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Abstract  
The goal of the project presented in this paper is the development of a web-based, interactive 
visualization of key figures which show the study performance of students in an anonymous way. 
Based on this visualization, current students should be enabled to better recognize their own situation, 
to compare it with the performance of their former fellow students and to gain some additional 
knowledge for the organization of the own studies. 
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1 SUPPORT FOR STUDENT’S SELF-ASSESSMENT 
This paper addresses the student’s ability for a critical self-assessment. The experience gained for the 
last few years shows that a considerable number of students has some problems with a critical self-
assessment: often, the students do not recognize at the right time if they had planned their studies in a 
reasonable way. Often, they underestimate or overestimate their own skills and learning possibilities 
and therefore they fail at the exams. Finally, the frequent failures lead to an abortion of the study at all.  

The goal of the project presented in this paper is the development of a web-based, interactive 
visualization of key figures which show the study performance of older students in an anonymous way. 
Based on this visualization, the students should be enabled to better recognize the own situation and 
to gain some additional knowledge for the organization of the own studies. 

2 DROPOUT RATES – CURRENT SITUATION 

2.1 Dropout rates and the reasons 
Currently, the average dropout rate in bachelor studies in Germany is nearly 30 percent, whereby it 
varies for several study subjects (Fig. 1). There are various key reasons for the dropouts (Fig. 2). This 
paper addresses all students who have performance problems or who often fail at examinations. 
According to Fig. 2, this is 30% of all students who aborted their studies in 2012.  

In this paper, an approach is presented which has been developed at the Stuttgart Media University 
for the study course “Digital Publishing”. For the last five years, a high number of students abort their 
studies because of an overstraining and a lacking performance. Several forms of misbehavior can be 
met in the everyday life: 

1 Weaker students are not able to organize themselves: they are dependent on other students or 
teachers when looking for further learning material or exercises and cannot deepen their 
knowledge or to catch up the missing learning content autonomously. 

2 Some students already start the university studies with some poorer entrance requirements. For 
them, it is more difficult to follow the lessons. However, often just these students avoid any 
contact with the lecturers. Hence for the teachers, it is difficult to recognize their problems in 
advance and to advise them more intensively.  

3 Some students do not plan their studies in a realistic way. Usually the only restriction at the 
beginning of the studies is to pass all exams within two years at maximum which are provided 
for the first year by the examination regulations. Although, there are no other restrictions, the 
students don’t know how or don’t dare to plan their study courses according to their own skills 
and knowledge. 
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Figure 1: Academic dropout rates in Germany in 

2012 [7]. 
Figure 2: Key reasons for a dropout of studies in 

2012 [8]. 

Because of these reasons, these students often work under time and pressure and fail at the end 
because of too high expectations and too large lack of organization of the own work. This is one of the 
reasons for the abortion of the studies by the students.  

In the following, some approaches to solve or at least to minimize the dropout problem caused by the 
student’s behavior are presented.  

2.2 Possible approaches to solve the dropout problem 

2.2.1 Support using e-learning platforms 
LeMon (Lecture Monitoring, [4]) is a tool which implements the idea of classroom response systems 
(CRS [6]) using student’s own smartphones or tablets. At the ICERI 16, the results of a practical usage 
of this tool have been presented [5]. There were mainly two findings concerning the practical usage of 
a classroom response system: 

• The number of good and very good results improved significantly after introducing the tool. 

• The number of unsatisfactory results in the exams did not improve. On the contrary, partially 
there were more students than in the past which did not pass an exam. 

The main reasons for these findings were: 

• A lack of self-criticism and a lack of self-assessment competence of the weaker students cause 
that they are not able to reflect their own knowledge and to derive necessary measures 
therefrom, also if the tool shows them their wrong answers. 

• A lack of self-diagnosis of the weaker students: Actually, the regularly usage of the tool during a 
course even strengthened their impression of having prepared the exam.   

• Due to difficulties to verbalize and to deal with questions other than multiple-choice questions, 
the weaker students often do not submit their responses via the tool, hence they often miss the 
chance of a meaningful discussion of the questions. 

