjects’ hyper-
sensitivity to social rejection predicted an increase in stress 
and burnout (Ronen & Baldwin, 2010). Thus, increased self-
awareness enabled by a perception of one’s own videostream 
is a serious stress factor, contributing to Zoom fatigue.7

Another antecedent of Zoom fatigue, complementary 
to the stress perspective, is an increased self-awareness 
in human social interaction that disrupts the automatic 
processes that are typical for effective communications. 
From a cognitive perspective, automatic communication 
is usually perceived as effortless (e.g., Isbilir et al., 2019). 
Automaticity means that the interaction partners quickly 
exchange communicative stimuli (e.g., during videoconfer-
ences, this would predominantly be spoken words rather 
than body language), and they are fully immersed in the 
conversation. Based on a computer-mediated communica-
tion context, Miller et al. (2017) confirm this view. They 
argue that when one individual is interacting with another 
and is attending fully to that interaction, “things progress 
smoothly”. However, if an individual becomes focused on 
himself or herself, “attention and concern could be shifted 

away from the interaction itself toward how that interaction 
will be perceived by others” (p. 5274).

A useful framework for developing a better understanding 
of automaticity is provided by the X- and C-Systems The-
ory.8 This dual-processing theory (Stanovich & West, 2000) 
distinguishes automatic and controlled information acquisi-
tion, reasoning, and decision-making. The automatic mode 
is relatively undemanding (from a cognitive capacity per-
spective), relatively fast, and usually emotionally charged. 
The controlled mode, in contrast, is more demanding of cog-
nitive capacity, is relatively slow, and is less emotionally 
charged. Neuroscience research has identified brain regions 
that correspond more strongly to automatic mental processes 
(X-System, reflexive), while other areas more strongly corre-
spond to controlled mental processes (C-System, reflective) 
(for a review, see Lieberman, 2007).

The automatic X-System and its corresponding brain 
structures are phylogenetically older than the C-System and 
its structures (Satpute & Lieberman, 2006). This has conse-
quences. First, in many situations automatic processes affect 
human behavior more than controlled processes do. Second, 
perception of cognitive effort is higher for controlled than for 
automatic processes, because both attentional and working 
memory demands are higher (e.g., Hill & Schneider, 2006). 
The implication for videoconferencing is that if a user’s 
own face is shown on the interface, an automatic commu-
nication processes may be disrupted, accompanied by a 
switch to more controlled mental processes. This, in turn, 
may result in more pronounced perceptions of cognitive 
exhaustion and fatigue, due to increased attentional and 
working memory demands.

Unnatural interaction with multiple faces

Many videoconferencing tools use windows to show partici-
pants on the screen (see Fig. 2). The extant literature (see 
examples below) reports that this may lead to a perception 
that many faces, or their eyes, are staring at an individual. 
This, in turn, may increase arousal and stress (Senju & John-
son, 2009). Morris (2020), for example, writes: “Images of 
framed heads of varying sizes are disconcerting, as are the 
giant faces of speakers. Audiences are particularly sensi-
tive to images of people, especially when they are too big 
and too close […] activate the sympathetic nervous system 
associated with the fight-or-flight response—likely in part 
because they made images look closer and more threaten-
ing” (p. 5). Ma (2020) notably confirms this view, arguing 

8  In this context, also see Kahneman’s (2011) work “Thinking, Fast 
and Slow”, which describes a dichotomy between two modes of 
thought: System 1 is instinctive, emotional, and hence fast, while Sys-
tem 2 is more deliberative, more logical, and hence slower.

6  The markers are: sTNFαRII: soluble receptor for tumor necrosis 
factor-α. IL-6: interleukin-6.
7  Note that Fenigstein’s (1979) theoretical account also predicts that 
increased self-awareness may result in increased positive percep-
tions (e.g., feelings of pleasure) if an evaluation of others is positive. 
However, at least in the business context, it is difficult to imagine that 
praise by others is a frequent phenomenon in videoconferencing.
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that: “When was the last time you held unwavering eye con-
tact with someone for an hour? If we’re in a crowded eleva-
tor, we look at the floor. If someone close by is staring, we 
take a step back. We use different personal space techniques 
to always maintain an appropriate level of intimacy—which 
fails to translate online when you’re staring ‘at a huge face 
inches from your own’” (p. 2).

Bailenson (2021) writes that in a Zoom meeting the size 
of faces on a screen depends on various factors, such as 
monitor size, a user’s distance to the monitor, and the num-
ber of participants (faces). In a typical use case scenario 
and assuming a one-on-one meeting and “speaker view” 
configuration (i.e., own face small window, other person’s 
face huge window), he tested the face size of the other per-
son and found that the “length from chin to the top of the 
head of the other person on the screen was about 13 cm” (p. 
2). He further argues that this size resembles a situation of 
“be[ing] about 50 cm away when standing face-to-face [… 
and] anything below about 60 cm is classified as ‘intimate,’ 
the type of interpersonal distance patterns reserved for fami-
lies and loved ones” (p. 2). He also describes a situation with 
more Zoom participants (comparable to Fig. 2 in the present 
paper) and compares it to traditional face-to-face meetings. 
In essence, he indicates that while in the traditional setting 
many people in the room often do not directly look at the 
speaker (because they chat with other people or because they 
direct their gaze somewhere else in the room), in a Zoom 
meeting the speaker often has the feeling of being stared at 
and this “causes physiological arousal” (p. 2).

Evidence indicates that humans─without conscious 
awareness─will typically detect immediately when they are 
the target of another individual’s gaze (Stein et al., 2011). 
Being looked at or stared at triggers a bodily response, and 
this, in turn, is often followed by a behavioral response 
such as avoidance or withdrawal (Senju & Johnson, 2009). 
Harrod et al. (2020) review a wealth of empirical studies, 
both from the domains of human and nonhuman primates, 
and conclude that direct gaze serves as a signal of threat or 
dominance, indicating that “physical aggression might soon 
follow” (p. 1). However, they also summarize papers demon-
strating that “eye contact may be used to communicate com-
plex emotional and mental states, and to establish affiliative 
bonds” (Harrod et al., 2020, p. 1)—an argument previously 
discussed in Sect. 5.3, where major consequences of lack 
of eye contact during videoconferences are outlined (i.e., 
lack of shared attention → coordination difficulty → cogni-
tive effort).

What the literature suggests, if considered in an integra-
tive rather than isolated fashion, is that humans need eye 
contact in communication processes in order to develop 
bonding and coordination. Yet, perceptions of unnatural 
interaction with multiple faces, a frequent phenomenon 
during videoconferencing (e.g., Bailenson, 2021; Ma, 2020; 

Morris, 2020), may constitute a source of stress. This stress 
perception typically triggers bodily stress reactions such as 
increased activation in brain areas related to arousal, release 
of stress hormones, blood pressure increase, heart rate 
increase, and heart rate variability reduction (e.g., Chrou-
sos, 2009; de Kloet et al., 2005). It is important to note that 
interaction with multiple faces, as well as the resulting feel-
ing of being stared at, do not necessarily imply direct eye 
contact. The human visual field (i.e., the spatial array of 
visual sensations available to observation) is approximately 
130° vertically and 180°–200° horizontally (Spector, 1990). 
Thus, developing a perception of being stared at is possible, 
and even likely, without direct eye contact, only based on 
interaction with multiple faces.

Study of eye contact in humans has established that the 
frequency and duration is higher in American and Western 
European cultures, as compared to East Asian cultures (e.g., 
Akechi et al., 2013; Blais et al., 2008). Yet, despite slight 
differences in eye contact tolerance among human cultures, 
evolution has shaped humans to be able to perceive pro-
longed eye contact as an implicit signal of threat, associated 
with “imminent physical aggression” (Harrod et al., 2020, 
p. 1). This leads to stress (e.g., Seery, 2011), prompting 
the theory that unnatural interaction with multiple faces 
during videoconferencing, including the feeling of being 
stared at, comes along with increased stress.

Multitasking during videoconferences

A frequently observed phenomenon related to videoconfer-
ences is that people often engage in other tasks and activities 
while participating in a videoconference (e.g., Fosslien & 
Duffy, 2020). Anecdotal evidence effectively describes the 
phenomenon (Ionos, 2020): “At an in-person meeting, it’s 
almost impossible to inconspicuously check your emails, 
make appointments, or send out messages while your co-
worker discusses a project. However, if you’re already sit-
ting at your computer for a Zoom call, it’s easy to open up 
another window or type on your keyboard without anyone 
noticing” (p. 4). In fact, as outlined in the following, sci-
entific evidence shows that multitasking usually does not 
increase work productivity; rather, it may even reduce pro-
ductivity. Moreover, permanent multitasking contributes to 
stress and fatigue (evidence discussed below).9

In a paper entitled “The Myth of Multitasking”, Rosen 
(2008) presents a gloomy picture about the relationship 
between multitasking and productivity. She writes that “info-
mania” (a concept closely related to multitasking, defined as 
“an effort to miss nothing”) is “a serious threat to workplace 

9  Multitasking is defined as “attending to or acting on multiple stim-
uli, activities, or interactions simultaneously” (O’Leary et al., 2011).
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productivity” (p. 106). Research with a focus on the cogni-
tive aspects of multitasking also reveals notable results. One 
study (Ophir et al., 2009) demonstrates that heavy media 
multitaskers, when compared to light media multitaskers, 
perform worse on a test of task-switching ability. One expla-
nation for this finding is that heavy media multitaskers are 
more susceptible to interference from irrelevant stimuli. 
Using EEG and pupillometry measures of attention, another 
cognition study found that heavier media multitasking is cor-
related with a propensity to experience attention lapses and 
forgetfulness (Madore et al., 2020).

With respect to the effects of multitasking on stress and 
fatigue, research indicates a positive relationship. One sur-
vey study found that higher levels of communication load 
and multitasking increases perceived stress, which in turn is 
positively associated with burnout and depression tendencies 
(Reinecke et al. 2017). Neurophysiological evidence sub-
stantiates this survey finding. One examination (Wetherell 
& Carter, 2014) found that a 15-min period of multitasking 
(mental arithmetic, auditory monitoring, visual monitoring, 
and a Stroop task performed on a computer) led to increases 
in heart rate and systolic and diastolic blood pressure.

The heavy mental workload that results from engagement 
in activities unrelated to a videoconference session (e.g., 
checking e-mail) may be further elevated by the require-
ment to rapidly switch between software features in the 
tools. Anecdotal evidence indicates that the use of features 
such as instigating screen sharing, selection of the correct 
screen to be shared, ending screen sharing, and parallel con-
sideration of comments in the chat can be accompanied by 
elevated cognitive effort and stress. Imagine, for example, 
a Zoom meeting in which participants frequently use the 
chat function to provide comments. The literature on the 
negative consequences of IT-mediated interruptions reports 
overwhelming evidence that such interruptions typically 
cause stress, both self-reported (Tams et al., 2015, 2018) 
and physiological (Galluch et al., 2015; Riedl et al., 2012; 
Riedl et al., 2013).

Thus, the frequently observed behavior of videocon-
ference participants engaging in multiple unrelated 
activities while in a video session, along with switching 
between the various software features in the tools and 
the processing of instant messages, constitutes a root 
cause of the fatigue and stress felt as a consequence of 
videoconferencing.

Conceptual framework and hypotheses

Figure 4 graphically summarizes the root causes of Zoom 
fatigue as described in the preceding sections.

First, a slight delay during videoconferencing makes the 
brain work harder to overcome the issue of asynchronic-
ity. The type of delay addressed here includes subconscious 

delay perceptions in the range of milliseconds. Perception of 
delays, even in the millisecond range, has a “price”, namely 
the increased cognitive effort to restore synchrony. Second, 
because videoconference participants normally see only the 
interaction partners’ faces (but typically not the full body), 
the brain has to work harder in such situations to overcome 
this deficit in body language information, causing increased 
cognitive effort. Third, videoconferencing involves lack of 
eye contact. We theorized that the link to cognitive effort 
is likely not a direct one. Rather, if there is a lack of eye 
contact, shared attention is difficult to establish, and this, 
in turn, leads to coordination difficulty that comes along 
with increased cognitive effort.10 As a complement to Fig. 3, 
where we conceptualize our theorizing based on media natu-
ralness theory, root causes (1), (2), and (3) are summarized 
in the “lack of information” area in Fig. 4.

