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Abstract: Implementing collaborative learning into online courses can help mitigate central 

challenges for this learning setting which often stem from a lack of interaction in the course. 

During online-collaboration, however, learners can experience a number of interaction patterns 

that not only reduce the effectiveness of the collaboration but also lead to frustration. If learners 

are frustrated with the collaboration they are prone to reducing their participation or even exiting 

the learning setting. As collaborative learning can only be effective if all group members interact 

with each other, frustrating interaction patterns pose a challenge to the effectiveness of collab-

orative learning. We compiled a library consisting of 14 potentially frustrating interaction pat-

terns through a literature-review and an analysis of collaboration data (n = 10 groups). Conduct-

ing an online survey among university students (n = 100) revealed that social loafing, deadline 

rush, ineffective communication, and unequal participation are the most severe interaction pat-

terns. 

Introduction 

Distant online education has received increasing attention over the recent years. Not only the development of 

Massive Open Online Courses (MOOCs, Baturay, 2015; Pappano, 2012) in the 2010s but especially the recent 

COVID-19 pandemic has reinvigorated the discussion about effective instruction in online settings (e.g., Reynolds 

& Chu, 2020). Notably, online courses face a number of challenges such as feelings of isolation that result from 

a lack of social interaction  (Khalil & Ebner, 2014). Implementing collaborative learning activities is one way to 

mitigate these challenges (Rosé, Goldman, Zoltners Sherer, & Resnick, 2015). In collaborative learning, interac-

tion between learners is a conditio sine qua non (cf. “interaction paradigm”, Dillenbourg, Baker, Blaye, & 

O'Malley, 1996) as the majority of processes during collaboration and especially those processes that are condu-

cive to learning are based on interaction between the group members. Besides interaction that is required to de-

velop as a group (Tuckman & Jensen, 1977), coordinate (e.g., Wittenbaum, Vaughan, & Strasser, 2002) or dis-

tribute roles (Strijbos & Weinberger, 2010), group members also need to achieve a shared understanding regarding 

concepts or the task (Clark & Brennan, 1991; Hadwin, Bakhtiar, & Miller, 2018), develop a transactive memory 

system (Wegner, 1995), and group awareness (Bodemer & Dehler, 2011), or resolve conflicts (Darnon, Doll, & 

Butera, 2007). Further, students have to pool information to make informed decisions (Stasser & Titus, 1985), co-

construct new knowledge (Weinberger & Fischer, 2006), and engage in interactions that benefit learning (e.g., 

explaining or cognitive modelling, cf. King, 2007). During collaboration, a group also monitors and regulates the 

interaction processes, and the motivation and emotions of the group members (Järvelä et al., 2016). All these 

processes are challenging, especially for unexperienced learners. Unsurprisingly, productive interactions in 

groups do not automatically occur simply because students are assigned to a team (Kreijns, Kirschner, & Jochems, 

2003). Further challenges result from interactions that are not only unproductive but can also cause frustration. 

Frustration can be defined as a negative affective state that results if a person is unable to achieve their goal or if 

expectations are not met (Capdeferro & Romero, 2012; Ortony, Clore, & Foss, 1987). The impact of interaction 

patterns that cause frustration should not be overlooked because dissatisfied learners may reduce their participa-

tion or even drop out of the learning setting (Khalil & Ebner, 2014; Levy, 2007). Consequently, there would be 

less opportunities for those interactions that are necessary for successful collaboration. 

Despite their pivotal role during collaboration, affective variables such as frustration have received less 

attention in CSCL research in comparison to cognitive variables (Jeong, Hmelo-Silver, & Jo, 2019). Only few 

studies consider satisfaction and frustration during collaborative learning and often neglect to elaborate on the 

role of these variables during collaboration. Against this background, we aim at shedding light on interaction 

patterns that are unproductive and frustrating for students because this knowledge empowers researchers, practi-

tioners, and educators to consider these unfavorable interaction patterns and design online learning activities to 

mitigate the challenges that arise from these patterns or develop collaboration support to promote students’ col-

laboration competence (i.e., internal collaboration scripts, cf. Fischer, Kollar, Stegmann, & Wecker, 2013) so they 

can engage in fruitful collaboration. The present study has two goals. First, we provide an overview of potentially 

frustrating interaction patterns that can occur during online collaboration in small groups. In this regard, we extend 
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 the preliminary findings of a prior study that used a similar procedure (Strauß, Rummel, Stoyanova, & Krämer, 

2018). Secondly, we report on the results of a survey that sought to determine which of these interaction patterns 

are the most severe and thus may be considered as primary targets for instructional design and support.  

