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Abstract 
In this report/study, we are presenting our recent research on collaborative e-learning in student 
teams. The “Basic Business” e-learning content on the Open edX platform was designed to develop 
seven business competences – actuality, technology, marketing, competition, finances, risks, and the 
ability to implement business ideas. 

The team members had to review the essays of their classmates and suggest improvements. Each 
student reviewed three essays and received a review from three classmates. Each student gathered 
knowledge from six sources – reviewing three essays, and being reviewed by three peers.  

The scope of the study embraces knowledge flows and the characteristics of flowing knowledge in a 
collaborative e-learning system. The objective of the study is to find out the factors affecting the 
knowledge flow and the stickiness differences among various types of knowledge. The authors have 
analyzed knowledge and its flow in a group of students. The analysis includes the stickiness of 
knowledge, student motivation, and the influence of peer-reviews on each skill. 

To find out the stickiness of knowledge, the authors compared the progress made among parts of the 
task and the average progress made in the whole task. The authors assessed each student’s essay 
before (the initial version) and after the final, peer review designed, version. Each part of a student’s 
essay was assessed separately to find out the knowledge stickiness of each special skill. The analysis 
of stickiness was performed by comparing the standard deviations and the mean values of both the 
initial and the final versions of students’ essays. The students’ progress is presented in histograms. 

To analyze the influence of the students’ motivation, we divided them into groups taking into account 
the time when they completed the task.  

The authors analyzed the impact of peer-reviews on the development of the students’ competences. 
The analysis included the assessment of the quality of each student’s given and received review and 
its correlation with the student’s achievements in developing his/her business idea. 

The study results of every evaluated skill show that there are differences among knowledge types, 
their stickiness and impact on the students’ motivation and cooperation. We analyzed the harvested 
knowledge landscape. The results are valuable for the course content and for improving its delivery.  

Keywords: knowledge flow, collaborative learning, e-Learning, knowledge stickiness, student 
motivation. 

1 INTRODUCTION  
The scope of the study embraces knowledge flows and the characteristics of flowing knowledge in a 
collaborative e-learning system. The objective of the study is to find out the factors affecting the 
knowledge flow and stickiness differences among various types of knowledge. The authors have 
analyzed the students’ knowledge and its flow in a group of 52 students. The analysis includes the 
stickiness of knowledge, student motivation, and the influence of peer-reviews on each of the seven 
skills – business competences. 

The “Basic Business” e-learning content on the Open edX platform was designed to develop seven 
business competences – actuality, technology, marketing, competition, finances, risks, and the ability 
to implement business ideas. The scope of the study includes reasons for a harder knowledge flow 
and mechanisms that could be used to improve knowledge transfer. 

It is important to identify tacit knowledge and explicit knowledge in planned knowledge flow settings, 
and to enhance it. Tacit knowledge is knowledge that is sticky, difficult to imitate and slow to move. 
Explicit knowledge is knowledge that moves fast across the group [1]. 
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According to Szulanski, the stickiness of knowledge describes the ease or difficulty of transferring 
knowledge, considering that sticky information is difficult to transfer. Knowledge stickiness is caused 
by several factors – causal ambiguity, unprovenness, lack of motivation on the part of both the source 
of knowledge and the recipient of knowledge. The source of knowledge is not perceived as reliable, 
there is lack of absorptive and/or retentive capacity, as well as a barren organizational context, and 
arduous relationship [2].  

The study objectives include the differences of positive dynamics among different sections of the 
students’ task and the identification of hard flowing knowledge in order to develop suggestions for its 
improvement. 

2 METHODOLOGY 
The knowledge flow used for this study has been organized by using the peer-review principles in an 
e-learning environment created on an Open edX platform. It includes a task divided into seven 
sections according to the competences to be acquired. Each section represents a special skill for 
business which should be acquired. 

As the first step of the task, students must develop a business idea and they are instructed to include 
their assumptions according to seven criteria (competences) of the task (the initial version). In this 
case, the source of a student’s knowledge is his or her own experience and information found in web-
resources. The initial business idea must be uploaded to start the second part of the task. 

The second part of the task is the peer-review session, in which the students read and analyze 3 other 
students’ business ideas, and give proposals for their improvement. Each student also gets 
3 proposals for his or her own work improvement. Afterwards the students must complete the task by 
improving their business ideas and uploading the final version. 