Fourth, a well-known feature in videoconferencing inter-
faces is a window in which a user can see his or her own 
face. Self-awareness may lead to stress. Moreover, increased 
self-awareness may disrupt automatic communication pro-
cesses (“automatic” here means that the communication 
partners quickly exchange communicative stimuli such as 
spoken words, and they are fully immersed in the conversa-
tion). However, if automaticity is interrupted due to self-
awareness, attention is shifted away from the interaction 
itself toward the way in which an individual is perceived 
by other videoconference participants. This shift is accom-
panied by perceptions of increased cognitive effort, due to 
self-reflections and mentalizing activities. In this context, 
mentalizing mainly refers to thoughts such as “What do 
other people think about me?” or “How am I perceived by 
others?”. Fifth, during videoconferences we often see the 
faces of many other participants. Therefore, participants 
often develop a feeling that they are the target of other indi-
viduals’ gazes. Being looked at or stared at triggers bodily 
responses related to threat and stress. Despite the fact that 
culture, social norms, and situational factors (e.g., familiar-
ity with the communication partners) might attenuate the 
negative effects that being stared at imposes on stress, evolu-
tion has “programmed” humans to perceive an implicit, and 
hence hardly avoidable, signal of threat that accompanies a 
stress response. Thus, interacting with multiple faces during 
videoconferences is a source of stress. Sixth, a frequently 
observed phenomenon is that videoconference participants 
engage in multiple cognitive activities that are unrelated 
to the actual video session (e.g., checking e-mails, posting 
and sharing on social media, reading online news), along 
with switching between the various software features in the 
tools (e.g., starting and ending of screensharing) and the 

10  The author would like to thank an anonymous reviewer for sug-
gesting this mediation effect via coordination difficulty.
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processing of instant messages. It follows that people deal 
with many different things during a video session. Therefore, 
people often multitask during videoconferences, and this 
has consequences. Evidence indicates that multitasking may 
have severe negative effects on stress and fatigue, as well as 
on related symptoms (e.g., emotional exhaustion, burnout, 
and depressive tendencies). These effects are likely mediated 
by increased cognitive effort. As a complement to our ration-
ale in Fig. 3, the root causes (4), (5), and (6) are summarized 
in the “information overload” area in Fig. 4.

Moreover, as indicated in the Fig. 4 solid rectangle, cog-
nitive effort and stress have been shown to be distinct con-
structs, and typically the former precedes the latter (e.g., 
Hjortskov et al., 2004; Hockey, 1997; Irie et al., 2001; Man-
drick et al., 2016; Parent et al., 2019; Peters et al., 1998). 
This conceptualization also implies that Zoom fatigue, based 
on the theorizing in the present paper, does have two distinct, 
yet related, dimensions: cognitive effort and stress. This 
view is not only consistent with the conceptualization and 
definition of the phenomenon that was developed in Sect. 3 
based on a systematic review of the literature, but it is also 
in line with a recent survey instrument to measure “Zoom 
exhaustion and fatigue” because this instrument includes 
stress-related items such as “I fell emotionally drained” 
or “I feel irritable” (Fauville et al., 2021a, p. 9). Table 3 
summarizes the hypotheses that result from the conceptual 
framework.

Discussion

Implications for research

Section 5, based on media naturalness theory as overarching 
model, integrates both behavioral and neuroscience literature 
from various scientific disciplines in order to develop a con-
ceptual framework on the root causes of Zoom fatigue. How-
ever, the fact that this framework and its inherent hypoth-
eses were carefully developed based on a solid theoretical 
foundation cannot substitute for original empirical research. 
Accordingly, future studies should apply different videocon-
ferencing contexts (e.g., business, online education) in order 
to empirically examine the framework and hypotheses.

How should the conceptual framework be tested in future 
studies? Different research strategies are possible. First, if an 
experimental approach is applied, one does not need to test 
the complete model in one single experiment. The number 
of resulting conditions would require a very large sample 
size.11 Therefore, it is more realistic that future experiments 
test specific parts of the model. If an experimental approach 
is applied, we recommend the complementary use of self-
report and neurophysiological measurement where possible, 
because both kinds of data often tap into different aspects 

Table 3   Summary of hypotheses based on the conceptual framework

Hypotheses (based on conceptual framework, Fig. 4) Major sources

H1: Transmission delay of videoconferencing tools increases asyn-
chronicity of communication which, in turn, increases cognitive 
effort

Lee (2020), Kohrs et al. (2016), Richardson et al. (2007), Rump and 
Brandt (2020a), Saito et al. (2010), Schilbach et al. (2010)

H2: Lack of body language perception during videoconferencing 
increases cognitive effort

Bailenson (2021), Fauville et al. (2021b), Kock (2005), Kock (2009a), 
Kock (2009b)

H3: Lack of eye contact during videoconferencing increases cognitive 
effort. This relationship is mediated by lack of shared attention and 
resulting coordination difficulty

Redcay et al. (2010), Richardson et al. (2007), Saito et al. (2010), Schil-
bach et al. (2010), Tomasello et al. (2007)

H4: Display of a user’s own face during videoconferencing increases 
self-awareness, which, in turn, increases (H4a) stress, and (H4b) 
disrupts automaticity in information processing, causing increased 
cognitive effort

Bailenson (2021), Carver and Scheier (1978), Fenigstein (1979), 
Joinson (2001), Lieberman (2007), Miller et al. (2017), de Guinea and 
Webster (2013)

H5: Interaction with multiple faces during videoconferencing leads to 
stress

Akechi et al. (2013), Bailenson (2021), Blais et al. (2008), Fauville et al. 
(2021b), Harrod et al. (2020), Ma (2020), Morris (2020), Senju and 
Johnson (2009), Seery (2011)

H6: Multitasking during videoconferencing increases (H6a) stress 
directly, and (H6b) indirectly via cognitive effort

Fosslien and Duffy (2020), Ionos (2020), Madore et al. (2020), Ophir 
et al. (2009), Reinecke et al. (2017), Rosen (2008), Wetherell and 
Carter (2014)

H7: Cognitive effort influences stress Hjortskov et al. (2004), Hockey (1997), Irie et al. (2001), Mandrick 
et al. (2016), Parent et al. (2019), Peters et al. (1998)

11  Imagine a between-subjects design and that each of the six inde-
pendent variables (root causes) would only have two values (e.g., 
asynchronicity of communication: 100 ms vs. 500 ms latency time). 
This factorial design would result in 26 = 64 conditions. Assuming at 
least 15 subjects in each condition, the necessary sample size would 
be 960 subjects.
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of a construct, which is particularly true for the two dimen-
sions of Zoom fatigue, namely cognitive effort (e.g., Rubio 
et al., 2004) and stress (e.g., Tams et al., 2014).12 In addi-
tion to experiments, survey studies should be conducted to 
test the framework and its underlying hypotheses. Finally, 
even qualitative methods (e.g., based on interviews) could 
be appropriate to examine the theoretical frame. In doing so, 
the constructs in the conceptual framework would serve as 
categories for coding of the collected data.

Theoretical frameworks should be parsimonious. How-
ever, they should also explain a large variance in the out-
come variable, here Zoom fatigue. Independent of the spe-
cific findings of future studies, it is clear that some variance 
will not be explained by the constructs in the theoretical 
model (Fig. 4). Thus, it is definite that Zoom fatigue is 
affected by additional variables, and future research should 
therefore revise and advance the framework.

The implicit assumption of the present paper is that vide-
oconferencing stress is a dark side phenomenon. It follows 
that the present conceptualization of the phenomenon draws 
upon a distress (i.e., stress that creates a threat or hindrance) 
rather than eustress (i.e., stress that creates a challenge or an 
opportunity) perspective. However, recently Tarfardar et al. 
(2019) made a call for more studies on eustress because 
“not all stressors are detrimental to the individual” (p. 12) 
and because “[t]echnostress is experienced differentially by 
the individual, depending on whether IS characteristics are 
appraised as challenge or threat stressors” (p. 25). But what 
is the implication of this “eustress” perspective for vide-
oconference stress research? We should revisit the constructs 
in the conceptual framework and the corresponding hypoth-
eses and ask whether it is possible that the mechanisms at 
play are eventually not valid for all people or situations. 
Consider the following example.

In our framework we hypothesize that the frequently 
observed behavior of videoconference participants engaging 
in multiple unrelated activities while in a video session (mul-
titasking) constitutes a root cause of Zoom fatigue. Inter-
estingly, despite the fact that Zoom fatigue was unknown 
at the time Tarafdar et al. (2019) published their research 
agenda paper, it seems that they had a premonition of the 
phenomenon because they wrote about “productive multi‐
tasking during meetings when the individual is not directly 
contributing or speaking, by working simultaneously on 
other IS‐mediated tasks” (p. 18). In fact, despite outstanding 
empirical evidence, it is possible that multitasking during 

videoconferences might reduce people’s overall work stress. 
This holds true at least for the people whose workload is so 
high that they have to accomplish additional tasks during 
video sessions in order to get their work done (assuming 
that they are not the main speaker). Therefore, while the 
presented framework constitutes one way to conceptualize 
videoconferencing (i.e., distress view), alternative ways exist 
(such as the eustress perspective). Examining these alterna-
tive perspectives is an important future research endeavor 
in order to generate a more complete picture of the stress 
potential of videoconferencing.

Even if one stays within the “distress” and “hindrance 
stressors” perspective, complementary conceptualizations to 
the one discussed in the present paper exist in order to deter-
mine the stress potential of videoconferencing. Consider a 
recent article by Benlian (2020), who outlines six “hindrance 
stressor facets” (p. 1264): (1) obstacle (system failure, break-
down), (2) constraint (missing features, usefulness issue), 
(3) source of ambiguity (insufficient use skills), (4) habit 
breaker (work routines must be changed), (5) invader (acces-
sible anytime/anyplace), and (6) interrupter (task continuity 
is distracted). This taxonomy can be applied directly to the 
study of videoconferencing stress. Future research does not 
necessarily need to address all six facets in one single study. 
Rather, specific foci are possible. As an example, because 
videoconferencing tools are frequently used in the home 
office, the important question arises whether the technol-
ogy is perceived as invader. Recent evidence (DeFilippis 
et al., 2020; Gimpel et al., 2020) supports the idea that vide-
oconferencing is likely perceived as invader by many peo-
ple worldwide. Benlian’s (2020) landmark publication on 
technology-driven spillover effects from work to home could 
serve as a starting point for future investigations.

Implications for practice

Based on the Zoom fatigue literature summarized in the 
Appendix, 17 coping strategies could be identified. Table 4 
summarizes the 17 strategies. The author of the present 
paper has grouped the 17 strategies into three categories: 
organizational countermeasures (etiquette), personal behav-
ioral rules to avoid stress, and use of software features 
designed to imitate F2F interaction.

To the best of the author’s knowledge, no scientific study 
to date has empirically evaluated the efficacy of these strat-
egies. Future studies should close this gap and therefore 
important research questions are formulated in Table 4. 
However, despite the pending empirical test of these research 
questions (RQ), practitioners should consider the recommen-
dations in Table 4 (all of which have been derived based on 
conceptual argumentation rather than empirical research). 
For example, the first recommendation is to at least some-
times turn off the camera during videoconferencing, thereby 

12  The neuroscience tools applied in future studies should range from 
measurement of brain activity (e.g., fMRI, fNIRS, EEG), evaluation 
of autonomic nervous system activity (e.g., heart rate and heart rate 
variability, skin conductance, pupil dilation), to hormone measures 
(e.g., adrenaline, noradrenaline, cortisol), including additional sub-
stances such as alpha amylase.
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reducing onscreen stimuli to avoid overstimulation. The 
speech imperative proposition, a major element of media 
naturalness theory (Kock, 2009a), is an important foundation 
for this advice. This proposition states that “suppressing the 
ability to convey and listen to speech would substantially 
affect the naturalness of a medium, more than suppress-
ing the ability to use facial expressions and body language, 
which should in turn be observed in variables directly or 
indirectly associated with cognitive effort” (Kock, 2004, 
p. 335). Therefore, despite pending empirical evidence on 
RQ1, it is likely that following the advice constitutes an 
effective countermeasure against fatigue and stress, at least 
to some extent.

As another example, to the best of the author’s knowl-
edge, no empirical study to date has explored the efficacy 
of breaks during videoconferencing (see RQ 3). How-
ever, research in human–computer interaction has already 
revealed useful insights that should be considered by prac-
titioners. In essence, based on heart rate variability, elec-
trodermal activity, and blood pressure evidence it has been 
demonstrated that a 10 min break during longer interaction 
with digital technologies may effectively reduce user stress 
(Boucsein & Thum, 1997; Hjortskov et al., 2004). This find-
ing has two implications for videoconferencing. First, longer 
video sessions such as online lectures should have breaks 
of approximately 10 min every hour. Second, short breaks 
should be made between consecutive virtual meetings. In 
the business context, it can be frequently observed that the 
end of one virtual meeting comes along with the immediate 
start of the next meeting. Recent research refers to this phe-
nomenon of missing or little time between two consecutive 
virtual meetings as burstiness, and it has already been shown 
that burstiness and videoconference fatigue are positively 
correlated (Fauville et al., 2021b).

From a practitioner perspective, it is also of utmost 
importance to consider the health implications of Zoom 
fatigue. Recent survey evidence (Rump & Brandt, 2020a) 
found that Zoom fatigue manifests itself in various medical 
symptoms. Specifically, 30% of respondents who already 
experienced Zoom fatigue reported headache, 28% back 
pain, 23% visual disorders, and 14% insomnia. Because 
these symptoms typically come along with alterations in 
the body (e.g., increased levels of cortisol, Melamed et al., 
1999), it is critical that future studies deal with the medical 
consequences of the fatigue and stress that result from vide-
oconferencing. Despite the current paucity of corresponding 
research due to the novelty of the phenomenon, it is clear 
that practitioners should actively prevent, or at least miti-
gate, the possible negative stress-related consequences. The 
coping strategies in Table 4 are a starting point. Also, the 
debate should be continued regarding whether Zoom fatigue 
should eventually be considered as a stress-related disorder 

in future international diagnostic classifications (e.g., Ander-
son & Looi, 2020).