A library of problematic interaction patterns in online-collaboration 
To compile a list of potentially frustrating interaction patterns, we conducted a literature review on Google Scholar 

and Web of Science using the search string ‘(collaborative learning OR Collaboration OR group) AND (satisf* 

OR frustr*) AND interaction AND (online OR e-learning)’. We scanned the titles and abstracts if the publication 

included student-student interactions and students’ affects (e.g., frustration, satisfaction, positive group climate) 

during collaboration (work or learning). During this process we were intentionally over-inclusive when selecting 

article because affective variables are rarely assessed in conjunction with interaction patterns. We did not consider 

publications that only reported on the relationships between interaction and variables such as learning gains, and 

publications that dealt with the relationship between affects and other forms of interaction (e.g., teacher-learner 

or learner-content interaction). 

After selecting publications, we read them closely and discarded articles that did not provide enough 

information to derive specific interaction patterns. While reading the articles, we identified additional references 

and scanned them using the procedure described above. If a publication described one or more interaction patterns 

that are associated with frustration, we added them to our list. If a publication described interactions related to 

satisfaction, the opposite or absence of this particular interaction was added to the library since the absence of 

beneficial interactions also constitutes a challenge.  

 In addition to the literature review, we analyzed collaboration data to potentially identify additional 

challenges that were not yet covered by the literature review. Therefore  we analyzed a small sample of log files 

from an online course (reported as Course 2 in Erdmann et al., 2017). During this online course, students worked 

on collaborative assignments using a group forum for communication and a shared text-editor to construct a joint 

answer text on Moodle. We randomly selected ten out of 55 groups and analyzed their log files (written text, time 

stamps and number of words). Two raters independently analyzed the logs for all ten groups and listed situations 

where students expressed frustration or contentment with the collaboration process. For example, one student 

wrote in the group forum that they found it difficult to know if a group member had already completed their 

current task. Afterwards, the raters compared their lists. We only added interactions to the library that both raters 

had identified. To finalize this step, we performed a literature search to theoretically ground the situations identi-

fied in the collaboration data. 

Problematic interaction patterns 
This procedure resulted in a list of fourteen situations that we assumed to affect students’ satisfaction with the 

collaboration (cf. Table 1). In the following we present these interaction patterns. 

Communication 
Six interaction patterns concern communication during collaboration. The first potential source of frustration is 

impolite communication (Park, 2008). In her study, Park (2008) reports a positive correlation between polite com-

munication and satisfaction. Consequently, we listed the opposite, that is, impolite communication. Following 

Kellermann and Park (2001), a person acts politely if they behave “mannerly, courteous, and respectful” (Keller-

mann & Park, 2001, p. 4). From this perspective, impolite communication refers to neglecting socially constructed 

expectations of what constitutes manners, being cold, unfriendly, ignorant, and disrespectful during collaboration. 

Similarly repeated ‘nagging’ or ‘nudging’ fellow group members to make them contribute their fair share to the 

task can also be expected to have a negative effect on the group climate and satisfaction (Walther, 1996). 

Another potentially frustrating interaction pattern is inefficient communication. We derived this interac-

tion pattern from a cluster analysis reported by Kwon and colleagues (2014) who identified three types of groups, 

namely ‘Late Collaborator’, ‘Passive Task-oriented Collaborator’ and ‘Early Active Collaborator’. In comparison, 

groups classified as Early Active Collaborator exhibited a high number of activities that targeted group-regulation 

and social-emotional behavior. Besides a higher sense of community, groups in this cluster also perceived a more 

positive group climate than the groups in the other clusters. One communication-related aspect of the groups in 

the ‘Early Active Collaborator’ cluster was efficient communication. Thus, we added the opposite, inefficient 

communication, to our library. Inefficient communication can be defined as communication that does not focus 

on the current task (Park, 2008). Following Park’s (2008) argumentation, inefficient communication violates 

Grice’s (1975) four conversational maxims, quantity, quality, relation and manner. From this perspective, the 

communication in a group would be considered inefficient if (1) group members sent messages that contained too 

little or too much information for the current purpose of the conversation (quantity), (2) group members sent 
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 messages that were mere assumptions that lack evidence, false messages or messages that did not reflect the 

sender’s beliefs (quality), (3) group members sent messages that were irrelevant for the current topic (relation) or 

(4) if group members sent obscure, ambiguous, wordy and disorganized messages (manner).

