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A B S T R A C T   

The popularity of remote work and a norm of constant connectivity have made text-based computer-mediated 
communication (tCMC) such as email inevitable for many organizational tasks. This could be worsening com-
municators’ performance on their later work. Specifically, drawing on media synchronicity theory (Dennis & 
Valacich, 1999), we propose that using tCMC for convergence processes—resolving ambiguity and conflicting 
interpretations to form shared understandings—is more difficult than using face-to-face communication. We use 
conservation of resources (COR) theory to argue this greater communication difficulty could dampen motivation 
maintenance for subsequent tasks, which, in turn, is likely to hamper knowledge work tasks that require complex 
reasoning. Supporting this line of reasoning, four experimental studies show causal effects of using tCMC 
(relative to in-person interaction) for tasks dependent on convergence processes on motivation maintenance and 
later complex reasoning tasks. A fifth study using an experience sampling design shows day-to-day changes in 
tCMC use influence depletion and downstream motivation maintenance for individuals whose jobs require 
complex problem solving. Together, these five studies indicate using text-based communication media has lasting 
effects on communicators beyond the communication task itself. These studies raise new questions about the 
pervasive use of email and other forms of text-based communication in organizations for individuals’ motivation 
and effectiveness.   

Communication technologies have changed how people get work 
done in organizations, yet we do not fully understand how those changes 
affect the people doing the work. There could be hidden costs to em-
ployees from their communication media choices. This would be a 
crucial issue given organizations’ increasing reliance on spatially and 
temporally dispersed modes of organizing, such as remote work and 
virtual teams, let alone the pervasive use of electronic communication 
among collocated employees (Barley, Meyerson, & Grodal, 2011; 
Raghuram, Gibbs, Hill, & Maruping, 2019). Although computer- 
mediated communication (CMC) can occur through video and audio 
channels (e.g., Skype, Zoom, FaceTime), text-based electronic commu-
nication (tCMC) such as email and chat are important conduits for 
organizational communication (Tankovska, 2021). Indeed, employees 
spend about a quarter of their day on email exchanging about 100 
messages (Abramovich, 2019; Chui et al., 2012; McGregor, 2012; 

Radicati & Hoang, 2011). The COVID-19 pandemic-induced remote 
work has only increased employees’ reliance on tCMC, including email 
(Kun et al., 2020). Those employees are not just using tCMC to convey 
factual information, but also for converging on shared understandings in 
the course of collaborative knowledge work (Fayard & Metiu, 2014; 
Gibson, Gibbs, Stanko, Tesluk & Cohen, 2011; Hinds, Liu, & Lyon, 2011; 
Rockmann & Northcraft, 2008; Tangirala & Alge, 2006). The question is, 
at what cost to communicators. 

This question arises due to theory and research showing tCMC, while 
apt for conveying factual information, is ill-suited for resolving ambi-
guity (Daft & Lengel, 1984). Specifically, media synchronicity theory 
(Dennis, Fuller, & Valacich, 2008; Dennis & Valacich, 1999) conceptu-
alizes communication as consisting of conveyance and convergence pro-
cesses. Conveyance processes involve senders transmitting information 
to receivers, so receivers can process the information and update their 
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understandings. Convergence processes involve senders and receivers 
engaging in the collaborative resolution of ambiguity and differences in 
perspective1. Convergence processes are crucial for collaborative 
knowledge work (Daft & Lengel, 1984; Dennis et al., 2008; Dennis & 
Valacich, 1999). A central prediction of media synchronicity theory is 
that tCMC media, such as email, are ill-suited for convergence processes 
because tCMC media limit informational cues, making it difficult for 
communicators to resolve the ambiguities inherent in many organiza-
tional tasks (Hightower & Sayeed, 1995, 1996; Kock, 2004; McGrath & 
Hollingshead, 1994; Swaab, Galinsky, Medvec & Diermeier, 2012; 
Wiesenfeld, Raghuram, & Garud 1999). Accordingly, the theorizing 
predicts that using tCMC for tasks heavily reliant on convergence pro-
cesses imposes costs on the task for which communication is taking place. 

Shifting attention away from the task to the people doing the task re-
veals a further key implication of using tCMC for convergence processes. 
If using tCMC for convergence processes is difficult, it likely imposes 
costs on the people using it. If so, the costs could extend beyond the task 
at hand to affect what those people do on other tasks. This is no small 
matter, as it implies that tCMC use could impose costs not just for the 
fraction of the day when employees are on email and so forth, but also 
for the remainder of their day, including when they are not communi-
cating at all. 

Some emerging research is consistent with the possibility tCMC im-
poses costs on people. For instance, research highlighting the downsides 
of pervasive electronic communication in organizations has found that 
higher levels of email use are associated with higher stress levels (Barley 
et al, 2011; Mazmanian, Orlikowski, & Yates, 2013), as well as lower 
work goal progress and diminished leadership (Rosen et al., 2019). 
Likewise, higher evening smartphone use for work-related communi-
cation, which is largely text-based in nature, is associated with lower 
work engagement the following day (Lanaj, Johnson, & Barnes, 2014). 
This research on stress, burn-out, and work engagement due to the al-
ways on culture of connectedness is important in emphasizing the costs 
of the sheer volume and pervasiveness of tCMC. A key next step is to 
generate evidence of direct causal effects of tCMC use for convergence 
processes on people and their subsequent behavior after they are done 
communicating. 

The mechanism explored here to link using tCMC for convergence 
processes with reduced performance on subsequent tasks is motivation 
maintenance. Motivation maintenance is concerned with sustaining 
effort over time across a set of tasks and refers to “the degree to which 
individuals continue to invest time and energy in their work” (Grant 
et al., 2007, p.54). Motivation maintenance matters because it is often 
instrumental in not settling for heuristic responses and instead engaging 
in the complex reasoning needed to make effective decisions (Weber & 
Johnson, 2009). Complex reasoning, and so motivation maintenance, is 
foundational for effectively performing the cognitively intensive orga-
nizational tasks required for knowledge work. Diminishing motivation 
maintenance then provides a basis by which tCMC use for convergence 
processes can affect communicators and thereby impair their subsequent 
work. 

If tCMC use for convergence processes impairs subsequent knowl-
edge work, after people are done communicating, it would represent a 
critical cost of contemporary work practices imposed on employees. It 
would indicate a set of practices for organizations to understand and 
manage. Identifying motivation maintenance as a mechanism through 
which tCMC affects people after communication ends can enrich theo-
rizing about tCMC’s associations with stress and work engagement 
(Grant et al., 2007). As the volume of tCMC grows, fueled by remote 
work and a culture of constant connectivity (Mazmanian, 2013), the 

cumulative effects of tCMC on motivation maintenance could contribute 
to reduced productivity, increased stress, and lower work engagement. 
Thus, establishing causal effects of what using tCMC does to commu-
nicators, beyond what it does to immediate task performance, helps to 
solidify the link between communication media use and employee en-
ergy and effort in organizations (Grant et al., 2007; Lilius, 2012; Quinn, 
Spreitzer, & Lam, 2012). The ubiquity of virtual work and tasks 
requiring convergence processes means that tCMC such as email and 
instant messaging could well be a hidden drag on group and organiza-
tional productivity when misapplied. 

1. Background and hypotheses 

Text-based communication is commonplace and central to knowl-
edge work due to tools such as email, chat, Slack, and Microsoft Teams 
used daily on a variety of devices by hundreds of millions of people for 
(Spataro, 2021; Mazmanian, 2013; Mazmanian et al., 2013; Reyt & 
Wiesenfeld, 2015). While tCMC is useful for some aspects of knowledge 
work, it is less suitable for more complex types of knowledge work ac-
tivities. For instance, multiple theories have argued tCMC is well suited 
for sharing information (Daft & Lengel, 1986; Dennis & Valacich, 1999). 
In particular, media synchronicity theory (Dennis et al., 2008; Dennis & 
Valacich, 1999) proposes that tCMC is particularly well suited for 
conveyance processing intensive tasks, which are primarily concerned 
with the exchange of new and relevant information in a diverse set of 
formats that enable communicators to revise their understandings. For 
instance, sending an email memo summarizing the latest market 
segment trends with the relevant data reported in an Excel spreadsheet 
attachment would be an instance of conveyance processing. Sending 
new information imposes requirements on receivers to examine it, 
which is why conveyance processing is facilitated by lower synchro-
nicity communication media such as tCMC. 

Theorizing about communication media also argues that there are 
tasks for which tCMC are less well suited. Media synchronicity theory 
(Dennis et al., 2008) proposes that tCMC is less suitable for organiza-
tional tasks that are largely dependent on convergence processing, or for 
simplicity what we refer to as convergence processing tasks. These are 
communication tasks characterized by ambiguity and differences in 
perspective requiring communicators to generate a shared understand-
ing of the situation. Common examples of convergence processing tasks 
are negotiation, coordination, and group decision-making. Convergence 
processing tasks differ from conveyance processing tasks in that what is 
central is not information transmission but collectively interpreting 
already shared information to generate common understandings. Plen-
tiful research finds that when tCMC is used for tasks mainly reliant on 
convergence processes, such as collaborative knowledge work, it ham-
pers communication effectiveness (e.g., Alge, Wiethoff, & Klein, 2003, 
Canessa & Riolo, 2006) and reduce task performance (e.g., Baltes, 
Dickson, Sherman, Bauer, & LaGanke, 2002; Bordia, 1997; Swaab et al., 
2012). 

Despite the theoretical and empirical work indicating tCMC is not 
well suited for convergence processing tasks, it is nonetheless commonly 
used for them. Nearly all virtual work arrangements require conver-
gence processes as members engage in collaborative knowledge work 
(Alavi & Leidner, 2001) to coordinate their beliefs and behavior 
(Okhuysen & Bechky, 2009) as they pursue organizational goals 
(Cramton, 2001; Fayard & Metiu, 2014; Hinds et al., 2011; Wiesenfeld 
et al., 1999). Thus, if tCMC is ill-suited to convergence processing tasks, 
it would be consequential. 

1.1. Using tCMC for convergence processing tasks and communication 
difficulty 

The foundation of the problem of using tCMC for convergence pro-
cessing tasks is communication difficulty (Cramton, 2001; Hightower & 
Sayeed, 1995). The lack of social context cues in tCMC places demands 

1 Given this description, we emphasize that tasks involving “convergence 
processing” as conceptualized by media synchronicity theory differ from tasks 
involving “convergent thinking” as conceptualized in creativity research, which 
are concerned with deriving correct or best responses (e.g., Cropley, 2006). 
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on crafting messages and disambiguating messages. This is because 
there is little in the way of context or feedback, such as non-verbal and 
paraverbal cues (McGrath & Hollingshead, 1994), to indicate and co-
ordinate the common understandings that are the joint product of con-
versation. Further, tCMC limits the use of most turn-taking and back- 
channel coordination mechanisms, such as head-nodding, smiling, 
“uh-huh” and other such means for immediately signaling understand-
ing and misunderstanding (Clark, 1996), which support staying together 
in the same type of dialogue (cf., Levin & Moore, 1977; McGinn & Keros, 
2002; Yates & Orlikowski, 1992). The absence of support for feedback 
and multiple cues in tCMC is likely to increase the challenge of forming 
shared interpretations of ambiguous situations. 

Media synchronicity theory (Dennis et al., 2008) synthesizes these 
insights. A medium’s synchronicity refers to the extent to which its ca-
pabilities enable communicators to “exhibit a shared pattern of coordi-
nated synchronous behavior with a common focus” (p. 581). Face-to- 
face communication typically facilitates higher synchronicity among 
communicators while tCMC is associated with lower synchronicity. 
Although media synchronicity theory describes several such capabil-
ities, two are particularly relevant when it comes to understanding tCMC 
use for convergence processing tasks—transmission velocity and symbol 
sets. Transmission velocity refers to the extent to which a communica-
tion medium enables rapid back and forth communications without 
delay. High transmission velocity allows communicators to efficiently 
share and contextualize their interpretations of ambiguous task situa-
tions, quickly seek and receive clarifications and repair mis-
understandings, and verify the extent to which they share common 
understandings of situations. All these supports for convergence pro-
cessing are theorized to be more difficult and take longer to accomplish 
using tCMC because of the lags tCMC introduces between communica-
tions. Creating communications and then sending them after they are 
completed takes longer and is less sensitive to feedback during the for-
mation of those communications than delivering those communications 
as they are formed. 

