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1. Description of the course evaluation process
Describe the course evaluation process. Describe how all students have been given the possibility to give their op
inions on the course. Describe how aspects regarding gender, and disabled students are investigated.

This course evaluation was conducted with KTH's standard questionnaire, with one added
course-specific question. The queried topics included estimated workload, learning experience
(LEQG6), student profile (gender, background, disability), and five open-ended questions for
reflections and suggestions. Each LEQ6 statement was coupled to an open field for comments.
The course evaluation was distributed one day before the course's final event, the seminar day.
During the seminar day, 40 minutes was dedicated for the course evaluation form. This approach
was chosen to emphasize the importance of the feedback, and to gain more answers than the six
we had received a year before. This year (2024), 18 of the 38 registered (47%) submitted the
evaluation form. Since 25 of the registered students attended the seminar day and finalized the
course, it is reasonable to assume that 18 of the 25 seminar day attendees (72%) completed the
course evaluation. We conclude that dedicated time for the course evaluation considerably
increased return-rate of the evaluation form.

2. Description of meetings with students
Describe which meetings that has been arranged with students during the course and after its completion. (The
outcomes of these meetings should be reported under 7, below.)

Interaction with the students were frequent during the course. We aimed to understand the
students' views and possible struggles via discussions, hands-on help with exercises, and
provided optional times for project groups to meet with the teachers. To communicate the results
of the evaluation form, we organized a feed-back meeting with course representatives (2
students) after the course. From teachers, present were Anniina Vihervaara (examiner and
teacher), lan Hoffecker (course responsible and teacher), and Ludvig Bergenstrahle (quest
lecturer). The discussions are summarized in section 9 below.

3. Course design
Describe briefly the course design, the constructive alignment (intended learning objectives, learning activities,
assessment, and how they interact), and the development that has been implemented since last course offering

The course consists of three modules: lectures (4 ECTS), project (2.5 ECTS), and seminar
(1 ECTS). The lectures give the background knowledge and engage students into hands-on
exercises with teacher-provided (real-life) data. The project provides a holistic machine learning
task in student-chosen biotechnological field. During the seminar day, the projects are presented
and discussed.

3.1. Course design and learning activities
The course introduces machine learning and how classical and deep learning strategies are used
and developed in biotechnological applications. First, the course introduces data-based



modeling and demonstrates the statistical foundations of machine learning. Next, classical
supervised and unsupervised machine learning strategies are covered, focusing on challenges
and possibilities in applying these methods to real-life biotechnological data. Finally, the course
moves into deep learning and how it is used in genomics, protein sciences, and imaging. At the
end of the course, the participants are expected to have a broad knowledge in different machine
learning techniques, concrete understanding of how to implement data-based models, and how
these tools can be applied in biotechnology. After the course, the participants are expected to be
well-positioned to integrate machine learning techniques into their own research.

3.2.Intended learning objectives
After completion of the course, the students shall have knowledge to:

o Explain the concept of machine learning, including supervised and unsupervised
learning, deep neural networks, and model optimization.

e Apply machine learning to a range of data types and domains, including images and
genomic data, to solve real-world problems related to biotechnology.

e Evaluate the performance of machine learning models using appropriate metrics and
techniques and interpret the results to draw meaningful conclusions.

o Identify ethical and societal implications of machine learning, including issues related
to fairness, privacy, and accountability.

o Communicate machine learning concepts and results effectively to both technical and
non-technical audiences, using appropriate visualizations and language.

o Explain how machine learning could begin to be integrated into their own research.

3.3. Assessment
Throughout the course, active learning is emphasized, and theoretical background combined
with student-driven exercises that apply the gained knowledge into real-life data and tasks.

LECTURES: To pass the course, students must attend 80% of the lectures and complete the
associated hands-on exercises. Students are engaged into active learning via group exercises,
student-paced tasks, and discussions in small rooms and in the classroom.

PROJECT: The project is conducted in groups of approximately three and designed to provide
a holistic hands-on experience on machine learning. Each project group seeks relevant real-life
data, designs a question or tasks for machine learning, executes the task (develops a model,
classifies data, etc), and reports the results. For each project, a written report is handed in, and
a 20-minute oral presentation conducted during the seminar day. The groups are assembled
based on pre-queried interests and backgrounds, aiming to match similar interests, and a mixture
of biological and computational backgrounds into each group.

