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Computer-Supported Collaborative Learning in Higher Education: An 

Experimental Analysis of Small-Group Collaboration in Web-Conferencing 

 

Abstract: Computer-supported collaborative learning (CSCL) is a widely known and used 

teaching and learning approach in higher education online and hybrid scenarios. When planning 

an online or hybrid session from a didactic point of view, in most cases only the maximum 

capabilities of the planed CSCL-tool are considered. However, participants differ in their 

interindividual tool usage, e.g., webcam usage, due to personal or technical reasons. In result, a 

CSCL-session planned on a web-conferencing platform can unintentionally turn into a session on 

a spectrum from videoconferencing (all participants use their webcam and microphone) over 

audioconferencing (participants refusing webcam usage) to synchronous text-chat (webcam- and 

microphone-refusal). In worst case this can cause misleading conclusions about the didactic 

match between tool and task with negative effect on teaching and learning. To consider the 

users’ interindividual tool usage, we conducted an online experiment with 45 undergraduate 

students building 15 three-student groups performing a murder mystery based on hidden-profile-

paradigm. The murder mystery task simulated a typical CSCL-session task in higher education, 

where an ad-hoc small-group of three students collaborate by pooling shared and unshared 

knowledge into a common solution. This data-driven approach targeted to evaluate potential 

differences in (a) task performance, (b) interaction-process quality, and (c) mental workload 

between CSCL-sessions intentionally planned to be performed on a web-conferencing platform 

by the lecturer for didactic reasons but participants refuse to use webcam or microphone. The 

gained insights should serve to define CSCL related policies and practices, which are conducive 

to learning. Despite from theory and prior empirical findings deduced expected differences, no 

evidence of superiority of one of the three experimental conditions (videoconferencing, 

audioconferencing, and synchronous text-chat) could be observed in this contribution. Possible 

reasons for this result, limitations of this study, and practical implications are discussed. 

Keywords: computer-supported collaborative learning, small-group collaboration, web-

conferencing, synchronous online & hybrid teaching 

1. Introduction 

Collaborative Learning (CL) is an instructional strategy with a positive impact on student 

achievement (Cohen’s d = 0.39) in general [1]. Especially in undergraduate STEM programs, a 

CL approach results in greater academic achievement (Cohen’s d = 0.51), more favorable 

attitudes towards learning (Cohen’s d = 0.55), and increased retention (Cohen’s d = 0.46) [2]. 

Thus, regarding STEM programs CL exceeds Hattie’s hinge-point of (d = 0.40), which identifies 

desired effects of teaching approaches outperforming developmental or teacher effects [3], [4]. 

[5] defines CL as an educational approach in which dyads or small groups of no more than six 

students interact for the purpose of learning among each other. Participating students turn from 

passive recipients of education into active learners. Contrasted with cooperation, where students 

assemble partial outcomes of their interindividual learning to a group product, collaboration is a 

coordinated, synchronous social activity to construct knowledge jointly based on interactions like 



negotiation and information sharing [6]. The lecturer’s role changes from identifying content as 

important and delivering it into supporting to create opportunities for students to organize, 

clarify, or practice information independently by social interaction [5]. 

Based on the temporal persistence of a social interaction and pedagogical purpose, three common 

formats for collaborative learning can be distinguished. Formal learning groups are sustaining 

collaborations to accomplish explicit academic assignments taking place in a course period, a 

semester, or beyond. Informal learning groups are spontaneous or temporary groupings for a 

single session focusing to address shorter tasks, e.g., exchanging ideas, responding to a specific 

question, or problem-solving. Study groups institutionalize a mutual peer-support (often outside 

lecture-hall) to complete course or class assignment consistently over a course period. [5] 

Computer-supported collaborative learning (CSCL) refers to educational settings, in which 

collaborative learning is mediated by information and communication technologies (ICT) [7]. A 

variety of ICT have been developed to support diverse CSCL-scenarios in education [8], adding 

synchronous and asynchronous capabilities. While synchronous CSCL-scenarios promise the 

highest similarity to face-to-face (FTF) CL-scenarios, allowing in principle the same CL formats 

in a computer mediated environment, the usage of ICT offer unique benefits [9]. Despite 

potential limitations due to different time-zones or development state of digital infrastructure, 

synchronous CSCL-scenarios eliminate spatial distance between collaborators [9]. This allows to 

establish joint courses between departments or universities or to involve lecturers or experts from 

industry, regardless of their location while reducing travel expense to a minimum [9]. Similarly, 

this approach expands the application of modern methods for distance learning in engineering, 

such as remote laboratories [9]. 

According Theory of Media Synchronicity (TMS) [10], the key to effective use of media (ranging 

from FTF to various ICT) is to match its capabilities to the group task to be executed. For this, 

TMS distinguishes capabilities of a specific media with the five factors (1) immediacy of 

feedback, (2) parallelism, (3) symbol variety, (4) reprocessability, and (5) rehearsability. 

Immediacy of feedback describes how fast a group member can respond to a received 

information, e.g., FTF is faster (higher feedback) than e-mail (lower feedback). The number of 

effective simultaneous conversations defines the parallelism of a media. While parallelism on a 

virtual whiteboard is high, during audioconferencing the group members have to exchange their 

information one after the other, resulting in low parallelism. The symbol variety is the number of 

channels an information can be communicated. While FTF allows to communicate an 

information with a variety of verbal, non-, and paraverbal channels, a text-chat is reduced to 

words and possibly additional cues, e.g., emojis. Reprocessability refers to the reusability of a 

communication artefact. While an unrecorded video conference is not allowing to forward 

discussed information directly, the easy forwardability of e-mails describes high reprocessability. 

Rehearsability is the extent to which a sender can edit a message prior sending. Media requiring 

writing down the information to be communicated typically show higher rehearsability. Some e-

mail and chat applications even allow to correct already sent mails under specific circumstances. 

