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Abstract 
Against the background of the requirements of digital age, as one of the first George Siemens 
depicted the limitations of previous learning theories by characterizing the impact of rapidly evolving 
technologies and its implications on learning processes. To guarantee a just in time and on demand 
knowledge transfer on a regular basis, Connectivism states the finding of “nodes”, which could be of 
both human and machine incarnation, as an essential process in lifelong learning. 

In order to reveal the potential of Connectivist learning networks for computer-supported collaborative 
learning or rather peer learning and at the same time to identify important factors that influence the 
selection of learning partners, an empirical study on the basis of questionnaires and guideline-
supported interviews was conducted. More than 700 people including pupils, students, teachers, 
employees and others provided a wealth of information that were distilled to a set of essential 
functional requirements regarding a system that automatically connects people of a social learning 
environment into context-aware learning networks. It was found that people prefer to collaboratively 
perform learning and working activities with persons being in the same situation and chasing the same 
objectives, for example preparation for a specific exam. Any longer, it was determined that also a 
similarity on personal level is desired, which includes for instance same learning tempo, and same 
procedure. While the study results reflect that professional expertise plays a tangential role, social 
aspects like reliability, determination, motivation, active involvement, helpfulness, and communication 
skills were identified as further primary drivers in the selection of learning partners. 

Based on the derived catalogue of requirements, an existing peer finding algorithm was analyzed and 
extended in order to fulfil the stated demands of Connectivist learning networks in digital age. 

Keywords: empirical study, learning networks, Connectivism, computer-supported collaborative 
learning, peer learning, lifelong learning. 

1 INTRODUCTION 
In the course of digitalization in all working and life areas (keyword “Industry 4.0”), new challenges in 
lifelong learning arise. On the one hand, there are increasing demands on handling and maintaining 
information technology (IT). For this reason, employees have to update their knowledge on a situation-
specific and continuous way [1]. 

On the other hand, digitalization promotes the simple and rapid creation of a wealth of data including 
blogs, social network postings, wiki articles and many other Web 2.0-based materials. Although it can 
be used in terms of informal learning processes [1], it is becoming increasingly difficult to process, to 
analyze, to evaluate and to filter the information overload in order to acquire knowledge growth (e.g. 
[2], [3], [4], [5]). Hence, just in time and on demand searching for relevant facts is a hard task in Digital 
Age. 

To overcome these obstacles, Connectivism theory [6] equates learning with connecting to nodes in 
order to exchange relevant information. In terms of computer-supported collaborative [7] or 
cooperative [8] learning (CSCL) and peer learning [9], these nodes could be users of a social learning 
environment. Thus, the finding and connection of people within Connectivist learning networks are 
stated as essential processes in lifelong learning. 

While the benefits of learning in groups has repeatedly confirmed (e.g. [10], [11], [12], [13], [14], [15]), 
it was also found that individual learning success depends on group constellation (e.g. [16], [17], [18]). 
For this reason, there are a lot of mathematical, algorithmic and technological approaches that support 
group forming in digital environments (e.g. [19], [20], [21], [22], [23]). As most of the solutions are 
based on different learning psychological theories from literature, individual preferences of learners 
are not considered in the process of group formation. Consequently, we looked for empirical studies 
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researching for relevant parameters of group formation processes. For example, in 2016, [24] asked 
nursing students of an Australian university about their attitude towards peer learning. As a result of 
the questionnaires, the authors stated that engagement of (especially isolated) students increased in 
learning groups. Questions about relevant factors of group forming or improvement suggestions of 
common solutions were not part of the survey. While other studies investigated the impact of specific 
phenomena like social relations [25] or social competences [26] on learning success in groups, 
learner’s acceptance was not evaluated. 

As a consequence of the literature review, we decided to conduct an empirical study for eliciting 
essential requirements concerning a system that automatically creates user-centered Connectivist 
learning networks. Our aim was to detect relevant context information of users that must be 
considered while group forming. 

Section 2 depicts the structure of our study consisting of a questionnaire and guideline-supported 
interviews. Results are visualized and discussed in subsequent Section 3. This also includes our 
derived catalogue of requirements. Finally, Section 4 gives a conclusion and an outlook of the work 
that is used to adjust our developed peer finding algorithm [27]. 

2 METHODOLOGY 
As we found no existing studies concerning user surveys that are related to learner’s preferences 
according learning group formation, we conducted an own study that is described in the following 
sections. 

2.1 Questionnaire 
At first, we designed a questionnaire based on a fictional e-learning scenario. Participants were asked 
to imagine a social learning platform that offers several learning contents for the community. Users are 
represented by profile pages that consist of any kind of information (for example languages spoken, 
learning interests, contents completed, skills, etc.). Considering these data, people can connect to 
arbitrary peers by means of different communication channels (e-mail, chat, forum, video-
conferencing, etc.). 