Finally, practitioners should also consider the cognitive 
implications with respect to reasoning processes and deci-
sion making. In the present paper, we discussed evidence 
indicating that videoconferencing may lead to higher levels 
of cognitive effort, if compared to F2F interaction. Accord-
ing to the seminal heuristic systematic model (HSM) devel-
oped by Chaiken (1980; Chaiken & Eagly, 1983; Chaiken 
et al., 1989), heuristic processing takes precedence over sys-
tematic processing when available cognitive resources are 
limited. What follows is that one major consequence of vide-
oconferencing might be that reasoning and decision change 
from being systematic to being heuristic. Based on a field 
study, Ferran and Watts (2008) investigated this hypothesis 
and confirmed it. Specifically, they found that individuals 
participating in a seminar via videoconference were more 
influenced by the likeability of the speaker than by the qual-
ity of the presented arguments, whereas the opposite pattern 
was found for participants attending an in-person seminar. 
Importantly, differences in cognitive load (measured via a 
3-item survey) explain these effects. This conclusion has 
far-reaching practical implications, as it demonstrates that 
the mode of communication significantly affects human 
information processing patterns and resulting behavioral 
consequences. In the business context, the possible conse-
quences of virtual board meetings, video sessions of virtual 
project teams, or negotiations with suppliers and customers 
are notable. Likeability of the speaker as a factor that deter-
mines decisions, rather than quality of argument as the deter-
mining factor, would likely have adverse consequences for 
prosperous long-term development of economy. The same 
holds true for science and education. Imagining virtual sci-
entific conferences or distance learning where the quality of 
argument cannot be processed properly due to limitations of 
cognitive resources that result from videoconference fatigue 
readily reveals the potential for a fatal scenario.

Concluding statement

Several decades ago the American historian Melvin Kran-
zberg formulated a set of laws for technology, the first of 
which states: “Technology is neither good nor bad, nor is 
it neutral.” (Kranzberg, 1986). In fact, it is never easy to 
predict the unintended consequences and effects of adopting 
a technology. However, it is the duty of science to develop 
a sound basis, including theory and evidence, to inform the 
design of effective interventions against the possible nega-
tive effects of technology use. With regard to the current 
concern for the fatigue and stress resulting from videocon-
ference use, it will be rewarding to see what insights future 
research will reveal. The present article contributes to this 
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upcoming research field with a carefully derived definition 
of the phenomenon and a conceptual framework on the root 
causes of Zoom fatigue which is based on media naturalness 
theory.

Appendix: Results of literature review 
on Zoom fatigue

This table summarizes the papers which we identified based 
on a systematic literature review via Web of Science, Sco-
pus, Harzing’s software (version 7.31 Windows GUI edition) 
based on data source Google scholar, AIS eLibrary, ACM 
Digital Library, and IEEE Xplore (last query: May 2, 2021).

Step 1 Step 
2

Step 3

No Reference Publi-
cation 
Date

WOS SCO HAR AIS ACM IEEE Publication 
Type

Peer-
reviewed?

Method Author Back-
ground

Definition

1 Degges-
White 
(2020)

April 4, 
2020

x Online 
report

No – Academic –

2 Petriglieri 
(2020)

April 4, 
2020

x x x Dialogues No – Academic –

3 Sacasas 
(2020)

April 
21, 
2020

x Online 
report

No – Writer –

4 Jiang 
(2020)

April 
22, 
2020

x Online 
report

No – Journalist –

5 Miller 
(2020)

April 
23, 
2020

x Online 
report

No – Reporter x

6 Sklar 
(2020)

April 
24, 
2020

x Online 
report

No – Journalist –

7 Fosslien 
and 
Duffy 
(2020)

April 
29, 
2020

x Online 
report

No – Consultant –

8 Robert 
(2020)

April 
30, 
2020

x Online 
report

No – Reporter –

9 Schroeder 
(2020)

May 6, 
2020

x Online 
report

No – Academic x

10 Callahan 
(2020)

May 11, 
2020

x Online 
report

No – Reporter –

11 Hines 
and Sun 
(2020)

May 11, 
2020

x Online 
report

No – Academic x

12 Sander & 
Bauman 
(2020)

May 19, 
2020

x Online 
report

No – Academic –

13 Dixon-
Saxon 
(2020)

May 26, 
2020

Presentation 
slides

No – Academic x
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Step 1 Step 
2

Step 3

No Reference Publi-
cation 
Date

WOS SCO HAR AIS ACM IEEE Publication 
Type

Peer-
reviewed?

Method Author Back-
ground

Definition

14 Daigle 
(2020)

May 27, 
2020

x Online 
report

No – Reporter –

15 Lee 
(2020)

June 27, 
2020

x Online 
report

No – Academic x

16 Wil-
liamson 
(2020)

July 
2020

x Opinion No – Consultant –

17 Maheu 
and 
Wright 
(2020)

July 6, 
2020

x Online 
report

No – Academic –

18 Basu 
(2020)

July 9, 
2020

x Online 
report

No – Reporter –

19 Wieder-
hold 
(2020)

July 10, 
2020

x x x Editorial (by 
EIC)

No – Academic x

20 Chrisman 
(2020)

July 12, 
2020

x Debate No – Academic –

21 Bothra 
(2020)

July 20, 
2020

x Online 
report

No – Therapist –

22 Pesce 
(2020)

July 28, 
2020

x x Crosstalk No – Academic –

23 Tufvesson 
(2020)

August 
10, 
2020

x Online 
report

No – Journalist –

24 Rump and 
Brandt 
(2020a)

Septem-
ber 
2020

Research 
report

No Survey Academic x

25 Cranford 
(2020)

Septem-
ber 2, 
2020

x x Editorial (by 
EIC)

No – Academic –

26 Panke 
(2020)

October 
2, 
2020

x Online 
report

No – Reporter –

27 Anderson 
and Looi 
(2020)

October 
5, 
2020

Correspond-
ence to 
editor

No – Academic x

28 Ebner and 
Green-
berg 
(2020)

October 
6, 
2020

x x Research 
article

Yes Concep-
tual

Academic x

29 Fernandes 
(2020)

October 
14, 
2020

x Online 
report

No – Analyst –

30 Collins 
(2020)

October 
21, 
2020

x x Research 
article

Yes Inter-
views, 
Obser-
vation

Academic –

31 Peper & 
Yang 
(2020)

Novem-
ber 24, 
2020

x Online 
report

No – Academic –

32 Hall 
(2020)

Novem-
ber 25, 
2020

x Correspond-
ence to 
editor

No – Academic –
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Step 1 Step 
2

Step 3

No Reference Publi-
cation 
Date

WOS SCO HAR AIS ACM IEEE Publication 
Type

Peer-
reviewed?

Method Author Back-
ground

Definition

33 Nadler 
(2020)

Decem-
ber 
2020

x x Research 
article

Yes Concep-
tual

Academic x

34 Schroeder 
(2021)

January 
20, 
2021

x Online 
report

No – Academic –

35 Toney 
et al. 
(2021)

Febru-
ary 2, 
2021

x x x Research 
article

Yes Case 
study

Academic –

36 Chawla 
(2021)

Febru-
ary 4, 
2021

x x x Correspond-
ence to 
editor

No Survey Journalist –

37 Abdelrah-
man 
(2021)

Febru-
ary 5, 
2021

x x Research 
article

Yes Concep-
tual

Academic x

38 Bailenson 
(2021)

Febru-
ary 23, 
2021

x Invited 
paper

No Concep-
tual

Academic –

39 Fauville 
et al. 
(2021a)

Febru-
ary 23, 
2021

x SSRN paper No Survey Academic x

40 Kageyama 
(2021)

After 
Febru-
ary 23, 
2021

x Online 
report

No – Academic –

41 Palti and 
Rosen-
berg-
Kima 
(2021)

March 
2021

x Proceedings Yes Field 
study

Academic –

42 Wong 
(2021)

March 
18, 
2021

x Online 
report

No – Academic –

43 Peper 
et al. 
(2021)

March 
29, 
2021

x Research 
article

Yes Survey Academic –

44 Williams 
(2021)

April 9, 
2021

x Correspond-
ence to 
editor

No – Academic –

45 Fauville 
et al. 
(2021b)

April 
14, 
2021

x SSRN paper No Survey Academic (x)

Order of articles by publication date. In five cases (no. 16, 24, 33, 40, 
41) identification of the exact publication day was not possible. For 
no. 16, 24, 33, and 41 only the publication month was available, for 
no. 40 no information was available; yet, based on analysis of refer-
ences it was possible to determine the earliest possible publication 
date. Method column: “–“ indicates that no method was identifiable. 
Note that the definition in Fauville et al. (2021b) is almost identical 
to the definition in Fauville et al. (2021a); therefore, despite that 13 
papers listed in this table provide a formal definition for the term 
“Zoom fatigue”, only 12 unique definitions could be identified (listed 
in Table 1 in the main paper). Database acronyms: WOS = Web 
of Science, SCO = Scopus, HAR = Harzing’s software (based on 

Google Scholar), AIS = AIS eLibrary, ACM = ACM Digital Library, 
IEEE = IEEE Xplore. Indication Step1, Step2, and Step3 in the top 
row of the table refers to the steps in the literature search process as 
described in the main paper

Acknowledgements  This research was funded by the Austrian Science 
Fund as part of the project ‘Technostress in Organizations’ (Grant No. 
P 30865) at the University of Applied Sciences Upper Austria. The 
author would like to thank the responsible editor, Thomas Hess, and 
three anonymous reviewers for their excellent work in providing guid-
ance on ways to improve the paper in two revision rounds.



	 R. Riedl 

1 3

Funding  Open access funding provided by University of Applied Sci-
ences Upper Austria.

Open Access  This article is licensed under a Creative Commons Attri-
bution 4.0 International License, which permits use, sharing, adapta-
tion, 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/.

References

Abdelrahman, M. (2021). The indefatigable worker: From factory 
floor to Zoom avatar. Critical Sociology. https://​doi.​org/​10.​1177/​
08969​20521​990739

Aguilera, A. (2008). Business travel and mobile workers. Transporta-
tion Research Part a: Policy and Practice, 42(8), 1109–1116. 
https://​doi.​org/​10.​1016/j.​tra.​2008.​03.​005

Akechi, H., Senju, A., Uibo, H., Kikuchi, Y., Hasegawa, T., & Hietanen, 
J. K. (2013). Attention to eye contact in the west and east: Auto-
nomic responses and evaluative ratings. PLoS ONE, 8(3), e59312. 
https://​doi.​org/​10.​1371/​journ​al.​pone.​00593​12

Anderson, K., & Looi, J. C. (2020). Chronic Zoom syndrome: Emer-
gence of an insidious and debilitating mental health disorder dur-
ing COVID-19. Australasian Psychiatry, 28(6), 669–669. https://​
doi.​org/​10.​1177/​10398​56220​960380

Asgari, S., Trajkovic, J., Rahmani, M., Zhang, W., Lo, R. C., & Sci-
ortino, A. (2021). An observational study of engineering online 
education during the COVID-19 pandemic. PLoS ONE, 16(4), 
e0250041. https://​doi.​org/​10.​1371/​journ​al.​pone.​02500​41

Ayyagari, R., Grover, V., & Purvis, R. (2011). Technostress: Tech-
nological antecedents and implications. MIS Quarterly, 35(4), 
831–858. https://​doi.​org/​10.​2307/​41409​963

Bailenson, J. N. (2021). Nonverbal overload: A theoretical argument 
for the causes of Zoom fatigue. Technology, Mind, and Behavior, 
2(1). https://​doi.​org/​10.​1037/​tmb00​00030

Barton, C., Morris, R., Rothlind, J., & Yaffe, K. (2011). Video-tele-
medicine in a memory disorders clinic: Evaluation and manage-
ment of rural elders with cognitive impairment. Telemedicine 
and E-Health, 17(10), 789–793. https://​doi.​org/​10.​1089/​tmj.​
2011.​0083

Basu, T. (2020). Microsoft’s solution to Zoom fatigue is to trick your 
brain. MIT Technology Review. https://​www.​techn​ology​review.​
com/​2020/​07/​09/​10049​48/​micro​soft-​toget​her-​mode-​solut​ion-​to-​
zoom-​fatig​ue/

Bekkering, E., & Shim, J. P. (2006). Trust in videoconferencing. Com-
munications of the ACM, 49(7), 103–107. https://​doi.​org/​10.​
1145/​11399​22.​11399​25

Benlian, A. (2020). A daily field investigation of technology-driven 
stress spillovers from work to home. MIS Quarterly, 44, 1259–
1300. https://​doi.​org/​10.​25300/​MISQ/​2020/​14911

Benzari, A., Khedhaouria, A., & Torrès, O. (2020). The rise of technos-
tress: A literature review from 1984 until 2018. In Proceedings 
of the 28th European conference on information systems (ECIS).

Blais, C., Jack, R. E., Scheepers, C., Fiset, D., & Caldara, R. (2008). 
Culture shapes how we look at faces. PLoS ONE, 3(8), e3022. 
https://​doi.​org/​10.​1371/​journ​al.​pone.​00030​22

Boaz, N. T., & Almquist, A. J. (2001). Biological anthropology: A 
synthetic approach to human evolution. Prentice Hall.