[10], [11] 



Taking the distinguished capabilities of different media into account, an empirical assessment of 

their performance differences derived from theory is warranted. Here, experiments indicate that 

small-groups in FTF-condition mostly outperform those in ICT-condition solving a hidden-

profile task [12] in sense of task solution accuracy [13]–[15], successful information processing 

[13]–[15], or lower mental workload [15]. On the other hand, meta-analysis [8] shows a positive 

effect of using CSCL in STEM higher education for the three domains process outcomes 

(Hedge’s g = 0.58, n = 34), knowledge outcomes (Hedge’s g = 0.53, n = 201), and affective 

outcomes (Hedge’s g = 0.38, n = 81) in general, and no significant difference (Q(3) = 1.87, 

p = .599) between FTF- (Hedge’s g = 0.51, n = 146), synchronous- (Hedge’s g = 0.51, n = 75), 

and asynchronous-collaboration (Hedge’s g = 0.50, n = 73). As research currently shows no 

consistent empirical picture, there is a lack of systematic research, for example, on the effect of 

interindividual user behavior in a particular medium, too. 

2. Research Aim and Purpose 

In this contribution we focus on effects based on the student’s behavior in a synchronous online-

session intentionally planed by using a web-conferencing platform. From a TMS perspective, the 

use of a web-conferencing platform should offer comparable capabilities as FTF with slightly 

lower value in immediacy of feedback [10]. However, this assessment is only valid if all users 

make full use of all interaction channels, e.g., activated webcam and microphone, the web-

conferencing platform offers. Often in web-conferencing platforms integrated collaboration 

tools, e.g., virtual whiteboards, even promise to improve parallelism, reprocessability, and 

rehearsabiltiy compared to FTF from a TMS perspective. 

Despite of lecturers’ intended interaction channels in a CSCL-session, students differ in their tool 

usage, e.g., webcam usage [16], [17], due to personal or technical reasons. In result, a CSCL-

session planned on a web-conferencing platform can unintentionally turn, only based on 

students’ interindividual tool usage, into a type of (a) videoconferencing, where all participants 

use their webcams and microphones, (b) audioconferencing, where participants collaborate with 

deactivated webcams via microphone only, or (c) synchronous text-chat, where all participants 

attend the synchronous online-session but collaborate via text-chat only while webcams and 

microphones remain deactivated. From a TMS perspective, deactivating the webcam would 

reduce the feedback capabilities compared to using the webcam as the lecturer’s tool choice 

intended, while having the lowest symbol variety even compared to a synchronous text-chat [10]. 

Interacting only via text-chat, by deactivating webcam and microphone, would at least expand 

the symbol variety compared to audioconferencing and have the potential to increase the 

parallelism, rehaearsability, and reprocessabiltiy even compared to collaborating only via 

webcam and microphone [10]. However, focusing only on the used ICT capabilities under 

intended usage without taking the users’ interindividual behavior into account, can cause 

misleading conclusions about the tool’s task match and the effect on teaching and learning. 

With this contribution we want to gain deeper insights into the effects of students’ interindividual 

tool usage in CSCL-settings used in synchronous online or hybrid higher education teaching and 

learning. Specifically, we want to address the question if there is any superiority of students’ 

usage of webcam, microphone, or text-chat regarding group performance, interaction-process 



quality, or mental workload imposed by a task while collaborating in a synchronous CSCL-

scenario intentionally planned on a web-conferencing platform. Understanding possible differing 

effects of students’ usage of webcam, microphone, and text-chat during CSCL-settings will serve 

to define CSCL related policies and practices, which are conducive to learning. 

To simulate a real-world collaboration of an ad-hoc small-group like an informal learning group 

a task based on the hidden-profile-paradigm [12] can be issued [13]–[15], [18]. A hidden-profile 

is a psychologic paradigm allowing to explore small-group behavior in a decision making 

situation where solution-relevant information is distributed among group members in a way that 

no individual group member can find the solution based on their individual information alone 

[19]. For this, a total amount of information pieces is partly received prior a group discussion by 

all group members (shared knowledge), whereas some information pieces are received by each 

group member exclusively (unshared knowledge). While the individual group members are not 

aware that each of them holds unshared information exclusively, the group members have to 

pool especially the unshared information pieces during the discussion to solve the task [18], [20]. 

This way the hidden-profile-paradigm enables to explore various aspects of a small-group 

decision making, e.g., differences in mentioning shared and unshared information during 

discussion, difference in decision quality based on hidden versus manifest profiles or information 

pooling, as well as effects of different communication technologies on information pooling or 

decision quality [20]. Taking empirical findings from [13]–[15] and above TMS considerations 

regarding students’ tool usage in a web-conference into account, we posed following research 

question (RQ): 

RQ1. Differ small groups collaborating in a web-conference significantly in their task 

performance depending on their participants' usage of webcam, microphone, and text-chat? 

The hidden-profile-paradigm allows to measure the task performance in an objective perspective 

(degree of achieving the correct solution) and subjective perspective (confidence in found 

solution). Based on the objective and subjective perspectives of RQ1, the following two 

hypotheses (H) can be derived: 

H1a. Small groups collaborating in a web-conference differ significantly in the task achievement 

depending on their participants' usage of webcam, microphone, and text-chat. 

H1b. Small groups collaborating in a web-conference differ significantly in their confidence in 

their task solution depending on their participants' usage of webcam, microphone, and text-chat. 

Additionally to the task performance the hidden-profile-paradigm allows to evaluate the 

interaction-process quality between the group members in various ways, e.g., [13]–[15]. To 

analyze the pooling process of information and their integration into a common solution, 

researchers use various methods and their combinations reaching from retrieval tasks, e.g., [13], 

[14], to transcription based analyses with coding procedures, e.g., [13], [15]. This led to: 

RQ2. Differs the interaction-process quality of small groups collaborating in a web-conference 

significantly depending on their participants' usage of webcam, microphone, and text-chat? 



Comparable to task performance we can address RQ2 in an objective and subjective measure. 

While the objective perspective quantizes the amount of pooled information, the subjective 

perspective covers the social dimension of interaction [15], e.g., the interindividual group-

member’s satisfaction with and judgement of the interaction process: 

H2a. The amount of unshared information pooled during a small group collaboration in a web-

conference differs significantly depending on their participants' usage of webcam, microphone, 

and text-chat. 

H2b. The interindividual satisfaction with and judgement of interaction-process of a small group 

collaborating in a web-conference differ significantly depending on their participants' usage of 

webcam, microphone, and text-chat. 

The interaction between task variables (objectives, requirements, structure), environmental 

circumstances, system resources and human operator variables (skills, behaviors, perception) 

impose a mental workload incurred by the human operator [21], leading to:  

RQ3. Differs the mental workload imposed by performing a small group collaboration task in a 

web-conference significantly depending on their participants' usage of webcam, microphone, and 

text-chat? 