Another communication-related interaction pattern concerns the flow of communication. While timely 

responses help build a sense of community (Sung & Mayer, 2012), our analysis of interaction as well as existing 

studies revealed that long waiting times for replies were perceived as frustrating by the students (Draskovic, 

Holdrinet, Bulte, Bolhus, & van Leeuwe, 2004; Goold, Craig, & Coldwell, 2008). 

Another interaction pattern that we identified in the collaboration data was that students neglect to com-

municate when they will be able to work on the task. This creates obscurity which violates Grice’s maxim of 

manner (Grice, 1975). This interaction often occurred at the beginning of the group task. If students are not aware 

of when group members plan to start working on the task and how much time they will be able to invest, the other 

group members may mistake a group member’s intended absence (e.g., due to a competing deadline) as lack of 

engagement (social loafing, Aggarwal & O'Brien, 2008). Also, coordinating the collaboration becomes more dif-

ficult if not all members make their individual time constraints transparent. 

The last potentially frustrating interaction pattern in this category are phases of no interaction or com-

munication. We derived this interaction pattern from the cluster analysis reported by Kwon and colleagues (2014) 

who found that group members in the ‘Early Active Collaborator’ cluster continuously interacted with the other 

members of their group, thus, we added the inverse to our list of potentially frustrating interaction patterns. 

Information processing and decision making 
The following four interaction patterns relate to information processing and decision making. Probably the most 

widely reported challenge and source of frustration for groups is social loafing, that is, the tendency for individuals 

to exert less effort in a group as compared to when working alone (Aggarwal & O'Brien, 2008; Capdeferro 

& Romero, 2012; Karau & Williams, 1993). Although these group members contribute less to the joint work, they 

often still receive the same rewards as the other group members (‘free-riding’) (Aggarwal & O'Brien, 2008). The 

bottom-up analysis of our sample of collaboration data revealed that social loafing in the form of a large difference 

in participation (measured as the number of words) was not as frequent as a somewhat uneven distribution of 

participation. Thus, in the present study we distinguished between unequal participation, that is, group members 

contribute varying amounts to the joint task, and social loafing that is, individual group members exert only very 

little or no effort at all.  

Undemocratic decisions are another potential source for frustration. In their meta-analysis, Foels and 

colleagues (2000) showed that group members are more satisfied with a democratic leadership compared to auto-

cratic leadership. Also, satisfaction was higher when group members could participate in decisions of the group. 

The final interaction pattern in this category was derived from a study by Draskovitc and colleagues 

(2004). One aspect of their investigation concerned the relationship between dysfunctional behavior and satisfac-

tion. They found that interactions that are dominated by a single group member are also associated with low 

levels of satisfaction (Draskovic et al., 2004). According to their conceptualization, “dominant personality” (p. 

453) refers to a group member repeatedly providing (un)solicited explanations, which hinders collaborative ex-

change of ideas.

Coordination 
The final set of interaction patterns concerns coordination during collaboration. All four interaction patterns in 

this category were derived from Kwon and colleagues’ (2014) cluster analysis (see above) by reversing the inter-

action patterns found in successful groups (i.e., ‘Early Active Collaborator’). Based on the characteristics of these 

groups, we assume that low intensity interactions during early phases of the collaboration and neglecting to dis-

tribute tasks clearly may be associated with a bad group climate or dissatisfaction. 

Group members in this cluster further regularly reported their progress on the task to their group. Com-

municating one’s process on the task helps group members develop group awareness which is necessary for co-

ordination (Bodemer & Dehler, 2011). Our analysis of collaboration data revealed the opposite interaction pattern, 

that is, students felt confused if it was not clear to them if and to what degree their group members had already 

worked on the joint task. Therefore, we assume that not displaying individual progress towards the joint task may 

be a source of frustration.  