SEMINAR: Attending the whole seminar day is mandatory, and each student shall be
involved in the group's presentation. Each presentation is followed by a discussion of the
work. Feedback is given to the groups via 1) questions and discussion section during the seminar,
and i1) written feedback in Canvas after reading the report.



3.4. The development implemented from the previous year

As stated above, we gained few evaluations from the first round of this course (HT2023).
However, based on discussions with the students and the evaluations received, two aspects were
changed for 2024: 1) The course was re-organized into blocks, rather than alternating statistical
approaches with applications in biotechnology. Based on our own evaluations, this block system
worked better and had a more natural focus on themes. 2) Ian Hoffecker started to implement
flipped classroom, where recorded lectures from the previous year were watched before the in-
person lecture. This flipped classroom model gave more time for the hands-on exercises during
the lectures. In the evaluation form, two students directly complemented the flipped classroom
approach, while one expressed to prefer on-site teaching and dislike previewing lectures.
Overall, our own view is that the flipped classroom worked well and allowed focusing on hands-
on exercises and helping students through coding, building models, and evaluating the results.
We will continue expanding the opportunities that the flipped classroom provides (see sections
4 and 10 below).

4. Students’ workload
Are the students working to the expected extent in relation to the course credits? If there is a significant difference
from the expected, what can be the reason?

According to KTH (and EU), 1.5 ECTS corresponds to one week of fulltime studies, i.e. 40
hours of work per week (https://www.kth.se/en/studies/exchange/general/courses/courses-for-
exchange-students-1.455770). Hence, a course of 7.5 ECTS is expected to require 7.5 ECTS /1.5
ECTS *40 h = 200 h of work.

Based on course participants' answers to the evaluation form, the experience of the workload
varied. While the highest experience of the workload was 300 h (33-35 h per week), the lowest
experience was only 35 hours (3-5 h per week). Since the lectures and the seminar alone
constitute of 38 hours (15*2h + 8h), it is likely that some responders did not consider the 2.5
ECTS project or the 1 ECTS seminar to be part of the estimated workload. As an example, a
student who indicated the workload to be 6-8 h per week wrote:

"[ spent approx. 2 hours / week to prepare for 4 hours of lectures."

Which excludes the project and potentially also the seminar day. In comparison, a student who
estimating the workload three times higher,18-20 h per week, stated:

"Relatively less hours were needed in the first few weeks, but much more towards the ending of the course.”

On average, the workload was considered 100 h, and as median, 110 h. Both of these are lower
than the expected 200 h. We note that only for the lecture module (4 ECTS), the expected
workload (107 h) would align very well with the average and median answers. Most written
comments in the evaluation form consider the workload sound. However, several answers in the
evaluation form suggest additional exercises to be conducted at home, which indicates that at
least some of the students consider the workload light. Even the person who experienced the
highest workload seemed happy with the pace. Three example answers from students
experiencing low, median, and high workload are indicated here below:



3-5 h per week:

"[ think the course work load was decent. I really liked the lectures and preparations assignments ahead of the
lecture. It would also be nice to have smaller assignments during the course as well, maybe quizzes or any
exercise tasks to complete from home"

12-14 h per week:

"The work during most of the weeks did not seem like too much. Good pace, relatively 'easy’ concepts to grasp. The
pace picked up with the project, having to meet people regularly to discuss datasets and algorithms. I believe the
course could still add couple of assignments here and there and people would probably not find it excessive."

33-35 h per week:

"Very well conducted, provided with high level teaching, insightful information and with all learning platform on
ML in Biotechnology."

We conclude that the experienced workload is sound or light-leaning. We expect the students
who experienced the pace light to be more familiar with the coding. To teachers, the versatile
background of students creates a challenge - how to ensue enough background information is
given in bio(techno)logy and computation, while maintaining the interest, and rate of learning,
for the more experienced ones. The student-suggested exercises provide a valuable model for us
for the coming course on 2025 (see section 10 below).