We have analyzed the students’ knowledge and its flow in a group of students. The analysis includes 
the stickiness of knowledge, aspects of student motivation and the influence of the peer-review on 
every special skill. 

To evaluate the stickiness of knowledge, we assessed each part of a student’s essay separately, thus 
finding out the knowledge stickiness of each skill. We assessed each student’s essay before (the initial 
version) and after the final, peer review designed, version. We used a 10-point criteria scale (Table 1) 
for evaluating various sections of business ideas. 

Table 1.  Assessment criteria scale. 

Points Criteria 
1 The answer has not been provided 

2 The answer does not meet the given task 

3 The answer has been provided carelessly, without further reflection or reply 

4 The provided answer is not sufficient 

5 The provided answer corresponds to the given task, but is not complete 

6 The provided answer expresses a definite thought, but has certain weaknesses 

7 The provided answer corresponds to the study level (the bachelor degree) 

8 The provided answer exceeds the level of study 

9 The provided answer is appropriate for the practical solutions of the respective field 

10 The provided answer corresponds to the professional level of the respective field and 
could serve as a good practical example 

We developed an assessment criteria scale that accorded with the study course “Basic Business” 
objectives and characterized both the students’ involvement into obtaining knowledge and their 
knowledge level. Points from 1 to 3 correspond to a situation, in which a student is not interested in 
being involved into doing tasks and has a careless attitude, or has no knowledge of the respective 
field. Points from 4 to 6 correspond to a situation in which a student has motivation to be involved but 
his or her knowledge is not sufficient to fulfill the task. Seven points correspond to the goal set for the 
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study course and shows that the student has reached the necessary level of knowledge. Eight to ten 
points show that the student’s knowledge is better than the goals set for the course and the student 
has gained extra knowledge valuable to practice in the respective field. 

We performed the analysis of stickiness by comparing the performance descriptors (standard 
deviations and mean values) of both the initial and the final versions of essays for each skill 
separately.  

The objective of the first assessment was to define the level of students’ knowledge before the 
organized knowledge flows started. As the business idea contains seven sections, each section was 
evaluated separately. The average result of all business ideas was calculated from the results of the 
sections. 

The objective of our second assessment was to determine the level of improvement of business ideas 
after the peer review. Like the first evaluation, the second evaluation was also performed separately 
for every section of the business idea and the average outcomes of all business ideas were calculated 
from the outcome of each skill section. 

The authors compared the progress in each skill section and the average progress in the whole task to 
find out the stickiness of knowledge. The analysis of knowledge stickiness was performed by 
comparing the standard deviation and the mean values both of the initial and the final versions to 
evaluate the progress the students had made. It included the analysis of the whole task and of each 
separate section (skill) of the business idea. For a visual overview, outcomes are presented in 
histograms (Fig.1-3). 

The specific e-environment for the peer review was designed in the e-learning course environment 
created on an Open edX platform. The peer review included the task of offering proposals and 
comments to three students’ business ideas and afterwards receiving proposals and comments from 
three other students.  

The authors analyzed the impact of the peer-review on the results of the students. It included the 
assessment of the quality of each student’s given and received proposals and its correlation with the 
student’s progress achieved in developing his or her business idea. Every student had to give three 
pieces of advice to other students getting also three proposals to improve his or her own work. The 
quality of both – the given and the received proposals – were evaluated in a 3-point scale, where: 

1 stands for a poor proposal / no proposal 
2 an average proposal 
3 a good proposal. 

The authors measured Pearson’s correlation coefficient to find out the impact of peer-review on the 
students’ progress. The correlation coefficient assumed the value ranging between -1 and +1 and the 
correlation close to 0 indicated no linear relationship. The correlation coefficients and the correlative 
degree values are shown in Table 2. 

Table 2.  Tables of the Correlation Coefficients and the Correlative Degree [3]. 