Accordingly, we hypothesized: 

H3. The mental workload imposed by performing a small group collaboration task in a web-

conference differs significantly depending on their participants' usage of webcam, microphone, 

and text-chat. 

3. Methods and Materials 

3.1. Study Design and Procedure 

To address the research questions and test the hypotheses derived from them, we conducted an 

online experiment with a single-factor design. From a technical perspective, the online 

experiment was implement on the web-conferencing software ZOOM [22] with additional usage 

of the survey platform UNIPARK [23] for assessing the dependent variables (DV). The online 

experiment simulated an ad-hoc informal learning group CSCL task [5], conducted in a 

synchronous or hybrid online teaching and learning scenario in higher education. For this, we 

designed a murder mystery based on the hidden-profile-paradigm [12], where a small-group of 

three students has to collaborate by pooling task related knowledge and integrate it into a 

common solution. The factorial design covered three levels of independent variable (IV) 

determined by the technical environment each small-group collaborated in. In a between-group 

design, each participating small-group was randomly assigned to one of the three IV levels to 

collaborate on ZOOM while (1) using their webcams and microphones (videoconferencing), (2) 

collaborate with deactivated webcams via microphone only (audioconferencing), or (3) using 

only synchronous text-chat while webcams and microphones remain deactivated. 

Students of Hochschule Bonn-Rhein-Sieg, University of Applied Sciences (H-BRS), Germany 

were invited via e-mail distribution list to participate in an online research project with a duration 



of approximately 45 minutes during which a fictitious criminal case was to be solved by a small-

group of three students. The participants were allowed to form groups on their own or show up 

alone and get randomly assigned. After reception of the three participants in ZOOM [22] with an 

oral introduction into the experimental procedure and an informed consent regarding data 

privacy the participants started individually with a demographic survey in UNIPARK [23], 

followed by the murder mystery containing the small-group collaboration task in ZOOM [22]. 

For the collaboration each group was randomly assigned to one of three IV levels, allowing to 

assess the objective (DV1a) and subjective (DV1b) task performance. After the murder mystery 

the participants filled out individually a survey in UNIPARK [23] to assess the mental workload 

(DV3) imposed by the murder mystery followed by an objective (DV2a) and subjective (DV2b) 

measurement of the small-group interaction-process quality during the murder mystery. The 

experiment ended with informing the participants about the experiment`s background and 

answering their questions. 

3.2. Measures 

3.2.1. Demographics 

The demographic survey consisted of 17 items to assess the participants’ age, gender, enrolled 

degree program, semesters spent in higher education, the degree of familiarity in each small-

group, the participants’ personality traits, and the device used during the experiment. The 

demographic variables were used (a) to describe the sample in detail and (b) to ensure the 

internal validity [24] of the experimental approach by capturing possible systematic participant 

related differences between the sub-samples of the three experimental conditions. The variables 

age, gender, enrolled degree program, semesters spent in higher education are typical variables 

to describe the planned sample from a student population and are assessed by open-ended item 

response format or in case of gender by a single-choice format. To assess the degree of 

familiarity in each small-group the group members were asked individually if they cooperated 

prior the experiment with (a) both, (b) one, or (c) none of the other group members. 

From a psychologic view, personality has a broad impact on one’s experience and behavior and 

is a predictor for individual outcomes, e.g., well-being or physical health, interpersonal 

outcomes, e.g., peer relationships, and institutional outcome, e.g., occupational choice or 

performance [25]. A common model to describe one’s personality is the five-factor-model of 

personality (Big Five) covering the factors openness (to experience), conscientiousness, 

extraversion, agreeableness, and neuroticism [26]. To assess the participants’ values on the five 

factors in this contribution a validated Big Five Inventory (BFI-10) [27] was used. 

The BFI-10 consists of 10 items in fixed order. Each of the five personality factors is measured 

by two items, while one is reverse worded requiring re-coding prior further analysis. Based on 

the used items’ response format (five-point Likert-scale with the anchors 1= disagree strongly, 

2= disagree a little, 3= neither agree nor disagree, 4= agree a little, and 5= agree strongly) higher 

factor values imply higher values in the related personality dimension. The German version 

shows retest-reliabilities between rtt = .49 (neuroticism) und rtt = .84 (extraversion) and 

correlates high with the corresponding main-scales of NEO-PI-R (r = [.61,.79]). Content, 



factorial, convergent, divergent and predictive validity is given. Normative data are available 

enabling comparisons between the experimental sample and the normative sample. [27] 

Assessing the used device during the experiment ensures that the participants could actively 

participate in the small-group task. The participants were asked if they use (a) a desktop/laptop, 

(b) a tablet, (c) a smartphone, or (d) another device to participate. 

3.2.2. Small-group task performance 

The small-group-collaboration task consisted of a fictitious criminal case structured as a hidden-

profile task [12], specifically designed for this contribution. Meta-analysis [20] describes five 

variables in hidden-profile design elements moderating the small-group behavior, i.e., group size, 

amount of total information pieces, ratio of shared / unshared information, type of task’s 

objective (finding the objectively correct solution determined by all information vs. finding a 

best choice determined by individual judgments of every piece of information), and hidden-

profile strength (degree of dissent among members’ prediscussion preferences or individual 

strength of preferring the wrong/suboptimal solution prior discussion). 

In this contribution, a hidden-profile task based on a murder mystery with a group size of three 

participants were designed. The murder mystery task’s objective given to the participants during 

introduction were to identify the objectively correct murderer out of three suspects by 

determining three typical criminal case indicators (means, motive and opportunity) [28] 

correctly. In total, the group received 60 pieces of information in form of fictious criminal 

casefiles prior discussion. 

