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Introduction

The B.Sc. course “Data Analysis” (“Dataanalyse”), Department of Com-
puter Science, University of Copenhagen, aims at enabling students to solve
data analysis problems using methods from signal processing, statistics and
machine learning. The focus on problem solving skills is reflected in the in-
tended learning objectives (ILOs), and the students solve actual data analy-
sis problems during the course in written assignments. However, in the lec-
tures, the learning activities have mainly consisted of traditional one-way
lecturer-to-student communication.

Several problems with classical lectures limit the learning outcome,
including the fact that students are mainly passive listeners and that the
amount of interaction between students and lecturer 1s low. In addition, as
previously identified (Sommer 2013), the learning activities in the lectures
in “Data Analysis” are not in alignment with the ILOs and the assessment
criteria; the lectures do not focus on enabling the students to actually solve
data analysis problems.

Problem Statement

In this project, I will investigate ways of promoting active participation in
the lectures in “Data Analysis” in order to both align the learning activities
with the ILOs and the assessment criteria, and to increase the learning out-
come among the students. I will in particular focus on ways of making the
students perform data analysis tasks in the lectures and on how the results
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of these tasks can be used for initiating discussions. The effect of chang-
ing the learning activities will be evaluated and discussed based on written
feedback from students attending the lectures.

Lectures and Student Activation

The inherent problems with traditional lectures are described thoroughly in
the literature, see e.g. (Gibbs 1981) and (Rienecker et al. 2013, chap. 4.1).
Among the major issues is the one-way communication from teacher to stu-
dent that results in the students passively listening to a presentation instead
of actively working with the content. It is very hard for the lecturer to tar-
get the teaching for the actual students, both because the students will have
very different prerequisites (Rienecker et al. 2013, chap. 1.1) and because
feedback from students to lecturer is at best sparse. The high involvement
of students that is the focus of problem based teaching and problem based
learning (Rienecker et al. 2013, chap. 4.3-4) is almost contrary to the clas-
sical lecture.

In the course “Data Analysis”, the above issues are complemented by
the fact that the lectures do not teach the students what they should learn;
actually solving data analysis problems (see course description page in ap-
pendix A). A very concrete reflection of the problems with the previous
structure of the lectures and learning activities is the fact that less than half
the students of the course attend the lectures.

Promoting student activation in lectures is the subject of texts such as
(Mazur 1997). Here it is proposed to structure the lecture around problems
that students are asked to solve and discuss in pairs during the lecture. Fol-
lowing this, answers can be discussed between lecturer and students. This
approach has several benefits, including that students are actively work-
ing with the material, that the lecturer receives feedback from the solutions
to questions, and that discussions following the questions can address the
parts of the subject that students actually find hard. In traditional lectures,
the presentation in the textbook is often repeated in the lecture. With the
structure proposed by (Mazur 1997), this problem is alleviated by involv-
ing the students in both solving problems and, using the repeated feedback,
targeting the presentation towards the student’s needs.
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Case: Datanalyse 2014

In order to increase student participation and align the lectures with the
course ILOs, I will use the lectures “Classification 1” and “Classification
2”, both 2 x 45 minutes, as the case for testing and evaluating a teaching
method inspired by (Mazur 1997). The intend is to design the lectures to
have a greater focus on student participation and discussions. The outcome
of the changed teaching approach will be evaluated with written evaluation
following the second lecture.

In order to best address the learning objectives, the students should par-
ticipate in formulating, executing, and discussing steps in solving a data
analysis problem. The fixed 2 x 45 min. lecture format does not allow time
for both defining a problem in its entirety, implementing computer code for
the analysis, and discussing the results. Instead, I wish to give the students
experience with handling the different steps of the analysis process within
the time-frame by focusing on subparts of the problem solution process. As
a general rule, the intend is that each part contain a question for the stu-
dents, that the students have time to think of an answer and discuss in pairs
(3 min.), and that this is followed by a discussion of the answers between
students and lecturer and related to additional theory. The structure implies
shift from the lecturer covering a large topic in detail to a focus on fewer,
selected parts of the material.

Example Lecture: Data Analysis Classification 1

Below is an outline of the first of the two redesigned lectures. The lecture
starts with a discussion with the students of the ILOs and their relevance.
The lecture ends with a discussion on to which degree the ILOs have been
addressed in order to guide the students in their study after the lecture. Both
parts are introduced to established a “didactical contract” with the students.

Part 1 (45 min.)

0-2 min. Welcome: Todays lecture, structure and content.

3-7 min. Discussion of ILOs and relevance.

8-11 min. Discussion of examples of classification tasks.

12-14 min. 3 min. question: structure of a classification problem.
15-26 min. Discussion of answers and summary on blackboard.
27-34 min. Examples in MATLAB and discussion of visualization.
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35-37 min. 3 min. question: geometric examples of classification.
38-45 min. Discussion of answers and summary on blackboard.

Part 2 (45 min.)

0-2 min. 3 min. question: qualitative and quantitative measures of perfor-
mance of classification functions.