Correlation Coefficients Correlative Degree 
0.8-1.0 strongest 

0.6-0.8 strong 

0.4-0.6 moderate 

0.2-0.4 weak 

0.0-0.2 weaker or none 

The correlation coefficient of the average evaluation value of a student’s proposals and the progress 
achieved, and the correlation coefficient of the average evaluation value of a student’s received 
proposals and his or her progress were measured.  
To find out the influence of the students’ motivation on the results gained, the authors analyzed the 
students’ results by the time when their task was finished, the results of the final version of the task 
assessed and progress made in comparison with the results of the initial version. The motivation of the 
students’ performance was analyzed by dividing the students into groups taking into account the time 
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when they finished their task. The authors determined the progress made by comparing the results of 
the initial and the final versions of the business idea, taking into account the time when the final 
version of the student’s business idea was uploaded. 

3 RESULTS 
The study results show that collaborative learning by using the peer-review technology organized in an 
e-learning environment has a positive impact on students’ success. The mean value of the students’ 
average results of the assessed essays improved by 0.82 points after the peer-review session 
followed by the revision and improvement of the students’ own essays. Additionally, the study 
outcomes show that the standard deviation value of the students’ average results of the assessed 
essays is reduced. The assessment results after the peer-review session followed by the students’ 
own essay revision demonstrate improvement with decreased deviation (Fig. 1). 

 
Figure 1. The Average Progress made in Students’ Essays After the Peer-Review Session Followed by the 

Students’ Own Essay Revision and Improvement. 

We may conclude that the outcomes of the knowledge stickiness analysis show different levels of 
knowledge stickiness for every evaluated skill. Some knowledge and skills in the student group flow 
faster than others. The differences in the students’ progress are shown in Table 3, including the 
evaluation of the mean and standard deviation values of the initial and the final essay versions, and 
the progress in those values for each section of the essays. 

Table 3.  The Differences in the Progress made in the Knowledge of Each Skill. 

Skill Mean value Standard deviation 

1st 
version 

2nd 
version Progress 1st 

version 
2nd 

version Progress 

Actuality 5.97 6.79 0.82 0.73 0.69 -0.04 

Technology  6.83 7.21 0.39 0.71 0.7 -0.01 

Marketing 6.39 7.39 1 0.93 0.82 -0.11 

Competition 5.79 6.89 1.1 1.13 1 -0.12 

Finances 5.77 6.40 0.64 1.35 1.29 -0.07 

Ability to implement a business idea 5.25 6.33 1.08 1.78 1.37 -0.41 

Risks 6 6.87 0.87 1.48 0.74 -0.74 

An average for the whole task 5.97 6.79 0.82 0.73 0.69 -0.04 
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The authors of the study find that there is positive progress in the development of each skill. It is 
characterized by a positive mean value progress and a reduced standard deviation value. The 
differences in the progress outcomes reflect the differences in knowledge stickiness. 

The authors of the study find that the stickiest knowledge is exhibited in “Technology” (the mean value 
progress – 0.38; the standard deviation progress – -0.01) and “Finances” (the mean value progress – 
0.63; the standard deviation progress – 0.06). The most explicit knowledge, judging by the progress in 
the mean value, is found in “Competition” (1.1), and the most unifying knowledge is found in “Risks” 
judging by the progress in standard deviation – 0.74. Although "Risks" is only in the 4th place by the 
achieved progress in the mean value, the significantly reduced standard deviation (-0.74) shows that 
the process of peer review and essay revision allows the students to level their knowledge. For 
example, the knowledge of finances (Fig. 2) is stickier and flowing noticeably slower than the 
knowledge of risks (Fig. 3). 

 
Figure 2. Progress of the Students’ Essay “Finances” Section After the Peer-Review Session Followed by 

the Students’ Own Essay Revision and Improvement. 

 
Figure 3. Progress of the Students’ Essay “Risks” Section After the Peer-Review Session Followed by the 

Students’ Own Essay Revision and Improvement. 
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The authors have evaluated the students’ progress and the quality of each student’s advice given and 
received during the peer review session. The authors find that there is no significant correlation 
between the progress in each skill and the quality of advice concerning the outcome of the whole 
student group. The correlation between progress in the knowledge of each skill and the quality of the 
advice given by the students ranges from 0.04 to 0.26, the average correlation for the whole task is 
0.17. The correlation between progress in the knowledge of each skill and the quality of the students’ 
received advice ranges from – 0.08 to 0.38, the average correlation for the whole task is 0.22. These 
outcomes are shown in Table 4. 

Table 4.  Correlation of the progress in skills and the quality of advice given in the peer review session. 