We term the final potentially frustrating interaction pattern deadline rush. Again, we derived this inter-

action pattern from the cluster analysis by Kwon and colleagues (2014). Some students in their study complained 

that they had to rush a large amount of work shortly before the deadline. Arguably, this phenomenon could be the 

result of a number of the interaction patterns described above.  
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 Survey to identify the most severe interaction patterns 
So far, we revealed over a dozen interaction patterns that can occur during online-collaboration and could poten-

tially lead to frustration. However, our analyses do not indicate how frequently these interaction patterns occur or 

which are perceived as particularly frustrating by the learners. To answer these questions, we conducted an online 

survey at the end of the summer term 2020 which was the first term where European Universities had to resort to 

remote online education due to the COVID-19 pandemic. Thus, we expected that many students would have 

enrolled in online courses that employed collaborative activities. 

The online questionnaire presented the participants with the fourteen interaction patterns that we pre-

sented above. Each interaction pattern was presented on an individual questionnaire page. The top of the page 

presented participants with a brief description of the interaction pattern, followed by the items. For example, the 

description for social loafing read ‘Individual group members contribute little or nothing to the joint work’. Since 

we expected that not all respondents would complete the questionnaire, we randomized the sequence of the inter-

action patterns for each respondent so we would achieve an even number of responses for each interaction pattern. 

Sampling process and retained sample 
We drew a convenience sample by contacting the teaching staff at our university and asking them to encourage 

their students to participate in the survey. We pursued two strategies to contact teachers. First, we contacted the 

teaching staff at our own department via email. Second, we contacted teachers from other departments by posting 

a blog article with the survey link on the university’s teaching blog. Data collection took place from mid-July 

until the end of August 2020 (six weeks). In total, 128 students answered the questionnaire. However, 28 students 

did not continue the questionnaire beyond the socio-demographic data and were hence removed from the sample. 

To retain as much data for the individual interaction patterns, we included data from all participants who filled in 

the questions for at least one interaction pattern. The retained sample consisted of 100 participants (age: m = 

23.15, SD = 3.63; 68% female students). The majority of the participants (65%) studied two social sciences in 

parallel (predominantly educational research plus a language) while 22% were enrolled in a STEM subject (e.g., 

civil engineering or applied computer science). The remaining participants studied either one social science or 

one social science plus a STEM subject. In summary, students reported that 52.3% of their courses included 

collaborative learning activities. On average, students worked in 6.03 (SD = 4.69) different groups that consisted 

of 4.23 (SD = 2.51) students and worked together for 23.13 (SD = 24.32) days. 

Measures 
After entering demographic information (age, gender) and information about their courses (total number of 

courses taken, number of courses that included online collaborative learning, size of the online groups, duration 

of the collaborative tasks), students replied to the items for the interaction patterns. For each interaction pattern 

participants indicated if the interaction pattern had occurred in at least one of their online groups (‘yes’ or ‘no’). 

This item served as a filter for the remaining items. If a participant indicated that they had experienced this inter-

action pattern, they received one item asking them to rate how frequently this interaction pattern occurred in their 

groups and one item that asked them to rate the degree of dissatisfaction that was caused by the interaction pattern. 

Both items used a five-point Likert scale that ranged from 1 (‘very rarely’ or ‘very little’, respectively) to 5 (‘very 

frequently’ or ‘very much’, respectively). At the end of the questionnaire, participants could suggest new interac-

tion patterns that caused frustration through an open-ended item. 

To determine which interaction patterns were both, frequent and frustrating, we determined the severity 

of the interaction patterns by calculating a rank-sum that incorporated the frequency of the interaction pattern and 

the degree of dissatisfaction associated with the interaction pattern. Specifically, we calculated this variable for 

each interaction pattern as follows. First, we created two lists that contained all interaction patterns and ranked 

the interaction patterns, in the first list by the frequency of occurrence in the second list by the degree of dissatis-

faction. Raking refers to ordering positions and assigning a rank number to each position in the list. In the resulting 

lists a position at the top of the list (i.e., indicated by a small number such as ‘1’) indicated that the interaction 

pattern was the most frequent, or caused the most dissatisfaction, respectively. Afterwards we summed the two 

ranks for each interaction pattern. This resulted in a score that could range from ‘2’ (i.e., the interaction pattern 

was on the top position in both lists) to 28 (i.e., the interaction pattern was on the bottom position in both lists). 

The more frequent an interaction pattern occurred and the more students perceived it as frustrating, the lower the 

resulting sum of ranks. 