3-14 min. Discussion of answers and summary on blackboard.

15-17 min. 3 min. question: training and test of classification functions.

18-29 min. Discussion of answers and summary on blackboard.

30-32 min. 3 min. question: pseudocode for cross-validation algorithm.

33-40 min. Discussion of answers and summary on blackboard.

41-45 min. Summary and discussion of ILOs.
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Fig. 18.1. Student responses: To which degree did the lectures make you able to
meet the ILOs 1-1 to 1-4 (lecture 1) and ILOs 2-1 to 2-4 (lecture 2).

Note that the general structure is a sequence of questions that the stu-
dents have 3 minutes to answer and discuss in pairs. Following each ques-
tion, we discussed the answers together and students came to the black-
board to illustrate their solutions. We summarized the discussions and re-
lated them to the rest of the theory by treating smaller questions and by
structuring the answers on the blackboard.
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Evaluation and Results

In addition to the continuous feedback I received from discussing with the
students during the lectures, the students were asked to evaluate the learning
activities in a questionnaire at the end of the second lecture, see appendix
B. The questionnaire focused on evaluating to which degree the changed
teaching style helped the students in meeting the ILOs (Figure 18.1). In
addition, the students were asked to evaluate the new learning activities in
comparison with the previously taught traditional lectures (Figure 18.2).

The use of the blackboard was helpful in

q 1o questions and g
The questions were on a suitable level? IS,
You leam the topic at a deeper level of understanding when you participate by answering questions IRIE————i

The lecture was in a way suitable for ing the leaming objectives? IS ——
Your outcome is higher by listening to a lecturer's | ion than by participating through ions? I——
The amount of di ions and questi i was too high? IS
The discussions and questions helped you in meeting the leaming objectives? IIIIE———
D jons and aq during a lecture are disturbing? [
Active partici by the helps in ing the leaming objectives? [IIIINIES—1

A traditional style lecture without questions and discussions would be better for meeting the leaming objectives? I =———+1
Did you study the reading material prior to the lecture? I E——
Do you feel that you actively participated in answering questions and in the discussions? liFE——ee
To which degree did the MATLAB examples help you meet the leaming objectives? IE—=——
To which degree did the lecturer's presentation help you meet the leaming objectives? IIIIE=———
To which degree did the discussions following the 3 min. questions help you meet the leaming objectives? IIIIE=———x
To which degree did the 3 min. questions help you meet the leaming objectives? IIIIIE—ms—
How would you rate the lectures 11+12 in making you meet the leaming objectives? IIIIES=—

1 15 2 25 3 35 4 45 5

score (1: agree, 5: disagree)

Fig. 18.2. Student evaluation of the change in teaching method and of involving
students in the lecture trough questions and discussions. The responses indicate that
students generally feel their learning outcome is higher with the question/discussion
based lectures.

The ten students present at the second lecture answered the question-
naire. The student’s own perception of to which degree the lectures helped
them meeting the learning objectives is moderately positive.

The student’s evaluation of the changed learning activities indicate that
they find that their learning outcome has increased. Responses to questions
such as “Active participation by the students helps in meeting the learn-
ing objectives?” are positive (mean < 2 on the 1-5 scale). The students in
addition answer that they feel they obtain a deeper level of understanding
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by actively participating in the lecture. To a high degree, they favour the
changed lecturing style for meeting the learning objectives.

There is a more positive rating of the learning outcome from the lec-
turer’s presentation than from the questions and discussions though none of
the factors are rated negatively.

Some students indicated in their comments that they felt the amount of
questions and discussions where too high though the general response to
the question “The amount of discussions and questions answered was too
high?” is neutral.

Discussion

The evaluation was performed by a small fraction of students on the course.
Though the ten students are not representative of all students of the course,
the responses represent the evaluation by students actually participating
in the lectures. Had the lower number of attendees been known prior to
the planning of the project, an interview based or oral evaluation would
likely have been more informative. The low attendance at both lectures and
exercise sessions is a general problem for the computer science bachelor
courses. It can be speculated that an improved learning outcome with the
more interactive lectures will make the lectures more relevant for the stu-
dents and thus increase attendance. This can be tested if the changed teach-
ing style is applied to all lectures next time the course is taught.

Though the students generally respond positively to the degree by the
which the lectures have enabled them to meet the ILOs, lacking similar
responses from lectures with the traditional teaching style, it is hard to
conclude on any effect of the changed structure. It should be noted that
“novelty-effects” can be the cause of the positive responses to the changed
structure.

The fact that there is a more positive rating of the learning outcome
from the lecturer’s presentation than from the questions and discussions can
be linked to the presentations being improved by the continuous feedback
provided by the questions and discussions. I generally felt that the continu-
ous feedback helped me greatly in targeting the presentation and use of the
blackboard to address parts of the subjects where the students needed more
elaboration. The communication where two-ways throughout both lectures
which I felt made the presentation work much better.
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The students where very active in the discussions and in answering
questions that other students asked. The atmosphere were in general less
formal than the previous lectures, and the students seemed more open to
asking questions. These questions clearly revealed areas that needed more
elaboration, and the questions therefore served as guidance for where I
should focus. I experimented with having other students in the class an-
swering questions. The students were able to explain the material in differ-
ent words, and the combination between my explanations and that of other
students seemed to work very well in making hard parts clear.