In order to support the students which are not able to assess their level of knowledge and their 
practical abilities on their own, the tool LeMon was extended by a self-learning module (Fig. 3). It is 
now used as an extension of the standard face-to-face courses for the lecture “Software Development” 
and is described in more details in [5]. The learning process using this module consists of the following 
steps (Fig. 3): 

1 Self-assessment: the student performs a self-assessment using LeMon. For this purpose, he 
answers some multiple choice questions for every topic of the lecture. Depending of his success 
rate answering them, he is guided to a further step of the learning process: 

a) Theory: If he answered less than 50% of the questions correctly, he has to repeat the 
theory of the concerned topic at first. For this purpose, the lecture records, some 
additional theory sections and examples are provided. After the repetition of the theory, 
the student can continue with the level 1 exercises. 

b) Level 1 exercises: If he answered between 50% and 80% of the questions correctly, he 
may start directly with the level 1 exercises. This are some simple programming tasks 
which enable him to repeat the contents learned during the theory phase. According to 
the classification in [1], only reproduction exercises need to be solved by the student 

7631



here. His solution is checked automatically using the automated software test approach 
described in [3]. Hence, the student does not decide on himself whether he finished the 
task, the tool decides it for him. This is an important aspect when supporting the waeker 
students. After having solved these exercises, the student can change to the level 2 
exercises. 

c) Level 2 exercises: If the student answered more than 80% of the questions correctly, he 
can directly start with the level 2 exercises. According to [1], this are programming tasks 
which require a good comprehension and the ability to apply his knowledge in practice. 
Also for these exercises, some automatical tests exist. Additionally, the student needs to 
submit his solution to the teacher. Only after having submitted a given quorum of correct 
solutions, he gets the accreditation to participate to the exam at the end of the semester.   

d) Level 3 exercises: If the student answered all questions correctly or after having solved 
the level 2 exercies, he optionally may solve some level 3 exercises, which usually are 
complex problems to be solved be developing a large software program. 

2 Learning success assessment: At the end of a topic, an additional closure assessment is 
performed using LeMon. Contrary to the first self-assessment, the questions of the second 
assessment can only be answered by entering some key words or some longer answers. No 
multiple choice questions are asked during this learning phase. After answering the questions, 
the student gets a recommendation: either he can proceed with the next topic or he should 
repeat the current topic again or at least contact his teacher to get some additional help.  

Self	  diagnosis	  using	  
LeMon

Assessment	  in	  
LeMon

Repetion	  of	  the	  theory	  
using	  eLearning

Exercises*
(Level	  1:	  Reproduction)

Exercises*
(Level	  3:	  Solution	  of	  
complex	  problems)

Exercises*
(Level	  2:	  Comprehension	  

and	  Application)

Assessment	  of	  
training	  success	  using	  

LeMon

Less	  than	  50%	  
correct	  answers

Between	  50%	  and	  80%	  
correct	  answers

More	  than	  80%	  
correct	  answers

optionally

*The	  solution	  of	  an	  exercise	  is	  evaluated	  automatically:	  
	  	  Only	  if	  all	  tests	  are	  passed,	  the	  exercise	  is	  finished.

 
Figure 3: The learning process using the self-learning module based on LeMon. 

2.2.2 Risk analysis and consultation by academic leaders and centers for teaching 

Beside the practical help for the students, e.g., using e-learning platforms, further approaches exist 
which automatically analyze the student’s performance and help to recognize the need for support by 
the academic staff. 

The Kiel University of Applied Sciences uses a system which compares the as-is credits achieved by a 
student in the course of his study with the to-be credits [10]. By this comparison, the academic staff 
can recognize if a student was unsuccessful only for single modules or if he has a high or a low 
success rate in overall. Also, it can be seen, if the student often passes his exams only in later study 
phases. This information is used for the evaluation of the study courses: using the success ratios, 
weaknesses in modules and courses can be recognized. This tool is used by the university staff. 

At the Stuttgart Media University, the software tool S-BEAT is used to analyze the study courses and 
to forecast the individual success probability for every student [10]. The individual credit rates, the data 
of the university entrance qualification and some data on the educational biography of the students are 
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considered in order to calculate an individual forecast for the study success of all students who didn’t 
finished their study yet. This calculation also takes into account a prognosis of the risk of a dropout of 
the study. S-BEAT is aimed in particular at the academic staff. Using the tool, they can recognize 
students with critical results and then advice them at an early stage and eventually introduce some 
countermeasures. 

2.2.3 Self-Help: Analyzing the own situation by the students 

A risk analysis offers several advantages: 

• Monitoring of the development of the student’s credits generates up-to-date data about critical 
students. Hence, the teachers can intervene specifically and on-time. 

• The evaluations can be scaled optionally, e.g., from individual students over single courses up 
to the whole university. 

• The approaches use existing data, no additional data collection is necessary. 