Symbol sets refer to the extent to which a medium supports a wide 
variety of communication formats such as verbal and nonverbal cues, 
visual information, and physical gestures. Face-to-face communication 
supports a variety of symbol sets whereas tCMC is limited to text-based 
cues. Being limited to one channel for communication means typing a 
message generally involves greater cognitive effort than speaking, as 
written communications encourage greater precision and higher levels 
of detail to promote clarity and minimize misunderstandings. These 
concerns are especially relevant for convergence processing tasks. In 
contrast, because in-person conversations allow for the real time 
communication of a range of verbal, nonverbal, and physical cues, they 
require less effort to produce than tCMC for convergence processing. 
Further, the limited symbol sets in tCMC leads to lower social presence, 
which creates challenges to building the rapport and trust that facilitates 
the development of shared understandings about situations involving 
conflict and ambiguity. 

Empirical findings provide indirect support for the prediction that 
using tCMC to engage in convergence processing tasks is difficult for 
communicators. For example, tCMC communicators take more time to 
generate the same number of words as face-to-face communicators 
(Baltes et al., 2002; Tangirala & Alge, 2006; Walther, 1992) and more 
time to complete a task (Purdy, Nye, & Balakrishnan, 2000). If given 
restricted amounts of time, tCMC communicators experience fewer 
changes in understanding (Walther, Anderson, & Park, 1994). Text- 
based CMC, relative to face-to-face interaction, increases mis-
understandings (Cramton, 2001; Swaab et al., 2012) and deception (Jap, 
Robertson, & Hamilton, 2011; Naquin, Kurtzberg, & Belkin, 2010; 
Rockmann & Northcraft, 2008), and decreases coordination (Drolet & 
Morris, 2000; Peñarroja, Orengo, Zornoza, & Hernández; 2013). Getting 
closer to the consequences of greater communication difficulty in tCMC, 
several studies have included post-task questions about self-reported 
effort (Becker-Beck, Wintermantel, & Borg, 2005; Graetz, Boyle, 

Kimble, Thompson, & Garloch, 1998; Kock, 2007), generally showing 
greater perceived effort by tCMC communicators than those communi-
cating face-to-face. While indirect, these findings are consistent with the 
claim that tCMC makes convergence processing tasks more difficult. 

1.2. Communication difficulty, conservation of resources, and motivation 
maintenance 

If a communication task is more difficult, it is likely to require greater 
effort on the part of communicators. Research on effort expenditures 
suggest not just links between effort and fatigue, but also monitoring of 
effort and pre-emptive steps to adjust effort levels to address anticipated 
fatigue (Hobfoll, 1988; Müller & Apps, 2019). Conservation of resources 
theory (COR; Hobfoll, 1989) is a theory of motivation that provides a 
synthesis and set of proposals regarding this body of research. 

According to COR, individuals are driven to protect and conserve 
their current store of resources and to acquire resources to prevent 
future resource loss (Halbesleben, Neveau, Paustian-Underdahl, & 
Westman, 2014). Resources in COR are broadly construed as “anything 
perceived by the individual to help attain his or her goals” (Halbesleben 
et al., 2014: p. 1338), including time, energy, money, and knowledge. 
Some resources (e.g., job security) are intrinsically valuable while others 
(e.g., time, energy) are valuable because they are means to acquiring 
desirable resources. In the context of day-to-day organizational func-
tioning, employee motivation is a particularly relevant resource because 
it is central to exerting effort required for addressing job demands. 
Employees experience motivation for the task at hand when current 
resources meet or exceed job demands and experience lower motivation 
when resources appear insufficient for those demands (Quinn et al., 
2012). When more resources are used for a current task, it can mean 
fewer resources will be available for subsequent tasks unless they are 
replenished. The key relevant prediction from COR theory is that when 
individuals are faced with the prospect of resource depletion due to 
exerting greater than expected efforts, they tend to scale back future 
resource investments to conserve their resources (Hobfoll, Halbesleben, 
Neveu & Westman, 2018). This is reflected in reduced motivation to 
exert effort and attention on subsequent tasks—reduced motivation 
maintenance. 

Related research makes similar predictions to this aspect of COR 
theory. For example, recent theorizing based on neurological evidence 
about motivational fatigue (Müller & Apps, 2019) proposed that 
engaging in difficult tasks increases the costs of exerting further effort, 
thereby reducing the value of exerting effort. A further related claim 
comes from research on job fatigue and recovery, which proposed that 
expending effort on difficult tasks “can make people long to have a 
break, implying a need to stop thinking about the task at hand” (Son-
nentag & Zijlstra, 2006, p. 331), suggesting a reduction in motivation 
maintenance. The proposal then from conservation of resources theory, 
as well as from related work, is that engaging in difficult tasks is likely to 
hamper motivation maintenance. 

Empirical research from multiple domains is consistent with the idea 
that sustained effort on difficult tasks reduces motivation maintenance 
(Hopstaken, van der Linden, Bakker, & Kompier, 2015; van der Linden, 
Frese, & Sonnentag, 2003). Research following conservation of re-
sources theory has shown, for example, that call center employees 
soliciting donations tend to exhibit reduced motivation maintenance 
after effortful communications with customers (Grant et al., 2007). 
Likewise, prior research has found that communication difficulty asso-
ciated with effortful social interactions, such as those between in-
dividuals of different races, reduces inhibitory control suggesting 
reduced willingness to persist and exert effort (Richeson & Shelton, 
2003; Richeson & Trawalter, 2005). Such studies indicate there could be 
a general pattern whereby difficult tasks reduce motivation mainte-
nance, and that this pattern could hold for difficult communication 
tasks. 

If the pattern does apply to communication tasks, and if the use of 
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tCMC for convergence processing tasks is indeed difficult, it could in-
fluence communicators’ motivation maintenance. While convergence 
processing tasks might be challenging to some extent regardless of 
communication medium, if the synchronicity and richness of face-to- 
face communication is better suited to enable communicators to 
handle these tasks, face-to-face communicators are less likely than tCMC 
communicators to have reductions in motivation maintenance. 
Specifically: 

Hypothesis 1. Individuals engaged in work requiring convergence pro-
cessing using text-based computer-mediated communication, relative to those 
using face-to-face communication, will be more likely to exhibit reduced 
motivation maintenance. 

1.3. Motivation maintenance and performance on complex reasoning 
tasks 

The difficulty generated by using tCMC for convergence processing 
tasks, if it hampers motivation maintenance, expands the scope of 
communication media effects. Reduced motivation on one’s next task 
could mean tCMC communicators are likely to perform worse, after they 
have stopped communicating, on complex reasoning tasks. Complex 
tasks involve the ongoing monitoring and incorporation of multiple di-
mensions and types of information to solve problems and make decisions 
(Weber & Johnson, 2009). Complex tasks do not have obvious solutions 
based on simple, routinized calculations, and so require cognitive effort 
and willingness to exert sustained effort to arrive at satisfactory 
solutions. 

Organizational members are likely to proceed from one complex task 
to another. For example, managers might need to negotiate an agree-
ment and then follow up by writing a report. If that negotiation is 
handled using tCMC, and this reduces a manager’s motivational main-
tenance, it would likely impair the manager’s performance on writing 
the report. More generally, we expect: 

Hypothesis 2. Individuals engaged in work requiring convergence pro-
cessing using text-based computer-mediated communication, relative to those 
using face-to-face communication, will perform worse on subsequent indi-
vidual complex reasoning tasks. 

Hypothesis 3. The relationship between communication medium use and 
subsequent individual performance on complex reasoning tasks will be 
mediated by motivation maintenance. 

The foundational argument that using tCMC for convergence pro-
cessing reduces motivation maintenance for subsequent tasks is not just 

a matter of comparing across communication media. It also applies to 
variations in levels of tCMC use, as tCMC use varies across days (e.g., 
Rosen et al., 2019). The earlier theorizing drawing on media synchro-
nicity theory and COR theory would further predict that on days em-
ployees use tCMC for convergence processing more often than usual, 
they are likely to experience more resource depletion than usual. 
Following COR theory, resource depletion, in turn, is likely to diminish 
motivation maintenance for subsequent activities. Thus, day to day 
fluctuations in tCMC use for convergence processing tasks being linked 
to fluctuations in motivation maintenance provides an opportunity for a 
further test of the foundational argument. 

Separate from variations in daily tCMC use, employee roles vary in 
the amount of convergence processing they require, with roles rooted in 
collaborative knowledge work requiring more than roles requiring 
routine work. Accordingly, we focus on employee jobs requiring prob-
lem solving, a key job characteristic of knowledge work that refers to the 
extent to which a job requires the development of unique solutions or 
ideas. Employees in high problem-solving jobs are engaged in “gener-
ating unique or innovative ideas or solutions, diagnosing and solving 
nonroutine problems, and preventing or recovering from errors” (Mor-
geson & Humphrey, 2006: p. 1323). Such activities entail ongoing 
communication and knowledge sharing with other stakeholders to 
generate a common understanding about the nature of the problem and 
to generate possible solutions to resolve the issue (Postrel, 2002). As 
problem-solving demands of the job increase, employee communica-
tions, including tCMC communications, are more likely to be used for 
convergence processing. In contrast, if problem-solving demands are 
low for a particular job, then tCMC is less likely to be needed for 
convergence processing. This means less communication difficulty due 
to tCMC use and therefore weaker relationships between tCMC use and 
depletion and, thereby, motivation maintenance. 

The theoretical model implied by this reasoning (Fig. 1) captures the 
expectations that daily tCMC use should be linked to resource depletion 
mainly for jobs with higher problem-solving demands, as they require 
communication that likely involves substantial convergence processing. 
Depletion is predicted to hamper motivation maintenance. According to 
conservation of resources theory, when employees feel depleted, they 
are motivated to conserve energy and scale back resource investments. 
This is likely to adversely affect employee self-regulation (Halbesleben 
et al., 2014), a cognitive process whose effectiveness depends on energy 
that employees have available (Lord, Diefendorff, Schmidt, & Hall, 
2010). As a result, employees are likely to feel less engaged in work tasks 
and have a lower sense of accomplishment reflected in their assessments 
of progress towards daily work goals, both of which indicate employees’ 

Fig. 1. Study 5 Theoretical Model.  
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level of motivation maintenance. Work engagement refers to the energy 
employees have for investment in goal directed tasks at work (Crawford, 
LePine, & Rich, 2010; Kahn, 1990). Goal progress refers to the extent to 
which employees feel that they have made headway toward or accom-
plished their work goals (Koopman, Lanaj, & Scott, 2016; Rosen et al., 
2019; Wanberg, Zhu, & Van Hooft, 2010). The key predictions, then, 
are: 

Hypothesis 4a. Within employees, tCMC use will be positively associated 
with depletion for those in high problem-solving jobs but have little to no effect 
on depletion for those in low problem-solving jobs. 

Hypothesis 4b. Within employees, the indirect effect of tCMC use on (a) 
work engagement and (b) goal progress via depletion will be negative for 
employees in high problem-solving jobs. There will be weak or no indirect 
effect on these two outcomes for those in low problem-solving jobs. 

The theoretical model offered in Fig. 1 also indicates an additional, 
and potentially alternative, explanation for why greater communication 
difficulty associated with using tCMC for convergence processing re-
duces motivation maintenance. It is possible that negative affective re-
actions due to using tCMC for convergence processing tasks, in addition 
or in place of feelings of depletion, affect motivation maintenance. 
Greater communication difficulty can be associated with fatigue, as COR 
theory would predict, but could also cause negative affective reactions 
that could be an alternative pathway influencing motivation mainte-
nance. For instance, employees could feel upset, nervous, or stressed out 
when dealing higher than usual volumes of tCMC (Barley et al., 2011; 
Rosen et al., 2019), especially when that tCMC involves substantial 
convergence processing. 