Bothra, S. (2020). How to avoid Zoom fatigue while working from 
home. Thrive Global. https://​thriv​eglob​al.​com/​stori​es/​how-​to-​
avoid-​zoom-​fatig​ue-​while-​worki​ng-​from-​home/

Boucsein, W., & Thum, M. (1997). Design of work/rest schedules for 
computer work based on psychophysiological recovery measures. 
International Journal of Industrial Ergonomics, 20(1), 51–57. 
https://​doi.​org/​10.​1016/​S0169-​8141(96)​00031-5

Brown Epstein, H.-A. (2020). Virtual meeting fatigue. Journal of Hos-
pital Librarianship, 20(4), 356–360. https://​doi.​org/​10.​1080/​
15323​269.​2020.​18197​58

Bullock, A. N., Colvin, A. D., & Jackson, M. S. (2021). Zoom fatigue 
in the age of COVID-19. https://​schol​arwor​ks.​walde​nu.​edu/​
swhs_​pubs/​24/

Callahan, M. (2020). ‘Zoom fatigue’ is real. Here’s why you’re feeling 
it, and what you can do about it. Retrieved from  https://​news.​
north​easte​rn.​edu/​2020/​05/​11/​zoom-​fatig​ue-%​20is-​real-​heres-​
why-​youre-​feeli​ng-​it-​and-​what-​you-​can-​do-​ab%​20out-​it/

Carlson, J. R., & Zmud, R. W. (1999). Channel expansion theory and 
the experiential nature of media richness perceptions. Academy 
of Management Journal, 42(2), 153–170. https://​doi.​org/​10.​2307/​
257090

Cartwright, J. (2000). Evolution and human behavior: Darwinian per-
spectives on human nature. MIT Press.

Carver, C. S., & Scheier, M. F. (1978). Self-focusing effects of dis-
positional self-consciousness, mirror presence, and audience 
presence. Journal of Personality and Social Psychology, 36(3), 
324–332. https://​doi.​org/​10.​1037/​0022-​3514.​36.3.​324

Chaiken, S. (1980). Heuristic versus systematic information processing 
and the use of source versus message cues in persuasion. Journal 
of Personality and Social Psychology, 39(5), 752–766. https://​
doi.​org/​10.​1037/​0022-​3514.​39.5.​752

Chaiken, S., & Eagly, A. H. (1983). Communication modality as a 
determinant of persuasion: The role of communicator salience. 
Journal of Personality and Social Psychology, 45(2), 241–256. 
https://​doi.​org/​10.​1037/​0022-​3514.​45.2.​241

Chaiken, S., Liberman, A., & Eagly, A. H. (1989). Heuristic and sys-
tematic information processing within and beyond the persua-
sion context. In J. S. Uleman & J. A. Bargh (Eds.), Unintended 
thought (pp. 212–252). Guilford Press.

Chawla, D. S. (2021). Zoom fatigue saps grant reviewers’ attention. 
Nature, 590(7844), 172.

Chrisman, A. K. (2020). Debate: Together despite the distance. Child 
and Adolescent Mental Health, 25(3), 180–181.

Chrousos, G. P. (2009). Stress and disorders of the stress system. 
Nature Reviews Endocrinology, 5(7), 374–381. https://​doi.​org/​
10.​1038/​nrendo.​2009.​106

Collins, R. (2020). Social distancing as a critical test of the micro-
sociology of solidarity. American Journal of Cultural Sociology, 
8(3), 477–497. https://​doi.​org/​10.​1057/​s41290-​020-​00120-z

Cranford, S. (2020). Zoom fatigue, hyperfocus, and entropy of thought. 
Matter, 3(3), 587–589. https://​doi.​org/​10.​1016/j.​matt.​2020.​08.​
004

Daigle, T. (2020). “Zoom fatigue” is setting in: What it is and how 
to prevent it. CBC. https://​www.​cbc.​ca/​news/​scien​ce/​zoom-​fatig​
ue-​is-​setti​ng-​in-1.​55859​33

Darwin, C. R. (1859). On the origin of species by means of natural 
selection, or the preservation of favoured races in the struggle 
for life. John Murray.

de Kloet, E. R., Joëls, M., & Holsboer, F. (2005). Stress and the brain: 
From adaptation to disease. Nature Reviews Neuroscience, 6(6), 
463–475. https://​doi.​org/​10.​1038/​nrn16​83

DeFilippis, E., Impink, S. M., Singell, M., Polzer, J., & Sadun, R. 
(2020). Collaborating during coronavirus: The impact of 

http://creativecommons.org/licenses/by/4.0/
https://doi.org/10.1177/0896920521990739
https://doi.org/10.1177/0896920521990739
https://doi.org/10.1016/j.tra.2008.03.005
https://doi.org/10.1371/journal.pone.0059312
https://doi.org/10.1177/1039856220960380
https://doi.org/10.1177/1039856220960380
https://doi.org/10.1371/journal.pone.0250041
https://doi.org/10.2307/41409963
https://doi.org/10.1037/tmb0000030
https://doi.org/10.1089/tmj.2011.0083
https://doi.org/10.1089/tmj.2011.0083
https://www.technologyreview.com/2020/07/09/1004948/microsoft-together-mode-solution-to-zoom-fatigue/
https://www.technologyreview.com/2020/07/09/1004948/microsoft-together-mode-solution-to-zoom-fatigue/
https://www.technologyreview.com/2020/07/09/1004948/microsoft-together-mode-solution-to-zoom-fatigue/
https://doi.org/10.1145/1139922.1139925
https://doi.org/10.1145/1139922.1139925
https://doi.org/10.25300/MISQ/2020/14911
https://doi.org/10.1371/journal.pone.0003022
https://thriveglobal.com/stories/how-to-avoid-zoom-fatigue-while-working-from-home/
https://thriveglobal.com/stories/how-to-avoid-zoom-fatigue-while-working-from-home/
https://doi.org/10.1016/S0169-8141(96)00031-5
https://doi.org/10.1080/15323269.2020.1819758
https://doi.org/10.1080/15323269.2020.1819758
https://scholarworks.waldenu.edu/swhs_pubs/24/
https://scholarworks.waldenu.edu/swhs_pubs/24/
https://news.northeastern.edu/2020/05/11/zoom-fatigue-%20is-real-heres-why-youre-feeling-it-and-what-you-can-do-ab%20out-it/
https://news.northeastern.edu/2020/05/11/zoom-fatigue-%20is-real-heres-why-youre-feeling-it-and-what-you-can-do-ab%20out-it/
https://news.northeastern.edu/2020/05/11/zoom-fatigue-%20is-real-heres-why-youre-feeling-it-and-what-you-can-do-ab%20out-it/
https://doi.org/10.2307/257090
https://doi.org/10.2307/257090
https://doi.org/10.1037/0022-3514.36.3.324
https://doi.org/10.1037/0022-3514.39.5.752
https://doi.org/10.1037/0022-3514.39.5.752
https://doi.org/10.1037/0022-3514.45.2.241
https://doi.org/10.1038/nrendo.2009.106
https://doi.org/10.1038/nrendo.2009.106
https://doi.org/10.1057/s41290-020-00120-z
https://doi.org/10.1016/j.matt.2020.08.004
https://doi.org/10.1016/j.matt.2020.08.004
https://www.cbc.ca/news/science/zoom-fatigue-is-setting-in-1.5585933
https://www.cbc.ca/news/science/zoom-fatigue-is-setting-in-1.5585933
https://doi.org/10.1038/nrn1683


On the stress potential of videoconferencing: definition and root causes of Zoom fatigue﻿	

1 3

COVID-19 on the nature of work. NBER Working Papers. https://​
doi.​org/​10.​3386/​w27612

Degges-White, S. (2020). Zoom Fatigue: Don’t let video meetings zap 
your energy. Psychology Today. https://​www.​psych​ology​today.​
com/​us/​blog/​lifet​ime-​conne​ctions/​202004/​zoom-​fatig​ue-​dont-​let-​
video-​meeti​ngs-​zap-​your-​energy

de Guinea, A. O., & Webster, J. (2013). An investigation of informa-
tion systems use patterns: Technological events as triggers, the 
effect of time, and consequences for performance. MIS Quarterly, 
37(4), 1165–1188.

Denstadli, J. M. (2004). Impacts of videoconferencing on business 
travel: The Norwegian experience. Journal of Air Transport 
Management, 10(6), 371–376. https://​doi.​org/​10.​1016/j.​jairt​
raman.​2004.​06.​003

Denstadli, J. M., Julsrud, T. E., & Hjorthol, R. J. (2012). Videocon-
ferencing as a mode of communication. Journal of Business and 
Technical Communication, 26(1), 65–91. https://​doi.​org/​10.​1177/​
10506​51911​421125

Despujol, B., Pruvot, A., & Hornick, S. (2020). How videoconferenc-
ing and covid-19 may permanently shrink the business travel 
market. Forbes.  https://​www.​forbes.​com/​sites/​olive​rwyman/​
2020/​11/​11/​how-​covid-​19-​may-​perma​nently-​shrink-​the-​busin​
ess-​travel-​marke​t/?​sh=​a57c7​ba243​20

Dimoka, A., Banker, R. D., Benbasat, I., Davis, F. D., Dennis, A. R., 
Gefen, D., Gupta, A., Ischebeck, A., Henning, P. H., Pavlou, 
P. A., Müller-Putz, G., Riedl, R., vom Brocke, J., & Weber, B. 
(2012). On the use of neurophysiological tools in IS Research: 
Developing a research agenda for NeuroIS. MIS Quarterley, 
36(3), 679–702. https://​doi.​org/​10.​2307/​41703​475

Dixon-Saxon, S. (2020). Safety, productivity, and stress: managing 
work, self, and family in a pandemic. Presented for the Office of 
Institutional Equity and Diversity North Carolina State Univer-
sity (pp. 1–24). https://​diver​sity.​ncsu.​edu/​wp-​conte​nt/​uploa​ds/​
2020/​06/​Safety-​Produ​ctivi​ty-​and-​Stress.​pdf

Doležel, M. (2020). A personal look back at XP 2020. Akademické 
konference v časech pandemie COVID-19–osobní ohlédnutí za 
XP 2020. Acta Informatica Pragensia, 2020(1), 58–69. https://​
doi.​org/​10.​18267/j.​aip.​132

Ebner, N., & Greenberg, E. E. (2020). Designing binge-worthy courses: 
Pandemic pleasures and COVID-19 consequences. Negotiation 
Journal, 36(4), 535–560. https://​doi.​org/​10.​1111/​nejo.​12339

Fauville, G., Luo, M., Queiroz, A. C. M., Bailenson, J. N., & Hancock, 
J. (2021a). Zoom exhaustion & fatigue scale. SSRN Electronic 
Journal. https://​doi.​org/​10.​2139/​ssrn.​37863​29

Fauville, G., Luo, M., Queiroz, A. C. M., Bailenson, J. N., & Hancock, 
J. (2021b). Nonverbal mechanisms predict Zoom fatigue and 
explain why women experience higher levels than men. SSRN 
Electronic Journal. https://​doi.​org/​10.​2139/​ssrn.​38200​35

Federman, M. (2006). On the media effects of immigration and refugee 
board hearings via videoconference. Journal of Refugee Studies, 
19(4), 433–452. https://​doi.​org/​10.​1093/​refuge/​fel018

Fenigstein, A. (1979). Self-consciousness, self-attention, and social 
interaction. Journal of Personality and Social Psychology, 37(1), 
75–86. https://​doi.​org/​10.​1037/​0022-​3514.​37.1.​75

Fernandes, L. (2020). Is Zoom fatigue signalling a return to the printed 
page? Computer Weekly. https://​www.​compu​terwe​ekly.​com/​
blog/​Quoci​rca-​Insig​hts/​Is-​Zoom-​fatig​ue-​signa​lling-a-​return-​to-​
the-​print​ed-​page

Ferran, C., & Watts, S. (2008). Videoconferencing in the field: A heu-
ristic processing model. Management Science, 54(9), 1565–1578. 
https://​doi.​org/​10.​1287/​mnsc.​1080.​0879

Fischer, T., & Riedl, R. (2015). The status quo of neurophysiology in 
organizational technostress research: A review of studies pub-
lished from 1978 to 2015. In Davis F., Riedl R., vom Brocke 
J., Léger PM., & Randolph A (Eds.), Information systems 
and neuroscience. Lecture notes in information systems and 

organisation (Vol. 10, pp. 9–17). Springer. https://​doi.​org/​10.​
1007/​978-3-​319-​18702-0_2

Fischer, T., & Riedl, R. (2017). Technostress research: A nurturing 
ground for measurement pluralism? Communications of the 
Association for Information Systems, 40(1), 375–401. https://​
doi.​org/​10.​17705/​1CAIS.​04017

Fosslien, L., & Duffy, M. W. (2020). How to combat Zoom fatigue. 
Harward Business Review. https://​hbr.​org/​2020/​04/​how-​to-​com-
bat-​zoom-​fatig​ue

Fouda, A. Y. (2020). Introducing the Zoom interview: Tips for job 
hunting during the coronavirus pandemic. Nature, 582(7811), 
299–300. https://​doi.​org/​10.​1038/​d41586-​020-​01618-9

Frith, C. D., & Frith, U. (2006). The neural basis of mentalizing. Neuron, 
50(4), 531–534. https://​doi.​org/​10.​1016/j.​neuron.​2006.​05.​001