But at the same time, experience using this kind of tools in practice still shows room for improvement:  

• The tools are developed for the academic staff. Hence, after detecting a critical student, he has 
to be consulted. Sometimes it is difficult to argue only having a forecast for the risk of a dropout. 
Especially the weaker students cannot always deal with this information and the didactic staff 
needs some more information to explain the seriousness of the situation. 

• Some student whishes a tool which they can use in order to analyze their situation by their own 
without the intervention of the academic staff. 

A prototype for such a tool has been developed by the authors of this paper and is presented in the 
following in more details. The main idea is to provide a tool to the students which allows them to 
compare their own exam results and their success quota with other students. The mainly use case is 
to support a student in his decision, which exams he should concentrate on in the current semester. 
This can be done in the following way: 

1 A student gets an anonymous and cumulative overview of the success rates of all students of 
his study course in form of a graphical vizualisation.  

2 Using this overview, he can filter the information for the past semesters: by entering his own 
success rate for the past semesters, he can see which decisions his peer students have taken 
in a similar situation and how successful they were.  

On this base, he should be enabled to take decisions for his own planning of the current semester. 

3 GRAPHICAL VISUALIZATION OF STUDENT’S EXAM RESULTS 

3.1 The use cases 
A graphical visualization should help the students to recognize their own situation and to get some 
support for decisions for the further planning of their studies. 

Therefore, the following use cases are considered: 

1 Definition of the current situation 

Every student should have the possibility to enter his own examination performance by entering 
the following information for every of his past semesters: 

a) The number of exams he passed successfully,  
b) The number of exams he failed at, 

c) The number of examinations he did not participate on. 

Based on these inputs, the following information should be presented to him in a visual way: 

a) for every past semester: the groups containing all students with the same performance, 

b) for every future semester: the ways, which have been taken by the students with the same 
performance in the past. Hence, the student should be able to recognize: 

i. How many students behaved in the same manner in the past? 
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ii. How many of them were successful, and how many not? 
iii. Which were the “good” decisions in a situation similar or equal to his situation? 
iv. Which were the “bad” decisions in a situation similar or equal to his situation? 

2 Outlook to possible scenarios for the future 

Having an overview of the current situation, the most important question for the student is how 
to plan the next semester at least and then also the rest of his study. Using the visualization, the 
student can track the decisions and their implications, other students had met in the past.  

Having these overviews, the student can use the past decisions of other students in a similar 
situation as an orientation. He can see, which decisions the successful and the not successful 
students took for their future semesters. Of course, the same decision does not lead him 
necessarily to the same results like the other students had, but it helps to better estimate the 
own situation and the future chances. 

3.2 The main concepts 
The main concepts of the graphical visualization are groups of students and connections between 
them. All students with the same performance at examinations in a semester are gathered together in 
one single group. A student belongs to one group of peer students in the first semester depending on 
his results. In the second semester, he belongs to another group. In this group, again all students 
having the same examination results are gathered. This can be repeated for every semester during 
the study of a student. 

The connections between the groups correspond to transitions between groups. A transition takes 
place at the change from one semester to the next, when the student’s belonging to a group changes 
based on his results at the current examinations.   

Using these concepts, the graphical visualization needs to fulfill the following criteria: 

1 In the graphical visualization, the groups of students are presented for every semester. Because 
a study lasts between seven and ten semesters, a student belongs to seven to ten groups 
representing his examinations performance. Every group exists only once per semester. The 
members of a group can come from several predecessor groups. 

2 The approximate number of students in a group should be apparent in the graphical 
presentation, e.g., by a different size of the graphical form representing the group.   

3 The temporal sequence of the groups, i.e., the belonging to the study semester, has to be 
recognizable in the graphical visualization. 

4 It should also be visible how many students of a group were successful during their studies or 
not, i.e., which part of the students in a group had to leave the university without a graduation. 
Hence, for each group, the ratio between students who have aborted their studies and those 
who have successfully completed them should be presented. 

5 The number of students who pass from one group of the same performance to another has to 
be shown in the visualization. 

6 The visualization form needs to be operated intuitively by the students. 
7 It also has to be scalable: in practice, more than one hundred of groups have to be visualized. 

3.3 Possible visualization formats 

3.3.1 Collapsible tree diagrams 

A tree diagram displays a hierarchical list of nodes and allows a selection from them [9]. A collapsible 
tree consists of several nodes, which can be opened and closed with a mouse click. Trees are often 
used to represent hierarchical structures.  