1.4. Overview of the studies 

The five studies that follow test the proposed relationships between 
communication medium use on convergence processing tasks, motiva-
tion maintenance, and performance on complex reasoning tasks. Data 
and materials for all the studies are available at: https://osf.io/mjdy9/? 
view_only=a937b0ec344345f4ad6a8ac179953c85. The first four 
studies use experimental methods to provide support for the proposed 
causal relations. Study 1 examines the effect of communication medium 
use on convergence processing tasks for communicators’ motivation 
maintenance (Hypothesis 1). Study 2 examines the effect on subsequent 
complex reasoning tasks (Hypothesis 2). Studies 3 and 4 examine 
whether motivation maintenance mediates the effect of communication 
medium use on convergence processing tasks for communicators’ per-
formance on subsequent complex reasoning tasks (Hypotheses 1, 2, and 
3). Study 5 brings these issues back to the field to examine the link be-
tween communication medium use on convergence processing tasks and 
motivation maintenance in more detail and over an extended period 
(Hypotheses 4a and 4b). 

1.5. Sample size and post-hoc design analysis 

Sample sizes in Studies 1–4 were based on feasibility and we aimed 
to achieve a sample size of at least 50 participants in each cell (Simmons, 
Nelson, & Simonsohn, 2011). Because post-hoc power analyses can 
overestimate power, we used an alternative approach that assesses the 
extent to which the observed effect size is likely to be in the incorrect 
direction (a Type S error i.e., a sign error) or exaggerated in size (a Type 
M error i.e., a magnitude error) (Gelman & Carlin, 2014). We calculated 
Type S and Type M errors using Gelman & Carlin’s (2014) retrodesign 
function with estimates of effect sizes and standard errors obtained from 
each of our studies. We provide these estimates throughout the manu-
script. Study 5 used a convenience sample whose size was determined by 
the number of students enrolled in the classes we surveyed. 

2. Study 1 

Study 1 examined whether there is a causal effect of communication 
media use for convergence processing on motivation maintenance. 
Specifically, dyads either used tCMC or interacted face-to-face to com-
plete an integrative negotiation. Integrative negotiations are common 
organizational activities (Putnam, 1994) that rely primarily on conver-
gence processes (Dennis et al., 2008). Parties have to reconcile con-
flicting interests, mixed motives, and the lack of established rules for 
resolving disagreements to create a shared interpretation of their situ-
ation that forms the basis for an integrative agreement (Neale & 
Northcraft, 1990). Following their negotiations, participants then 
engaged in an individual task to assess motivation maintenance, the 
time spent on unsolvable anagrams (Aspinwall & Richter, 1999; Eisen-
berger & Leonard, 1980; Toburen & Meier, 2010). The key question was 
whether negotiating using tCMC would lead to lower motivation 
maintenance. 

2.1. Methods 

2.1.1. Participants 
Participants were 120 upper-level undergraduate students from a 

large Midwestern university who received course extra credit for their 
efforts. Participants were 51% female, averaged 20.2 years old, 7% were 
Hispanic, 51% were white, 42% were Asian, 32% had worked full time 
(for an average of 9 months), and 83% had worked part time (for an 
average of 20 months). As we neither predicted nor found effects of 
these demographic variables in this study or any of the subsequent 
studies, we do not consider them further. Participants were randomly 
assigned to negotiate face-to-face or over tCMC. 

2.1.2. Materials 
We used the “Parkway Drug Case” (Greenhalgh), an integrative 

negotiation exercise that has long been used to study computer- 
mediated communication (e.g., Easley, Valacich, & Venkataramanan, 
2000; George, Easton, Nunamaker, & Northcraft, 1990; Valacich & 
Schwenk, 1995). Participants were randomly assigned to dyads and 
given the role of one of the two sales representatives. They negotiated 
how to re-assign 40 new sales locations and had the option to re-assign 
40 additional existing locations. The locations were worth different 
amounts to the two parties, allowing parties to generate different 
amounts of value. 

2.1.3. Procedure 
Participants read their role materials for the Parkway Drug Case. In 

the face-to-face condition, they then negotiated in person in small 
rooms. In the tCMC condition, they negotiated using Gmail accounts in a 
computer lab. Although it was not immediately obvious to participants 
in the tCMC condition who their partners were, they could and did 
introduce themselves in the course of their discussions. Participants then 
worked individually to complete the unsolvable anagram task as an 
indicator of motivation maintenance. They also completed a post- 
negotiation questionnaire including measures of demographic vari-
ables. Then, they were thanked, debriefed, and dismissed. 

2.2. Measures 

2.2.1. Motivation maintenance 
The number of seconds participants spent on unsolvable anagrams 

was used as an indicator of motivation maintenance. This is a standard 
measure in prior research to assess task persistence (e.g., Aspinwall & 
Richter, 1999; Burkley, 2008; Eisenberger & Leonard, 1980; Moller, 
Deci, & Ryan, 2006; Toburen & Meier, 2010): the less time participants 
spent trying to generate solutions to the unsolvable anagrams, the lower 
their motivation maintenance. Following prior work, the unsolvable 
anagrams were presented interspersed among a larger number of 
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solvable anagrams. Solving anagrams relies mostly on implicit memory, 
rather than explicit reasoning (Srinivas & Roediger, 1990). Conse-
quently, while some efforts can be made to consider alternative order-
ings of the letters, time spent on unsolvable anagrams is largely a 
function of how long individuals are willing to wait for a solution to 
come to mind. For this reason, the logic underlying this measure is that 
the more motivated individuals are, the more they are likely to display 
persistence and exert mental effort in attempting to jog their memories 
to yield solutions. 

2.2.2. Negotiation performance 
Negotiation performance was evaluated based on the total gains 

produced by the parties with their agreement and was scored on a scale 
provided by the case authors ranging from 0 (no agreement) to 11 (the 
optimal gains agreement). Participants described their outcomes, and 
then were asked to select which of the pre-defined solutions best 
matched their own, if any. A negotiation expert, not given information 
about the condition of the participants, confirmed participants’ scorings 
of every solution. 

2.2.3. Negotiation time 
The number of minutes spent negotiating was assessed by the dif-

ference in start and end time stamps from the survey software, averaged 
across the two members of each dyad. Participants spent up to 32 min to 
complete their negotiations. 

2.3. Results 

Consistent with Hypothesis 1, using tCMC to complete an integrative 
negotiation, relative to communicating face-to-face, led to lower moti-
vation maintenance. Participants who had first negotiated using tCMC 
later spent less time on unsolvable anagrams (M = 118.95 s, SD = 73.52) 
than participants who first negotiated face-to-face (M = 162.37 s, SD =
119.80). As participants were nested within dyads on the negotiation 
task, we took a conservative approach and used hierarchical linear 
modeling (HLM) to control for any intra-dyadic dependencies (Bryk & 
Raudenbush, 1992) that might have carried over to the individual level 
assessment of motivation maintenance. Supporting Hypothesis 1, a 
multilevel model controlling for membership in the dyad indicated that 
tCMC negotiators displayed significantly less motivation maintenance 
(Table 1) on the unsolvable anagrams task compared to those negoti-
ating face-to-face (γ = − 42.42, p = 0.02, CI: LL = − 80.99 UL = − 5.85). 
The tCMC negotiators were predicted to spend 42 fewer seconds on the 
unsolvable anagrams compared to in-person negotiators, which repre-
sents a 26% reduction in motivation maintenance due to tCMC. Because 
HLM analyses do not provide an overall F test or R2, we report Snijders 
and Bosker’s (1999) overall pseudo-R2 for all multilevel models reported 
in this paper, which estimates the proportional reduction of Level 1 and 
Level 2 errors owing to predictors in the model (Table 1). Communi-
cation medium explained 5% of the overall variance in motivation 

maintenance. 
We also conducted analyses that evaluated if the effect size estimate 

is likely to be in the wrong direction (i.e., a sign or Type S error) or 
exaggerated in size (i.e., a magnitude or Type M ratio) (Gelman & Carlin 
2014). Using the observed effect size, we found the communication 
medium effect was associated with a Type S error of <1% and a Type M 
ratio of 1.272. A Type S error of <1% indicates that there is a very low 
probability that communication medium effects are in the wrong di-
rection in terms of their sign. Likewise, the modest Type M exaggeration 
ratio of 1.27 indicates the possibility that the communication medium 
effect is overestimated by a factor of 1.27, which is inconsistent with the 
effect being an unlikely result. 

To shed further light on the finding of motivation maintenance on 
the next task, we assessed several aspects of the initial negotiation task. 
First, every pair formed an agreement, thus there were no differences in 
productivity. Second, we did not find a difference in negotiation per-
formance. Pairs in the tCMC condition (M = 6.50, SD = 1.90) and the 
face-to-face condition (M = 6.96, SD = 1.92) performed comparably 
well, t(58) = 0.91, p = 0.37. Controlling for negotiation performance, we 
still found support for the significant effect of communication media on 
motivation maintenance, (γ = − 41.02, p = 0.03, CI: LL = − 78.49 UL =
− 3.54). This provides further support for Hypothesis 1, as time on the 
unsolvable anagrams was not simply a function of prior task 
performance. 

A third aspect of the negotiation task we examined was the time 
spent negotiating. As expected based on prior research, face-to-face 
negotiators tended to complete their negotiations more rapidly (M =
6.00 min, SD = 2.50) than tCMC negotiators (M = 20.60 min, SD =
5.70), t(58) = 16.98, p < .001. Time spent negotiating was virtually 
indistinguishable from communication medium: the bivariate correla-
tion between time spent negotiating and communication medium was r 
= 0.84. Therefore, we investigated the effects of time spent negotiating 
on motivation maintenance separately for face-to-face and tCMC com-
municators. The bivariate correlations between time spent negotiating 
and motivation maintenance were 0.37 (p < .01) for tCMC negotiators 
and 0.18 (p = .22) for face-to-face negotiators. This pattern is consistent 
with the possibility that time spent engaging in convergence processing 
to resolve an integrative negotiation hampers motivation maintenance, 
perhaps particularly so when using tCMC. 

2.4. Discussion 

This study provided evidence that tCMC led to reduced motivation 
maintenance on the next task compared to face-to-face communication. 
There was a causal effect of using tCMC to engage in convergence pro-
cessing on a second, individual assessment of motivation maintenance. 
This relationship held even after controlling for negotiation perfor-
mance, suggesting that the motivation maintenance effect was not a 
byproduct of a reaction to task performance but instead a product of 
using the communication medium. 

A question raised by this study is whether communication media and 
time on task are two separate effects contributing to motivation main-
tenance on the next task. The explanation we offered earlier is that tCMC 
communication is more difficult and hence tCMC communicators 
expend greater cognitive effort than face-to-face communicators to 
reach a shared understanding, which could lead to greater fatigue that 
reduces motivation to expend effort on the next task. There also may be 
an effect of greater time on task leading to expending greater cognitive 
effort that could influence motivation for the next task. The possibility 
for tCMC to require both more effort per unit of time and also more total 
time is inherent in studying many real-world tasks, like negotiations, 
that require individuals to work until the task is done. We also note that 

Table 1 
Study 1. Effect of communication medium on motivation maintenance.   

Time Spent on Unsolvable Anagrams (seconds)a 

Variable 1 

Intercept 162.37** 

Communication Mediumb − 43.42*  

Psuedo R2 0.05 
Deviance Statistic 1431.4  

* p < .05. 
** p < .01. 
a Higher time implies higher Motivation Maintenance. 
b Estimated Change in Dependent Variable when switching from Face-to-face 

to tCMC. 

2 We used the default degrees of freedom (df = inf) in the retrodesign func-
tion in this and subsequent calculations of Type S and Type M errors. 
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allowing participants as much as time as they needed for their negoti-
ations provides important information. It illustrates that real-world use 
of communication media might have two costs—not only might they 
require greater effort per unit of time, they might also require more time, 
further compounding their effects on subsequent motivation. In addi-
tion, the greater negotiating time on task by tCMC condition partici-
pants, together with their negotiation performance matching that of the 
face-to-face condition participants, provides important information in 
that it indicates that the tCMC participants were motivated to complete 
the negotiation task. If confronting a tCMC negotiation task was simply 
dispiriting, participants could easily have given up or quickly generated 
poor agreements (e.g., splitting the locations in half). Yet the greater 
time on task indicates that tCMC condition participants were engaging 
seriously with the task. Still, to separate out the issue of total time to 
complete a task from the effort per unit of time required to engage in 
convergence processes using tCMC we turn to other tasks that require 
people to work together for a set period of time. 