Gallivan, M. J., & Benunan-Fich, R. (2005). A framework for analyz-
ing levels of analysis issues in studies of e-collaboration. IEEE 
Transactions on Professional Communication, 48(1), 87–104. 
https://​doi.​org/​10.​1109/​TPC.​2005.​843301

Galluch, P., Grover, V., & Thatcher, J. (2015). Interrupting the work-
place: examining stressors in an information technology context. 
Journal of the Association for Information Systems, 16(1), 1–47. 
https://​doi.​org/​10.​17705/​1jais.​00387

Gartner. (2020). Gartner says worldwide end-user spending on cloud-
based web conferencing solutions will grow nearly 25% in 2020. 
https://​www.​gartn​er.​com/​en/​newsr​oom/​press-​relea​ses/​2020-​
06-​02-​gartn​er-​says-​world​wide-​end-​user-​spend​ing-​on-​cloud-​
based-​web-​confe​renci​ng-​solut​ions-​will-​grow-​nearly-​25-​perce​
nt-​in-​2020

Germain, V., Marchand, A., Bouchard, S., Drouin, M.-S., & Guay, S. 
(2009). Effectiveness of cognitive behavioral therapy adminis-
tered by videoconference for posttraumatic stress disorder. Cog-
nitive Behaviour Therapy, 38(1), 42–53. https://​doi.​org/​10.​1080/​
16506​07080​24734​94

Giesbers, B., Rienties, B., Tempelaar, D., & Gijselaers, W. (2013). 
Investigating the relations between motivation, tool use, partici-
pation, and performance in an e-learning course using web-vid-
eoconferencing. Computers in Human Behavior, 29(1), 285–292. 
https://​doi.​org/​10.​1016/j.​chb.​2012.​09.​005

Gimpel, H., Lanzl, J., Regal, C., Schäfer, R., & Schoch, M. (2020). 
Digitale Arbeit während der COVID-19-Pandemie - Eine Studie 
zu den Auswirkungn der Pandemie auf Arbeit und Stress in 
Deutschland. Sankt Augustin: Fraunhofer FIT. https://​doi.​org/​
10.​24406/​FIT-N-​618361

Goffman, E. (1959). The presentation of self in everyday life. Anchor.
Goren, C. C., Sarty, M., & Wu, P. Y. (1975). Visual following and 

pattern discrimination of face-like stimuli by newborn infants. 
Pediatrics, 56(4), 544–549.

Graetz, K. A., Boyle, E. S., Kimble, C. E., Thompson, P., & Garloch, 
J. L. (1998). Information sharing in face-to-face, teleconferenc-
ing, and electronic chat groups. Small Group Research, 29(6), 
714–743. https://​doi.​org/​10.​1177/​10464​96498​296003

Grummeck-Braamt, J.-V., Nastjuk, I., Najmaei, A., & Adam, M. (2021). 
A bibliometric review of technostress: Historical roots, evolu-
tion and central publications of a growing research field. Hawaii 
International Conference on System Sciences (HICSS), pp. 1–10. 
https://​doi.​org/​10.​24251/​HICSS.​2021.​796

Hacker, J., vom Brocke, J., Handali, J., Otto, M., & Schneider, J. 
(2020). Virtually in this together—How web-conferencing sys-
tems enabled a new virtual togetherness during the COVID-19 
crisis. European Journal of Information Systems, 29(5), 563–
584. https://​doi.​org/​10.​1080/​09600​85X.​2020.​18146​80

Hall, C. L. (2020). From zoom fatigue to belly breaths: Teaching away 
from the screen. Teaching Theology & Religion, 23(4), 294–294. 
https://​doi.​org/​10.​1111/​teth.​12565

Hambley, L. A., O’Neill, T. A., & Kline, T. J. B. (2007). Virtual team 
leadership: The effects of leadership style and communication 

https://doi.org/10.3386/w27612
https://doi.org/10.3386/w27612
https://www.psychologytoday.com/us/blog/lifetime-connections/202004/zoom-fatigue-dont-let-video-meetings-zap-your-energy
https://www.psychologytoday.com/us/blog/lifetime-connections/202004/zoom-fatigue-dont-let-video-meetings-zap-your-energy
https://www.psychologytoday.com/us/blog/lifetime-connections/202004/zoom-fatigue-dont-let-video-meetings-zap-your-energy
https://doi.org/10.1016/j.jairtraman.2004.06.003
https://doi.org/10.1016/j.jairtraman.2004.06.003
https://doi.org/10.1177/1050651911421125
https://doi.org/10.1177/1050651911421125
https://www.forbes.com/sites/oliverwyman/2020/11/11/how-covid-19-may-permanently-shrink-the-business-travel-market/?sh=a57c7ba24320
https://www.forbes.com/sites/oliverwyman/2020/11/11/how-covid-19-may-permanently-shrink-the-business-travel-market/?sh=a57c7ba24320
https://www.forbes.com/sites/oliverwyman/2020/11/11/how-covid-19-may-permanently-shrink-the-business-travel-market/?sh=a57c7ba24320
https://doi.org/10.2307/41703475
https://diversity.ncsu.edu/wp-content/uploads/2020/06/Safety-Productivity-and-Stress.pdf
https://diversity.ncsu.edu/wp-content/uploads/2020/06/Safety-Productivity-and-Stress.pdf
https://doi.org/10.18267/j.aip.132
https://doi.org/10.18267/j.aip.132
https://doi.org/10.1111/nejo.12339
https://doi.org/10.2139/ssrn.3786329
https://doi.org/10.2139/ssrn.3820035
https://doi.org/10.1093/refuge/fel018
https://doi.org/10.1037/0022-3514.37.1.75
https://www.computerweekly.com/blog/Quocirca-Insights/Is-Zoom-fatigue-signalling-a-return-to-the-printed-page
https://www.computerweekly.com/blog/Quocirca-Insights/Is-Zoom-fatigue-signalling-a-return-to-the-printed-page
https://www.computerweekly.com/blog/Quocirca-Insights/Is-Zoom-fatigue-signalling-a-return-to-the-printed-page
https://doi.org/10.1287/mnsc.1080.0879
https://doi.org/10.1007/978-3-319-18702-0_2
https://doi.org/10.1007/978-3-319-18702-0_2
https://doi.org/10.17705/1CAIS.04017
https://doi.org/10.17705/1CAIS.04017
https://hbr.org/2020/04/how-to-combat-zoom-fatigue
https://hbr.org/2020/04/how-to-combat-zoom-fatigue
https://doi.org/10.1038/d41586-020-01618-9
https://doi.org/10.1016/j.neuron.2006.05.001
https://doi.org/10.1109/TPC.2005.843301
https://doi.org/10.17705/1jais.00387
https://www.gartner.com/en/newsroom/press-releases/2020-06-02-gartner-says-worldwide-end-user-spending-on-cloud-based-web-conferencing-solutions-will-grow-nearly-25-percent-in-2020
https://www.gartner.com/en/newsroom/press-releases/2020-06-02-gartner-says-worldwide-end-user-spending-on-cloud-based-web-conferencing-solutions-will-grow-nearly-25-percent-in-2020
https://www.gartner.com/en/newsroom/press-releases/2020-06-02-gartner-says-worldwide-end-user-spending-on-cloud-based-web-conferencing-solutions-will-grow-nearly-25-percent-in-2020
https://www.gartner.com/en/newsroom/press-releases/2020-06-02-gartner-says-worldwide-end-user-spending-on-cloud-based-web-conferencing-solutions-will-grow-nearly-25-percent-in-2020
https://doi.org/10.1080/16506070802473494
https://doi.org/10.1080/16506070802473494
https://doi.org/10.1016/j.chb.2012.09.005
https://doi.org/10.24406/FIT-N-618361
https://doi.org/10.24406/FIT-N-618361
https://doi.org/10.1177/1046496498296003
https://doi.org/10.24251/HICSS.2021.796
https://doi.org/10.1080/0960085X.2020.1814680
https://doi.org/10.1111/teth.12565


	 R. Riedl 

1 3

medium on team interaction styles and outcomes. Organizational 
Behavior and Human Decision Processes, 103(1), 1–20. https://​
doi.​org/​10.​1016/j.​obhdp.​2006.​09.​004

Harrod, E. G., Coe, C. L., & Niedenthal, P. M. (2020). Social structure 
predicts eye contact tolerance in nonhuman primates: Evidence 
from a crowd-sourcing approach. Scientific Reports, 10(1), 6971. 
https://​doi.​org/​10.​1038/​s41598-​020-​63884-x

Hill, N. M., & Schneider, W. (2006). Brain changes in the development 
of expertise: Neuroanatomical and neurophysiological evidence 
about skillbased adaptations. In K. A. Ericsson, N. Charness, 
P. Feltovich, & R. Hoffman (Eds.), The Cambridge handbook 
of expertise and expert performance (pp. 653–682). Cambridge 
University Press.

Hines, A., & Sun, P. (2020). Zoom fatigue: how to make video calls less 
tiring. The Conversation. https://​theco​nvers​ation.​com/​zoom-​fatig​
ue-​how-​to-​make-​video-​calls-​less-​tiring-​137861

Hirshfield, L. M., Bobko, P., Barelka, A., Hirshfield, S. H., Farrington, 
M. T., Gulbronson, S., & Paverman, D. (2014). Using noninva-
sive brain measurement to explore the psychological effects of 
computer malfunctions on users during human-computer interac-
tions. Advances in Human-Computer Interaction. https://​doi.​org/​
10.​1155/​2014/​101038

Hjortskov, N., Rissén, D., Blangsted, A. K., Fallentin, N., Lundberg, U., 
& Søgaard, K. (2004). The effect of mental stress on heart rate 
variability and blood pressure during computer work. European 
Journal of Applied Physiology, 92(1–2), 84–89. https://​doi.​org/​
10.​1007/​s00421-​004-​1055-z

Hockey, G. (1997). Compensatory control in the regulation of human 
performance under stress and high workload: A cognitive-
energetical framework. Biological Psychology, 45(1–3), 73–93. 
https://​doi.​org/​10.​1016/​S0301-​0511(96)​05223-4

Ionos. (2020). Zoom fatigue: How to avoid getting tired during video 
conferences. IONOS Digital Guide. https://​www.​ionos.​co.​uk/​
digit​algui​de/​online-​marke​ting/​online-​sales/​zoom-​fatig​ue/

Irie, M., Asami, S., Nagata, S., Miyata, M., & Kasai, H. (2001). Rela-
tionships between perceived workload, stress and oxidative DNA 
damage. International Archives of Occupational and Environ-
mental Health, 74(2), 153–157. https://​doi.​org/​10.​1007/​s0042​
00000​209

İşbilir, E., Çakır, M. P., Acartürk, C., & Tekerek, A. Ş. (2019). Towards 
a multimodal model of cognitive workload through synchronous 
optical brain imaging and eye tracking measures. Frontiers in 
Human Neuroscience. https://​doi.​org/​10.​3389/​fnhum.​2019.​00375

Jiang, M. (2020). The reason Zoom calls drain your energy. https://​
www.​couns​ellin​greso​urces.​co.​nz/​uploa​ds/3/​9/8/​5/​39855​35/​the_​
reason_​zoom_​calls_​drain_​your_​energy.​pdf

Joinson, A. N. (2001). Self-disclosure in computer-mediated com-
munication: The role of self-awareness and visual anonymity. 
European Journal of Social Psychology, 31(2), 177–192. https://​
doi.​org/​10.​1002/​ejsp.​36

Kageyama, N. (2021). Zoom fatigue”—Why It happens, and a 
couple things you can do about it. Bullet Proof Musician. 
https://​bulle​tproo​fmusi​cian.​com/​zoom-​fatig​ue-​why-​it-​happe​
ns-​and-a-​couple-​things-​you-​can-​do-​about-​it/

Kahneman, D. (2011). Thinking, fast and slow. Farrar, Straus and Gir-
oux Publishers.