Trees are appropriate structures to represent the study success data as described in the chapter 
above. The temporal sequence corresponding to the semester of the student’s exams can be 
presented as the “columns” of a horizontal tree (Fig. 4). The nodes represent the student’s groups in a 
semester: the larger the node is the higher the amount of students belonging to this group in the 
corresponding study semester. Beside this, the nodes can be colored: the portion of the red color 
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corresponds to the portion of students in a group who weren’t successful and had to leave the 
university without any grade. The number of students passing from one group to the other 
corresponds to the thickness of the connecting line of two groups. For the outlook to possible 
scenarios for the future, the user needs only to follow a branch in the tree. 

 
Figure 4: Presentation of the study successes using a collapsible tree diagram. The node names 

correspond to the number of passed exams, the number of not passed exams and the number of exams, 
the students in the groups did not attend at. 

The collapsible tree is a clear representation of the student’s data which can be used intuitively. It is 
very easy to follow the movements of students in single groups. But collapsible trees become very 
large and contain a high number of redundant nodes corresponding to the same groups, when the 
number of groups grows.  

3.3.2 Sunburst diagrams 
Sunburst diagrams are also used for the visualization of hierarchical data [2]. The visualization uses 
rings that are sliced for each node. Each ring corresponds to a level in the hierarchy. The root of the 
hierarchical data is the central circle. The hierarchy moves outwards from it (Fig. 5). 

The rings of s sunburst diagram are sliced up and divided based on their relationship to the parent 
slice. The angle of each slice can be made proportional to a value, e.g., to the size of a student group. 
Also colors can be used to highlight some specific categories.  

Applying the sunburst diagram to the study data, the rings correspond to the chronological sequence 
of the semesters: Each ring represents a semester. The areas in the inner ring then correspond to the 
groups of students in the first semester, the areas in the second ring to the groups in the second 
semester etc. The movements between groups can be visualized in a very compact manner. But using 
the ring slices, it is difficult to visualize the portion of students in a group who weren’t successful and 
had to leave the university without any grade: because the ring colors are also used to distinguish the 
adjacent slices from each other, it is difficult to use colors for other information than categories 
represented by the slices. Here, different textures for the successful and not successful students could 

7635



be used for the ring slices. Nevertheless, this kind of information coding is unfamiliar to the most users 
and the benefits need to be evaluated in practice yet. For the outlook to possible scenarios for the 
future, the user needs only to klick on ring slice to highlight it and to see all the possible successor 
slices. The chosen scenario can be also presented as a breadcrumb additionally (top of Fig. 5).  

 
Figure 5: Sunburst diagram. The names in the breadcrumb correspond to the number of passed exams, the 

number of not passed exams, the number of exams, the students in the groups did not attend at, and the 
semester considered in the corresponding ring. 

In practice, the sunburst diagram is more compact than a tree also for a large amount of data. 
Although also a sunburst diagram contains redundant data, it can represent the data in a more 
compact way than a collapsible tree but it crystalizes to be less easy and intuitive to use.  

3.3.3 Sankey diagrams 

Sankey diagrams are flow diagrams [11]. Thereby, nodes are connected by lines or arrows, which 
represent the flow direction. The width of an arrow shows the flow quantity.  

A Sankey diagram can be used for the representation of the study performance keys as a directed 
graph (Fig. 6). Similar to the tree representation, the groups are presented as nodes ordered in a 
column for every semester. Thus, the groups can be ordered in chronological order. The nodes are 
connected by weighted curves. In contrast to a collapsible tree, nodes have multiple parent nodes, 
and are represented by default as rectangles whose height depends on the number and weight of 
incoming connection curves. The width of the connection curves is proportional to the transition 
quantity between two nodes. Also the ratio of successful and not successful group members and the 
status of the transitions can be presented using colors. In an interactive Sankey diagram, the view can 
also be filtered: On clicking on a specific node, the outlook to possible scenarios for the future can be 
reduced to the successors of this node only.  

An advantage of the Sankey diagram is the visualization of the flow quantities, i.e., of the movements 
of the students from one group to another after a semester. These movements can be presented in a 
precise manner. A Sankey diagram avoids the usage of redundant data too. A disadvantage of the 
Sankey diagram can be a tendency to confusion when considering larger groups of students. 
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Figure 6: Example of a Sankey diagram. The names of the nodes correspond to the number of passed 

exams, the number of not passed exams, the number of exams, the students in the groups did not attend 
at, and the semester considered in the corresponding column. 

4 PRACTICAL EXPERIENCES 
In the following, the first practical experiences made using different visualization forms for real data of 
the students from the last five years are presented. Thereby, especially two aspects needed to be 
considered: the visualization form and the possible grouping of students.  

