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Abstract:

Successfully going through a course of study is a lengthy and challenging task. To obtain a degree,
many obstacles must be overcome and the right decisions must be made at the right point in time,
often overwhelming students. To reduce the amount of dropouts, the goal of study advisors is to reach
out to endangered students in time and to provide them help and guidance. To support the work of
study advisors, who typically have to monitor a large amount of students simultaneously, we present
in this demonstration an easy-to-use graphical tool that (a) allows the advisor to visualize all relevant
information of study data in a responsive graph in order to overview the current study situation. In
addition to visualization, our tool provides (b) a forecasting functionality based on pre-trained models
and (c) a warning feature to identify endangered students early on. In the on-site demonstration, the
audience will be able to step into the role of a study advisor and use our tool and all of its features to
identify and guide struggling students within anonymized real-world study data.
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1 Introduction

Successfully studying and obtaining a degree is challenging. While some students are able
to successfully make it through the forest of lectures, seminars, and labs on their own, many
struggle in finding the right individual path by themselves. To counter this problem, many
universities employ so-called study advisors. Their task is essentially threefold: (1) To
identify struggling students, for instance by analyzing their performance over the past
semesters. (2) To provide guidance for the identified students on how to improve their
individual situation. (3) To monitor whether the guidance actually helps and improves
the situation of the students. With their work, study advisors help in reducing (avoidable)
dropouts and eliminate stress and uncertainty on the side of students.

Unfortunately, all three tasks are highly difficult for the study advisor in the present situation.
In terms of (1), typically, a large number of students must be monitored, namely all currently
enrolled students in all stages of their studies. Therefore, overseeing the sheer amount
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of data is already challenging when done (pseudo-)manually. Connected to this is the
problem that the study data is typically materialized in some sort of course management
system (CMS). The primary purpose of such a database is to reliably log all entered study
data, but not to perform any form of sophisticated analysis on it. This leads to the unpleasant
situation that accessing and analyzing the existing study data is already a cumbersome step
for the study advisor. Assuming that struggling students have been identified somehow in
step (1), step (2) is even more challenging. Now, the study advisor has to come up with
guidances and recommendations that fit to the individual problems of each student. This
requires a deep individual analysis of the study performance so far and the design of a fitting
counter-steering measure. Here, different courses could be advised to be taken in a specific
order. The optimization goal is basically to find a suitable trade-off between progress,
interests, and pressure for the student. When guidance has been given to a struggling student,
in step (3), the performance of the student must be monitored and evaluated throughout
the next semesters in some sort of feedback loop. Here, the study advisor has to carefully
analyze the development of the student over a longer period of time, requiring cumbersome
(repetitive) data analysis and comparison.

To support study advisors in their challenging tasks, in the following we propose a tool to
assist their workflow in all three previously mentioned steps. Note that we specifically use
the term “assist” and not “replace”, as we believe that human advising is (and will always
be) essential in this sensitive field. Precisely, our tool assists the advisor in the following
aspects:

(a) It makes study data accessible for the study advisor by connecting students, lecturers,
courses, and exam results with each other and by presenting their relation in a graph-based
visualization. We provide different views for different analysis purposes: For example, it
is possible to visualize for a particular student all taken courses and exam results. Or it is
possible to focus on a specific course and to see all exam performances of a specific semester
or over multiple semesters for all students. Any available meta-data, such as passing/failure
ratio, is also presented to ease the interpretation of the data.

(b) It contains an early warning system that automatically identifies potentially struggling
students. To do so, it predicts the likelihood of finishing the studies using an ML model,
which has been trained on available study data, and combines it with the number of exams
failed so far. The generated list of students can be ordered and post-filtered by the study
advisor to contact the students in danger.

(c) It allows the advisors to create a course of study forecast for a particular student to
give recommendations on which courses to take. This can come in handy if the curriculum
contains many courses to choose from. Again, we use pre-trained ML models to generate
this forecast and visualize it in an easy-to-digest manner. Besides the proposed courses, the
forecast also contains the predicted grade range and passing probability for each course.

Note that we designed our tool to be usable by non-computer-scientists, i.e., there is no
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programming or query writing required. Therefore, our tool can be applied university-wide
by study advisors of all faculties.

2 Architecture and Setup

Our tool runs in a web browser and uses a multitude of technologies: For the frontend, we
use a combination of PHP, JavaScript, and Bootstrap, running on an Apache web server.
The backend is twofold: To manage the data, we use Neo4j [ht22] as a graph-based database
management system that is queried by the frontend via Cypher [Fr18] queries. Since all
study data in the CMS is typically in relational format, we use a converter that translates
the relational data into the corresponding graph representation by turning foreign-key
relationships into edges. In our case, we extracted the (anonymized) study data in relational
format from JoGu-StINe [Jo22], the CMS of JGU Mainz, and then converted the data into a
corresponding graph representation.