5. Students’ results on the course
How have the students succeded in the course? If there is a significant difference compared to previous course of
ferings, what can be the reason?

Overall, the students performed well on the course. Out of 38 registered students, 25 (66%)
passed the course, which can be considered a good turnout, especially for a lifelong learning
course. The activity and interest of the students remained high throughout the course, manifested
also in the course evaluations.

6. Summary of students’ opinions
Summarize the outcome of the questionnaire, as well as opinions emerging at meetings with students.

Overall, this course was evaluated very positively, as demonstrated with the 1-7 scale LEQ6
scores being between 6.2 and 6.7 (Figure 1). The good scores were given by both male and
female participants.
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Throughout the course, the students seemed to appreciate the hands-on experience and guidance
received, and the statistical and application-based approaches combined in the course. Example
statements from the student evaluation form:

"I enjoyed all the lectures, including the guest lecture. I really liked the time given to work on exercises during the
lectures and then disussions within the group. The group seminar was also the best part, along with my project, it
was interesting to see what other students worked on and [ was able to learn a lot more from their presentations.
Thank you for conducting this course!”

"Getting hands on experience with real world machine learning techniques and learning about how to apply
machine learning to biotechnology problems."

"I had very little experience in this field and the course allowed me to explore new avenues and potentially integrate
it in my own research.”

7. Students’ answers to open questions
What do students say in response to the open questions?

Overall, the answers are very positive, reflecting the scores in the spider-web charts (Figures 1
and 2). The main suggested improvements asking additional exercises and optional background
material on biology and computation (see also section 4). For us teachers, it was really
encouraging to read the many enthusiastic comments appreciating well-prepared lectures and
accompanying hands-on exercises.

"The lectures were really well prepared, the topics were always interesting and it was nice that each lecture was
accompanied by an exercise."

"Overall, I'm very pleased with the course! I was able to learn a lot from both the perspectives of machine learning
that Anniina and lan was teaching."”

"Thank you so much for your effort with this course, I enjoyed it a lot! I think so far this was one of the best courses
that I had in my Masters. It takes a lot of skill to communicate complicate topics in a simple, understable way."



"Great course in general! I think it was a great decision to have this course as it's such an important part of
biotechnology today and really helps giving insight into how to utilize it. If possible it would be great for this to be
in a different period as specifically Pl is very restricted and most medical biotechnology masters students are
unable to apply due to two other mandatory courses during this period."

The negative comments were rare and scattered. Some preferred on-site lectures or the lectures
to be held after working hours. While the lectures could be held after working hours, we respect
the fact that this course is primarily intended for MSc students (cycle 2). Four examples of the
negative-leaning answers from the "What would you suggest to improve?" question are here
below. Plans for improvements for the coming 2025 course are considered in section 10.

"[ think it was a little bit sad that the whole course was remote, but now I think this might be actually a good thing
since I learned that some of the participants were not in Sweden. So I guess even though one misses out on the
social part, this format allows a lot of people to participate in a convenient and easy way."

"I would like to see how the datasets we used were prepare. So maybe some pre-processing guidance would be
super useful."

"Definetly do not have the lectures during working hours! It was impossible for me to take a break from my job
every Monday and Wednesday 1-3pm. Maybe the lectures could be from 4-6pm."

"By providing more practice sessions with coding and how the model changes with the external parameters which
we believe that might interfere with studies."

8. Overall impression
Summarize the teachers’ overall impressions of the course offering in relation to students’ results and their evalu
ation of the course, as well as in relation to the changes implemented since last course offering.

Overall, we can be really happy on how the course has taken shape during the past two rounds.
Our aim has been to combine the statistical basis of machine learning to real-life applications in
biotechnology. There seems to be a great deal of interest toward machine learning in general,
and its application in biotechnological fields in specific. Machine learning courses do exist at
KTH and SciLifeLab (e.g. DDLS program). However, few seem to integrate theory to hands-on
applications. Our impression is that the students appreciated the possibilities to learn to conduct
machine learning on their own and that several students seek further courses that could take their
knowledge to the next level. We will keep the core design of the course and aim to improve it
as discussed in the section 10.