4.1 The visualization form 
The summary of the criteria fulfilled by the various visualization forms is presented in Table 1. All three 
visualization forms have their advantages and disadvantages. Therefore, further practical experiences 
with an involvement of students will be performed in the next future using all three visualizations.    

Table 1.   Practical experiences with different visualization forms. 

Criterion Tree diagram Sunburst diagram Sankey diagram 

Groups of students  Nodes Ring fragments Nodes 

Number of students in a 
group  

Size of the node Size of the ring fragment Size of the node 

Temporal sequence of the 
belonging to a group by a 
student 

Edges between the nodes, 
nodes are ordered in a 
column corresponding to a 
semester;  
root: all students diagram 

Levels of the ring 
fragments, each level 
corresponds to a semester;  
middle ring: all students 

Edges between the nodes, 
nodes are ordered in a 
column corresponding to a 
semester; 
no presentation of all 
students  

Ratio of successful and not 
successful students in a 
group 

Coloring of the nodes (red / 
green): the more students 
of a group aborted their 
study, the bigger part of the 
node is red 

Usage of different textures 
– possible, but probably 
unfamiliar to the most users  

Coloring of the nodes (red 
/ green): the more 
students of a group 
aborted their study, the 
bigger part of the node is 
red 

Number of students 
passing from one group to 
another 

Thickness of the edge Not possible Thickness of the edge 

Intuitive usage Yes No Yes 
Scalability Partially Yes Partially 
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4.2 Possible groupings of students  
The second question to be answered for the practical usage of the data visualization is how to create 
the groups of students which are presented by the nodes of the diagrams. This question goes hand in 
hand with the question how to compare the academic performance of single students with each other. 

The base for this comparison is the number of exams in a semester. In principle, there are three 
categories of the exams a student can pass in a semester: 

• The exams which were passed by a student successfully. 

• The exams at which a student participated but did not passed successfully.  

• The exams at which a student did not participate, e.g., because he was taken ill. 

These aspects can be considered for the grouping of the students in several kinds. 

1 Exact number of passed exams  

The first possibility of grouping the students is to compare the exact number of their exams in 
the three categories in every semester. This grouping of students can be calculated very easily. 
But it can also lead to a large amount of groups, each containing one single student only, 
because the grouping is very granular. Although in practice, not every possible grouping of the 
students appears, the graphical visualization needs to handle with a possible large number of 
groups and to clearly present them. Therefore, only the sunburst diagram may be an 
appropriate presentation.  

2 Ratio of passed exams  

In order to avoid a large number of groups containing single students, also the ratio of the 
exams in every category may be considered for the grouping of students. Ideally, the calculated 
ratios are rounded, e.g., only ratios in steps of five percent are considered. Usually, this 
approach leads to fewer groups per semester and tree or Sankey diagrams can be used for this 
kind of grouping.  

3 Mixed approach 

The third approach is a mixed approach, where the exact number of the passed exams is used 
a threshold.  For example, it is known, that students who pass less than three exams in a 
semester, are at a risk to abandon their study. It does not really matter if they only registered for 
some few exams or if they registered for many exams but pass only few of them. Then, all 
students who passed less than three exams belong to one single group. All other students are 
grouping by the ration of their passed exams. All three visualization forms are suitable for the 
mixed approach. 

4 Examination regulations  

In the grouping examples above, only the number of passed exams is set in relation to the total 
number of exams registered by the student. The performance indicators only take into account 
the plans of the student for a semester. No consideration of the examination regulations for 
every semester takes place. But also this can be important information for the estimation of the 
abortion risk of a student.  
Although the comparison of the real student’s learning progress to the theoretic progress given 
by the examination regulations allows an important insight in the situation of the student, this 
information is not suitable to be used for the grouping of students for two reasons: First, these 
regulations change quite often, hence the comparability of student’s performance over the years 
would not be given. Beside this, one of the goals of the student advisory services is to persuade 
the weaker students to plan their study in an own speed and not to build up pressure on the 
students by forcing them to study compliant to all regulations. Therefore, this kind of grouping 
will not be considered in the future. 

5 SUMMARY 
This paper presents the first ideas for a web-based, interactive visualization of key figures which show 
the study performance of older students in an anonymous way. The visualization is performed in three 
ways at the moment, as a tree, a sunburst and a Sankey diagram. Based on the web-based 
visualization, students should be enabled to better recognize the own situation and to gain some 
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additional knowledge for the organization of the own studies. By visualizing the results of the former 
fellow students, the current students should be motivated to make better decisions for their studies 
and to better organize the own learning. 
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