Results 
Table 1 provides an overview about the interaction patterns, how frequently they occurred, how frustrating the 

interaction pattern was perceived by the students, and the severity of the interaction patterns. The table is sorted 
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 by severity, that is, interaction patterns at the top of the list occurred more frequently and at the same time were 

perceived as most frustrating. Note that the number of cases (n) reported in the table varies because not all partic-

ipants filled out all items. Further, participants only answered the items for an interaction pattern if they had 

experienced it in at least one of their groups. Thus, only these participants were included in the analysis. 

Table 1: Descriptive statistics and severity of each interaction pattern 

# Interaction pattern n 
Experienced 

by 

Frequency 

M (SD) 

Frustration 

M (SD) 

Rank 

sum 

1 Unequal participation 74 78.72% 3.72 (0.93) 3.62 (1.04) 9 

2 Deadline rush 61 65.96% 3.79 (0.82) 3.46 (1.18) 10 

3 Ineffective communication 60 65.93% 3.30 (0.96) 4.07 (0.78) 10 

4 Social loafing 69 75.82% 3.51 (0.99) 3.97 (0.97) 10 

5 Lack of communication about working times 54 67.50% 3.19 (0.97) 4.06 (0.98) 13 

6 Undemocratic decisions 28 31.11% 3.54 (0.88) 3.39 (1.34) 14 

7 Low intensity work during early phases 71 75.53% 3.85 (0.82) 2.80 (1.10) 14 

8 Impolite communication 16 17.39% 3.06 (1.00) 4.13 (0.96) 15 

9 Dominant group member 39 41.49% 3.49 (0.97) 3.21 (1.10) 17 

10 Long waiting times for replies 49 51.58% 3.08 (1.08) 4.00 (0.82) 17 

11 No clear distribution of tasks 33 35.48% 3.18 (0.95) 3.61 (1.20) 18 

12 Nudging 42 46.67% 3.48 (1.04) 3.17 (1.51) 19 

13 Not displaying individual working progress 31 32.29% 3.10 (1.04) 3.42 (1.18) 21 

14 Phases of no interaction and communication 76 82.61% 3.29 (0.91) 2.78 (1.29) 23 
Note. Interaction patterns are sorted by severity (rank-sum). Positions at the top of the table (lowest rank sum) indicate higher severity. 

Our results showed that all of the interaction patterns occurred during online-collaboration. Mean values of above 

the scale’s midpoint suggest that as soon as a group experienced an interaction pattern, it occurred somewhat 

frequently in the group. Students reported that a slow start of the collaboration (M = 3.85; SD = 0.82), deadline 

rush (M = 3.79; SD = 0.82), unequal participation (M = 3.72; SD = 0.93), undemocratic decisions (M = 3.54; SD 

= 3.39), and social loafing (M = 3.51; SD = 0.99) occurred most frequently in their groups. In terms of the degree 

of frustration, students perceived all interaction patterns as rather frustrating as indicated by mean values above 

the scale’s midpoint. Altogether, students perceived five situations as especially frustrating, that is, the mean 

values are close to 4.0. These situations are impolite communication (M = 4.13; SD = 0.96), ineffective communi-

cation (M = 4.07; SD = 0.78), lack of communication about working times (M = 4.06.; SD = 0.98), long waiting 

times for replies (M = 4.00; SD = 0.82), and social loafing (M = 3.97; SD = 0.97). Interestingly, interaction 

patterns that occurred frequently were not necessarily perceived as frustrating and vice versa (e.g., impolite com-

munication or low intensity work during early phases). Thus, in a next step, we combined the frequency and the 

degree of frustration to investigate which interaction patterns are the most severe. Based on the rank sums we 

conclude that unequal participation, deadline rush, ineffective communication and social loafing were both fre-

quent and perceived as frustrating (cf. Table 1). Eventually, participants were also able to add interaction patterns 

that were not covered in the questionnaire. However, students did not mention specific interaction patterns, but 

instead reported frustrating situations that resulted from technical difficulties, a lack of competence in using com-

munication technologies, unclear course requirements, and that the collaborative tasks were not suited for collab-

oration. 