Table 1 

Distribution pattern of information pieces regarding murder and three suspects in total and by group members prior 

discussion 

Information piece Group member / case file version 

Topic Condition Valence Total 1 2 3 

General murder 

circumstances 

Sharedc - 12 12 12 12 

Unshared - 0 0 0 0 

Suspect A 

Shared 

Incriminating 6 6 6 6 

Neutral 1 1 1 1 

Exonerating 0 0 0 0 

Unshared 

Incriminating 1 1 0 0 

Neutral 3 1 1 1 

Exonerating 5 1 2 2 

Suspect B 

Shared 

Incriminating 6 6 6 6 

Neutral 1 1 1 1 

Exonerating 0 0 0 0 

Unshared 

Incriminating 0 0 0 0 

Neutral 6 2 2 2 

Exonerating 3 1 1 1 

Suspect Ca 

Shared 

Incriminating 0 0 0 0 

Neutral 7 7 7 7 

Exonerating 0 0 0 0 

Unshared 

Incriminating 6 2b 2b 2b 

Neutral 3 1 1 1 

Exonerating 0 0 0 0 

Note. a Correct murderer to be identified. b For each group member, incriminating information contains one information 

about the motive and one about the opportunity for murder. c Contains means of murder. 



12 information pieces focus on the general murder circumstances, e.g., forensic results about the 

means of murder. Further 48 information pieces focus on three suspects for murderer (16 

information pieces for each suspect) containing neutral, incriminating, and exonerating facts 

regarding their potential motive and opportunity for the murder. While 33 of the in total 60 

pieces of information were received by all team members (55% shared knowledge) each 

participant in the three-student group received further nine exclusively (45% unshared 

knowledge). The distribution pattern of shared and unshared information pieces is shown in 

Table 1. To strengthen the hidden-profile, the initial information distribution pattern as well as 

some neutral information pieces are designed in a way that all participants tend to prefer one of 

the innocent suspects as the murderer. To solve the criminal case, the 27 unshared information 

pieces have to be pooled during the group discussion. For identifying the correct motive and 

opportunity for murder, especially the six incriminating information pieces regarding suspect C 

consisting of each three information pieces for motive and opportunity needed to be exchanged 

among the participants. Prior group discussion the participants read the instructions and casefile 

separated from each other on UNIPARK [23]. The instructions described the task objective as 

objectively correct solvable by the given information in the casefile. The participants were not 

informed that each participant receives unshared information exclusively. For this purpose, a 

cover story was used by briefing the participants that the casefile consists of 42 information 

pieces regarding the murder and the three suspects. As shown in Table 1, each participant 

received an individual casefile consisting of 42 information pieces which were presented as list 

in four blocks. The first block of each individual casefile was containing the 12 information 

pieces regarding general murder circumstances. The following three blocks consisted of 10 

information pieces in fixed order for a specific suspect and were presented in random order. The 

participants had 15 minutes to read the casefile separated from each other without taking notes. 

Afterwards, the presentation of the casefile stopped automatically and each participant was asked 

to identifying the murderer with a single-choice response format and each of the three criminal 

case indicators (means, motive and opportunity) by an open-ended format. Additionally, the 

participants rated their confidence in their solution for each of the four solution elements on a 

five-point Likert-scale format (1= very unconfident, 5= very confident). For the small-group 

discussion the three participants were connected on ZOOM [22] and randomly assignment to one 

of the IV levels (videoconferencing, audioconferencing, or synchronous text-chat). The 

participants could discuss the criminal case for a maximum of 20 minutes or stop the discussion 

any time prior. In the videoconferencing condition the small-group had to discuss with activated 

webcam and microphone, in the audioconferencing condition the participants had to deactivate 

their webcams during discussion, and in the synchronous text-chat condition the participants 

were only allowed to use the chat functionality of the ZOOM [22] session. After the discussion 

the group was separated and each group member was asked again to identify the murderer and 

each of the three criminal case indicators, as well as to rate the confidence in this solution with 

the same response formats used prior discussion. 

The higher the frequencies f of correct identified murderer and the two criminal case indicators 

motive and opportunity for murder after the small-group discussion, the higher the objective 

small-group task performance (DV1a). The subjective perspective of small-group task 

performance (DV1b) is calculated by averaging the self-rated confidence in the four reported 



case solution elements (murderer, means, motive, and opportunity) after the discussion. Based on 

the used response format the higher the mean value of confidence in a solution the higher the 

subjective task performance. 

3.2.3. Small-group task mental workload 

To obtain and compare the mental workload (DV3) imposed by performing a hidden-profile-task 

in different media, [15] used the NASA Task Load Index (NASA-TLX) [21], [29]. The NASA-

TLX is a multi-dimensional scale consisting of the six subscales: Mental, Physical, and 

Temporal Demands, Frustration, Effort, and Performance, representing the workload 

experienced by performing a variety of task ranging from laboratory tasks to operating an aircraft 

[30]. Each dimension is assessed in a single item format, e.g., Effort: “How hard did you have to 

work (mentally and physically) to accomplish your level of performance?”, and rated by a 

bipolar response scale with the endpoints 0= low and 100= high (except Performance: 

good/poor). 

In this contribution the German translation [31] of the multidimensional NASA-TLX [21], [29] 

was used. [30] reports the appropriateness of the planned application area expected in the murder 

mystery, i.e., communications, teamwork, decision-making. Appropriate instrument’s sensitivity 

in measuring the perceived workload is expected [32], [33]. To prevent biasing the workload 

measurement of the small-group task from subsequent tasks the assessment of the workload 

follows directly the murder mystery [34], [35]. To implement the response scale on the online 

survey platform a horizontal slider with 11 vertical tick marks dividing the scale from 0 to 100 in 

increments of 10 was used. As there is no physical demand of the online performed task 

expected, the NASA-TLX dimension Physical Demand were omitted due to test-economic 

reasons. In line with common practice and deviant from [29], the overall workload was 

calculated by averaging the five subscales without a weighting procedure, referred to as Raw 

TLX (RTLX) [30], [33], [35], [36]. The higher the mean NASA-RTLX value in an experimental 

condition, the higher the mental workload (DV3) imposed by fulfilling the small-group task in 

this specific condition. 

3.2.4. Objective small-group interaction-process quality 

The objective interaction-process quality (DV2a) of the small-group discussion during the 

murder mystery in the three experimental conditions is operationalized by a retrieval task. The 

task enables to quantify the amount of initially unshared information pieces pooled during the 

discussion. The more unshared information pieces are pooled the higher the interaction-process 

quality during a small-group discussion. For this contribution we choose a retrieval task adapted 

from [13] and [14], as a memory related task covering encoding, retention, and retrieval suits 

more the CSCL focus of this contribution compared to content analysis approaches used in [13], 

[15]. A cue supported recognition task adapted from [13] instead of free recall, e.g., [14], of 

pooled information were used to reduce the participants’ workload and memory related biases. 