Skill Correlation with the quality of advice 

Given advice Received advice 

Actuality 0.13 0.33 

Technology  0.06 0.23 

Marketing 0.26 0.38 

Competition 0.04 -0.02 

Finances 0.09 0.22 

Ability to implement a business idea 0.24 0.11 

Risks -0.09 -0.09 

Progress in the whole task 0.17 0.22 

The authors of the study have analyzed the progress made not only in the task sections, but also the 
students' action factors in order to gain an in-depth understanding of the factors that may have 
influenced the progress in the results achieved by the students. 

The authors of the study have analyzed the progress of the students’ groups selected on the basis of 
the upload time of the final versions of their essays. Every student group includes ten (except the last 
one, which includes twelve) students. The average progress and the average results of the review 
quality given and received of each group have been evaluated. The study outcomes show that there 
are differences in the students’ progress judging by the time when the respective essay is completed 
and uploaded after being revised in the peer-review session. The authors consider, that the 20% of 
students who were among the first to finish their task, made significantly better average progress than 
the other students (Table 5). Table 5 also includes the outcomes of the given and received review 
quality (assessment made by the authors of the study).  

Table 5.  Students’ Progress by the Final Version Upload Time 
and the Quality Assessment Outcomes of the Proposals. 

Students’ groups 
(by the final version upload time) 

Progress 
(average) 

Given proposals 
(average) 

Received proposals 
(average) 

1-10 1.09 2.43 2.13 

11-20 0.73 2.43 2.3 

21-30 0.49 2.27 1.97 

31-40 0.89 2.53 2.4 

41-52 0.90 2.33 1.89 

All 0.82 2.4 2.13 

By comparing the average results of the upload time of the final essay versions, the authors of the 
study have concluded that there is a correlation between the progress made and the quality of the 
given proposals. The estimated correlation result is 0.59, which points to a considerable correlation. 

The estimated correlation result between the progress made and the quality of the received proposals 
obtained by comparing the average results of the upload time of the final essay versions in student 
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groups is 0.2. This outcome shows that there is no significant correlation between the average 
progress and the average quality of the received proposals. 

The authors of the study hold the opinion that the first group of students is making more progress in 
their own task and provide better advice to others. The progress made is not associated with the 
benefits from other students’ advice but there is a close connection with the time when the task is 
completed – the essay uploading time. The authors associate this factor with the students’ motivation 
to complete the task quicker, to be the best. In accordance with the results of this study, the authors 
consider that the motivation to succeed is the decisive factor in the formation of the knowledge flow in 
groups of students. It is possible to do it in an e-learning environment by using the peer review 
mechanism. 

The students’ mutual cooperation through peer reviews provide an insight into other students’ ideas 
and solutions, ensuring the necessary knowledge for further progress in their work. 

4 CONCLUSIONS 
We found considerable progress in the students’ achievements after the peer review mechanism in an 
e-learning environment is used and significant differences in the knowledge transfer of different skills. 
Our study results show that the achieved progress depends on at least two parameters of the 
knowledge flow. As the gained progress in skills varies (Table 3), one of the important parameters is 
knowledge stickiness, the other is an individual motivation.  

The study results show that individual motivation plays an important role in students’ success (Table 
5). Our study results confirm the conclusions of the previous studies of the 80/20 Principle in 
education which says that the students’ aptitude and attitude to the studies have the greatest influence 
on the students’ results and that it is important to ensure a positive attitude to learning [4]. 

As in this study the peer review was provided by students, there was no considerable correlation 
between the progress made and the quality of the given and the received advice (Table 4). Thereby 
this study confirms the previous findings that there is no automatically produced positive result of the 
feedback the students gain if the feedback provider does not have the necessary authority [5]. 

The authors of the study have presented a method for measuring the progress made by the students 
in each competence area and a standard for determining the deviation and mean values of the 
students’ assessment points before and after the peer review, in order to find out the stickiness of the 
provided knowledge. 

The results of this study show, that the knowledge flow is influenced by factors (stickiness and 
motivation) which are important for the development and improvement of e-learning. To provide better 
online courses and learning outcomes, it is essential to identify if there is any sticky knowledge in the 
knowledge flow. It is also important to motivate the students and to analyze their performance 
descriptors. 
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