Discussion 
The key to collaborative learning lies in productive interactions between the learners of a group. Thus, imple-

menting collaborative activities in online courses can help mitigate negative effects that result from a lack of 

social interaction. At the same time, interaction between learners also represents a key challenge for effective 

collaboration. In this paper, we focused on interactions that are associated with frustration because frustration can 

be expected to lead to motivation loss and can thus reduce the participation of students. This is especially im-

portant because active participation and interaction among students are crucial for learning during and about col-

laboration. We developed a library with potentially frustrating interaction patterns that can occur during online-

collaboration and used a survey to specify which interaction patterns might require special attention. In particular, 

our analyses revealed four interaction patterns that rank closely in terms of severity. 1) Unequal participation, 2) 

deadline rush, 3) ineffective communication and 4) social loafing occur frequently and are also perceived as frus-

trating by learners. Notably, the interaction patterns that we identified revolve around communication and partic-

ipation. Our results suggest that learners tolerate phases with no interaction, however, if interaction happens to 
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 unequal parts or in an ineffective manner, they tend to become frustrated. We hypothesize that perceptions of 

fairness (e.g., collaboration norms, Karau & Williams, 1993) or the prospect to miss the joint goal may play a role 

for the development of dissatisfaction. The interaction patterns include two phenomena that result from a lack of 

interaction with certain team members and a perception of unfairness. Unequal participation appears to be a central 

challenge as it not only reduces motivation to participate but also decreases the performance of the group (Harding, 

2018). However, there are many operationalizations of participation (cf. Hrastinski, 2008) and so far is has not 

been investigated which indicators students use to form their perception of unequal participation. However, stud-

ies on social loafing usually use self-reports to assess unequal participation (e.g., Peñarroja, Orengo, & Zornoza, 

2017). While the results of this survey suggest that unequal participation and social loafing are indeed sources of 

frustration, Strauß and Rummel (2021) discuss after their experiment that there may be additional factors that 

affect the relationship between unequal participation and satisfaction with the collaboration. 

The present study is not without limitations. First, the sample size of the survey was relatively small and 

predominantly contained students from the social sciences. As all survey, our study was prone to self-selection as 

the teachers were free to forward the questionnaire and the students participated voluntarily. Consequently, the 

generalizability of our results may be limited and future studies should aim for a larger, more diverse and ran-

domized sample. Further, using a questionnaire at the end of the teaching semester reduced the reliability of the 

measurement because participants had to rely on their long-term memory to answer the questions instead of rely-

ing on memories about recent collaborative activities. This increases the potential influence of participants’ im-

plicit theories about collaborative learning in online-groups on our results. Against this background, we welcome 

studies that collect data shortly after a collaborative activity, or which employ behavioral data to capture interac-

tion patterns. Finally, we acknowledge that focusing on frustration as an outcome is a selective approach. There-

fore, we would like to encourage researchers and practitioners to add interaction patterns that affect other im-

portant variables such as learning outcomes or motivation. 

In conclusion, instead of presenting the usual model of good collaboration, we accumulated suboptimal 

interaction patterns and identified interaction patterns that call for particular attention by researchers, practitioners 

and educators. To corroborate and expand our findings, future studies should employ research designs that allow 

to infer causality and analyze collaboration processes in greater detail. For example, experimental studies with 

confederate group members can create the interaction patterns in controlled settings and thus can help investigate 

the relationship between interaction patterns and variables such as satisfaction or motivation. Our paper highlights 

the role of dissatisfaction and frustration during collaboration and would like to encourage researchers to further 

investigate the role of these and similar affective variables. We are confident that the present study can also inform 

educational practice, especially for settings that rely on remote online learning. We propose that educational de-

sign should not only aim for increasing the opportunities for productive interactions but also should consider 

interactions that may cause frustration. Focusing on challenges for collaboration in online-collaboration offers a 

valuable alternative perspective because instruction or collaboration support can be directly targeted towards un-

favorable processes. In this regard, educators can take precautions to mitigate interaction patterns and prepare 

students for web-based collaboration. This concerns not only the design of collaborative assignments or the con-

figuration of the learning setting but also instruction, training or collaboration support for the learners. To address 

the four most severe interaction patterns, forming small groups and developing tasks that create social interde-

pendence among learners can help reduce the danger of unequal participation or even social loafing (Johnson & 

Johnson, 2009). Further, students may benefit from support or training that helps them communicate effectively, 

especially in computer-mediated settings (e.g., in terms of grounding and media constraints, Clark & Brennan, 

1991). Additionally, the learning environment, dedicated instructions or collaboration support could afford or 

facilitate monitoring the collaboration and early coordination and thus mitigate a deadline rush towards the end 

of the collaboration (cf. Jeong & Hmelo-Silver, 2016). 
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