3. Study 2 

Study 2 examined whether there is a causal effect of communication 
media use for convergence processes on subsequent performance on a 
complex reasoning task. The initial communication task in Study 2 was a 
coordination task (Clark & Wilkes-Gibbs, 1986; as used by, for example, 
Weber & Camerer, 2003). Coordinating on referential relations to 
establish common ground is nearly entirely about convergence pro-
cesses (Dennis et al., 2008), and crucial for joint work (Okhuysen & 
Bechky, 2009). Using a coordination task, as opposed to a negotiation 
task, allows us to generalize the effects of tCMC to convergence pro-
cesses and away from any potential variation due to negotiation-specific 
communication concerns (Adair & Loewenstein, 2013). The complex 
reasoning task was a common knowledge work task, editing a document. 
This task, which has been used in prior research (e.g., Grant et al., 2007; 
Zijlstra, Roe, Leonora, & Krediet, 1999), requires simultaneous attention 
to multiple dimensions. Specifically, individuals need to consider, 
simultaneously, syntactic, semantic, and pragmatic concerns at word, 
sentence, and document-wide levels (Fitzgerald, 1987). Study 2, thus, 
tests Hypothesis 2, regarding a causal effect of using tCMC for conver-
gence processes on reducing subsequent performance on complex 
reasoning tasks. 

3.1. Methods 

3.1.1. Participants 
Participants were 102 upper-level undergraduate students from a 

large Midwestern university participating for course extra credit. They 
were randomly assigned to communicate face-to-face or using tCMC. 
Their demographic profile was quite similar to those in Study 1. Par-
ticipants were 56% male, averaged 22.6 years old, 9% were Hispanic, 
56% were white, 35% were Asian, 44% had worked full time (for an 
average of 3 months), and 85% had worked part time (for an average of 
20 months). 

3.1.2. Materials and procedure 
Participants were randomly assigned to dyads and engaged in a 

communication task over Gmail or in person. The task was similar to 
those described in Weber and Camerer (2003) and Clark and Wilkes- 
Gibbs (1986). We generated 10 sets of highly similar pictures, such 
that participants would need to describe them in some detail to differ-
entiate them. The sets were of cabinets, cables, chairs, desks, flags, 
glasses, logos, computer mice, tables, and trashcans. Pictures within 
each set belonged to a single category and were quite similar but each 
picture was unique. For each of the 10 sets, communicators had the same 
pictures but in different orders. In each pair, one person was initially 
assigned to the guide role. Guides were given a set of 10 pictures, in 
order, and needed to communicate to their partner, in the arranger role, 

so that they could put their set of the same 10 pictures in the same order 
as the guide’s pictures. The partners then changed roles for the next set 
of pictures; guides became arrangers, and arrangers became guides. To 
restrict differences across face-to-face and tCMC conditions to commu-
nication medium alone, we equalized task difficulty by making sure that 
partners could not see one another’s materials. In the face-to-face con-
dition, the pictures were hidden behind large plastic folders. Thus, 
guides could not just point out the cards to arrangers but had to 
communicate verbally with one another to set the cards in the right 
order. In the tCMC condition, partners were seated out of direct line of 
sight of one another. 

In contrast to Study 1 wherein communicator pairs worked on the 
negotiation task for as long as needed, pairs in this study were told when 
to start this task, and then after 20 min were told to stop. That is, across 
both conditions, pairs worked on the task for exactly the same amount of 
time. Once pairs had completed the 20 min, they then recorded the 
pictures they had sorted. Next, participants engaged in an individual 
complex reasoning task. The task required individuals to read a media 
story about young entrepreneurs. We introduced 30 errors of different 
types into the 28-line story. Participants were asked to click on a phrase 
if the phrase contained an error in need of correcting. Finally, partici-
pants completed a post-task questionnaire including questions about 
their communication process, personality, and demographics. 

For this study (and also Studies 3 and 4), we minimized opportunities 
for social comparisons and cross-participant influence. We prevented 
pairs from being able to observe how many sets of pictures other pairs 
completed. Once partners completed their communication task, they 
worked on their own individual tasks on computers at separate tables. 
Further, we included questions after the complex reasoning task so that 
it was unlikely for one participant to complete the entire study before 
other participants had completed the complex reasoning task. Thus, we 
minimized the opportunity for participants to have any reason to shape 
their performance based on observations of others. 

3.2. Measures 

3.2.1. Complex reasoning task performance 
We measured the proportion of the 30 errors participants caught on 

the editing task as a measure of their complex reasoning task perfor-
mance. Catching errors in the editing task required deliberately reading 
and considering syntactic, semantic, and pragmatic aspects for coher-
ence. While simple spelling errors might be caught through non- 
deliberate recognition of a deviation from overlearned prior experi-
ences, the repeated use of closed class words across a line break or verb 
tense consistency across embedded clauses are much more likely to 
require explicit reasoning. 

3.2.2. Communication task accuracy 
We measured the proportion of accurately placed pictures as a 

measure of the accuracy with which participants completed the 
communication task. 

3.2.3. Communication task productivity 
We measured the number of pictures reported sorted as a measure of 

pairs’ productivity on the communication task. 

3.3. Results 

Consistent with Hypothesis 2, we found that using tCMC led to lower 
performance on a complex reasoning task, done after people had 
stopped communicating. Participants who had communicated using 
tCMC (M = 0.43, SD = 0.24) found fewer errors than participants who 
had communicated in person (M = 0.53, SD = 0.22). This was supported 
by multi-level modeling controlling for membership in the dyad for the 
original communication task, which found a significant difference in 
between the two conditions (γ = − 0.10, p = 0.04, CI: LL = − 0.19 UL =
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− 0.01) (Table 2). The estimated difference between tCMC communi-
cators and those who had initially communicated in person in the pro-
portion of errors caught on the later complex reasoning task was 10 
percentage points, which is a 19% reduction in complex reasoning task 
performance for tCMC communicators relative to the average in-person 
communicator. The overall pseudo-R2 due to the communication me-
dium effect was 4%. Using the observed effect size, we found the 
communication medium effect was associated with a Type S error of 
<1% and a Type M ratio of 1.40. 

Prior research comparing tCMC to face-to-face interaction typically 
finds that face-to-face communicators reliably take less time to complete 
a given task or, when given the same amount of time, complete more of a 
given task than do tCMC communicators (e.g., Straus & McGrath, 1994; 
Tangirala & Alge, 2006; Walther, 2002, 2015). In part, these produc-
tivity differences occur because typing takes longer than speaking. 
Additionally, some features of task performance are made more difficult 
because of fewer verbal and non-verbal cues in tCMC, making it harder 
for communicators to resolve task-related ambiguities (Dennis et al., 
2008; McGrath & Hollingshead, 1994). This reflects the logic behind our 
conjectures about higher difficulty with using tCMC compared to face- 
to-face interaction for tasks involving convergence processing. Sup-
porting this, communication medium was virtually indistinguishable 
from productivity (r = 0.86) in this study: pairs who communicated face- 
to-face (M = 74.81, SD = 19.13) sorted more pictures in the 20 min they 
had to work on the task than those using tCMC (M = 26.58, SD = 10.80), 
t(49) = 16.12, p < .001. 

The productivity disparity between tCMC and face-to-face commu-
nicators raises the possibility that using tCMC led to lower motivation on 
the initial task rather than greater information processing difficulties, 
and this carried over to the complex reasoning task. However, lowered 
motivation on the initial task would likely result in not just lower pro-
ductivity but also to lower accuracy. Yet there were no differences in 
communication task accuracy across conditions, as almost all cards 
sorted were correctly identified (99%) in both conditions. Thus, we have 
no evidence that those in the tCMC condition gave up or lowered their 
quality of work. 

We also examined the association between productivity and perfor-
mance on the complex reasoning task within condition. If motivational 
differences on the initial task lead tCMC communicators to give up to a 
greater degree than face-to-face communicators, then those who did the 
least amount of work in tCMC should also have lowest scores on the 
complex reasoning task due to carryover effects of low motivation. 
However, the within-condition correlations between number of cards 
sorted and complex reasoning task performance were non-significant 
(tCMC: r = − 0.10, p = .47; FTF: r = 0.07, p = .67), which also sug-
gests that motivational differences are unlikely to be the reason for the 
productivity disparity between tCMC and face-to-face communicators. 

3.4. Discussion 

Study 2 examined the effect of having used tCMC for a convergence 
processing task on later individual performance on a complex reasoning 
task. Supporting Hypothesis 2, tCMC use led a subsequent drop in a 
performance, relative to communicating in person for the same length of 
time, on an unrelated individual task completed after individuals were 
done communicating. Thus, the costs of communicating using tCMC for 
convergence processes extend beyond the tasks done while communi-
cating and onwards to later individual activities. 

4. Study 3 

Study 3 links and extends findings from Studies 1 and 2, and provides 
a test of Hypothesis 3, the proposal that motivation maintenance will 
mediate the effects of using tCMC for convergence processing on a 
complex reasoning task. This study uses the picture sorting coordination 
task from Study 2 and the measure of motivation maintenance from 
Study 1. It adds to these a different, pictorial rather than linguistic 
complex reasoning task to provide further generalization. Thus, Study 3 
replicates and extends the first two studies and provides a test of 
mediation. 

4.1. Methods 

4.1.1. Participants 
Participants were 122 upper-level undergraduate students from a 

large Midwestern university participating for course extra credit. They 
were randomly assigned to communicate face-to-face or using tCMC. 
Participants were 48% male, averaged 20 years old, 4% were Hispanic, 
66% were white, 29% were Asian, 48% had worked full time (for an 
average of 5 months), and 84% had worked part time (for an average of 
19 months). 

4.1.2. Materials and procedure 
Participants were randomly assigned to dyads and began with the 

same picture-sorting coordination task as in Study 2. This time, the 
picture sets were presented on computer screens and participants had to 
type in their responses on their computers. This change meant that both 
tCMC and face-to-face condition participants were looking at computer 
screens for the same amount of time. As a result, any difference between 
the tCMC and face-to-face condition participants’ performance cannot 
be attributed to either differential fatigue from or interest in looking at 
screens. It also meant that participants had no information on the 
number of picture sets there were, and so could not generate any ex-
pectations about how many picture sets they should be completing. 
Accordingly, any differences in perceptions about how well or poorly 
they had done would be due to perceptions of their process rather than 
information from the experimental materials themselves. Finally, for 
those working face to face, the laptop screens on which pictures were 
presented were placed back to back, which prevented members from 
viewing one another’s pictures. 

Similar to Study 2, participants in both conditions engaged in the 
picture sorting communication task for a fixed amount of time. After 
working on the communication task for 20 min, participants immedi-
ately were assessed for motivation maintenance using the unsolvable 
anagram task from Study 1. Then, participants’ performance on a 
complex reasoning task was assessed using their performance on a set of 
Raven’s progressive matrices. Finally, participants completed a post- 
task questionnaire asking about the communication process and 
demographics. 

4.2. Measures 

4.2.1. Complex reasoning task performance 
We used the number of correct responses to six matrices as a measure 

Table 2 
Study 2. Effect of Communication Medium on Complex Reasoning Task 
Performance.   

Complex Reasoning Task Performancea (proportion of 
errors detected) 

Variable 1 

Intercept 0.53** 

Communication 
Mediumb 

− 0.10* 

Psuedo R2 0.04 
Deviance Statistic − 11.0  

* p < .05. 
** p < .01. 
a Higher proportion of errors detected higher performance. 
b Estimated Change in Dependent Variable when switching from Face-to-face 

to tCMC. 
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of complex reasoning. Solving Raven’s progressive matrices (Raven, 
1989) requires drawing inferences about multiple patterns simulta-
neously. The basic task consists of a three by three matrix of geometric 
figures, the last of which is left blank. Participants need to select from 8 
options the one that completes the pattern. For example, if a series of 
geometric shapes grew larger from left to right and increased in the 
number of sides from top to bottom, then a large multi-sided shape 
might be the correct option. The matrices used in the current study 
involved the integration of three to four different progressions, none of 
which were as simple as increasing size or number of sides. Thus, it is a 
non-verbal task that requires reasoning about and the integration of 
multiple dimensions of concern. It is often considered a test of fluid 
intelligence (Raven, 2000), meaning the application of reasoning to 
solve novel problems not based on prior knowledge, and a test of rela-
tional reasoning (Waltz et al., 1999), or the consideration of multiple 
relations simultaneously. We used advanced rather than more basic 
matrices from the test to provide a test of complex reasoning. 