The continuous feedback was challenging to handle as it forced me to
change my plan for the lecture several times during the lecture. My planning
served more as a rough idea of what the lecture could focus on which I then
used to shape the content as needed.

It is my impression that the discussions of the ILOs in the beginning
and end of each lecture worked well in aligning expectations with the stu-
dents of how the ILOs could best be achieved (the “didactical contract”). In
particular, it took focus away from what I as a teacher should provide the
students and instead emphasized what the students should do in order to
meet the [LOs. In addition, we discussed the importance of the ILOs thus
making the relevance of the material clear early in the lecture.

Conclusion

There is a general consensus in the literature that the classical lecture does
not result in optimal learning outcome. In addition, the lectures in “Data
Analysis” have previously been found not to be in alignment with the ILOs.
To address these issues, a changed lecture structures based on (Mazur 1997)
was designed where the teaching activities were build around questions that
students answer during the lecture followed by discussions of their answers.

Based on written evaluation in the form of a questionnaire, the student’s
responses to the changed teaching method is positive. They are positive
towards the increased amount of participation and indicate that it results in
increased learning outcome.

Though it was a challenge planning the interactive lectures, I believe
based on the evaluation and from the continuous feedback during the lec-
tures that they improved the learning outcome significantly. I will employ
a variation of this format in all my future lectures.
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B Evaluation of lectures 11+12 (Classification 1+2),
Datanalyse 2014

Intended Learning Objectives:
Scale: 1 (to a very high degree), 3 (neutral), 5 (to a very low degree):

Did lecture 11 (Classification 1) make you able to ...
+ formulate a classification problem

1 2 3 4 5

+ apply classification algorithms to concrete data
1 2 3 4 5

+ explain errors in terms of geometric properties of the applied algorithms
1 2 3 4 5

+ make a quantitative assessment of results using cross validation
1 2 3 4 5

Did lecture 11 {Classification 2) make you able fo ...
* evaluate if the leamning algorithm is overfitting or underfitting
1 2 3 4 5

+ tune a classification algorithm using nested cross validation
1 2 3 4 5

* identify relevant parameters for main classifications algorithms

1 2 3 4 5

+ select appropriate algorithms for datasets with different properties
1 2 3 4 5



220 Stefan Sommer

Outcome of Lectures:
How would you rate the lectures 11+12 in making you meet the leaming objectives?
Very good Good Neuiral Bad Very bad

To which degree did the 3 min. questions help you meet the learning objectives?
Very high degree High degree Neutral Low degree  Very low degree

To which degree did the discussions following the 3 min. questions help you meet the learning
objectives?

Very high degree High degree Neutral Low degree  Very low degree

To which degree did the lecturer's presentation help you meet the learning objectives?
Very high degree High degree Neutral Low degree  Very low degree

To which degree did the MATL.AB examples help you meet the learning objectives?
Very high degree High degree Neutral Low degree  Very low degree

Do you feel that you actively participated in answering questions and in the discussions?

Very high degree High degree Neutral Low degree  Very low degree

Did you study the reading material prior to the lecture?
Very high degree High degree Neutral Low degree  Very low degree

Do you agree that ...
... a traditional style lecture without gquestions and discussions would be better for meeting the learning
objectives?

Fully agree Agree Neutral Disagree Fully disagree
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... active participation by the students helps in meeting the leaming objectives?
Fully agree Agree Neutral Disagree Fully disagree

... discussions and answering guestions during a lecture are disturbing?
Fully agree Agree Neutral Disagree Fully disagree

... the discussions and questions helped you in meeting the learning objectives?

Fully agree Agree Neutral Disagree Fully disagree

... the amount of discussions and questions answered was too high?

Fully agree Agree Neutral Disagree Fully disagree

... your cutcome is higher by listening to a lecturer's presentation than by participating through
discussions?

Fully agree Agree Neutral Disagree Fully disagree

... the lecture was structured in a way suitable for meeting the learning objectives?
Fully agree Agree Neutral Disagree Fully disagree

... you learn the topic at a deeper level of understanding when you participate by answering questions
and by taking part in the discussions?
Fully agree Agree Neutral Disagree Fully disagree

... the questions were on a suitable level?

Fully agree Agree Neutral Disagree Fully disagree

... the use of the blackboard was helpful in summarizing answers to questions and underlining
important concepts?
Fully agree Agree Neutral Disagree Fully disagree
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What do you like about the lectures 11+12:

What do you dislike about the lectures 11+12:

Why do you think that only less than half the students of the course attend the lectures:

All contributions to this volume can be found at:

http://www.ind.ku.dk/publikationer/up_projekter/2014-7/
The bibliography can be found at:
http://www.ind.ku.dk/publikationer/up_projekter/

kapitler/2014_vol7_nr1-2_bibliography.pdf/