The machine learning part, which is required for forecasting and warning, is realized
in Tensorflow and largely builds upon the N-RELAGGS [PK19] work. The core idea is
to feed a neural network with input features composed of joined study data. The joined
data contains information about enrollment, semester statistics, and exam results for each
student. Underneath, Tensorflow and Keras are used to train the model and to forecast the
performance of students of interest. Note that other works [Zh20, Má13] also tried to predict
the performance of students using data mining and ML-assisted approaches. In general,
these approaches could be integrated into our prediction backend as well.

3 Visualization

Figure 1 shows a screenshot of the main view of our tool running in a browser. The depicted
center view shows the visualization of the performance of a specific student (turquoise
node). Around the student, all taken courses of that student are arranged (blue nodes) with
the semester in which the course was taken (yellow nodes). Linked to each course/semester
combination is the grade of the corresponding exam (green nodes for passing, red node for
failing). The border of each course node additionally shows the passing/failing ratio of this
particular course over all semesters. The same applies to exam nodes.

Note that at any time, the user can click a node in the center view to focus the view on that
node. Focusing on a node does more than rearranging the currently visible nodes as it might
trigger the loading of new nodes. For example, when clicking on a specific exam, the center
view will load and show all students of that particular exam. To go back to the previous
view, the user can click on the “return” button on the top of the view at any time.

Alongside the center view, on the right side we list various statistics that support the current
visualization. For example, we show the average grade of the student, the fraction of passed
exams, the number of courses taken, and the passing ratio of all exams. Note that the
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Fig. 1: Frontend overview of our tool running in a web browser.

right-side view automatically adapts to the current visualization of the center view. The left
view of the tool serves as a settings and action panel that can be used to adjust the current
visualization and to trigger the loading of new visualizations. This includes triggering the
the course of study forecast (Section 4) and the early warning system (Section 5).

4 Course of Study Forecast

Besides visualization, our tool supports forecasting the performance of a particular student
in a particular course or even the whole (remaining) course of study. To enable this feature,
the course of study regulations must be encoded in our tool in advance, which contain
information on which courses are available and which combination of course (types) must
be passed to obtain the degree. For this demo, we encoded the study regulations of the B.Sc.
in Computer Science (2016 version) of JGU Mainz.

We now trained four different models for each course on the available study data, where
each model is tailored towards a different stage of study. We train the first model on the
first semester study data of all students, whereas the second model is trained on the first
and second semester study data of all students, and so on. We consider only courses that
contained at least 40 students and feed the model with exam results as well as meta-data such
as achieved credit points per semester and achieved credit points overall. When forecasting
for a particular student, the system automatically picks the model that fits best to the semester
in which the student is currently enrolled. For each recommended course, the model predicts
one of the outcomes “good” (grade range 1-2), “satisfactory” (grade range 3-4), or “failed”
(grade 5).
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Fig. 2: Course of study forecast for a particular student for winter semester 2021/2022 based on the
performance of the previous two semesters.

Additionally, a passing probability is predicted, which might be more relevant for endangered
students than the actual grade. It is based on a Naïve Bayes classifier, which has been used
in this context successfully in [DG17, PP21], using one of two metrics: In the first variant,
which is used by default, it computes the probability of passing a particular exam in the
first try depending on how many previous exams were passed in the first try. In the second
variant, which is used if the sample size is too small, it computes the passing probability
depending on the results achieved in already taken exams. Figure 2 shows how the complete
forecast visualization looks like. For the student of interest, we show for each semester the
already taken exams (winter semester 20/21 and summer semester 21 in this example) as
well as the predicted semester (winter semester 21/22 in this example). For the predicted
semester, we show all recommended courses along with the predicted grade ranges, passing
probabilities, and sample sizes.

5 Early Warning System

In addition to forecasting the performance of a particular student, our tool also supports the
automatic identification of potentially struggling students, so that the study advisor can help
these students as early as possible.
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To do so, we again utilize our four pre-trained models and predict for each currently enrolled
student whether he or she will acquire the degree or not. We then combine this prediction
with the amount of already failed exams to compute a “risk score”, by which we can order all
students. The user can then view all students whose risk score lies above a certain threshold
in the frontend, as shown in Figure 3. From this visualization, the study advisor can then
directly perform a closer inspection of the performance of the endangered students.

Fig. 3: List of “endangered students”, who have a high risk score.
Note that we also support the visualization of “risky courses” that seem to be related to
dropouts. Here, we define risk as the number of students who failed an exam and then
dropped out in relation to the total number of students who took the corresponding course.
Figure 4 shows an example list representation of such identified courses.

Fig. 4: List of “risky courses” that are potentially related to dropouts of students.

6 Demonstration

In our on-site demonstration, the users will be able to freely interact with our tool, which
we pre-load with anonymized real-world student data from the computer science B.Sc.
course of study of JGU Mainz. The audience will step into the role of a study advisor and
experience the entire tool-assisted workflow: Identifying potentially endangered students via
the warning system, exploring their individual problems by navigating through the different
visualizations, and finally predicting the best courses to take alongside with their chances of
success. By inspecting the courses year-by-year, the audience can also identify temporal
trends in the passing/failing ratio and the number of students visiting the course.
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