4.2.2. Motivation maintenance 
As in Study 1, we measured motivation maintenance based on time 

spent by participants on a set of unsolvable anagrams. 

4.2.3. Communication task accuracy 
As in Study 2, we measured the proportion of accurately placed 

pictures as a measure of the accuracy with which participants completed 
the communication task. 

4.2.4. Communication task productivity 
As in Study 2, we measured the number of pictures reported sorted as 

a measure of pairs’ productivity on the communication task. 

4.3. Results 

Supporting Hypothesis 1, tCMC condition participants (M = 161.74, 
SD = 100.01) showed less motivation maintenance than face-to-face 
condition participants (M = 208.69, SD = 105.84), as indicated by 
their time on unsolvable anagrams. A multilevel analysis controlling for 
membership in the dyad for the initial communication task found that 
tCMC negotiators later displayed significantly less motivation mainte-
nance (Table 3) on the unsolvable anagrams compared to those who had 
communicated face-to-face (γ = − 46.95, p = 0.04, CI: LL = − 91.46 UL 
= − 2.43). This indicates that tCMC communicators were estimated to 
spend 47 fewer seconds on the unsolvable anagrams compared to in- 
person communicators, a 23% reduction in motivation maintenance 

due to tCMC use relative to in-person communicators. The overall 
pseudo-R2 for the communication medium effect on motivation main-
tenance was 5%. 

Hypothesis 2 also received support. Participants in the tCMC con-
dition (M = 3.03, SD = 1.56) performed worse on the complex reasoning 
task than face-to-face condition participants (M = 3.84, SD = 1.42). This 
individual level finding was corroborated by a HLM analysis controlling 
for membership in the dyad used in the earlier communication task, (γ =
− 0.80, p = 0.02, CI: LL = − 1.50 UL = − 0.11). This indicated tCMC 
communicators on average were predicted to score 0.80 points lower 
than in-person communicators, a 21% reduction in complex reasoning 
task performance for those who had used tCMC relative to those who 
had used in-person communication. The overall pseudo-R2 for the 
communication medium effect on complex reasoning task performance 
was 7%. Motivation maintenance also significantly predicted perfor-
mance on the complex reasoning task in an HLM analysis (γ = 0.004, p 
= 0.01, CI: LL = 0.001 UL = 0.006), with an overall pseudo-R2 of 7% 
attributed to motivation maintenance. Using observed effect sizes, the 
Type S and Type M errors for the communication medium effect were 
<1% and 1.33 respectively for motivation maintenance and <1% and 
1.26 respectively for complex reasoning task performance. 

Hypothesis 3 proposed that the relationship between communication 
medium use and subsequent individual performance on a complex 
reasoning task would be mediated by motivation maintenance. We used 
Baron and Kenny’s (1986) approach to testing mediation. As reported in 
tests of Hypothesis 1 and 2, we found support for HLM models wherein 
communication medium use significantly predicted motivation main-
tenance (X → M) and performance on a complex reasoning task (X → Y) 
(Table 3). We also found that motivation maintenance was significantly 
and positively related to performance on a complex reasoning task (M → 
Y: Model 2, Table 3). Supporting Hypothesis 3 regarding mediation, a 
HLM model with communication medium condition and motivation 
maintenance predicting complex reasoning task performance found that 
motivation maintenance had a significant effect (γ = 0.003, p = 0.01, CI: 
LL = 0.0006 UL = 0.001) while the communication medium condition 
effect turned marginally significant (γ = − 0.64, p = 0.07, CI: LL = − 1.34 
UL = 0.05). The overall pseudo-R2 for this model was 11% (see Model 3: 
Table 3). Following MacKinnon, Lockwood, and Williams (2004), we 
also conducted a test of the significance of the indirect effect using the 
Monte Carlo method (Selig & Preacher, 2008). The confidence interval 
around the indirect effect of communication medium on complex 
reasoning task performance did not include zero (b = − 0.17; CI: − 0.29, 
− 0.06). Thus, we found support for the mediating effect of motivation 
maintenance on the relationship between communication medium and 
complex reasoning task performance. 

As expected, there were differences in productivity between condi-
tions: in the 20 min they had to work on the task, pairs who commu-
nicated face-to-face (M = 61.31, SD = 18.10) sorted more pictures than 
those using tCMC (M = 15.03, SD = 7.11), t(59) = 12.89, p < .001. 
However, there were no reliable differences in the accuracy of their 
communication task performance, as almost all cards sorted were 
correctly identified in both conditions, suggesting there was no overall 
drop in task motivation due to using tCMC but rather an increase in task 
difficulty. In addition, within condition correlations between produc-
tivity (number of cards sorted) and complex reasoning task performance 
were non-significant (tCMC: r = − 0.10, p = .44; FTF: r = − 0.16, p = .18). 
Thus, we have no evidence of overall motivational differences between 
tCMC and face-to-face interaction on the initial task, or of such differ-
ences explaining the communication media differences on the later 
complex reasoning task. 

4.4. Discussion 

Study 3 replicated and extended findings from Studies 1 and 2. 
Findings from Study 3 suggest using tCMC for a convergence processing 
task reduces motivation maintenance compared to interacting in person 

Table 3 
Study 3. Effect of Communication Medium on Motivation Maintenance and 
Complex Reasoning Task Performance.   

Time Spent on 
Unsolvable 
Anagrams 
(seconds)a 

Complex Reasoning Task 
Performance (number of correct 
responses) 

Variables 1 1 2 3 

Intercept  208.69**  3.84**  2.75**  3.16** 

Communication 
Mediumb  

− 46.94*  − 0.81*   − 0.64†

Time Spent on 
Unsolvable 
Anagrams (seconds)    

0.01**  0.01* 

Psuedo R2  0.05  0.07  0.07  0.11 
Deviance Statistic  1462.1  389.5  386.6  383.3  

† p < .10. 
* p < .05. 
** p < .01. 
a Higher time implies higher Motivation Maintenance. 
b Estimated Change in Dependent Variable when switching from Face-to-face 

to tCMC. 
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and reduces subsequent individual performance on a complex reasoning 
task. Supporting Hypothesis 3, Study 3 found that motivation mainte-
nance mediated the effect of using tCMC for a convergence processing 
task on subsequent individual performance on a complex reasoning task. 

5. Study 4 

Study 4 was a conceptual replication of Study 3. To enhance gener-
alizability, it varied two key elements relative to the prior studies. It 
used a different initial communication task: a construction task 
requiring pairs to communicate to assemble tangram puzzles. It also 
used a different measure of motivation maintenance. In the place of the 
unsolvable anagrams used in Studies 1 and 3, Study 4 used heuristic 
responses on the expanded version of the Cognitive Reflection Test 
(CRT; Frederick, 2005) as an indicator of motivation maintenance. 

5.1. Methods 

5.1.1. Participants 
Participants were 70 upper-level undergraduate students from a 

large Midwestern university participating for course extra credit. They 
were randomly assigned to communicate face-to-face or using tCMC. 
Their demographic profile was quite similar to those in the earlier three 
studies. Participants were 64% male, averaged 20 years old, 13% were 
Hispanic, 55% were white, 41% were Asian, and 9% African-American, 
39% had worked full time, and 86% had worked part time. 

5.1.2. Materials and procedure 
Participants were randomly assigned to dyads and worked on a 

communication task using tCMC or in person. The communication task 
in this study involved Directors and Assemblers. Directors were shown, 
on their computer screens, how tangrams (seven standard geometric 
shapes) could be arranged to make a specific picture (e.g., a candle or 
sailboat). Assemblers had jumbled plastic pieces of each of the tangram 
shapes. Directors and Assemblers had to communicate so that the As-
semblers could successfully arrange the tangram pieces to form the 
picture. When done, the Assembler traced the picture so that it could 
later be scored for accuracy. Then they switched roles, another tangram 
picture showed on the new Directors’ screens, and Assemblers went 
about trying to arrange another tangram picture. In the face-to-face 
condition, a barrier separated the two participants so that they could 
talk but not see each other’s’ computer screens or tangram pieces. In the 
tCMC condition, the two participants were in separate rooms. 

Participants in both conditions worked on the tangram construction 
task for 20 min. Then, the experimenter stopped participants and they 
turned to do individual tasks. Participants completed an assessment of 
motivation maintenance, the Cognitive Reflection Test (Frederick, 
2005), and a complex reasoning task, Raven’s Matrices. Finally, par-
ticipants completed a post-task questionnaire asking about the 
communication process and demographics. 

5.2. Measures 

5.2.1. Complex reasoning task performance 
As in Study 3, we assessed complex reasoning task performance using 

the number of correct responses to six Raven’s matrices. 

5.2.2. Motivation maintenance 
We used six questions from the expanded version of the Cognitive 

Reflection Test (Frederick, 2005) as an indicator of motivation main-
tenance (Toplak, West, & Stanovich, 2013) because it assesses impulsive 
responding (Baron, Scott, Fincher, & Metz, 2015). The questions in the 
Cognitive Reflection Test (CRT) consist of logic problems with tempting, 
seemingly correct answers that require persistence and inhibition to set 
aside to arrive at the correct answer. Individuals who are unwilling to 
engage in effortful processing are expected to be more likely to respond 

impulsively and in an automatic fashion by choosing the intuitive but 
incorrect response. We scored the number of intuitive but incorrect re-
sponses as an indicator of (lack of) motivation such that higher scores 
indicated lower motivation maintenance. 

The CRT reflects the sequential two-system theory of judgment, 
which proposes that many cognitive tasks often involve a fast, intuitive 
response followed by a slower and more deliberate response that rec-
tifies errors resulting from the intuitive and heuristic processes (Kah-
neman, 2003). Because the slower, deliberate processing is theorized to 
be more effortful and rule-based, motivation is required to engage in 
such deliberate thinking. When individuals are unable to maintain their 
motivation, they are less likely to persist beyond the quick, heuristic 
processing to activate slower, deliberate processing. 

5.2.3. Communication task accuracy 
We measured the ratio of correctly assembled tangram shapes 

divided by total number of completed shapes as a measure of the ac-
curacy with which participants completed the communication task. 

5.2.4. Communication task productivity 
We measured the number of tangram pictures formed as a measure of 

pairs’ productivity on the communication task. 

5.2.5. Perceived performance 
We assessed participant’s self-perceived performance on the initial 

communication task to address whether perceived, rather than actual, 
task performance helped explain why the initial task might relate to 
motivation maintenance and complex reasoning task performance. The 
assessment used three items: How well do you think you did on the 
Tangram task? How well do you think you did on the Tangram task 
relative to how other people did? Overall, how satisfied are you with 
your performance on the Tangram task? Responses were provided on a 
7-point Likert type scale. Scale anchors for the first two items ranged 
from Not at all well (1) to Extremely well (7) and for the third item from 
Not at all satisfied (1) to Extremely satisfied (7). Coefficient alpha for the 
three-item measure was 0.93. 

5.3. Results 

Supporting Hypothesis 1, tCMC condition participants (M = 3.06, SD 
= 1.79) chose the intuitive but incorrect response to a greater extent on 
the CRT than face-to-face condition participants (M = 2.06, SD = 1.49), 
thereby showing lower motivation maintenance. There was a significant 

Table 4 
Study 4. Effect of Communication Medium on Motivation Maintenance and 
Complex Reasoning Task Performance.   