The retrieval task consists of all 27 initially unshared information pieces shown in Table 1. The 

information pieces are listed in a fixed order from suspect 1 to 3 starting with the nine unshared 

information pieces regarding suspect 1. From a methodologic perspective, the fixed order keeps 



potential confounding variables due to fixed presentation order constant between all participants 

in all three experimental conditions. Each of the 27 unshared information pieces has to be judged 

by the participants on a nominal response scale with the five steps: 1= “I have read in the casefile 

but not reported in the discussion.”, 2= “I have read in the casefile and also reported in the 

discussion.”, 3= “Reported by another group member.”, 4= “I have neither read in the casefile 

nor was it reported in the discussion”, and 5= “Can't remember / none of these answers fits”. A 

scoring procedure on the level of each of the 15 small-groups allows to identify for each group 

how many information pieces has been (a) clearly not pooled, (b) doubtfully pooled with 

indication that the information piece has been reported, or (c) clearly pooled. For this purpose, 

the response combination of the individual group members to each information piece was 

analyzed individually per group and aggregated in an overall pooling-judgment per information 

piece. During the scoring procedure, an information piece was rated as (a) clearly not pooled 

during the small-group discussion, when the group member, who could read the information 

piece in the individual casefile, responded that he/she read it in the casefile but did not report it 

(=1), that he/she did neither read it in the casefile nor that it was reported from another group 

member during discussion (=4) or if he/she cannot remember (=5) and the other two group 

members responded a rating of 4 or 5, too. In contrast an information piece was rated as (c) 

clearly pooled during the discussion, when the group member, initially holding the information 

piece exclusively, responded that he/she read it in the casefile and reported it in the discussion 

(=2) and the other two group members response that this information piece has been reported 

from another group member (=3). All other response combinations (e.g., the information holder 

cannot remember (=5) and one of the other group members, responded that it was reported by 

another group member (=3)) are showing that it is doubtful that the information piece was clearly 

pooled during the discussion. Nevertheless, as at least one group member recognized the 

information as reported, although he/she could not know the information from the individual 

casefile, there are references that the information holder errs in the retrieval task response and 

actually reported the information piece during discussion (=b). 

The higher the frequency f of (a) clearly pooled unshared information pieces or (b) doubtfully 

pooled but with strong indication of report during the small-group discussion and the lower the 

frequency f of (c) clearly not pooled unshared information pieces the higher the objective 

interaction-process quality (DV2a) of the small-group discussion during the murder mystery in 

the three experimental conditions. 

3.2.5. Subjective small-group interaction-process quality 

The subjective interaction-process quality (DV2b) of the small-group discussion during the 

murder mystery in the three experimental conditions covers the social dimension of interaction 

[15]. It is operationalized by a self-report scale quantifying various aspects of pooling unshared 

information pieces during the discussion. The self-report scale consists of eight items answered 

in a five-point Likert-scale format (1= disagree strongly, 2= disagree a little, 3= neither agree nor 

disagree, 4= agree a little, and 5= agree strongly). The items cover the overall satisfaction with 

the interaction-process during small-group discussion, e.g., “I am satisfied with the way the 

group cooperated.”, the pooling interaction, e.g., “I directly understood the information and 



arguments of the other two group members.”, and the decision making, e.g., “The group decision 

is based on all the information provided by the individual group members.” One reverse worded 

item, “I felt frustrated or tense because of the others’ behavior.” required re-coding prior further 

analysis. 

The total score is calculated by averaging the eight items and allows a comparison of the self-

reported subjective interaction-process quality of the small-group discussion during the murder 

mystery in the three experimental conditions. Based on the used response format a higher score 

mean implies a higher subjective interaction-process quality (DV2b). 

3.3. Data Analysis 

Statistical analyses in this contribution were performed in SPSS 29 [37]. In general, inferential 

statistical analysis were evaluated conservatively by performing tests two-tailed and using 

Welch-corrected t-test independently from prior test of equality of variances (Levene-test) [38], 

[39]. In case of ANOVA, a robust bootstrap version of heteroscedastic one-way ANOVA for 

trimmed means and percentile t bootstrap method (Fbt) were used as implemented in WRS2 

Package [40], [41] for R [42]. A trimming factor of 20% allows to eschew tests for normality 

while using 1000 bootstrap samples promise estimates with higher reliability [43]. Additionally, 

bias corrected and accelerated BCa 95% Confidence Interval based on 1000 bootstrap samples 

was calculated for mean values of dependent variables. Plots were created in jamovi [44]. All 

missing data in the dataset could be classified as missing completely at random (MCAR) as they 

were unrelated to the observed and other values in the dataset. Therefore, missing values were 

excluded from statistical analysis by pairwise deletion. 

3.4. Sample description 

In total, 45 undergraduate students from H-BRS participated in this experiment by forming 15 

three-student groups (five groups for each of the three experimental conditions). A detailed 

sample description regarding participants’ age, gender, enrolled degree program, semesters 

spent in higher education, the degree of familiarity in each group, participants’ personality 

traits, and device used during the experiment for each experimental condition as well as the total 

sample are shown in Table 2. 

39 students stated their age (six missing values), resulting in a mean of M = 22.33 years 

(SD = 2.94 years) with a minimum of 18 years and a maximum of 30 years. The three sub-

samples of the experimental conditions did not differ significantly (Fbt = 0.51, p = .66). 75.6% of 

the participants identified as female, 24.4% as male. The gender distribution between the three 

experimental conditions did not differ significantly (exact Fisher-Freeman-Halton test’s ptwo-

tailed = 1). The recruited subjects were from three different degree programs. 42.2% studied 

Business Psychology, 53.3% Business Management, and one subject Chemistry with Materials 

Science (1 missing value). An exact Fisher-Freeman-Halton test showed no systematic 

differences between the experimental conditions regarding the degree program (ptwo-tailed = .95). 

The n = 45 participants spent in mean M = 3.89 semesters (SD = 1.57, Min = 1, Max = 7) in their 

current degree program. Based on a robust bootstrap version one-way ANOVA for trimmed 

means (Fbt = 2.79, p = .08) there are no significant differences between the experimental 



conditions. 48.9% of the subjects stated that they had collaborated in prior tasks with the other 

two group members, 33,3% had prior collaboration experiences with at least one other group 

member. 17,8% had no prior experiences with the other subjects in the group. The degree of 

familiarity in each group did not differ systematically (exact Fisher-Freeman-Halton test’s ptwo-

tailed = .88) between the three experimental conditions. 