Karabasz, I. (2020). Digitale Revolution: Zoom-Fatigue: Warum uns 
Videokonferenzen auslaugen. Handelsblatt.com. Retrieved from 
https://​www.​hande​lsbla​tt.​com/​techn​ik/​digit​ale-​revol​ution/​digit​
ale-​revol​ution-​zoom-​fatig​ue-​warum-​uns-​video​konfe​renzen-​ausla​
ugen/​26002​264.​html?​ticket=​ST-​51942​09-​eF250​iVlVP​65xVQ​
0MLKs-​ap1

Kilcullen, M., Feitosa, J., & Salas, E. (2021). Insights from the vir-
tual team science: Rapid deployment during COVID-19. Human 
Factors: THe Journal of the Human Factors and Ergonomics 
Society. https://​doi.​org/​10.​1177/​00187​20821​991678

Kock, N. (2004). The psychobiological model: Towards a new theory 
of computer-mediated communication based on Darwinian evo-
lution. Organization Science, 15(3), 327–348. https://​doi.​org/​10.​
1287/​orsc.​1040.​0071

Kock, N. (2005). Media richness or media naturalness? The evolution 
of our biological communication apparatus and its influence on 
our behavior toward e-communication tools. IEEE Transactions 
on Professional Communication, 48(2), 117–130. https://​doi.​org/​
10.​1109/​TPC.​2005.​849649

Kock, N. (2009a). Information systems theorizing based on evolution-
ary psychology: An interdisciplinary review and theory integra-
tion framework. MIS Quarterly, 33(2), 395–418. https://​doi.​org/​
10.​2307/​20650​297

Kock, N. (2009b). The evolution of costly traits through selection and 
the importance of oral speech in e-collaboration. Electronic Mar-
kets, 19(4), 221–232. https://​doi.​org/​10.​1007/​s12525-​009-​0024-0

Kohrs, C., Angenstein, N., & Brechmann, A. (2016). Delays in human-
computer interaction and their effects on brain activity. PLoS 
ONE, 11(1), e0146250. https://​doi.​org/​10.​1371/​journ​al.​pone.​
01462​50

Kranzberg, M. (1986). Technology and history: “Kranzberg’s laws.” 
Technology and Culture, 27(3), 544–560. https://​doi.​org/​10.​2307/​
31053​85

Kuntardi, D. V. S. (2021). Zoom fatigue dan keberfungsian sosial di 
kalangan mahasiswa. Jurnal Publisitas, 7(2), 72–79. https://​doi.​
org/​10.​37858/​publi​sitas.​v7i2.​47

La Torre, G., Esposito, A., Sciarra, I., & Chiappetta, M. (2019). 
Definition, symptoms and risk of techno-stress: A systematic 
review. International Archives of Occupational and Envi-
ronmental Health, 92(1), 13–35. https://​doi.​org/​10.​1007/​
s00420-​018-​1352-1

Lee, J. (2020). A neuropsychological exploration of Zoom fatigue. Psy-
chiatric Times. https://​www.​psych​iatri​ctimes.​com/​view/​psych​
ologi​cal-​explo​ration-​zoom-​fatig​ue

Lieberman, M. D. (2007). Social cognitive neuroscience: A review of 
core processes. Annual Review of Psychology, 58(1), 259–289. 
https://​doi.​org/​10.​1146/​annur​ev.​psych.​58.​110405.​085654

Ma, H. (2020). Feeling video-conference fatigue? You’re not alone. 
Slack. https://​slack.​com/​intl/​de-​at/​blog/​colla​borat​ion/​video-​confe​
rence-​fatig​ue

Madore, K. P., Khazenzon, A. M., Backes, C. W., Jiang, J., Uncapher, 
M. R., Norcia, A. M., & Wagner, A. D. (2020). Memory failure 
predicted by attention lapsing and media multitasking. Nature, 
587, 87–91. https://​doi.​org/​10.​1038/​s41586-​020-​2870-z

Maheu, M. M., & Wright, S. (2020). Troubleshooting “Zoom fatigue” 
in the era of telehealth. APA. https://​www.​apa.​org/​membe​rs/​
conte​nt/​zoom-​fatig​ue

Mair, F., & Whitten, P. (2000). Systematic review of studies of patient 
satisfaction with telemedicine. BMJ, 320(7248), 1517–1520. 
https://​doi.​org/​10.​1136/​bmj.​320.​7248.​1517

Mandrick, K., Peysakhovich, V., Rémy, F., Lepron, E., & Causse, M. 
(2016). Neural and psychophysiological correlates of human 
performance under stress and high mental workload. Biological 
Psychology, 121(Pt A), 62–73. https://​doi.​org/​10.​1016/j.​biops​
ycho.​2016.​10.​002

Martinez, L., Falvello, V. B., Aviezer, H., & Todorov, A. (2016). Con-
tributions of facial expressions and body language to the rapid 
perception of dynamic emotions. Cognition and Emotion, 30(5), 
939–952. https://​doi.​org/​10.​1080/​02699​931.​2015.​10352​29

Maynard, M. T., & Gilson, L. L. (2014). The role of shared mental 
model development in understanding virtual team effectiveness. 
Group and Organization Management, 39(1), 3–32. https://​doi.​
org/​10.​1177/​10596​01113​475361

Meeren, H. K. M., van Heijnsbergen, C. C. R. J., & de Gelder, B. 
(2005). Rapid perceptual integration of facial expression and 
emotional body language. Proceedings of the National Academy 

https://doi.org/10.1016/j.obhdp.2006.09.004
https://doi.org/10.1016/j.obhdp.2006.09.004
https://doi.org/10.1038/s41598-020-63884-x
https://theconversation.com/zoom-fatigue-how-to-make-video-calls-less-tiring-137861
https://theconversation.com/zoom-fatigue-how-to-make-video-calls-less-tiring-137861
https://doi.org/10.1155/2014/101038
https://doi.org/10.1155/2014/101038
https://doi.org/10.1007/s00421-004-1055-z
https://doi.org/10.1007/s00421-004-1055-z
https://doi.org/10.1016/S0301-0511(96)05223-4
https://www.ionos.co.uk/digitalguide/online-marketing/online-sales/zoom-fatigue/
https://www.ionos.co.uk/digitalguide/online-marketing/online-sales/zoom-fatigue/
https://doi.org/10.1007/s004200000209
https://doi.org/10.1007/s004200000209
https://doi.org/10.3389/fnhum.2019.00375
https://www.counsellingresources.co.nz/uploads/3/9/8/5/3985535/the_reason_zoom_calls_drain_your_energy.pdf
https://www.counsellingresources.co.nz/uploads/3/9/8/5/3985535/the_reason_zoom_calls_drain_your_energy.pdf
https://www.counsellingresources.co.nz/uploads/3/9/8/5/3985535/the_reason_zoom_calls_drain_your_energy.pdf
https://doi.org/10.1002/ejsp.36
https://doi.org/10.1002/ejsp.36
https://bulletproofmusician.com/zoom-fatigue-why-it-happens-and-a-couple-things-you-can-do-about-it/
https://bulletproofmusician.com/zoom-fatigue-why-it-happens-and-a-couple-things-you-can-do-about-it/
https://www.handelsblatt.com/technik/digitale-revolution/digitale-revolution-zoom-fatigue-warum-uns-videokonferenzen-auslaugen/26002264.html?ticket=ST-5194209-eF250iVlVP65xVQ0MLKs-ap1
https://www.handelsblatt.com/technik/digitale-revolution/digitale-revolution-zoom-fatigue-warum-uns-videokonferenzen-auslaugen/26002264.html?ticket=ST-5194209-eF250iVlVP65xVQ0MLKs-ap1
https://www.handelsblatt.com/technik/digitale-revolution/digitale-revolution-zoom-fatigue-warum-uns-videokonferenzen-auslaugen/26002264.html?ticket=ST-5194209-eF250iVlVP65xVQ0MLKs-ap1
https://www.handelsblatt.com/technik/digitale-revolution/digitale-revolution-zoom-fatigue-warum-uns-videokonferenzen-auslaugen/26002264.html?ticket=ST-5194209-eF250iVlVP65xVQ0MLKs-ap1
https://doi.org/10.1177/0018720821991678
https://doi.org/10.1287/orsc.1040.0071
https://doi.org/10.1287/orsc.1040.0071
https://doi.org/10.1109/TPC.2005.849649
https://doi.org/10.1109/TPC.2005.849649
https://doi.org/10.2307/20650297
https://doi.org/10.2307/20650297
https://doi.org/10.1007/s12525-009-0024-0
https://doi.org/10.1371/journal.pone.0146250
https://doi.org/10.1371/journal.pone.0146250
https://doi.org/10.2307/3105385
https://doi.org/10.2307/3105385
https://doi.org/10.37858/publisitas.v7i2.47
https://doi.org/10.37858/publisitas.v7i2.47
https://doi.org/10.1007/s00420-018-1352-1
https://doi.org/10.1007/s00420-018-1352-1
https://www.psychiatrictimes.com/view/psychological-exploration-zoom-fatigue
https://www.psychiatrictimes.com/view/psychological-exploration-zoom-fatigue
https://doi.org/10.1146/annurev.psych.58.110405.085654
https://slack.com/intl/de-at/blog/collaboration/video-conference-fatigue
https://slack.com/intl/de-at/blog/collaboration/video-conference-fatigue
https://doi.org/10.1038/s41586-020-2870-z
https://www.apa.org/members/content/zoom-fatigue
https://www.apa.org/members/content/zoom-fatigue
https://doi.org/10.1136/bmj.320.7248.1517
https://doi.org/10.1016/j.biopsycho.2016.10.002
https://doi.org/10.1016/j.biopsycho.2016.10.002
https://doi.org/10.1080/02699931.2015.1035229
https://doi.org/10.1177/1059601113475361
https://doi.org/10.1177/1059601113475361


On the stress potential of videoconferencing: definition and root causes of Zoom fatigue﻿	

1 3

of Sciences, 102(45), 16518–16523. https://​doi.​org/​10.​1073/​pnas.​
05076​50102

Melamed, S., Ugarten, U., Shirom, A., Kahana, L., Lerman, Y., & 
Froom, P. (1999). Chronic burnout, somatic arousal and elevated 
salivary cortisol levels. Journal of Psychosomatic Research, 
46(6), 591–598. https://​doi.​org/​10.​1016/​S0022-​3999(99)​00007-0

Miller, M. K., Mandryk, R. L., Birk, M. V., Depping, A. E., & Patel, 
T. (2017) Through the looking glass. Proceedings of the 2017 
CHI conference on human factors in computing systems (pp. 
5271–5283). https://​doi.​org/​10.​1145/​30254​53.​30255​48

Miller, R. B. (1968). Response time in man-computer conversational 
transactions. Proceedings of Fall Joint Computer Conference. 
https://​doi.​org/​10.​1145/​14765​89.​14766​28

Miller, R. W. (2020). What’s “Zoom fatigue”? Here’s why video calls 
can be so exhausting. USA Today, https://​eu.​usato​day.​com/​story/​
news/​nation/​2020/​04/​23/​zoom-​fatig​ue-​video-​calls-​coron​avirus-​
can-​make-​us-​tired-​anxio​us/​30104​78001/

Morris, B. (2020). Why does Zoom exhaust you? Science has an 
answer. The Wall Street Journal. https://​www.​wsj.​com/​artic​
les/​why-​does-​zoom-​exhau​st-​you-​scien​ce-​has-​an-​answer-​11590​
600269

Nadler, R. (2020). Understanding “Zoom fatigue”: Theorizing spatial 
dynamics as third skins in computer-mediated communication. 
Computers and Composition, 58, 102613. https://​doi.​org/​10.​
1016/j.​compc​om.​2020.​102613

Nguyen, D. T., & Canny, J. (2007) Multiview: Improving trust in group 
video conferencing through spatial faithfulness. Proceedings of 
the SIGCHI conference on human factors in computing systems 
- CHI ’07 (pp. 1465–1474). https://​doi.​org/​10.​1145/​12406​24.​
12408​46

O’Leary, M. B., Mortensen, M., & Woolley, A. W. (2011). Multiple 
team membership: A theoretical model of its effects on produc-
tivity and learning for individuals and teams. Academy of Man-
agement Review, 36(3), 461–478. https://​doi.​org/​10.​5465/​AMR.​
2011.​61031​807

Ophir, E., Nass, C., & Wagner, A. D. (2009). Cognitive control in 
media multitaskers. Proceedings of the National Academy of 
Sciences, 106(37), 15583–15587. https://​doi.​org/​10.​1073/​pnas.​
09036​20106

Padilla-Meléndez, A., Garrido-Moreno, A., & Del Aguila-Obra, A. R. 
(2008). Factors affecting e-collaboration technology use among 
management students. Computers and Education, 51(2), 609–
623. https://​doi.​org/​10.​1016/j.​compe​du.​2007.​06.​013

Palti, A., & Rosenberg-Kima, R. (2021). A microlearning online frame-
work for teaching programming basics. Proceedings of the 52nd 
ACM technical symposium on computer science education (pp. 
1369–1369). https://​doi.​org/​10.​1145/​34088​77.​34395​54

Panke, S. (2020). Fighting Zoom fatigue: Five ideas for engagement. 
AACE Review. https://​www.​aace.​org/​review/​fight​ing-​zoom-​fatig​
ue-​five-​ideas-​for-​engag​ement/

Paré, G., Trudel, M.-C., Jaana, M., & Kitsiou, S. (2015). Synthesizing 
information systems knowledge: A typology of literature reviews. 
Information and Management, 52(2), 183–199. https://​doi.​org/​
10.​1016/j.​im.​2014.​08.​008

Parent, M., Peysakhovich, V., Mandrick, K., Tremblay, S., & Causse, 
M. (2019). The diagnosticity of psychophysiological signatures: 
Can we disentangle mental workload from acute stress with ECG 
and fNIRS? International Journal of Psychophysiology, 146, 
139–147, https://​doi.​org/​10.​1016/j.​ijpsy​cho.​2019.​09.​005

Peper, E., & Yang, A. (2020). Beyond Zoom fatigue: Re-energize your-
self and improve learning. The Peper Perspective. https://​peper​
persp​ective.​com/​2020/​11/​24/​beyond-​zoom-​fatig​ue-​re-​energ​ize-​
yours​elf-​and-​impro​ve-​learn​ing/

Peper, E., Wilson, V., Martin, M., Rosegard, E., & Harvey, R. (2021). 
Avoid Zoom fatigue, be present and learn. NeuroRegulation, 
8(1), 47–56. https://​doi.​org/​10.​15540/​nr.8.​1.​47

Pesce, M. (2020). Being there, virtually. IEEE Spectrum, 57(8), 21–21. 
https://​doi.​org/​10.​1109/​MSPEC.​2020.​91505​49