The questionnaire included questions about specific parameters that might play an important role in 
the selection of adequate peers for collaborative learning purposes. These parameters are part of our 
peer finding algorithm [27] and were taken from literature on the one hand and based on own 
assumptions on the other hand. In order to adjust the algorithm by defining weight values for each 
component, survey participants had to rate each question on a Likert scale ranging from 0 (“not 
important”) to 5 (“important”). 

There’re questions about thematic relation of the learning partner, for example if the user actually 
deals with same topics and if the user pursue same learning targets (e.g. passing a specific exam). 
According to [28], people chasing similar objectives are more motivated to help other people in 
learning groups. 

Furthermore, there’re questions related to the thematic competence of learning partners. It is asked if 
the peers should contribute any prior knowledge into the group, for example in terms of attended 
lectures, and achieved grades. Based on the assumption that the more someone spent time for a 
specific theme, the more knowledge could be gathered [29], another question deals with the overall 
time a user dealt with the topic. Consequently, the aim is to clarify whether equal learning partners or 
a kind of mentors are desired [30].  

Concerning the mentor aspect, the questionnaire contains questions about tutor competence of users. 
For example, these include peer’s platform activity, which could be measured by regular online status, 
or reactions to requests. An inactive user won’t enhance the learning progress [31]. In analogy to the 
crowdsourcing principal [32], participants were further asked if they would consider community ratings 
of given answers of potential peers. Another question focuses on specific user roles within the system. 
For example, a peer being active as author of topic-related contents could become a tutor for the 
learning group. 

Additionally, there’re questions about seeker relation in order to match user’s preferences. These 
include the communication language (mother tongue or same language level) and communication 
channels (synchronous or asynchronous, text or audio or video). The aim is to find out if users will 
leave communication comfort zone for reasons of learning processes [33]. Two further questions are 
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related to the social relationship between learners. As people might be hindered while communicating 
with unknown people because of shyness [25], it is asked if participants prefer peers who are already 
connected within the platform or who are known in real life. 

Finally, the questionnaire ends with two open questions about other attributes of learning partners and 
learning groups that should play an important role while forming effective groups. 

2.2 Interview 
To get a deeper insight in the demands of people regarding both the choice of learning partners and 
an ideal platform that supports the formation process, we designed a guideline-supported interview. 
This was conducted after we got the results from questionnaires because in this way we could include 
questions about inconclusive answers in order to understand the reasons. 

The guideline of the interview is shown in table 1. At first, there was a short introduction that included 
a clarification of the basic concepts of group learning in general and computer-supported concepts 
(CSCL) in particular. Then it was asked about the individual opinion about and experiences in real-life 
group learning. Especially, we tried to investigate problems that could eventually be solved by means 
of a software system. In preparation for the main part of the interview (3. Questions about CSCL), 
general relation to e-learning was revealed. Based on same basic information, then we ask 
participants the questions of the questionnaire, paying special attention to the contradictory given 
responses. Finally, we asked them to image a learning scenario in which they want to learn something 
new. They had to describe how they would proceed in this situation. Which platforms do they use? 
Would they ask for somebody’s help? According to this, they were invited to characterize their ideal 
image of a learning partner/group and an e-learning platform. 

Table 1.  Guideline of the interview. 

Phase Content 

0. Introduction • Who am I, and what is the topic of this interview? 
• Basic knowledge about (computer-supported) group 

learning/working. 

• Do you participated in the questionnaire? 

1. Questions about group working • In general, what’s your opinion about group working? 

• What do you especially like/dislike? 

• What are your personal experiences? 

2. Questions about e-learning • What do you understand by “e-learning”? 

• What are reasonable use cases? 

• Under which circumstances you would use e-learning? 

• Do you have any experiences in e-learning? 

• Do you have any improvement suggestions? 

3. Questions about CSCL • Questions of the questionnaire. 

• Focus on the open questions about the ideal learning partner and 
learning group. 

4. Ideal learning platform • Learning scenario: How would you proceed? 

• What are the features of an ideal learning platform? 

3 RESULTS 
The first two subsections include details about the results obtained from the questionnaires and 
interviews. Subsequently, we summarize the main findings in terms of a catalogue of requirements 
regarding an e-learning system for collaborative learning purposes. 
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3.1 Questionnaire Data 
The web-based questionnaire was distributed to all members (students, lecturers, staff) of the 
University of Rostock (Germany) by e-mail and additionally shared via Facebook. We got 727 
responses from 38.2 % male and 61.2 % female participants. The average age was 26.6 years. In 
fact, most people were students. Fig. 1 shows the mean values of all questions in one graph. On the 
right side of the diagram, the number of responses n, mean value mw, median md and standard 
deviation s are stated. 

 
Figure 1. Questionnaire Results – Likert Scale Questions about Learning Partners. 