Table 2 

Participants’ attribute frequencies, means and standard deviations by experimental condition 

Attribute 
Experimental condition 

Total 
Video Audio Chat 

Age  

M = 21.73 

SD = 1.87 

n = 15 

M = 22,82 

SD = 3.13 

n = 11 

M = 22,62 

SD = 3.80 

n = 13 

M = 22.33 

SD = 2.94 

n = 39 

Gender 
Male 4 4 3 11 

Female 11 11 12 34 

Enrolled 

Degree 

Program 

Business Psychology 6 6 7 19 

Business Management 9 8 7 24 

Chemistry with 

Materials Science 
0 0 1 1 

Not specified 0 1 0 1 

Semesters in 

Higher 

Education 

 

M = 3.27 

SD = 1.49 

n = 15 

M = 4.40 

SD = 1.40 

n = 15 

M = 4.00 

SD = 1.69 

n = 15 

M = 3.89 

SD = 1.57 

n = 45 

Familiarity 

Both other group 

members 
6 9 7 22 

One other group 

member 
6 4 5 15 

None in group 3 2 3 8 

Big Five 

personality 

traits 

Openness 

M = 3.80 

SD = .94 

n = 15 

M = 3.23 

SD = 1.05 

n = 15 

M = 3.68 

SD = 1.08 

n = 14 

M = 3.57 

SD =1.03 

n = 44 

Conscientiousness 

M = 3.70 

SD = .94 

n = 15 

M = 3.77 

SD = .68 

n = 15 

M = 3.53 

SD = .81 

n = 15 

M = 3.67 

SD = .80 

n = 45 

Extraversion 

M = 3.87 

SD = .72 

n = 15 

M = 3.47 

SD = .77 

n = 15 

M = 3.90 

SD = .87 

n = 15 

M = 3.74 

SD = .80 

n = 45 

Agreeableness 

M = 3.37 

SD = .90 

n = 15 

M = 3.53 

SD = .93 

n = 15 

M = 3.23 

SD = .73 

n = 15 

M = 3.38 

SD = .85 

n = 45 

Neuroticism 

M = 3.10 

SD = .97 

n = 15 

M = 2.93 

SD = 1.02 

n = 15 

M = 3.27 

SD = .75 

n = 15 

M = 3.10 

SD = .91 

n = 45 

Device 
Desktop/Laptop 14 15 14 43 

Tablet 1 0 0 1 

Smartphone 0 0 1 1 

Note. n = (sub)sample size. M = mean. SD = standard deviation. Values without formula symbol are absolute frequencies. 

An analysis of the participants’ personality traits based on the five-factor model showed no 

significant differences between the three experimental conditions in all of the five dimensions 

openness (Fbt = 1.63, p = .21), conscientiousness (Fbt = 0.36, p = .67), extraversion (Fbt = 1.16, 

p = .35), agreeableness (Fbt = 1.05, p = .38), and neuroticism (Fbt = 0.66, p = .55). A comparison 

with the BFI-10 normative sample [27] showed no significant differences in the three dimensions 

openness (t(53.08) = -0.86, ptwo-tailed = .39), extraversion (t(63.62) = 0.65, ptwo-tailed = .52), and 

agreeableness (t(55.780) = -0.39, ptwo-tailed = .70) between the sample of this contribution and the 



normative data. In dimension conscientiousness the sample (Table 2) showed in mean significant 

lower values (t(59.364) = -3.35, ptwo-tailed = .001, Cohen’s d = .54) as the normative sample 

(M = 4.10, SD = .83, n = 292). This difference can be classified as a medium effect [45]. In 

dimension neuroticism the sample of this contribution showed in mean higher values 

(t(55.913) = 5.49, ptwo-tailed < .001, Cohen’s d = .94). Based on the used response scale, higher 

values in this dimension result in higher neuroticism of the experiment participants compared to 

the normative sample (M = 2.31, SD = .83, n = 292). This difference can be classified as high 

[45]. Used selection criteria to optimize the fit between the normative data extract and the 

demographic of this contribution’s sample were (a) German participants, (b) not gender-specific, 

and (c) high education level with at least 11 years of formal education (comparative values in 

Table 3). Cohen’s d values were calculated manually according [46]. 

Used devices during experiments were appropriate for the individual task performed in the 

different experimental conditions (e.g., no smartphone usage in videoconferencing condition) 

and did not differ significantly (exact Fisher-Freeman-Halton test’s ptwo-tailed = 1) between the 

three experimental conditions. 

4. Results 

4.1. Descriptive Statistics 

4.1.1. BFI-10 psychometric scale-analysis 

Table 3 shows the values of the psychometric scale analysis of the BFI-10 used to assess the 

participants personality traits as well comparative values of the related normative sample used in 

the sample description of this contribution. 

Table 3: 

BFI-10 scale analysis and normative sample comparative values 

BFI-10 

Dimension 

O C E A N Normative samplea 

n = 44 n = 45 n = 45 n = 45 n = 45 n = 292 

Openness (.79)     M = 3.71, SD = .89 

Conscientiousness .09 (.51)    M = 4.10, SD = .83 

Extraversion -.24 .17 (.62)   M = 3.66, SD = .92 

Agreeableness .24 -.14 -.13 (.54)  M = 3.43, SD = .77 

Neuroticism .23 -.20 -.11 -.09 (.65) M = 2.31, SD = .83 

Note. n = (sub)sample size. M = mean. SD = standard deviation. Values in brackets show sub-scale’s Spearman-Brown reliability. Values 
below diagonal show Pearson’s product moment correlation. * p < .05 (two-tailed). a Selection criteria: (a) German participants, (b) not 

gender-specific, (c) high education level with at least 11 years of formal education [27]. 

As expected from the reported factorial validity of the BFI-10 [27], the inter-scale correlations 

showed no systematic associations between any of the five dimensions. In line with common 

practice, the reliability of the five dimensions were calculated by Spearman-Brown coefficient 

[47]. All dimensions showed low reliability as expected due to intended heterogeneity of the two 

items per scale [48]. 