Peters, M. L., Godaert, G. L. R., Ballieux, R. E., van Vliet, M., Wil-
lemsen, J. J., Sweep, F. C. G. J., & Heijnen, C. J. (1998). Cardio-
vascular and endocrine responses to experimental stress: Effects 
of mental effort and controllability. Psychoneuroendocrinology, 
23(1), 1–17. https://​doi.​org/​10.​1016/​S0306-​4530(97)​00082-6

Petriglieri, G. (2020). Musings on Zoom fatigue.Psychoanalytic Dia-
logues, 30(5), 641. https://​www.​pep-​web.​org/​docum​ent.​php?​id=​
pd.​030.​0641a

Puddister, K., & Small, T. A. (2020). Trial by Zoom? The response to 
COVID-19 by Canada’s Courts. Canadian Journal of Political 
Science, 53(2), 373–377. https://​doi.​org/​10.​1017/​S0008​42392​
00005​05

Pustikasari, A., & Fitriyanti, L. (2021). Stress dan zoom fatigue pada 
mahasiswa selama pembelajaran daring di masa pandemi covid-
19. Jurnal Ilmiah Kesehatan, 13(1), 25–37. https://​doi.​org/​10.​
37012/​jik.​v13i1.​467

Ragu-Nathan, T. S., Tarafdar, M., Ragu-Nathan, B. S., & Tu, Q. (2008). 
The consequences of technostress for end users in organizations: 
conceptual development and empirical validation. Information 
Systems Research, 19(4), 417–433. https://​doi.​org/​10.​1287/​isre.​
1070.​0165

Redcay, E., Dodell-Feder, D., Pearrow, M. J., Mavros, P. L., Kleiner, 
M., Gabrieli, J. D. E., & Saxe, R. (2010). Live face-to-face inter-
action during fMRI: A new tool for social cognitive neurosci-
ence. NeuroImage, 50(4), 1639–1647. https://​doi.​org/​10.​1016/j.​
neuro​image.​2010.​01.​052

Reinecke, L., Aufenanger, S., Beutel, M. E., Dreier, M., Quiring, O., 
Stark, B., Wölfling, K., & Müller, K. W. (2017). Digital stress 
over the life span: The effects of communication load and inter-
net multitasking on perceived stress and psychological health 
impairments in a german probability sample. Media Psychology, 
20(1), 90–115. https://​doi.​org/​10.​1080/​15213​269.​2015.​11218​32

Richardson, D. C., Dale, R., & Kirkham, N. Z. (2007). The art of con-
versation is coordination: Common ground and the coupling of 
eye movements during dialogue. Psychological Science, 18(5), 
407–413. https://​doi.​org/​10.​1111/j.​1467-​9280.​2007.​01914.x

Riedl, R. (2013). On the Biology of Technostress: Literature Review. 
The DATA BASE for Advances in Information Systems, 44(1), 
18–55.

Riedl, R., Davis, F. D., Banker, R. D., & Kenning, P. H. (2017). Neuro-
science in Information Systems Research: Applying Knowledge of 
Brain Functionality Without Neuroscience Tools. Springer

Riedl, R., Kindermann, H., Auinger, A., & Javor, A. (2012). Technos-
tress from a Neurobiological Perspective. Business & Informa-
tion Systems Engineering, 4(2), 61–69.

Riedl, R., Kindermann, H., Auinger, A., Javor, A. (2013): Computer 
breakdown as a stress factor during task completion under time 
pressure: Identifying gender differences based on skin conduct-
ance. Advances in Human-Computer Interaction, Article ID 
420169, 1-8.

Riedl, R., & Léger, P.-M. (2016). Fundamentals of NeuroIS: Informa-
tion Systems and the Brain. Springer.

Riemer, K., Steinfield, C., & Vogel, D. (2009). eCollaboration: On 
the nature and emergence of communication and collaboration 
technologies. Electronic Markets, 19(4), 181–188. https://​doi.​
org/​10.​1007/​s12525-​009-​0023-1

Robert, Y. (2020). Here’s why you’re feeling Zoom fatigue. Forbes. 
https://​www.​forbes.​com/​sites/​yolar​obert1/​2020/​04/​30/​heres-​
why-​youre-​feeli​ng-​zoom-​fatig​ue/?​sh=​da882​a82ac​69

Ronen, S., & Baldwin, M. W. (2010). Hypersensitivity to social rejec-
tion and perceived stress as mediators between attachment anxi-
ety and future burnout: A prospective analysis. Applied Psychol-
ogy, 59(3), 380–403. https://​doi.​org/​10.​1111/j.​1464-​0597.​2009.​
00404.x

https://doi.org/10.1073/pnas.0507650102
https://doi.org/10.1073/pnas.0507650102
https://doi.org/10.1016/S0022-3999(99)00007-0
https://doi.org/10.1145/3025453.3025548
https://doi.org/10.1145/1476589.1476628
https://eu.usatoday.com/story/news/nation/2020/04/23/zoom-fatigue-video-calls-coronavirus-can-make-us-tired-anxious/3010478001/
https://eu.usatoday.com/story/news/nation/2020/04/23/zoom-fatigue-video-calls-coronavirus-can-make-us-tired-anxious/3010478001/
https://eu.usatoday.com/story/news/nation/2020/04/23/zoom-fatigue-video-calls-coronavirus-can-make-us-tired-anxious/3010478001/
https://www.wsj.com/articles/why-does-zoom-exhaust-you-science-has-an-answer-11590600269
https://www.wsj.com/articles/why-does-zoom-exhaust-you-science-has-an-answer-11590600269
https://www.wsj.com/articles/why-does-zoom-exhaust-you-science-has-an-answer-11590600269
https://doi.org/10.1016/j.compcom.2020.102613
https://doi.org/10.1016/j.compcom.2020.102613
https://doi.org/10.1145/1240624.1240846
https://doi.org/10.1145/1240624.1240846
https://doi.org/10.5465/AMR.2011.61031807
https://doi.org/10.5465/AMR.2011.61031807
https://doi.org/10.1073/pnas.0903620106
https://doi.org/10.1073/pnas.0903620106
https://doi.org/10.1016/j.compedu.2007.06.013
https://doi.org/10.1145/3408877.3439554
https://www.aace.org/review/fighting-zoom-fatigue-five-ideas-for-engagement/
https://www.aace.org/review/fighting-zoom-fatigue-five-ideas-for-engagement/
https://doi.org/10.1016/j.im.2014.08.008
https://doi.org/10.1016/j.im.2014.08.008
https://doi.org/10.1016/j.ijpsycho.2019.09.005
https://peperperspective.com/2020/11/24/beyond-zoom-fatigue-re-energize-yourself-and-improve-learning/
https://peperperspective.com/2020/11/24/beyond-zoom-fatigue-re-energize-yourself-and-improve-learning/
https://peperperspective.com/2020/11/24/beyond-zoom-fatigue-re-energize-yourself-and-improve-learning/
https://doi.org/10.15540/nr.8.1.47
https://doi.org/10.1109/MSPEC.2020.9150549
https://doi.org/10.1016/S0306-4530(97)00082-6
https://www.pep-web.org/document.php?id=pd.030.0641a
https://www.pep-web.org/document.php?id=pd.030.0641a
https://doi.org/10.1017/S0008423920000505
https://doi.org/10.1017/S0008423920000505
https://doi.org/10.37012/jik.v13i1.467
https://doi.org/10.37012/jik.v13i1.467
https://doi.org/10.1287/isre.1070.0165
https://doi.org/10.1287/isre.1070.0165
https://doi.org/10.1016/j.neuroimage.2010.01.052
https://doi.org/10.1016/j.neuroimage.2010.01.052
https://doi.org/10.1080/15213269.2015.1121832
https://doi.org/10.1111/j.1467-9280.2007.01914.x
https://doi.org/10.1007/s12525-009-0023-1
https://doi.org/10.1007/s12525-009-0023-1
https://www.forbes.com/sites/yolarobert1/2020/04/30/heres-why-youre-feeling-zoom-fatigue/?sh=da882a82ac69
https://www.forbes.com/sites/yolarobert1/2020/04/30/heres-why-youre-feeling-zoom-fatigue/?sh=da882a82ac69
https://doi.org/10.1111/j.1464-0597.2009.00404.x
https://doi.org/10.1111/j.1464-0597.2009.00404.x


	 R. Riedl 

1 3

Rosen, C. (2008). The myth of multitasking. The New Atlantis, 20, 
105–110.

Rubio, S., Diaz, E., Martin, J., & Puente, J. M. (2004). Evaluation of 
subjective mental workload: A comparison of SWAT, NASA-
TLX, and workload profile methods. Applied Psychology, 53(1), 
61–86. https://​doi.​org/​10.​1111/j.​1464-​0597.​2004.​00161.x

Rump, J., & Brandt, M. (2020a). Zoom fatigue. Report of Institute 
for Employment and Employability. IBE. https://​www.​ibe-​ludwi​
gshaf​en.​de/​wp-​conte​nt/​uploa​ds/​2020/​09/​EN_​IBE-​Studie-​Zoom-​
Fatig​ue.​pdf

Rump, J., & Brandt, M. (2020b). Zoom-Fatigue – Phase 2. Bericht des 
Instituts für Beschäftigung und Employability. IBE. https://​www.​
ibe-​ludwi​gshaf​en.​de/​zoom_​fatig​ue-​phase2/

Sacasas, L. M. (2020). A theory of Zoom fatigue. The Convivial Soci-
ety: Dispatch No. 5. https://​theco​nvivi​alsoc​iety.​subst​ack.​com/p/​
a-​theory-​of-​zoom-​fatig​ue

Saito, D. N., Tanabe, H. C., Izuma, K., Hayashi, M. J., Morito, 
Y., Komeda, H., Uchiyama, H., Kosaka, H., Okazawa, H., 
Fujibayashi, Y., & Sadato, N. (2010) “Stay Tuned”: Inter-indi-
vidual neural synchronization during mutual gaze and joint atten-
tion. Frontiers in Integrative Neuroscience, 4(127). https://​doi.​
org/​10.​3389/​fnint.​2010.​00127

Sander, L., & Baumann, O. (2020). 5 reasons why Zoom meetings are 
so exhausting. The Conversation. https://​theco​nvers​ation.​com/5-​
reaso​ns-​why-​zoom-​meeti​ngs-​are-​so-​exhau​sting-​137404

Satpute, A. B., & Lieberman, M. D. (2006). Integrating automatic and 
controlled processes into neurocognitive models of social cogni-
tion. Brain Research, 1079(1), 86–97. https://​doi.​org/​10.​1016/j.​
brain​res.​2006.​01.​005

Schilbach, L., Wilms, M., Eickhoff, S. B., Romanzetti, S., Tepest, R., 
Bente, G., Shah, N. J., Fink, G. R., & Vogeley, K. (2010). Minds 
made for sharing: initiating joint attention recruits reward-related 
neurocircuitry. Journal of Cognitive Neuroscience, 22(12), 2702–
2715. https://​doi.​org/​10.​1162/​jocn.​2009.​21401

Schroeder, R. (2020). Are you a victim of Zoom fatigue? Inside Higher 
ED. https://​www.​insid​ehigh​ered.​com/​digit​al-​learn​ing/​blogs/​
online-​trend​ing-​now/​are-​you-​victim-​zoom-​fatig​ue

Schroeder, R. (2021). Zoom fatigue: What we have learned. https://​
www.​insid​ehigh​ered.​com/​digit​al-​learn​ing/​blogs/​online-​trend​ing-​
now/​zoom-​fatig​ue-​what-​we-​have-​learn​ed#:​~:​text=​Zoom

Schryen, G., Benlian, A., Rowe, F., Gregor, S., Larsen, K., Petter, S., 
Paré, G., Wagner, G., Haag, S., & Yasasin, E. (2017). Literature 
reviews in IS Research: What can be learnt from the past and 
other fields? Communications of the Association for Information 
Systems, 41, 759–774. https://​doi.​org/​10.​17705/​1CAIS.​04130

Schryen, G., Wagner, G., Benlian, A., & Pare, G. (2020). A knowledge 
development perspective on literature reviews: Validation of a 
new typology in the IS Field. Communications of the Associa-
tion for Information Systems, 46, 134–186. https://​doi.​org/​10.​
17705/​1CAIS.​04607

Seery, M. D. (2011). Challenge or threat? Cardiovascular indexes of 
resilience and vulnerability to potential stress in humans. Neuro-
science and Biobehavioral Reviews, 35(7), 1603–1610. https://​
doi.​org/​10.​1016/j.​neubi​orev.​2011.​03.​003

Senju, A., & Johnson, M. H. (2009). The eye contact effect: Mecha-
nisms and development. Trends in Cognitive Sciences, 13(3), 
127–134. https://​doi.​org/​10.​1016/j.​tics.​2008.​11.​009

Sergerie, K., Chochol, C., & Armony, J. L. (2008). The role of the 
amygdala in emotional processing: A quantitative meta-analysis 
of functional neuroimaging studies. Neuroscience and Biobehav-
ioral Reviews, 32(4), 811–830. https://​doi.​org/​10.​1016/j.​neubi​
orev.​2007.​12.​002

Singer, T. (2009). Understanding others: Brain mechanisms of theory 
of mind and empathy. In P. W. G. Limcher, C. F. Camerer, E. 
Fehr, & R. A. Poldrac (Eds.), Neuroeconomics: Decision making 

and the brain (pp. 251–268). Academic Press. https://​doi.​org/​10.​
1016/​B978-0-​12-​374176-​9.​00017-8

Sklar, J. (2020). ‘Zoom fatigue’ is taxing the brain. Here’s why that 
happens. National Geographic. https://​www.​natio​nalge​ograp​
hic.​com/​scien​ce/​2020/​04/​coron​avirus-​zoom-​fatig​ue-​is-​taxing-​
the-​brain-​here-​is-​why-​that-​happe​ns/

Slavich, G. M., Way, B. M., Eisenberger, N. I., & Taylor, S. E. (2010). 
Neural sensitivity to social rejection is associated with inflam-
matory responses to social stress. Proceedings of the National 
Academy of Sciences, 107(33), 14817–14822. https://​doi.​org/​10.​
1073/​pnas.​10091​64107

Spector, R. (1990). Visual Fields. In W. HK, H. WD, & H. JW (Eds.), 
Clinical methods: the history, physical, and laboratory examina-
tions (3rd edition). Butterworths.