It’s obvious that the two most important attributes of potential learning partners are related to 
motivational aspects. Majority of the participants ticked maximum score of 5 on Likert scale of the first 
two questions. Hence, people search for users who currently deal with same topics (question 1, 
mw=4.3) and chase same learning targets (question 2, mw=4.2). This can also be seen in the given 
answers of the open question concerning other relevant aspects of learning partners (Fig. 2). Nearly 
300 participants stated determination and reliability of peers as major criteria while forming effective 
groups. Both aspects are caused by high motivation of the user that is the case when pursuing same 
objectives. 
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Figure 2. Questionnaire Results – Open Question: Attributes of a Learning Partner. 

While reliability is also the third most common answer of the second open question concerning 
attributes of a learning group, there’s even a higher demand of active involvement of peers (Fig. 3). 
For this reason, online activity is one of the most important aspects revealed by question 10 (Fig. 1, 
mw=4.0).  

 
Figure 3. Questionnaire Results – Open Question: Attributes of a Learning Group. 

Furthermore, Fig. 1 reveals that a learning partner should speak a language on the same level 
(question 15, mw=4.0), not necessarily the mother tongue (question 14, mw=3.4), and same 
communication preferences are desired (question 16, mw=3.8). In contrast to our assumptions, 
thematic competences play a tangential role. Questionnaire results obtained that people who already 
passed a topic-related exam (question 5, mw=2.3), even with a very good grade (question 6, mw=2.3) 
are not prioritized. Consequently, learning partners on a same knowledge level are preferred to tutors 
(question 12, mw=2.6). Nevertheless, 32 participants of the questionnaire explicitly expressed the wish 
for a tutor on the first open question (Fig. 2). 

The most common answer regarding learning partners has summarized as “social competences” of 
peers that was given by nearly 200 participants (Fig. 2). These include, inter alia, kindness, 
helpfulness, communicative skills, tolerance, and open-mindness. Same attributes were given as 
answers for the second open question concerning learning groups, which has named as “group 
climate” in Fig. 3. Although this could imply that connecting with already known people might be 
desired, most participants rated this attribute as rather not important (Fig. 1, questions 17 and 18, 
mw=2.8). Finally, a last attribute should be highlighted that was given as response in both open 
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questions. Some people prefer peers with same learning styles (Fig. 2, 3) including similar learning 
approach and tempo. 

3.2 Interview Data 
We conducted our guideline-supported interview with 10 participants (50 % male, 50 % female) 
consisting of 6 students, 1 pupil and 3 employees. The age was between 17 and 31. 

As this group is too small for statistical analysis, and the answers were just as diverse as in the 
questionnaires, we only used the opportunity for getting deeper insights in the learning behavior and 
requirements of people. These results are directly integrated in the catalogue of requirements that is 
presented in the following section. 

3.3 Catalogue of Functional Requirements 
The main findings of our study are summarized as functional requirements according a system that 
supports collaborative learning purposes. The results are listed in table 2. 

Table 2.  Catalogue of Functional Requirements. 

/F10/ Offering of learning contents of different media types (e.g. PDFs, videos) 

/F11/ Detecting of current learning targets 

/F12/ Detecting of current topical interests 

/F13/ Detecting of current misunderstanding and knowledge gaps 

/F14/ Detecting of learning tempo 

/F15/ Detecting of users dealing with similar contents 

/F16/ Detecting of knowledge by means of quizzes 

/F20/ Creating, editing, sharing profile information (e.g. skills, learning targets) 

/F21/ Specifying of learning targets 

/F22/ Specifying of languages 

/F30/ Tracking of different user’s characteristics and behavior 

/F31/ Tracking reliability of users 

/F32/ Tracking communication competences of users 

/F50/ Providing different communication channels (e.g. text/video chat) 

/F51/ Calculating of perfect group sizes depending on workload 

/F52/ Connecting of users in learning groups based on individual preferences 

/F53/ Recommending and specifying different user roles (e.g. leader, member) 

/F54/ Community-rating of peers and given answers 

/F55/ “Repairing” of learning groups that include users who are inactive, not reliable, got bad 
community ratings, etc. 

4 CONCLUSIONS 
We analyzed a huge amount of solutions that try to automatically generate learning groups. Every 
found mathematical model, algorithm, and software system is based on particular assumptions 
regarding the perfect group forming. Although, different approaches consider different metrics (e.g. 
user’s characteristics, psychological learning theories), these are applied equally to every user while 
forming groups. As a finding of our empirical study, this phenomenon contradicts the reality. There’re 
only a few aspects that seem to have generality. Logically, one of them is a shared language 
comprehension, and the other is a high motivation to participate in collaborative learning. 
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In the end, we can state that there’s actually no ideal solution fitting all the different individual 
preferences. Hence, we decided to extend our algorithm in order to automatically adapt regarding 
everybody’s characteristics. 
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