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Curriculum vs Actual Course Enrollment & Results

S1 S2 S3 S4 S5 S6
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Should I take more courses to 
compensate for the courses I failed?

Should I repeat right away the courses I failed?

Which courses planned in the 2nd 
semester in the study handbook 
should I take? 
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Project Goal

Initially

Use academic data to develop algorithms and tools 
to:

● Identify the different paths that students follow 
in their curriculum

● Better understand how these paths influence 
their progress

● Use this knowledge to help students in 
difficulties by providing informed personalized 
advice

Shifted

Tool for students 
User-centered design
Explainability

1. Course recommendation
2. Impact on students at risk, 

identified by dropout prediction (DR)
3. Students’ perception and trust
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Data & Preprocessing
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Units
11,480 records

Current Units

Students
6,576 records

Graduations
2,682 records

StudentsModules

Unit Grades
434,110 records

Module 
Grades

Unit Grades

Unit Grades

Legend

Raw

Manually 
created

Final

interim

Equivalence 
Lists

Full Data
72,872 records
3,476 students

1
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3 programs
final:

Winter 2012/13 - 
Summer 2019
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Features

Used:

▪ Enrollments and grades in all courses 
and semesters

▪ Immatriculation / Exmatriculation 
(dropped out or graduated)

▪ Gender

Not used:

▪ Bachelor thesis – time and grade

▪ University entrance qualification 
(Abiturnote, §11, Fachabitur)

Features
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Initial User Involvement
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User involvement

Semi-structured group discussion

1. General part
a. What information do you typically use 

to decide which courses to take?
b. What additional information would 

you like to have and why?
2. Specific part regarding descriptive and 

predictive analytics based on example 
data

Awareness of needs and concerns

➔ Lecturer and course type dependency
➔ Explainability and individual interpretation
➔ Individual support versus equality   
➔ Impact of predictions on motivation

Students do not want to get 
risk or grade predictions
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Idea: show data from similar, successful students

Nearest 
neighbors

Descriptive data 
exploration

Predictions 
possible

Which courses should I enroll in next semester?
… to increase the chance of graduation?

11



.

09.09.2024 Delfi’24 Workshop Learning Analytics
Kerstin Wagner (BHT)

Nearest neighbors - the most similar students
M05, M06, 

M08

M03, M05, 
M06, M08

M05, 
M08

M02, M05, 
M07, M08

M04, M05, 
M06

M05, M07, 
M08

M05, M06, 
M07, M08

successful students

S

1
1

2
13

1

4
1

12

Similarity based on grades
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Course recommendations

N M05 M06 M07 M08

1 ✅ ✅ ❌ ✅
2 ✅ ❌ ❌ ✅
3 ✅ ✅ ✅ ✅

Recommended ✅ ✅ ❌ ✅

M05, M06, 
M08

M05, 
M08

M05, M06, 
M07, M08

Actually passed ❌ ✅ ✅ ✅

Evaluation based on historical data

We recommend a 

personalized set of 

courses:

{M05, M06, M08}

We could recommend an 

sorted list of courses:

[M05, M08, M06, M07]

✅passed module

❌not passed module
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Two Types of Success

Graduation

S
G
: The set of students who have 

graduated

Minimal number of passed courses

S
P
: The set of students who have passed 

at least p courses in the following term

Stickers from Flaticon
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Number of Students
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Process Overview

Actual 
performance 

data

Course recommendations based on successful neighbors

Dropout Prediction

Consider graduation 
as success

Consider the number of 
passed courses as 

success

Step 1 
Model training

Model selection

Step 2 
Combining actual data 
and recommendations
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How large is the intersection between the set of 
courses recommended and the set of courses a 
student has passed?
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Passed versus Recommended Courses

18

Other studies: „enrolled/taken“ instead of „passed“ // top-n courses
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Intersection of courses

Mean F1 score:  

● Tends to be low for dropouts: 
recommendations show another way of 
studying

● Is high for graduates: recommended 
courses closely match the courses 
passed

Exception: PT3

19AR1, AR2, AR3, CM1… Program + Semester
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How many courses are recommended?
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How many courses are recommended? [7]

Distribution of students by number of 
recommended courses (0 to 7)

21

The number of recommended courses 

● is very close to the curriculum and the 
actual number of courses for graduates

● Is lower for students who dropped out
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Does the number of courses recommended differ 
from the number of courses passed and enrolled 
in by students?
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Recommended vs enrolled courses +
Recommended vs passed courses

R: number of recommended courses

E: number of enrolled courses

P: number of passed courses

23

The approach suggests to 
students who dropped out 
focusing on fewer courses than 
they usually enroll in

But: they should pass them!
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Do the recommendations lower the risk of 
dropping out?
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Evaluation: Change in the Dropout Risk

Step 1 Dropout Prediction

Based on actual 
enrollments and grades

Step 2 Dropout Prediction

Based on recommended courses 
and the assumption that 

students will pass these courses
Course Recommendations

S 1 2

C 01 02 03 04 05 08 09 10 11 12 13

0 2.3 2.3 2.3 3.0 3.7 1.7 2.3 2.7 4.0 5.0 3.3
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Change in mean predicted dropout risk (P2-P1)

26

● Risk reduced for dropouts
● Minor changes for graduates

Exception: PT
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Do the different approaches to define successful 
students give statistically significant different 
recommendations results?
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Types of Succes: Statistically Significant Differences

● Significance tests for 

subpopulations using a significance 

level of p = .05 

● subpopulations defined based on 

the student statuses (D, G), study 

programs (ARC, CSM, PMT), and 

terms (2, 3, 4). 

● number of recommended courses

● minimal relevance

● F1 score

● mean easiness of recommended 

courses

➔ S
G
 versus S

all
 and S

1-4

➔ Positive if not significantly different!
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Current work including active students and four terms
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User Study
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Again: User involvement

A. On a random basis while students are 
working on their projects and theses

B. Final survey among 100 students:
How do students perceive and evaluate 
the course recommendations in terms 
the explanation quality and 
recommendation effectiveness? 

Insights:

Set versus list: Statistically significant 
differences for students but not significant 
after p-value correction

● who are not first generation students
● who have already considered to drop out

Direct choice: which variant the students 
thought was better:

● 38 chose the list
● 19 the set
● 16 thought they were equally good
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Choice overload?

● Possible: more students chose the list because 
of the presence of a larger number of choices

● a large number of choices also increases the 
difficulty of decision-making

● reflected in the non-significantly lower rating 
of the set by the same students who chose the 
list?

32
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Contribution

Novel, comprehensive approach to assessing the recommender system

■ Evaluation: recommendation effectiveness in reducing dropout risk using a 
two-step dropout risk prediction: actual performance data vs recommendations

■ Course recommendations involve a set of courses, not top n courses:
Evaluation of the intersection of recommended and passed courses

■ Evaluation of the adequacy of course quantity

Alternative definition of study success: passing a specific minimum number of courses

Course recommendations are understandable and perceived positively by students
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Current Work and Future work ideas

34

❏ Include active students in the course 
recommendations to increase the 
database 

❏ Mean easiness of recommended courses 
to answer the question “If you 
recommend courses based on passed 
courses, do you recommend easy 
courses?”

● Use approaches of multilabel classification for 
the set prediction

● Use graphs for the similarity calculation and / or 
course recommendation (as a link prediction)

● Combine local model-agnostic interpretation 
methods to explain the recommendation of a 
set of courses (instead of explaining just one 
course)

● Analyze possible choice overload
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