Stanovich, K. E., & West, R. F. (2000). Individual differences in rea-
soning: Implications for the rationality debate? Behavioral and 
Brain Sciences, 23(5), 645–665. https://​doi.​org/​10.​1017/​S0140​
525X0​00034​35

Statista. (2021a). Anzahl der Visits von zoom.us von Oktober 2019 bis 
März 2021. https://​de.​stati​sta.​com/​stati​stik/​daten/​studie/​11130​
81/​umfra​ge/​anzahl-​der-​visits-​pro-​monat-​von-​zoom/

Statista. (2021b). Anzahl der Visits von zoom.us von Oktober 2019 bis 
März 2021.

Stein, T., Senju, A., Peelen, M. V., & Sterzer, P. (2011). Eye contact 
facilitates awareness of faces during interocular suppression. 
Cognition, 119(2), 307–311. https://​doi.​org/​10.​1016/j.​cogni​tion.​
2011.​01.​008

Stephens, G. J., Silbert, L. J., & Hasson, U. (2010). Speaker-listener 
neural coupling underlies successful communication. Proceed-
ings of the National Academy of Sciences, 107(32), 14425–
14430. https://​doi.​org/​10.​1073/​pnas.​10086​62107

Tams, S., Hill, K., Guinea, A., Thatcher, J., & Grover, V. (2014). Neu-
roIS—alternative or complement to existing methods? Illustrat-
ing the holistic effects of neuroscience and self-reported data in 
the context of technostress research. Journal of the Association 
for Information Systems, 15(10), 723–753. https://​doi.​org/​10.​
17705/​1jais.​00374

Tams, S., Thatcher, J. B., & Grover, V. (2018). Concentration, com-
petence, confidence, and capture: An experimental study of age, 
interruption-based technostress, and task performance. Journal 
of the Association for Information Systems, 19(9), Article 2. 
https://​aisel.​aisnet.​org/​jais/​vol19/​iss9/2

Tams, S., Thatcher, J., Grover, V., & Pak, R. (2015). Selective atten-
tion as a protagonist in contemporary workplace stress: Implica-
tions for the interruption age. Anxiety, Stress, & Coping, 28(6), 
663–686. https://​doi.​org/​10.​1080/​10615​806.​2015.​10111​41

Tarafdar, M., Cooper, C. L., & Stich, J. (2019). The technostress tri-
fecta - techno eustress, techno distress and design: Theoretical 
directions and an agenda for research. Information Systems Jour-
nal, 29(1), 6–42. https://​doi.​org/​10.​1111/​isj.​12169

Tomasello, M., Hare, B., Lehmann, H., & Call, J. (2007). Reliance on 
head versus eyes in the gaze following of great apes and human 
infants: The cooperative eye hypothesis. Journal of Human Evo-
lution, 52(3), 314–320. https://​doi.​org/​10.​1016/j.​jhevol.​2006.​10.​
001

Toney, S., Light, J., & Urbaczewski, A. (2021). Fighting Zoom fatigue: 
Keeping the zoombies at Bay. Communications of the Associa-
tion for Information Systems, 48(6), 40–46. https://​doi.​org/​10.​
17705/​1CAIS.​04806

Tufvesson, A. (2020). ZOOM fatigue: Why video calls sap 
your energy. LSJ. https://​lsj.​com.​au/​artic​les/​zoom-​fatig​
ue-​why-​video-​calls-​sap-​your-​energy/

vom Brocke, J., Simons, A., Niehaves, B., Niehaves, B., & Reimer, 
K. (2009). Reconstructing the giant: On the importance of rig-
our in documenting the literature search process. Proceedings 

https://doi.org/10.1111/j.1464-0597.2004.00161.x
https://www.ibe-ludwigshafen.de/wp-content/uploads/2020/09/EN_IBE-Studie-Zoom-Fatigue.pdf
https://www.ibe-ludwigshafen.de/wp-content/uploads/2020/09/EN_IBE-Studie-Zoom-Fatigue.pdf
https://www.ibe-ludwigshafen.de/wp-content/uploads/2020/09/EN_IBE-Studie-Zoom-Fatigue.pdf
https://www.ibe-ludwigshafen.de/zoom_fatigue-phase2/
https://www.ibe-ludwigshafen.de/zoom_fatigue-phase2/
https://theconvivialsociety.substack.com/p/a-theory-of-zoom-fatigue
https://theconvivialsociety.substack.com/p/a-theory-of-zoom-fatigue
https://doi.org/10.3389/fnint.2010.00127
https://doi.org/10.3389/fnint.2010.00127
https://theconversation.com/5-reasons-why-zoom-meetings-are-so-exhausting-137404
https://theconversation.com/5-reasons-why-zoom-meetings-are-so-exhausting-137404
https://doi.org/10.1016/j.brainres.2006.01.005
https://doi.org/10.1016/j.brainres.2006.01.005
https://doi.org/10.1162/jocn.2009.21401
https://www.insidehighered.com/digital-learning/blogs/online-trending-now/are-you-victim-zoom-fatigue
https://www.insidehighered.com/digital-learning/blogs/online-trending-now/are-you-victim-zoom-fatigue
https://www.insidehighered.com/digital-learning/blogs/online-trending-now/zoom-fatigue-what-we-have-learned#:~:text=Zoom
https://www.insidehighered.com/digital-learning/blogs/online-trending-now/zoom-fatigue-what-we-have-learned#:~:text=Zoom
https://www.insidehighered.com/digital-learning/blogs/online-trending-now/zoom-fatigue-what-we-have-learned#:~:text=Zoom
https://doi.org/10.17705/1CAIS.04130
https://doi.org/10.17705/1CAIS.04607
https://doi.org/10.17705/1CAIS.04607
https://doi.org/10.1016/j.neubiorev.2011.03.003
https://doi.org/10.1016/j.neubiorev.2011.03.003
https://doi.org/10.1016/j.tics.2008.11.009
https://doi.org/10.1016/j.neubiorev.2007.12.002
https://doi.org/10.1016/j.neubiorev.2007.12.002
https://doi.org/10.1016/B978-0-12-374176-9.00017-8
https://doi.org/10.1016/B978-0-12-374176-9.00017-8
https://www.nationalgeographic.com/science/2020/04/coronavirus-zoom-fatigue-is-taxing-the-brain-here-is-why-that-happens/
https://www.nationalgeographic.com/science/2020/04/coronavirus-zoom-fatigue-is-taxing-the-brain-here-is-why-that-happens/
https://www.nationalgeographic.com/science/2020/04/coronavirus-zoom-fatigue-is-taxing-the-brain-here-is-why-that-happens/
https://doi.org/10.1073/pnas.1009164107
https://doi.org/10.1073/pnas.1009164107
https://doi.org/10.1017/S0140525X00003435
https://doi.org/10.1017/S0140525X00003435
https://de.statista.com/statistik/daten/studie/1113081/umfrage/anzahl-der-visits-pro-monat-von-zoom/
https://de.statista.com/statistik/daten/studie/1113081/umfrage/anzahl-der-visits-pro-monat-von-zoom/
https://doi.org/10.1016/j.cognition.2011.01.008
https://doi.org/10.1016/j.cognition.2011.01.008
https://doi.org/10.1073/pnas.1008662107
https://doi.org/10.17705/1jais.00374
https://doi.org/10.17705/1jais.00374
https://aisel.aisnet.org/jais/vol19/iss9/2
https://doi.org/10.1080/10615806.2015.1011141
https://doi.org/10.1111/isj.12169
https://doi.org/10.1016/j.jhevol.2006.10.001
https://doi.org/10.1016/j.jhevol.2006.10.001
https://doi.org/10.17705/1CAIS.04806
https://doi.org/10.17705/1CAIS.04806
https://lsj.com.au/articles/zoom-fatigue-why-video-calls-sap-your-energy/
https://lsj.com.au/articles/zoom-fatigue-why-video-calls-sap-your-energy/


On the stress potential of videoconferencing: definition and root causes of Zoom fatigue﻿	

1 3

of the European conference on information systems (ECIS) (pp. 
2206–2217).

vom Brocke, J., Hevner, A., Léger, P.-M., Walla, P., Riedl, R. (2020). 
Advancing a neuroIS research agenda with four areas of societal 
contributions. European Journal of Information Systems, 29(1), 
9–24.

Waizenegger, L., McKenna, B., Cai, W., & Bendz, T. (2020). An affor-
dance perspective of team collaboration and enforced working 
from home during COVID-19. European Journal of Informa-
tion Systems, 29(4), 429–442. https://​doi.​org/​10.​1080/​09600​85X.​
2020.​18004​17

Warren, T. (2020). Zoom admits it doesn’t have 300 million users, cor-
rects misleading claims. The Verge. https://​www.​theve​rge.​com/​
2020/4/​30/​21242​421/​zoom-​300-​milli​on-​users-​incor​rect-​meeti​
ng-​parti​cipan​ts-​state​ment

Wegge, J., Vogt, J., & Wecking, C. (2007). Customer-induced stress in 
call centre work: A comparison of audio- and videoconference. 
Journal of Occupational and Organizational Psychology, 80(4), 
693–712. https://​doi.​org/​10.​1348/​09631​7906X​164927

Wetherell, M. A., & Carter, K. (2014). The multitasking framework: 
the effects of increasing workload on acute psychobiological 

stress reactivity. Stress and Health, 30(2), 103–109. https://​doi.​
org/​10.​1002/​smi.​2496

Wiederhold, B. K. (2020). Connecting through technology during the 
coronavirus disease 2019 pandemic: Avoiding “Zoom fatigue.” 
Cyberpsychology, Behavior, and Social Networking, 23(7), 437–
438. https://​doi.​org/​10.​1089/​cyber.​2020.​29188.​bkw

Williams, N. (2021). Working through COVID-19: ‘Zoom’ gloom and 
‘Zoom’ fatigue. Occupational Medicine. https://​doi.​org/​10.​1093/​
occmed/​kqab0​41

Williamson, G. (2020). COVID-19, Zoom fatigue and after the glass-
rush. Journal of the Institute of Telecommunications Profession-
als, 14(3).

Willis, J., & Todorov, A. (2006). First impressions: Making up your 
mind after a 100-ms exposure to a face. Psychological Science, 
17(7), 592–598. https://​doi.​org/​10.​1111/j.​1467-​9280.​2006.​
01750.x

Wong, M. (2021). Managing Zoom fatigue. TL Conestoga. https://​tlcon​
estoga.​ca/​zoom-​fatig​ue/

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

https://doi.org/10.1080/0960085X.2020.1800417
https://doi.org/10.1080/0960085X.2020.1800417
https://www.theverge.com/2020/4/30/21242421/zoom-300-million-users-incorrect-meeting-participants-statement
https://www.theverge.com/2020/4/30/21242421/zoom-300-million-users-incorrect-meeting-participants-statement
https://www.theverge.com/2020/4/30/21242421/zoom-300-million-users-incorrect-meeting-participants-statement
https://doi.org/10.1348/096317906X164927
https://doi.org/10.1002/smi.2496
https://doi.org/10.1002/smi.2496
https://doi.org/10.1089/cyber.2020.29188.bkw
https://doi.org/10.1093/occmed/kqab041
https://doi.org/10.1093/occmed/kqab041
https://doi.org/10.1111/j.1467-9280.2006.01750.x
https://doi.org/10.1111/j.1467-9280.2006.01750.x
https://tlconestoga.ca/zoom-fatigue/
https://tlconestoga.ca/zoom-fatigue/

	On the stress potential of videoconferencing: definition and root causes of Zoom fatigue
	Abstract
	Introduction
	Outline of the research gap and contribution
	What is Zoom fatigue?
	Methodology of the literature review
	Zoom fatigue definition

	Study context and media naturalness theory as theoretical lens
	Study context
	Media naturalness theory

	Root causes of Zoom fatigue
	Asynchronicity of communication
	Lack of body language
	Lack of eye contact
	Self-awareness
	Unnatural interaction with multiple faces
	Multitasking during videoconferences
	Conceptual framework and hypotheses

	Discussion
	Implications for research
	Implications for practice

	Concluding statement
	Acknowledgements 
	References