4.1.2. Murder mystery hidden-profile strength and manipulation-check 

After reading the casefile 11 (24.4%) of the 45 participants identified the correct murderer 

independently from the other group members prior discussion. Two of them received casefile 

version 1, three casefile version 2, and six casefile version 3. Table 4 sows the absolute 

frequencies f summarized over the murder mystery participants of each of the three casefile 

versions and in total. An exact Fisher-Freeman-Halton test showed no systematic differences 

between the casefile versions regarding the murderer identification prior small-group discussion 

(ptwo-tailed = .311). 

Table 4: 

Murderer identification prior discussion by casefile version 

Murderer 

identification 

Casefile Version ∑ 

 
(n = 45) 

1 

(n = 15) 

2 

(n = 15) 

3 

(n = 15) 

f % f % f % f % 

Wrong 13 86.7% 12 80% 9 60% 34 75.6% 

Correct 2 13.3% 3 20% 6 40% 11 24.4% 

Note. f = absolute frequencies. n = number of participants. 

This resulted in six groups in which one group member and each one group in which two 

respectively all group members identified the correct murderer prior discussion. The members of 

the other seven groups identified the wrong suspect as murderer. Four of these groups were 

unanimous in their judgment while in three cases the group disagreed in the suspect prior 

discussion. None of the participants was able to identify the correct motive nor the opportunity 

based on their individual unshared knowledge. In contrast 44 participants (97.8%) were able to 

identify the correct means as this information was shared in all casefile versions. Taking the 

open-ended items regarding motive and opportunity for murder into account, the answers 

indicate that the 11 participants identified the correct murderer randomly and not casefile data 

driven. 

4.2. Small-Group task performance 

Research question 1 addressed potential differences in small-group task performance between 

the experimental conditions evaluated by an objective (H1a) and a subjective (H1b) measure. 

The objective small-group task performance (DV1a) compares the absolute frequencies f of 

correct and wrong identified murderer and the two criminal case indicators motive and 

opportunity for murder between the three experimental conditions based on the small-group 

interaction during discussion. Table 5 shows the absolute frequencies f summarized over the 

murder mystery participants of all small-groups of each experimental condition and in total. 

Exact Fisher-Freeman-Halton tests showed no systematic differences between the experimental 

conditions regarding the identification of murderer (ptwo-tailed = .60), motive (ptwo-tailed = .11), and 

opportunity for murder (ptwo-tailed = .31) after the small-group discussion. 



Table 5: 

Murderer and case indicators (motive and opportunity) identification after discussion by experimental condition 

Murderer & case 

indicators 

identification 

Experimental condition ∑ 

 
(n = 45) 

Videoconferencing 

(n = 15) 

Audioconferencing 

(n = 15) 

Synchronous text-chat 

(n = 15) 

f % f % f % f % 

Murderer 
Wrong 11 73.3% 9 60% 12 80% 32 71.1% 

Correct 4 26.7% 6 40% 3 20% 13 28.9% 

Motive 
Wrong 14 93.3% 11 73.3% 15 100% 40 88.9% 

Correct 1 6.7% 4 26.7% 0 0% 5 11.1% 

Opportunity 
Wrong 12 80% 9 60% 13 86.7% 34 75.6% 

Correct 3 20% 6 40% 2 13.3% 11 24.4% 

Note. f = absolute frequencies. n = number of participants. 

The subjective small-group task performance (DV1b) compares the overall confidence with the 

identified criminal case solution during small-group discussion between the three experimental 

conditions videoconferencing (M = 3.93, SD = .81, BCa 95% CI [3.50, 4.33]), audioconferencing 

(M = 4.03, SD = 1.01, BCa 95% CI [3.39, 4.50]), and synchronous text-chat (M = 4.02, 

SD = 1.02, BCa 95% CI [3.42, 4.43]). Related density plot is shown in subplot A of Figure 1. A 

robust bootstrap version one-way ANOVA for trimmed means (Fbt = 0.30, p = .74) showed no 

significant differences between the experimental conditions. 

 

 

Figure 1. Density plots of A: subjective task performance (DV1b), B: subjective interaction-process quality (DV2b), 

and C: mental workload (DV3) grouped by the three experimental conditions 

4.3. Small-Group interaction-process quality 

Research question 2 addressed potential differences in interaction-process quality of pooling 

unshared information pieces during the small-group task evaluated by an objective (H2a) and a 

subjective (H2b) measure. The objective interaction-process quality (DV2a) compares the 

absolute frequencies f of (a) clearly pooled unshared information pieces, (b) doubtfully pooled 

but with strong indication of being report, and (c) clearly not pooled unshared information pieces 

during the small-group discussion. Table 6 shows the pooling status of the 27 unshared 

information pieces in the murder mystery during the small-group discussion in the three 

experimental conditions as absolute frequencies f summarized over the number of discussions in 

each condition and in total. An exact Fisher-Freeman-Halton test showed no systematic 

differences between the experimental conditions regarding the pooling of unshared information 

pieces during the small-group discussion (ptwo-tailed = .05). 

A B C 



Table 6: 

Pooling status of unshared information pieces during small-group by experimental conditions in absolute 

frequencies 

Pooling status 

Experimental condition ∑ 

 
(n = 15) 

Videoconferencing 

(n = 5) 

Audioconferencing 

(n = 5) 

Synchronous text-chat 

(n = 5) 

f % f % f % f % 

Clearly pooled 61 45.2% 50 37.0% 57 42.2% 168 41.5% 

Doubtfully pooleda 63 46.7% 67 49.6% 73 54.1% 203 50.1% 

Clearly not pooled 11 8.1% 18 13.3% 5 3.7% 34 8.4% 

Note. f = absolute frequencies. n = number of small-group discussions. a with strong indication of being reported during group-discussion 

The subjective interaction-process quality (DV2b) compares the overall satisfaction with the 

interaction-process of pooling unshared information pieces during small-group discussion 

between the three experimental conditions videoconferencing (M = 4.46, SD = .34, BCa 95% 

CI [4.29, 4.61]), audioconferencing (M = 4.69, SD = .40, BCa 95% CI [4.47, 4.87]), and 

synchronous text-chat (M = 4.52, SD = .49, BCa 95% CI [4.22, 4.74]). A robust bootstrap 

version one-way ANOVA for trimmed means (Fbt = 2.94, p = .09) showed no significant 

differences between the experimental conditions. Related density plot is shown in subplot B of 

Figure 1. 