Cognitive 
Reflection Test 
(number of 
intuitive but 
incorrect 
responses)a 

Complex Reasoning Task 
Performance (number of correct 
responses) 

Variables 1 1 2 3 

Intercept  2.06**  3.89**  4.47**  4.58** 

Communication 
Mediumb  

1.00*  − 0.77*   − 0.43 

Cognitive Reflection 
Test (number of 
intuitive but 
incorrect responses)    

− 0.38**  − 0.34** 

Psuedo R2  0.09  0.06  0.16  0.17 
Deviance Statistic  266.2  260.4  252.5  251.1  

* p < .05. 
** p < .01. 
a Higher score implies lower Motivation Maintenance. 
b Estimated Change in Dependent Variable when switching from Face-to-face 

to tCMC. 
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effect for communication medium on motivation maintenance using a 
HLM analysis (Table 4) controlling for membership in the dyad used for 
the initial communication task (γ = 1.00, p = 0.01, CI: LL = 0.22 UL =
1.79). This suggests participants who initially used tCMC, relative to 
those initially communicating face to face, showed lower motivation 
maintenance to overcome their initial, automatic but misleading re-
sponses. Our results suggest that tCMC communicators on average were 
predicted to score 1 point worse than in-person communicators, which is 
49% lower performance. The overall pseudo-R2 for the communication 
medium effect on motivation maintenance was 9%. 

Hypothesis 2 also received support in the data. Participants in the 
tCMC condition (M = 3.12, SD = 1.64) later solved fewer matrix prob-
lems correctly than face-to-face condition participants (M = 3.89, SD =
1.51). This finding was corroborated by a HLM analysis controlling for 
membership in the dyad for the initial communication task (γ = − 0.77, 
p = 0.045, CI: LL = − 1.53 UL = − 0.17). This indicates that tCMC 
communicators on average were predicted to score 0.77 points, or 20%, 
lower than in-person communicators on the subsequent individual level 
complex reasoning task. The overall pseudo-R2 for the communication 
medium effect on complex reasoning task performance was 6%. Using 
observed effect sizes, the Type S and Type M errors for the communi-
cation medium effect were <1% and 1.18 respectively for motivation 
maintenance and <1% and 1.35 respectively for complex reasoning task 
performance. 

We also found support for Hypothesis 3, which proposed that the 
relationship between communication medium use and subsequent in-
dividual performance would be mediated by motivation maintenance. 
Tests of Hypothesis 1 and 2 (just shown) provide evidence supporting 
HLM models wherein communication medium use on a convergence 
processing task significantly predicted motivation maintenance (X → M) 
and performance on a complex reasoning task (X → Y) (Table 4). We also 
found that lower motivation maintenance was significantly and nega-
tively related to performance on the complex reasoning task (M → Y: 
Model 2, Table 4). Specifically, lower scores on the Cognitive Reflection 
Test significantly predicted lower subsequent matrix task performance 
in an HLM analysis, (γ = − 0.38, p = 0.00, CI: LL = − 0.59 UL = − 0.17) 
with an overall incremental pseudo-R2 of 16% attributed to motivation 
maintenance. Supporting mediation as proposed in Hypothesis 3, a HLM 
model with both communication medium condition and motivation 
maintenance predicting complex reasoning task performance found that 
motivation maintenance had a significant effect (γ = − 0.34, p = 0.00, 
CI: LL = − 0.56 UL = − 0.12) while the communication medium condi-
tion effect turned non-significant (γ = − 0.43, p = 0.24, CI: LL = − 1.17 
UL = 0.31). The overall pseudo-R2 for this model was 17% (Model 3: 
Table 4). Further, a test of the significance of the indirect effect using the 
Monte Carlo method (Selig & Preacher, 2008) found that the confidence 
interval around the indirect effect of communication medium on com-
plex reasoning task performance did not include zero (b = − 0.38; CI: 
− 0.85, − 0.07). Thus, we found support for the mediating effect of 
motivation maintenance on the relationship between communication 
medium and complex reasoning task performance (Baron & Kenny, 
1986). 

Finally, similar to findings about performance on the initial 
communication task in Studies 2 and 3, pairs who communicated in 
person showed higher levels of productivity (M = 3.83, SD = 0.19) than 
those using tCMC (M = 1.00, SD = 0.20), t(33) = 10.14, p < .001. 
However, the accuracy of pairs’ work was similar across conditions 
(FTF: M = 0.67, SD = 0.10 and tCMC: M = 0.71, SD = 0.10; t(33) = 0.26, 
n.s.) and within each condition there was no clear relationship between 
productivity and motivation maintenance (tCMC: r = 0.00, p = .99; FTF: 
r = 0.12, p = .50). 

Additionally, communication medium was not clearly associated 
with perceived performance on the initial communication task (r = 0.13, 
p = .28), and a multilevel analysis controlling for dyad membership on 
the initial communication task found that communication medium 
condition was not predictive of perceived performance on the 

communication task (t(35) = 1.09, p = .28). Thus, neither actual nor 
perceived performance on the initial task can explain why tCMC use for 
convergence processing tasks influence motivation maintenance or 
subsequent complex reasoning task performance. 

5.4. Discussion 

Study 4 provided support for the first three hypotheses using a new 
initial communication task and a new measure of motivation mainte-
nance. A construction task, heavily reliant on convergence processes, 
when done using tCMC led to lower individual motivation maintenance 
as indicated by impulsive responses to the Cognitive Reflection Test and, 
in turn, to lower performance on an individual complex reasoning task 
in the form of Raven’s matrices. Thus, across four studies, three different 
types of initial communication tasks (a negotiation task, a coordination 
task, and a construction task), two different ways of measuring moti-
vation maintenance, and two different ways of measuring complex 
reasoning performance, we found consistent support for communication 
difficulties due to using tCMC for convergence processes affecting 
communicators’ later individual work. 

6. Study 5 

Study 5 provided a field-based test of Hypotheses 4a and 4b and the 
model outlined in Fig. 1: that higher than normal daily tCMC use for 
those whose jobs requires problem solving (and so convergence pro-
cesses) is likely to be tied to higher depletion and lower motivation 
maintenance. Thus, Study 5 examines the hypothesized effects during 
employees’ workdays across multiple tasks, rather than during a single 
short-term task. The field study drew on full-time employees using an 
experience sampling methodology (ESM). It provides a key link between 
the causal tests offered in Studies 1–4 and previous research from field 
studies showing (negative) associations between tCMC use and 
employee well-being. 

6.1. Method 

6.1.1. Participants and procedure 
The sample consisted of 123 full-time employed adults enrolled in 

business programs across two public research universities in the 
Southeastern United States. Some (N = 75) were enrolled in a weekend 
professional Master’s program at one university, while the remaining 
participants (N = 48) were enrolled at another university in an online 
business degree. Participants received partial course credit for their 
participation. All students enrolled in classes where the study was 
offered were invited to participate. 

We used an experiential sampling methodology (ESM) to capture the 
dynamic association between within-person changes in daily text-based 
communication, depletion, and motivational outcomes. Data were 
collected over three consecutive work weeks. During the first week, 
participants completed a background survey, which included an 
informed consent form and person-level measures of demographics and 
problem solving. During the second and third weeks, we sent surveys to 
participants twice daily for 10 consecutive workdays. The first daily 
survey was sent at the end of the morning and included measures of text- 
based communication, depletion, negative affect, and face-to-face 
communication. The second daily survey was sent out at the end of 
the workday and included measures of goal progress, work engagement, 
and negative affect. 
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A total of 159 participants completed our survey. Of these, we only 
retained in our dataset respondents who fulfilled the following criteria: 
were working and completed both daily surveys on at least three3 

working days. Our final dataset consisted of 123 individuals and 671 
day-level observations. Our sample size (n = 123) exceeds the recom-
mended level-2 threshold of n = 83 for ESM studies (Gabriel et al., 
2019). Respondents, on average, completed both daily surveys on 5.48 
days (SD = 1.62). They had been in their current role for an average of 
2.03 years (SD = 2.41) and in their organization for an average 3.14 
years (SD = 3.76) and worked on average for 39.25 h each week (SD =
11.67). Participants came from a wide variety of industries such as 
finance, healthcare, higher education, hospitality, manufacturing, and 
transportation. Some examples of participant job titles included ac-
counting specialist, HR manager, HR director, customer service man-
ager, and project manager. Participants were 76 percent female, 64.2 
percent identified as White4. 

6.2. Measures 

All survey measures were rated using a five-point Likert scale, 
ranging from 1 (strongly disagree) to 5 (strongly agree), unless otherwise 
noted. Participants were instructed to respond to items “since arriving at 
work today” on the first daily survey. They were instructed to respond to 
items based on the time that had passed “since taking the last survey” on 
the second daily survey. 

6.2.1. Text-based communication (tCMC) use 
Participants reported their daily levels of text-based communication 

in the end of morning survey using three items created for this study: 
Since arriving at work today…“I have received more email than is 
typical”, “I have sent more email than is typical”, “I have had more IM 
(instant messenger) exchanges than is typical” (α = 0.74). 

6.2.2. Depletion 
We measured daily depletion in the end of morning survey using five 

items adapted from Twenge, Muraven, and Tice (2004) and used in prior 
studies (e.g., Johnson, Lanaj, & Barnes, 2014; Mitchell et al., 2019). 
Example items included: “I have felt drained.”, “I have felt like my 
willpower is gone.” (α = 0.93). 

6.2.3. Negative affect 
Daily negative affect was measured with the short-form PANAS scale 

(Watson, Clark, & Tellegen, 1988) in both daily surveys using three 
items (“nervous”, “upset”, “distressed”). The average alpha coefficient 
for the three items was 0.84 for the end of morning survey and 0.87 for 
the end of day survey. 

6.2.4. Work goal progress 
Participants reported their daily goal progress at the end of each 

workday using three items from Koopman et al., 2016; adapted from 
Wanberg et al., 2010: “I have been productive”, “I made good progress 
on my work goals”, and “I moved forward on my work goals.” (α = 0.94). 

6.2.5. Work engagement 
We measured work engagement at the end of each workday using 

four items from Rich, Lepine, & Crawford (2010). Example items include 
“I felt energetic at work today” and “I was excited about my job today.” 
(α = 0.88). 

6.2.6. Problem solving 
Person-level problem solving was measured in the introductory 

survey using four items published by Morgeson and Humphrey (2006). 
Example items include “The job requires unique ideas or solutions to 
problems.” and “The job involves solving problems that have no obvious 
or correct answer.” (α = 0.80). 

6.3. Control variables 

6.3.1. Face-to-face communication use 
Participants daily levels of face-to-face communication was 

measured in the end of the morning survey with two items: “I have 
attended more face-to-face meetings than is typical” and “I have had 
more face-to-face conversations than is typical.” (α = 0.88). 

6.4. Analytical strategy 

We tested our hypotheses using multilevel path analysis in Mplus 
7.31 (Muthén & Muthén, 2015). Given the nested structure of our data, 
we assessed the suitability of multi-level modelling prior to testing our 
hypotheses by estimating null models. The results of these analyses 
(Table 5) indicate the within-person variance of our repeated measures 
variables ranges from 38% to 80%, signifying that multilevel analyses 
are appropriate for our data. 

We modelled all hypothesized relationships using random slopes and 
modelled control variable paths using fixed slopes (Enders & Tofighi, 
2007). The Level 1 variables (within-person) included daily tCMC use, 
depletion, negative affect, goal progress, and work engagement. Prob-
lem solving was included as a Level 2 (between-person) variable and was 
grand-mean centered. All within-person predictors were centered 
around each individual respondent’s mean (Enders & Tofighi, 2007). 
This helps eliminate between-person confounds (Hofmann, Griffin, & 
Gavin, 2000) and same-source bias, providing a more accurate assess-
ment of within-person effects (e.g., Foulk et al., 2018). 

We included several control variables in our model. Our findings 
remain qualitatively the same when control variables are excluded from 
the model (Table A1 in Appendix A). In addition to the controls 
mentioned above (i.e., face-to-face communication and end-of-day 
negative affect), we also controlled for artifactual sources of variations 
(e.g., Tang, Yam, & Koopman, 2020) and included a linear growth term 
for each day of the study (e.g., 1–10) and a linear term for the day of the 
week. 

6.5. Results 

A multilevel confirmatory analysis was performed on the eight 

Table 5 
Study 5. Percentage of Within-Person Variance among Variables.  

Variables Within-person 
Variance (e2) 

Between-person 
Variance (r2) 

% of Within- 
person Variance 

Text-based 
Communication Use 
(T1)  

0.45  0.29 61% 

Depletion (T1)  0.54  0.50 52% 
Negative Affect (T1)  0.43  0.49 47% 
Work Goal Progress 

(T2)  
0.50  0.13 80% 

Work Engagement (T2)  0.49  0.22 69% 
Face-to-Face 

Communication  
0.68  0.48 59% 

Negative Affect (T2)  0.35  0.58 38% 

Note: The percentage of within-person variance was computed as e2/ (e2 
+ r2). 