9. Analysis

Is it possible to identify stronger and weaker areas in the learning environment based on the  information  you
have gathered during the evaluation and analysis process? What can the reason for these be? Are there significa
nt difference in experience between: - students identifying as female and male? - international and national stu
dents? - students with or without disabilities?

There were minute differences between course evaluations from male versus female students
(Figure 1). A slightly more dispersed answers to evaluation form were seen based on the student
profile (Figure 2). While Swedish students in years 4-5 viewed the course extremely favorably
(average close to 7), international students gave average scores between 5.8 and 6.6, which we
still consider good. Beyond what we were able to query, the main difference on the students



seemed to be their backgrounds on biomedical versus computation fields. We expect the course
to be easier for students with computational backgrounds, due to many exercises requiring basic
coding and statistical understanding. However, during the project, it became clear that groups
with only computational background struggled to apply the machine learning models to
biological data, which highlights the importance of one of our main goals in this course - to train
people who can combine the knowledge on machine learning and biotechnology

The meeting with student representatives confirmed the appreciation of hands-on exercises,
Google colab environment, and flipped classroom format. Beyond the questionnaire, the
textbook was discussed, and criticised for being too dense/not as useful as the lecture material.
The course vignette could also be better coupled to the lectures and exercises. We will improve
these aspects for the coming rounds by indicating the important parts from the textbook, and
carrying the vignette at the side of lectures and exercises. So far, we have provided exercises in
two languages, Python and R. While the students' choice of the language was appreciated, critic
was raised for the resulting dual explanations and time taken up by it. Students thought the level
of work and format was appropriate for a MSc, and even a PhD, level course and did not see
need for modifying its current style. Given the low number of PhD level courses in
biotechnology at KTH, we asked reflections on providing the course also on PhD level.
However, no great need for it was indicated.

Figure 2. Distribution of the answers to the LEQG6
questions based on background. The answers have
scale 1-7, where 1 is totally disagree, 4 neutral, and 7
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10. Prioritized course development
What aspects of the course should be developed primaily? How can these aspects be developed in short and long
term?

This course will be held in the same lifelong learning format in HT2025.

1. We will maintain the blocks of distinct themes; a change introduced this year 2024.

2. We will provide background lectures on biology and coding to be watched home.

3. These background lectures will be coupled to mandatory Canvas quizzes that allow
us to ensure each student has the adequate background in coding and biology.

4. Additional machine learning exercises will be provided to be conducted at home.

5. We aim to include course assistants to help with the exercises and project work.

6. We will improve coupling the course textbook and vignette to the lectures and
assignments.



The points 2 and 4 are directly taken from ideas in the evaluation form. As shown by the
examples in section 4 and below, the additional background info and exercises were suggested
by multiple students:

"It was an inspiring course even for me who knows a bit about AI/ML already, nice and enthusiastic recap. But I
had some problems understanding the terms first days; enchancer, promoter etc; would be nice to have some intro-

"o

dok to read as an "outsider".

"[ feel that having small individual assignments (maybe one every 2 weeks) could be helpful for people lacking
knowledge on either BioTech or ML. For instance:
- people without ML background could reinforce their learning by working on ML assignments and

- people without BioTech background could reinforce their learning by working on BioTech assignments.

Peer-review could be implemented so students with BioTech background could give feedback to students with ML
background and vice versa. I think that such approach would improve the quality of the projects because it would
improve the communication between teammates. Also, the peer-review part would help students identify people
they want to work with."

11. Other information you want to share

Machine learning has penetrated the society and biomedical research. Consequently, there is a
growing demand on machine learning courses that teach the statistical basis and/or applications
of machine learning in the broad fields of biotechnology. We recommend KTH to include
machine learning courses in the MSc curriculum and as freely chosen (freestanding) courses
that MSc and PhD students as well as the work force in Sweden can benefit of.

"Very interesting and useful masters level course. Would be great if it could be included as a course that the
general medical biotechnology masters students could take "

"Completed my prior basic knowledge on the fundamentals of ML and helped with the connection from statistics.
Open my eyes to a variety of new applications and cool possibilities to use such models. I will surely try my best
to integrate this knowledge into my future work!"

March 10th, 2025:
lan Hoffecker and Anniina Vihervaara