4.4. Small-Group task mental workload 

Research question 3, respectively derived hypotheses 3 addressed potential differences in 

imposed mental workload between the experimental conditions. The mental workload assessed 

by the unweighted raw mean of the five measured NASA-TLX dimensions (Mental, and 

Temporal Demands, Frustration, Effort, and Performance) did not differ systematically 

(Fbt = 2.51, p = .13) between the three experimental conditions videoconferencing (M = 46.69, 

SD = 13.25, BCa 95% CI [40.74, 53.73]), audioconferencing (M = 35.13, SD = 14.51, BCa 95% 

CI [28.17, 42.11]), and synchronous text-chat (M = 47.12, SD = 13.43, BCa 95% 

CI [40.67, 54.11]). Related density plot is shown in subplot C of Figure 1. 

5. Discussion 

Aim of this contribution was to evaluate potential differences in (a) task performance (RQ1), (b) 

interaction-process quality (RQ2), and (c) mental workload (RQ3) between small-groups 

performing a task in one of three different web-conferencing formats (videoconferencing, 

audioconferencing, and synchronous text-chat) typical for CSCL-sessions in higher education. 

The task performed in this contribution was a specially designed murder mystery simulating an 

ad-hoc small-group of three students (comparable to an informal learning group) need to 

collaborate by pooling their shared and unshared knowledge into a common solution. 

As the sample’s demographics variables participants’ age, gender, enrolled degree program, 

semesters spent in higher education, the degree of familiarity in each small-group, the 

participants’ personality traits, and the device used during the experiment are not differing 

systematically between the experimental conditions, a confounding influence of these variables 

on a specific experimental condition could be excluded. Research Question 1 addressing 



potential performance differences between the three students’ tool usage in web-conferencing 

were evaluated by comparing the objective task achievement (DV1a) and subjective confidence 

in the found task solution (DV1b) of the murder mystery. From a statistical perspective, there 

could not be observed any significant difference between the three CSCL conditions. Neither did 

the student sample (n = 45) solve the murder mystery significantly better in a specific CSCL 

condition (H1a: DV1a ptwo-tailed = [.11, .60]) nor were the participants more confident in a found 

case solution (H1b: DV1b Fbt = 0.30, p = .74). A closer look at the small-group interaction-

process quality (RQ2) in the different CSCL conditions showed, that the student sample neither 

objectively pooled more unshared knowledge (H2a: DV2a ptwo-tailed = .05) nor were the 

participants subjectively more satisfied with the collaboration (H2b: DV2b Fbt = 2.94, p = .09) in 

a specific CSCL condition. This coincides with the results of the mental workload comparison 

(RQ3) between the three web-conferencing formats, where no systematic differences could be 

observed (H3: DV3 Fbt = 2.51, p = .13). 

6. Conclusion 

This data-driven approach targeted to gain insights into the effects of students’ webcam, 

microphone, and text-chat usage during a synchronous CSCL-session intentionally planned to be 

performed on a web-conferencing platform by the lecturer for didactic reasons. The gained 

insights should serve to define CSCL related policies and practices, which are conducive to 

learning. For this, we contrasted videoconferences with audioconferences (representing CSCL 

with students refusing webcam usage) and synchronous text-chat (representing webcam- and 

microphone-refusal). According to Theory of Media Synchronicity (TMS) [10], which is 

focusing on the match between the capabilities of a specific media and the task to be executed, as 

well as empirical findings, e.g., [8], [13]–[15], showing significant differences between FTF and 

various ICT mediated group tasks regarding task solution accuracy, information processing, or 

mental workload, we expected to find significant differences in these variables based on different 

web-conferencing tool usage, too. To derive practical implications, e.g., to define CSCL related 

policies and practices, which are conducive to learning, we were expecting differences with 

effect sizes strong enough to be observable with our sample size. However, the statistical 

analysis of this contribution showed no significant differences in the objective (DV1a) and 

subjective (DV1b) task performance, objective (DV2a) and subjective (DV2b) interaction-

process quality, or mental workload (DV3) between the experimental conditions. 

A confounding influence of the demographic data on the results could be excluded as the sample 

demographics did not differ systemically between the three experimental conditions. However, 

there are systematic deviations in the personality traits dimensions conscientiousness and 

neuroticism between the sample of this contribution and the normative sample sub-group of 

comparable age and educational background [27]. The significant lower conscientiousness 

(t(59.364) = -3.35, ptwo-tailed = .001, Cohen’s d = 0.54) could have a negative influence on the 

performance in diverse parts of the experiment, starting with less conscientious observance of 

instructions, through less thorough completion of the survey parts, to less committed processing 

of the murder mystery task. The significant higher neuroticism (t(55.913) = 5.49, ptwo-tailed < .001, 

Cohen’s d = 0.94) can cause that the participating students get nervous and feel stressed easily. 



As they cannot cope the stress, imposed by the experimental setting in general or the murder 

mystery task in particular, well, the measures of task performance and mental workload during 

task processing could be affected. E.g., comparable to a ceiling-effect, the high stress due to high 

neuroticism can mask potential performance and workload differences between the experimental 

conditions. Although these deviations affect all three experimental groups equally, a general 

influence, e.g., a general reduction of the sample performance’s variability, cannot be excluded. 

In result, this could prevent a statistical detection even with the used robust and powerful tests. 

Effect sizes on the observed dependent variables (task performance, interaction process quality, 

and psychological workload) resulting from the significant deviation from the comparable 

normative sample are difficult to quantify. At least, it should be assumed that population validity 

is generally reduced. Based on the limitation resulting from the significant medium to strong 

deviation in neuroticism and conscientiousness, deriving valid and generalizable practical 

implications from the obtained data is difficult. 

In future research the possible confounding influence on systemically deviating personality 

traits needs deeper investigation or to be controlled. In addition, it should be investigated how 

different tool usage within a group has an effect, e.g., a minority does not use a webcam while 

the remaining group members interact via it. For practical implications besides all limitations of 

this contribution, due to the lack of empirical findings regarding the superiority of a specific 

interindividual web-conferencing tool usage, it is currently not valid to argue for restricting the 

freedom of students to participate in group work without activating their webcam or even only 

via text-chat. 
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