3 At the beginning of each daily survey, we asked respondents if that day was 
a working day and excluded from our dataset surveys completed on non- 
working days (e.g., vacation days, sick days). As a robustness check, we re- 
estimated our model without excluding non-working days; results suggest 
that the conclusions from our main analyses remain unchanged.  

4 About half of the participants (49.6 percent) were between 25 and 34 years 
old, 31.7 percent were between 18 and 24 years old, 13.8 percent between 35 
and 44 years old; 4.1 percent between 45 and 54 years old, and 0.8 percent 
were between 55 and 64 years old. 
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variables used in the study (two control variables, five variables at the 
within-person level, and one variable at the between-person level) and 
the model fit the data well χ2 [211] = 693.87, p = .00.; CFI = 0.93; TLI 

= 0.91; RMSEA = 0.06; SRMRwithin = 0.06; SRMRbetween = 0.01). The 
means, standard deviations, and correlations are in Table 6. The findings 
of the multilevel path analysis are illustrated in Fig. 2; control variables 

Table 6 
Study 5. Descriptive Statistics and Within- and Between-Person Correlations among Study Variables.  

Variables Mean SD 1 2 3 4 5 6 7  

Level 1 Variables 
1. Text-based Communication (T1)  2.41  0.62 (0.74)  0.33**  0.43**  − 0.16  − 0.09  0.41**  0.41**  

2. Depletion (T1)  2.49  0.78 0.12**  (0.93)  0.67**  − 0.53**  − 0.61**  0.13  0.68**  

3. Negative Affect (T1)  2.04  0.75 0.22**  0.45**  (0.84)  − 0.37**  − 0.40**  0.22*  0.85**  

4. Work Goal Progress (T2)  3.86  0.49 0.01  − 0.24**  − 0.14**  (0.94)  0.68**  − 0.09  − 0.50**  

5. Work Engagement (T2)  3.42  0.57 − 0.03  − 0.38**  − 0.14**  0.56**  (0.88)  0.04  − 0.50**  

6. Face-to-Face Communication Use (T1)  2.25  0.79 0.27**  0.15**  0.14**  0.03  − 0.01  (0.88)  0.22*  
7. Negative Affect (T2)  2.06  0.80 0.09*  0.21**  0.38**  − 0.23**  − 0.26**  0.02  (0.87)  
Level 2 Variable 
8. Problem Solving  3.56  0.92 0.15  − 0.09  0.12  0.12  0.23*  0.25**  0.05 (0.80) 

Note. Level-2 N = 123; Level-1 N = 671. T1 = Time 1- end of morning; T2 = Time 2 - end of work day. Level 1 variables are person-mean centered; the between person 
variable is grand-mean centered. Between-person correlations are reported above the diagonal. Within-person correlations are presented below the diagonal (N =
671), except for problem solving. Means and standard deviations are calculated using between-person scores. Coefficient alphas are provided along the diagonal. 

* p < .05 
** p < .01 

Fig. 2. Study 5. Results of Multilevel Analysis. Note. Level-2 N = 123; Level-1 N = 671. Estimates are unstandardized. Standard errors are displayed in parentheses. 
Control variables and direct within-person effects of text-based communication load on goal progress and work engagement were also estimated (see Table 7) but 
were omitted for clarity. 

Table 7 
Study 5. Multilevel Path Model Results.  

Variables Depletion (T1) Negative Affect (T1) Work Goal Progress (T2) Work Engagement (T2)  

γ SE γ SE γ SE γ SE 

Intercept  2.49**  0.07  2.03**  0.07  4.52**  0.10  4.28**  0.10 
Independent Variables 

Text-based Communication Use  0.09  0.05  0.20**  0.05  0.04  0.05  0.01  0.06 
Problem Solving × Text-based Communication Use  0.15*  0.07  0.04  0.06     

Mediators 
Depletion      − 0.26**  0.04  − 0.40**  0.04 
Negative Affect      − 0.01  0.05  0.06  0.05 

Controls 
Day of the Study  − 0.03*  0.01  − 0.01  0.01  − 0.02  0.01  − 0.01  0.01 
Day of the Week  0.03  0.02  0.01  0.02  − 0.01  0.02  0.02  0.02 
Face-to-face Communication  0.11*  0.05  0.07*  0.03  0.07  0.04  0.04  0.04 
End-of-day Negative Affect      − 0.22**  0.06  − 0.24**  0.05 

Note. Level-2 N = 123; Level-1 N = 671. Dependent variables were assessed at Time 2 (i.e., end of work day). Time 1 = end of morning survey. Level 1 predictors were 
person-mean centered. 

* p < .05. 
** p < .01. 
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and the direct effects of tCMC use on work outcomes were omitted for 
clarity, however, the full analyses are tabulated in Table 7. 

Results show that, within individuals, the main effect of tCMC use on 
end of morning depletion was positive but not statistically significant (γ 
= 0.09, p > 0.05). The main effect of tCMC use on end of morning 
negative affect was positive and significant (γ = 0.20, p < 0.01). 
Depletion had significant main effects on end of day goal progress (γ =
− 0.26, p < 0.01) and work engagement (γ = − 0.40, p < 0.01) but end of 
morning negative affect did not significantly influence either variable. 

Supporting hypothesis 4a, problem solving significantly moderated 
the relationship between tCMC use and depletion (γ = 0.15, p < 0.05). 
Fig. 3 illustrates the plot of this interaction. Following recommendations 
by Preacher, Curran, & Bauer (2006), we computed simple slopes at high 
(+1 SD) and low (− 1 SD) levels of problem solving. Consistent with 
hypothesis 4a, we find that the relationship between tCMC use and 
depletion is positive and significant for individuals who work in jobs 
with high problem-solving demands (slope = 0.23, SE = 0.08, p < 0.05) 
but is not significant for those in jobs with low problem-solving demands 
(slope = − 0.05, SE = 0.08, p > 0.05). 

Hypothesis 4b predicted that daily tCMC use would have negative 
and significant indirect effects on goal progress and work engagement 
via depletion when problem solving is high but not when it is low. We 
estimated confidence intervals for these indirect effects at high (+1 SD) 
and low (− 1 SD) levels of problem solving. As predicted, the indirect 
effect of text-based communication on goal progress (− 0.06, 95% CI: 
[− 0.10, − 0.01]) and on work engagement (− 0.09, 95% CI: [− 0.15, 
− 0.03]) via depletion was negative and significant when problem 
solving is high. It was not significant when problem solving is low (0.01, 
95% CI: [− 0.03, 0.05]) for goal progress and for work engagement 
(0.02, 95% CI: [− 0.04, 0.08]). With regards to the alternate explanation 
linking tCMC use to reduced motivation via negative affect, although 
tCMC use had a significant and positive effect on end of morning 
negative affect, the moderating effect of problem solving on the tCMC 
use-negative affect relationship was not significant (γ = 0.04, p > 0.05). 
The direct effects of end of morning negative affect on goal progress and 
work engagement were not significant. Relatedly, conditional indirect 
effects of tCMC use on goal progress and work engagement mediated by 
negative affect were not significant when problem solving was high or 
low. 

6.6. Study 5 discussion 

Study 5 provided additional evidence in support of our theorizing 
that tCMC use for convergence processing can have downstream 

negative consequences for motivation maintenance. This is demon-
strated by tCMC’s negative and significant indirect effects through 
depletion on goal progress and work engagement for employees in jobs 
with high problem-solving demands. It had no effect on these outcomes 
for jobs with low problem-solving demands. This study strengthens 
conclusions about our theorizing drawn from our experimental lab 
studies by showing they extend to employees in organizational settings. 
Additionally, Study 5 also directly tested a key psychological mecha-
nism—depletion—that was implied by our theorizing but not explicitly 
tested in Studies 1–4. Thus, it provides a more direct test of our theo-
rizing that the greater communication effort involved in using tCMC for 
convergence processing tasks leads to depletion and hence reduced 
downstream motivation on subsequent tasks. It also helped to rule out 
negative affect as an alternative explanation for the links between using 
tCMC for convergence processing tasks and diminished motivation. 

7. General discussion 

The benefits of tCMC for collaborative work come with greater costs 
to communicators than we knew. A crucial assumption underlying 
theorizing about communication media is that working over tCMC to 
create shared understandings of complex and ambiguous work situa-
tions is more difficult than working together in person (Daft & Lengel, 
1986; Dennis et al., 2008; Swaab et al., 2012). The advance here is to 
provide causal evidence and field evidence that those difficulties are not 
limited to the communication task itself, but extend to the people doing 
the communicating. 

Drawing on media synchronicity theory and conservation of re-
sources (COR) theory, we hypothesized hidden costs of tCMC use for 
convergence processing tasks on communicators in the form of reduced 
motivation maintenance and then lower performance on later complex 
reasoning tasks. Together, results from four experimental studies 
examining several tasks relying on convergence processing showed that 
using tCMC, relative to communicating in person, compromised moti-
vation maintenance (Studies 1, 3, & 4) and reduced downstream per-
formance on subsequent complex reasoning tasks (Studies 2, 3, & 4). 
Further, findings (Studies 3 and 4) suggest that motivation maintenance 
mediates the effect of communication media differences on subsequent 
complex reasoning task performance. 

A fifth study, a field study employing an ESM design, complemented 
the findings from the experiments and further clarified the mechanisms 
through which tCMC use for convergence processing could hamper 
motivation maintenance. Findings from Study 5 suggest that on days 
with higher tCMC use relative to days with lower tCMC use, employees 

Fig. 3. Study 5. Moderating Effect of Problem Solving on the Relationship between Daily Text-Based Communication and End of Morning Depletion.  
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are more likely to be depleted if they are in high problem-solving jobs. 
Day-to-day variation in tCMC use did not have any effect on depletion 
for employees in low problem-solving jobs. This pattern of results pro-
vides support for the earlier theorizing that tCMC use for convergence 
processing tasks is particularly challenging, and leads to higher deple-
tion. Further, for high problem solving jobs, tCMC had an indirect 
negative effect via depletion on two indicators of motivation mainte-
nance: employee engagement and work goal progress. The Study 5 
findings did not find support for negative affect as an explanation for 
why tCMC use for convergence processing has downstream effects on 
motivation maintenance. 

Altogether, the findings across these five studies were consistent with 
the current theorizing based on integrating media synchronicity theory 
with COR theory: the greater communication difficulty associated with 
tCMC use for convergence processing tasks has consequences for indi-
vidual communicators even after they are no longer communicating. 
The greater depletion and decreased motivation maintenance are bur-
dens communicators carry with them that lower their performance on 
complex reasoning tasks. 

7.1. Extending media synchronicity and COR theories 

In focusing on the downstream consequences of communication 
media use, the studies in this paper build on and extend a central, yet 
empirically under-examined, claim made by multiple communication 
media theories. The claim is that communication media differ in how 
cognitively difficult they make it to work on communication tasks 
requiring convergence processing. This claim is central to the arguments 
of media synchronicity theory (Dennis et al., 2008), as well as related 
work on media richness theory (Daft & Lengel, 1986) and media natu-
ralness theory (Kock, 2004). The current studies provided strong tests of 
this claim and find support for it by showing communication media 
differences in subsequent motivation and complex reasoning. Thus, the 
current studies provide a new kind of empirical support for central 
theoretical arguments about communication media use. 

The current studies also extend the scope of these lines of theorizing. 
In particular, according to media synchronicity theory, the costs of task- 
medium misfit are reflected primarily as performance inefficiencies for 
the task done while communicating. But if the effects extend to com-
municators and subsequent task performance, then media synchronicity 
theory’s implications are notably broader. They include immediate ef-
fects on specific follow-on tasks, as found in Studies 1–4. They also 
include cumulative effects on individuals over the course of workings 
days as found in Study 5. Over time, these immediate and accumulating 
effects on employee motivation could in the aggregate contribute to 
lowered productivity as well as burn-out and stress. Given how much of 
organizational life, particularly managerial life, hinges on communi-
cating, communication difficulty costs are already valuable contributors 
to the design of work arrangements (Daft & Lengel, 1986; Dennis et al., 
2008). Updating prior theorizing and discussion to incorporate costs to 
communicators in the distribution of organizational work and the 
aggregate pattern of work arrangements is an opportunity. 

The current paper also extends theorizing on conservation of re-
sources theory by identifying communication medium choice as a hid-
den, and hence overlooked, source of resource loss in organizations. The 
current studies indicate that employees’ choices of communication 
media could potentially be consequential for performance on subse-
quent tasks through a process of resource conservation (Hobfoll, 1998). 
This signals a more strategic role for organizational communication 
norms in managing employee energy. While prior COR research has 
identified several resources including personality (e.g., conscientious-
ness), job characteristics (e.g., autonomy) and organizational policies (e. 
g., work-family policies) (Halbesleben et al., 2014), there has yet to be a 
focus on organizational communication. The current research adds to 
the portfolio of organizationally relevant resources included under COR. 
It also serves as a potential moderating factor for existing COR theory 

and data. Specifically, engaging with other people with whom one has a 
positive relationship generally acts as a supportive resource (Halbesle-
ben, 2006). It is possible that the effects of these social engagements 
could vary by communication medium and task type. More generally, 
understanding how communication contributes to resource gains and 
losses is an opportunity. 

7.2. Implications 

Given the growing importance of virtual work in organizational life 
and employees’ dependence on tCMC to complete a wide variety of 
organizational tasks (Gibson et al., 2014), the current findings raise new 
concerns about the hidden costs of text-based virtual collaboration for 
tasks requiring convergence processing such as negotiation and coor-
dination. Importantly, the hidden costs of tCMC identified in these 
studies are not arguments against either virtual work arrangements or 
the use of tCMC. Instead, identifying new costs to communicators of 
using tCMC for tasks requiring convergence processing helps improve 
decisions about what communication media to use when. Text-based 
communication media such as email offer some widely understood 
benefits to organizational members, including convenience, cost sav-
ings, and closure (Straub & Karahanna, 1998). Scheduling demands and 
spatial or temporal dispersion can make working in person impractical 
(e.g., Gajendran & Joshi, 2012; Gibson & Gibbs, 2006). Yet how 
impractical is based on an estimate of the costs. The current findings, by 
indicating a new kind of cost, provide additional guidance to in-
dividuals, groups, and organizations so they can make better decisions 
about communication media use and virtual work arrangements. 

Such guidance is especially critical given the expectation that many 
disruptions, including but not limited to global pandemics, increase the 
widespread use of remote work (Ford, 2021). The COVID-19 pandemic 
spurred adoption of higher synchronicity communication media such as 
Zoom as substitutes for in-person interaction when working remotely. In 
addition, remote work also increases reliance on lower synchronicity 
text-based communication media for getting work done (Gajendran & 
Harrison, 2007), as coordinating synchronous interactions is not simple 
for remote workers. Personalized schedules due to schedule flexibility 
afforded by remote work makes planning synchronous interactions 
challenging. Likewise, companies are offering greater geographic flexi-
bility to remote workers (Choudhury, 2020; Choudhury, Foroughi, & 
Larson, 2021). This increases the difficulty of coordinating synchronous 
interaction as more employees work across multiple time zones. All this 
likely means organizations increase their reliance on tCMC for all types 
of tasks, including those involving convergence processing. 

Greater use makes it all the more important to study and make salient 
the costs of tCMC use for motivation maintenance and subsequent 
complex reasoning. These costs may not be obvious. The differences 
between face-to-face interaction and tCMC on task performance while 
communicating are fairly large and so fairly apparent. The effect of 
having used tCMC for convergence processing was smaller but hardly 
trivial. As a result, the current findings provide evidence that gives re-
searchers and managers reasons to incorporate a heretofore hidden 
factor that could influence the decision-making calculus about whether 
it is more efficient to work together over tCMC or make efforts to be in 
person. The implications of the current study are that tasks requiring 
substantial convergence processes, where working through ambiguities 
and different perspectives to arrive at a collective understanding are 
key, are probably worth working harder to avoid doing using tCMC. 

7.3. Limitations and future research directions 

The focus of the current studies was on downstream effects of 
communication media on motivation and performance on complex 
reasoning tasks. Future research could attempt to provide a richer pic-
ture of the effects of tCMC on individuals. For instance, future research 
could examine whether communication difficulty and its accumulated 
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effects on motivation maintenance contribute to increased stress levels 
as a means of linking this research with work on burn-out and tCMC use 
(Barley et al., 2011). Or it could be used to examine effects on lower 
levels of individuals’ moral awareness and increased risks for tasks with 
ethical consequences (Gino, Schweitzer, Mead, & Ariely, 2011). There 
are surely other potential effects to examine. 

The current studies focused on text-based CMC, because of its central 
role in organizational communication. Despite the plethora of organi-
zational communication options, it has remained the most widespread 
and successful form of organizational communication for over two de-
cades (Dabbish & Kraut, 2006). Yet, a useful extension of these studies 
could be to study other communication media. For instance, emerging 
theory (Bailenson, 2021) and evidence (Fauville et al, 2021) on the 
phenomenon of Zoom fatigue during the pandemic suggests that other 
communication media could also contribute to the motivational costs 
associated with virtual work. 

One limitation of our studies is that tests of our theory relied on 
commonly used tCMC tools (e.g., email and IM). There has also been a 
rise in use of communication tools, such as Microsoft Teams, Slack, 
Google Docs, and so forth, that include tCMC as a modality that users 
could configure in ways that ease communication difficulty associated 
with convergence processing tasks by allowing a blending of commu-
nication types. For example, employees using such tools might 
encounter difficulties with a complex issue and switch from tCMC to a 
video call or an in-person conversation. Alternatively, communicators 
may blend multiple tCMC tools to reduce ambiguity and communication 
difficulty (e.g., use Google Docs to jointly edit a document while also 
engaging in email or IM communication). 

Given the pervasiveness of text-based virtual communication for 
remote and in-office workers, the hidden motivational costs of tCMC 
may be less noticeable compared to those from new communication 
media. Future research could examine the total costs of communication 
media use on individuals, beyond the communication tasks themselves. 
The motivational maintenance effects could extend beyond work to 
affect energy and performance in the personal domain, including per-
sonal health. The current studies emphasized modern knowledge work, 
which places a particularly strong emphasis on individuals spending 
their time working on computers. It could be valuable to examine effects 
on other sorts of individual work, as well as group work. 

The focus of the first four studies was on the effects of a communi-
cation task on later individual work, and it is an open question how the 
effects would extend to a second communication task. A second 
communication task might minimize task switching costs and so reduce 
the observed decrements to motivational maintenance and subsequent 
task performance. It is also possible that any second task would see a 
decrement, simply because of the work involved in the initial commu-
nication task, in line with the current theorizing. 

A potential limitation of Study 5 is its reliance on self-report data, 
which raises common method variance (CMV) concerns. Still, predictor 
and outcome measures were assessed at different times, which reduces 
concerns that momentary factors such as mood could have influenced 
participant responses (Podsakoff, MacKenzie, & Podsakoff, 2012). 
Further, because within-person variables were person-mean centered, it 
alleviates concerns that between-person confounds (e.g., social desir-
ability) could be driving our results (Raudenbush & Bryk, 2002). Finally, 
CMV is unlikely to explain the moderation effects due to the extent of 
complex problem solving involved in one’s job found in Study 5, as 
interaction effects are unlikely to occur spuriously as a result of common 
method variance (Siemsen, Roth, & Oliviera, 2010). Altogether then, 
while CMV is unlikely as an alternate explanation for the current find-
ings, additional research would be welcome. 

Another limitation of Study 5 is that it assumes that tCMC was used 
for convergence processing. The study did not directly assess whether 
this was so. Instead, we inferred this was the case by using the centrality 
of problem solving to one’s job as an indicator of the likelihood of 
convergence processing. Indeed, it would be difficult to accurately 

assess tCMC use for convergence processing in real world contexts 
without intrusive monitoring of communication activity, which may 
give rise to other methodological problems. Still, it might be feasible to 
identify specific tasks and the communication media used for them as a 
means of getting a still more proximal assessment. Another limitation of 
the current studies is that it is not clear how to identify or create tasks 
that differ only in the degree of convergence processing called for. While 
it might be ideal to compare effects of engaging in a task that differs only 
in the degree of convergence processing, doing so is practically 
difficult5. 

Among the more promising possibilities for future research might be 
to attempt to extend Study 5 by examining email archives in combina-
tion with survey methods to gain a more complete understanding of the 
costs of tCMC use for motivation maintenance. Content analyses of 
communication efforts might also be beneficial for insight into conver-
gence processing amounts as well as communication costs and motiva-
tion maintenance. 

Despite an emerging trend to examine the antecedents and conse-
quences of employee energy in the workplace (e.g., Schwartz & 
McCarthy, 2007), the possibility that widespread use of tCMC in orga-
nizations can have implications for employee energy and performance 
has not been explored in any of the streams of research in Quinn et al. 
(2012) extensive review of research addressing human energy at work. 
Incorporating communication media choice as an influence on the en-
ergy communicators have available for subsequent individual tasks 
could be a fruitful avenue for future research. 

Finally, future research could identify ways to neutralize the 
communication difficulty costs of email or to re-energize individuals 
after using email. For example, research on recovery following work 
strain suggests that micro-breaks (e.g., informal social interactions, 
stretching, coffee breaks) could potentially help tCMC communicators 
working on convergence processing recoup drops in motivational re-
sources (e.g., Kim, Park, & Niu 2017). Similarly, restorative environ-
ments such as a walk in natural settings or even just providing views of 
natural settings such as parks and gardens could contribute to motiva-
tion maintenance (Kaplan, 1995). Even viewing nature pictures and 
videos on a computer screen can be a restorative experience (e.g., Ber-
man, Jonides, & Kaplan, 2008; Beute & de Kort, 2014). Examining 
which interventions are effective have more than practical value. They 
could also be informative about the contributors to the costs of tCMC 
use. 

7.4. Conclusion 

The current findings indicate downstream effects of the communi-
cation difficulty associated with tCMC use for convergence processes on 
the people doing the communicating. Generating awareness of these 
downstream effects could help employees better manage the trade-offs 
inherent to their communication media choices. Generating new the-
ory based on shifting attention from communication task effects to ef-
fects on communicators is an opportunity for scholars to connect the 

5 We note here that in further studies, we contrasted tCMC and in person 
communication in two studies with less complex communication tasks 
involving a greater proportion of conveyance processing: a study involving 
single-issue distributive negotiations instead of the multi-issue integrative 
negotiation in Study 1 and a study involving contrasts between tCMC and in 
person communication to sort unambiguous images instead of the ambiguous 
images used in Study 2. In both studies, there were no communication media 
differences on individual motivation maintenance using similar sample sizes 
and measures to those in Studies 1 and 2. We note these null effects with 
caution, mostly to emphasize the difficulty in assessing and manipulating the 
amount of convergence processing people undertake. It is also part of the reason 
why the current use of problem solving as an index of convergence processing 
appeared to be a reasonable alternative. Details of these two studies are 
available on request. 
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pervasive use of communication media in contemporary organizational 
life to an array of important outcomes. 
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Table A1 
Study 5. Results of Multilevel Path Analyses for Study 5 without Control Variables.  

Variables Depletion (T1) Negative Affect (T1) Work Goal Progress (T2) Work Engagement (T2)  

γ SE γ SE γ SE γ SE 

Intercept  2.49**  0.07  2.03**  0.07  4.57**  0.10  4.36**  0.10 
Independent Variables 

Text-based Communication Use  0.13*  0.05  0.23**  0.05  0.06  0.06  0.01  0.06 
Problem Solving × Text-based Communication  0.15*  0.07  0.04  0.06     

Mediators 
Depletion      − 0.25**  0.04  − 0.40**  0.04 
Negative Affect      − 0.05  0.05  0.02  0.05 

Note. Level-2 N = 123; Level-1 N = 671. Dependent variables were assessed at Time 2 (i.e., end of work day). Time 1 = end of morning survey. 
* p < .05. 
** p < .01. 
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